Description Menbrane Separation Method and Menbrane
Separation Device Technical Field [0001] The present
invention relates to a nmethod for perform ng nenbrane
separation (hereinafter referred to as a "nenbrane
separation nmethod") capable of attaining reduced

adsor ption of a nenbrane-fouling substance contai ned
in water to be treated pKoeseipaiéer may be referred
to as "treatnment water") onto the surface of a
separation nmenbrane during nenbrane separation of the
treatnent water (e.g., industrial water, city water,

Mawtbtan@t SEpard vbin Waditiod | &k M&heFraner sepagiisi ohabevice
wastewater), to lead to retarded deterioration in
menbr ane separati on performance, and to a nenbrane
separation apparatus for perform ng the nethod.

THackDraolUMmi&rd [ 0002] For produci ng pure water or the
i ke, water such as industrial water, city water,

[oveb1] water, river water, |ake water, or industrial
wastewater is treated through nenbrane separation by
nmeanshefpee senbr fureestittn ase batesr vef al heahodnfor
menbrane (MF nmenbrane), ultra-filtration nmenbrane (UF

pameidiraire) ,mearbraversepasaoses  (eabe inef (RO refdraed)to as a
Cenerally, treatnent water such as industrial water,

"nggnlyranatsrpart el |Imetatied " o ordpainke so frenbraneifguredgeed
substance 1 such as a hum c aci d-containing organic

aditage, ofa § menlgranet toebimnai supgtargandentained in watex
substance, or a bio-nmetabolite such

to be treated (hereinafter may be referred to as "treatment

water"} onto the surface of a separation membrane during
membrane separation of the treatment water (e.g., industrial
water, city water, well water, river water, lake water, or
industrial wastewater), to lead to retarded deterioration in
membrane separation performance, and to a membrane separation
apparatus for performing the method.

Background Art

[0002]

For producing pure water or the like, water such as
industrial water, city water, well water, river water, lake
water, or industrial wastewater is treated through membrane
separation by means of a membrane such as a micro-filtration
membrane (MF membrane), ultra-filtration membrane (UF
membrane}, or reverse osmosis membrane (RO membrane) .
Generally, treatment water such as industrial water, city

water, or well water contains a membrane-fouling substance



as sugar produced by al gae, etc., or a synthetic
chem cal such as a surfactant. Therefore, when such
treatment water is subjected to nenbrane separation
menbr ane-foul i ng substances are adsorbed on the
surface of the enployed nenbrane, leading to
probl ematic deterioration in nmenbrane separation
suplr her aaReA of 6083 coRia iauhke By na P lseed aaper, 0acFulvic
to prevent fouling of the nmenbrane is nenbrane
acs€papathoniaf bigahAensubatanhcer,or Whikild-metabolite such
menbr ane-f oul i ng substance has been renoved.
asSpaghli pabblycetr gt aRABeVakEE .i,S osUBj egietiettdc chemical
flocculation treatnent; e.g., addition of an
suthoagani euklfaccuhant ahdrafops| ywkenf sachut ashtiheny. vater
an anionic polyner flocculant) to the treatnent water
isbefibjecpedf abnmnegbranbr aepazepdoal,i membranct-fending
coagul at e nenbrane-fouling substances; the thus-
subseahedswater abdsosbbfechet heo ssaifiadel iofuitthes epat atiedn
through precipitation, dissolved-air flotation, etc.;
memhdathe lebtlangetdosppebieanant c( de¢er inwaiiianeifomembgane
substance- renoved water) is subjected to nmenbrane
sepepatabhoperBoweabege. when a pol ynmer flocculant is
added to water, the polyner flocculant remaining in
[oPRA8Iwater is adsorbed on the nenbrane disposed on the
downstream si de of the flocculation tank, to thereby
f ouPneheursrbtadye empdoyed Aprineaddt &d mrevemt ifipuling of
menbr ane separation performance, which i s another
ther penbrane| e0BPMRTrRARSOPEPRTRE 15D W& SuehRtpesl| waser from
the present applicant previously devel oped a
whirBceuhahbsangefardingnspbehagce has been removed.

Specifically, treatment water is subjected to flocculation
treatment; e.g., addition of an inorganic flocculant and a
polymer flocculant (e.g., an aniconic polymer flocculant) to
the treatment water before performing membrane separation, to
thereby coagulate membrane-fouling substances; the thus-
treated water is subjected to solid-liquid separation through
precipitation, dissolved-air flotation, etc.; and the
obtained supernatant {i.e., membrane-fouling substance-
removed water) is subjected to membrane separation. However,
when a polymer flocculant is added to water, the polymer
flocculant remaining in the water is adsorbed on the membrane
disposed on the downstream side of the flocculation tank, to
thereby foul the membrane, resulting in deterioration in
membrane separation performance, which is another problem.

[0004]



i ncludi ng adding an inorganic flocculant and a pol yner
flocculant to treatnent water, again addi ng an
inorganic flocculant after flocculation reaction and
before solid- liquid separation, and subsequent
solid-liquid separation, and filed a patent
application (see Patent Docunent 1). [0005] However,
t he methad rditsclsReed ighdpatatiblletneiHe brd=RMt gHlatant
addi tional step of adding an inorganic flocculant to
prebectisest aentlvwpker aaffll et cadaittiodn sefpalrae 1iomo h@ahice
floccul ant and the polynmer flocculant. Thus, there is
indenBhnedg hadiagsanpliebrianied. £10000dkhntPainent Padymet
1. Japanese Patent Application Laid-Open (kokai) No.
£1$98914110620 Brsealtasutewatethe abpdentidding ebl dmmriganie
Sol ved by the Invention [0007] In view of the
flbecegaehngafaaroljlectudbttibe presedbon amdehkiford Sofldd-
provi de a nmenbrane separation nmethod capable of
ligutidi sepgraedonedaadssupeeaneat &oierbldaerifidowepagation,
substance contained in treatnent water onto the
angurffided ef patestpapaficatienbrsee atiemd Pocomeme 1) .
separation of the treatnent water, to thereby lead to
[0péBarded deterioration in nmenbrane separation
performance. Another object is to provide a nenbrane
sep@icaeiver , appar aegadododigerfosed ng Hede shtmdidthent 1
Means for Sol ving the probl ens
requires an additional step of adding an inorganic flocculant

to the treatment water after addition of the inorganic
flocculant and the polymer flocculant. Thus, there is demand
for a simpler method.

[000¢&]

Patent Document 1:

Japanese Patent Application Laid-Open {(kokai) No. 1999-77062
Disclosure of the Invention

Problems to be Solved by the Invention

[0007]

In view of the foregoing, an object of the present
invention is to provide a membrane separation method capable
of attaining reduced adsorption of a membrane-fouling
substance contained in treatment water onto the surface of a
separation membrane during membrane separation of the
treatment water, to thereby lead to retarded deterioration in
membrane separation performance. Another object is to

provide a membrane separation apparatus for performing the



[0008] The present inventors have carried out
extensive studies in order to attain the
af orenenti oned object, and have found that the
af orenenti oned object can be attained by adding, to
treatment water, a particulate cationic polynmer which
swells in water but does not substantially dissolve
methegei n, prior to nmenbrane separation. The present
i nvention has been acconplished on the basis of this
MekhBdiEg. sbQ0QAL thecprebighy, the present invention
provi des a nmenbrane separation nmethod, characterized
[obygtonprising adding, to treatnent water, a
particul ate cationic polyner which swells in water
but THeepragtnsuhstantbakl hadies salrre cdhenel extensive
perform ng adsorption treatnent; and subjecting the
sttideakment ordetretowhtehihashendépgenenthenadsobgeican and
treatment to nmenbrane separation by neans of a
hasepavahdohhaenbhaneforameheiadsdr pbjertt reat entttained by
inorganic flocculant is preferably added to the
adtiiegt meot twasemnenfheatrerhr anpasepandtbicencatyonicl pdéymer
at least a separation treatnent by neans of a
whithr swéiLlLer ati sateenbnandoeer nah subsaahiliffdyi dissolve
menbrane, and the particulate cationic polynmer nmay be
theegbuedpfiom themembasnentepatrst ithr oubhe t reesepbbravention
separation after the adsorption treatnent. The
hagehbenanacsepntashed amythacbadéssepatiisofiindiagt ment
by neans of at | east one stage of a reverse osnosis 4
[OABRbrane. After the adsorption treatnent, the

treatment water may . _ .
Accordingly, the present invention provides a membrane

gseparation method, characterized by comprising adding, to
treatment water, a particulate cationic polymer which swells
in water but does not substantially dissolve therein;
performing adsorption treatment; and subjecting the treatment
water which has undergone the adsorption treatment to
membrane separation by means of a separation membrane.

In the adsorption treatment, an inorganic flocculant is
preferably added to the treatment water.

The membrane separation may include at least a
separation treatment by means of a micro-filtration membrane
or an ultra-filtration membrane, and the particulate cationic
polymer may be removed from the treatment water through the
membrane separation after the adsorption treatment.

The membrane separation may include separation

treatment by means of at least one stage of a reverse osmosis



be subjected to deionization, to thereby produce pure
wat er. The separation nenbrane nay be washed with a
washing liquid having a pH of 11 to 14 at an
arbitrary frequency, and the washing with the washing
l'iquid may be reverse washing (i.e., reverse-flow
washi ng). [0010] The anount of the particul ate
megBt-kaBei. c polymer added to the treatnent water nay be
controlled on the basis of the absorbance of the
trearrert that abistepsibed thebementhe thadseepltneft water may
treatnent. The absorbance is preferably neasured at at
bel eaptcobed wavakesgtiRatabhi ngowchbirebg PYorageopuet water.
200 to 400 nmand at at |east one wavel ength falling
W t the acphskblienl nghbraeg any ok %@GHed WEhnE wikéing
treatnment water may be hunus-containing water. [0011]
1idhednrabiageasppandt iontsethodtnay. aebpetiraeyafrequency, and
flocculating aid addition step of adding a
thél essuliayi withi dhet eatheagneaguwdt any Bepaeteesbatwashing
pol ynmer addition step of adding, to the treatnent
(iwat er reheehehésowndaeshong)the floccul ating aid
addition step, a particulate cationic polynmer which
[osnellls in water but does not substantially dissolve
therein; a stirring step of stirring the treatnent
wat Ehewhimobnhas futtier pame ichd aper cieculoatie pollymer added to
addition step; and a nmenbrane separation step of
theubjestinagtt wet&rt mewt hentonéred ladi oh bhe badésgofethe
the stirring step to nenbrane separation by neans of
abgozbparat Pbnthenbrapement water measured before the

adsorption treatment.

The absorbance is preferably measured at at least one
wavelength falling within a UV region of 200 to 400 nm and at
at least one wavelength falling within a visible-1light region
of 500 to 700 nm.

The treatment water may be humus-containing water.

[0011]

The membrane separation method may comprise a
flocculating aid addition step of adding a flocculating aid
to treatment water; a particulate polymer addition step of
adding, to the treatment water which has undergone the
flocculating aid addition step, a particulate cationic
polymer which swells in water but does not substantially
dissolve therein; a stirring step of stirring the treatment
water which has undergone the particulate polymer addition

step; and a membrane separation step of subjecting the



Before addition of the flocculating aid, the treatnent
wat er may have a turbidity of less than 5. The
flocculating aid is preferably an inorganic
flocculant. [0012] Alternatively, the nenbrane
separation nmethod nmay conprise a particul ate pol yner
addition step of adding to treatnent water a
trfathbfl dheegalh0BhCchR8! ¥ABErYBhehtB¥eEtL SrriAgWetep to
but does not substantially dissolve therein; a
mefibtihéNgeph €8t 0bnShbirhedfsf 8F 30sepaeatsonr meRbrLAe.
the treatnent water which has undergone the
par Be¢ul-at edpoky BBl ofaddet ifobcshieptiagdaddnerheafgeatment
separation step of subjecting the treatnent water
waM@kCﬁa?aﬁaUQdérQﬁﬁﬁi&bﬁysbffEéBg_§h§ﬁ to. nenbrane
separation by neans of a separation nenbrane. Before
addirheofiletctihetpagt kédl asepeatfeenbt ypahy arbrgahich
swells in water but does not substantially dissolve
fldébeueant.the treatnment water may have a turbidity of
0.1 to 30, and the treatnent water which has
[oonzer gone the nmenbrane separation may have a
turbidity of 0.0 to 1.0. The stirring step is
pr ehéceabhytpeelygr meteanenb@ineabeparet i200me0Botiomay
300, 000. Furthernore, the nenbrane separation nethod
compyisachudertibelate pheypart addinienpetgpeecfaddidingnto
step, an inorganic flocculant addition step of adding
treatmeot gaaterfiopsutanulabe chbiongat pehyment which swells
[0013] In another aspect of the present invention,
intWaterjbut does not substantially dissolve therein; a

stirring step of stirring for 10 seconds or shorter the
treatment water which has undergone the particulate polymer
addition step; and a membrane separation step of subjecting
the treatment water which has undergone the stirring step to
membrane separation by means of a separation membrane.
Before addition of the particulate cationic polymer
which swells in water but does not substantially dissolve

therein, the treatment water may have a turbidity of 0.1 to

30°, and the treatment water which has undergone the membrane

separation may have a turbidity of 0.0 to 1.0°.

The stirring step is preferably performed at a GT value
of 100,000 to 300,000.

Furthermore, the membrane separation method may include,
before the particulate polymer addition step, an inorganic
flocculant addition step of adding an inorganic flocculant to

the treatment water.



provi ded a nenbrane separati on apparatus characterized
by conprising a reaction tank,
treatment-wat er-i ntroducti on neans for introducing
treatnment water to the reaction tank
parti cul at e- pol yner-introducti on nmeans for introducing
a particulate cationic polyner which swells in water
[olputz jdoes not substantially dissolve therein to the
treatnment water in the reaction tank or on the
upstmeamcinta fsddie: reRaHOhrds diwwaliaiigs mans is
for discharging the treatnent water which has
pridivd Sedio Be rch® a0 lRidagia tilen ipiradtus Rtareatidrdzed by
tank; and nenbrane separation nmeans for subjecting the
compedismert awateel tiine it aiks heen tiiesthanged -timtougiudtien
di scharge neans to nenbrane separation by neans of a
mes@pafar dmtreducdme tiieea timemlr are esepar athcoreapdioat tsnk ;
may further include deionization nmeans for deionizing
patrtdatutent -wail gmedi-9pirseduarn 1 doh evedosn Sioredmtsicdmoding a
the reaction tank, to thereby serve as a pure-water
paptddud titen cappjandicupo lnirere wh itdie sweiisane wsepar atutomloes
nmeans i ncl udes at | east one stage of a reverse
nots wudiss amerial dye diHse livenihesre ise frar dfieort rapparatuwater in
may further include washing-1iquid-introduction neans
theoreantriodutienyg armashitihg upisquiedrhadideg cd fHeofreblttion
14 to the nmenbrane separation nmneans. [0014] The
tamnbddsehsagar aceors dopacdisehiamgy nouttiee t rieadimgdde water
absor bance- neasuring nmeans for neasuring the
whalsdo hggn s defr gonige tihee gGs@IP timhe tregii@emtands féiengeaction

di sposed on the upstream . .
tank; and membrane separation means for subjecting the

treatment water which has been discharged through the
discharge means to membrane separation by means of a
separation membrane.

The membrane separation apparatus may further include
deionization means for deionizing treatment water disposed on
the downstream side of the reaction tank, to thereby serve as
a pure-water production apparatus, wherein the membrane
separation means includes at least one stage of a reverse
osmosis membrane.

The membrane separation apparatus may further include
washing-liguid-introduction means for introducing a washing
liguid having a pH of 11 to 14 to the membrane separation
means.

[0014]

The membrane separation apparatus may further include



side of the particul ate-pol yner-introducti on neans,
and anount control neans for controlling the anount
of the particulate polymer added to the treatnent
wat er on the basis of the absorbance neasured by
means of the absorbance- neasuring neans. Effects of
the I nvention [0015] Through addition, to treatnent

ap¥BtBhncetmaapaktihgUdhes €akl ABLREUROhYMTEheWabEBrEWakES of
in water but does not substantially dissolve therein,

thBeabeatReheulvhRarsUbskaneass eannge Jadpesbadoby thBeupstream
particles of the polyner. Once nenbrane-fouling

sigdbstaneesphavrechearecapliymed -byitrtbaucpabhl aehakte and
cationic polymer which swells in water but does not

am&UBst aBhtabllymdbasolive thetebniiagr edechnonntantbehe
realized in adsorption of nenbrane-fouling substances

pagentained polvhert kedkadrvatte emtatimbetswataceonf thhebasis

menbrane during nenbrane separation, as conpared with
oft BRe aBservhhare acaenvedt bynakapel pierhtl abevl-dancer

inorganic flocculant is enployed. Thus, deterioration
mebBul®Alr aaenssepar ati on performance can be suppressed.

Furthernore, in the nmenbrane separation of the
Effeeatnedt that enventwbnch nmenbrane-foul i ng substances

are adsorbed by the particulate cationic polyner
[oambgh swells in water but does not substantially

di ssol ve therein, washing of the separation nenbrane

Wi t Fhaowgbhiedgd iltiign, d tarineg taepl ol teY t ©f14 gartdculate

remove the nenbrane-fouling substances adsorbed on the
casepniat pohymerbwhaeh Thed lsdénewpbest buft deesembotane
substantially dissolve therein, membrane-fouling substances
can be adsorbed by the particles of the polymer. Once
membrane-fouling substances have been captured by the
particulate cationic polymer which swells in water but does
not substantially dissolve therein, a reduction can be
realized in adsorption of membrane-fouling substances
contained in the treated water onto the surface of the
membrane during membrane separation, as compared with the
case where a conventional polymer flocculant or inorganic
flocculant is employed. Thus, deterioration in membrane
separation performance can be suppressed. Furthermore, in
the membrane separation of the treatment water in which
membrane-fouling substances are adsorbed by the particulate
cationic polymer which swells in water but does not

substantially dissolve therein, washing of the separation

membrane with a washing liquid having a pH of 11 to 14 can



separation performance can be further suppressed.
[0016] Through controlling the anmount of the
particul ate cationic polynmer which swells in water
but does not substantially dissolve therein and which
Is added to treatnent water on the basis of the
measur ed absorbance of the treatnent water, soluble

refRiciRNitheS kRSTARERS AN iRy RIFRGHR] WdReRd dd ahe

the treatnment water. Thus, soluble organic substances

se@Rfate f hReldreele). rerpvedabremi bhat ibheahnehowaher
W t hout addition of a |large anmount of an inorganic

sepagetulcante niatelicd kenrpmamurafhed uAgpr@sbed.oul i ng
of the menbrane can be controlled. [0017] Through

[oaddijti on, to treatnent water, of a particulate
cationi c polynmer which swells in water but does not
substrarticd] |dorthixssial ey thes elnowlfid eff add tpapit idulate
flocculating aid thereto, and subsequent nenbrane
casdpariat iponymerateridniwed 1a lHowwatdy didty doars aleto be
treated, whereby clear treated water can be obtai ned
subistthoitti afldyl idig sterenatrrrre ity eatdreiti oty sitceradated to
menbrane. [0018] Furthernore, according to the
trpoesent: warent ioon,thes ispended 3dld cthepantrned] edbsorbance of
(hereinafter referred to sinply as "suspended solid")
than i rela¢meinke wadne rhe ssdtildfeactryaniye  sfdbedeud catse dhare voen
when the stirring time in flocculation is 9 10 seconds
efgecshioeler remioved drear tireedteantwerdr Wad.ay., Thaser soluble
havi ng | ow suspended solid | evel) can be obtained
organic substances can be effectively removed from the
treatment water without addition of a large amount of an
inorganic flocculant, whereby the amount of sludge and
fouling of the membrane can be controlled.
[0017]

Through addition, to treatment water, of a particulate
cationic polymer which swells in water but does not
substantially dissolve therein after addition of a
flocculating aid thereto, and subsegquent membrane separation,
water having a low turbidity can alsoc be treated, whereby
clear treated water can be obtained without fouling the water
treatment system or membrane.

[0018]

Furthermore, according to the present invention,

suspended solid particles (hereinafter referred to simply as

"guspended solid") and the like can be satisfactorily

flocculated, even when the stirring time in flocculation is



t hrough nmenbrane separati on. When the stirring tinme is
shortened, even in the case where a line nmixer is

enpl oyed as a stirrer, the installation space of the
stirrer can be conparatively reduced. Thus, the

di mensi ons of the nenbrane separation apparatus can
be reduced. In addition, since nenbrane-fouling

10 S&#SERAE €5y CalloBee S at ighact dldar flecdateter (e.g.,
deterioration in separation performnce of the

wa BRI &Ren § alow DEUSHERAES S8E1 1 AheeelY) CteAl bér 6Bt &Uned
wat er can be <consistently produced. Brief Description

thedudend¥iorhmgSsepfB40] oh Fl Ghel] thes ysi e dicpgriane ofs a
menbr ane separati on apparatus according to Enbodi nent

shdrtéid & e\ Bysties dhagranepoé & DeEnbrapreseparauployed as
apparatus according to Enbodinent .1. [FIG 31 A
a Stystesr di dige abhofa 8l dehbi ageate eaf NneERé apparaiusan be

according to Enbodinment 2. [FIG 4] A system di agram
compapat exehpl esdueedbr anais Seqias aiinensaippey aifisshe membrane
enpl oyi ng the nenbrane separation nethod according to
sefambod] oedpBard FBiE cah Be sysfeordi aghramdiit@on, since
exenpl ary nmenbrane separation apparatus enpl oying the
menterdmnantoskieg asulost aeddodcanacoer sanjs facEobbtynEhbcdulated,
[FIG 6] A graph showing the rel ationship between GI
detaadi dF iom Enbeepaeatidn perDesvanpeéi oh bhethembrane can
Ref erence Nunerals [0020]
be suppressed, whereby clear treated water can be
consistently produced.
Brief Description of the Drawings
[0019]
[FIG. 1] A system diagram of a membrane separation apparatus
according to Embodiment 1.
[FIG. 2] A system diagram of a membrane separation apparatus
according to Embodiment 1.
[FIG. 3] A system diagram of a membrane treatment apparatus
according to Embodiment 2.
[FIG. 4] A system diagram of an exemplary membrane
separation apparatus employing the membrane separation method
according to Embodiment 3.
[FIG. 5] A system diagram of an exemplary membrane
separation apparatus employing the membrane separation method
according to Embodiment 4.

[FIG. 6] A graph showing the relationship between GT and MFF

in Embodiment 4.
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1, 50 nmenbrane separation apparatus, 10 reaction tank,
11 treatnent-water-introduction neans, 12 chem ca
agent tank, 13 chem cal -agent-introduction neans, 14
di scharge neans, 15 nenbrane separation neans, 16
decar bonati on nmeans, 17 activated carbon treatnent
nmeans, 18 reverse osnobsi s nenbrane separation neans,
Dek2rIptibel of2QHe eRifed-aiRi Nt 121 al kaine |iquid,
22 washi ng-1liquid-introduction nmeans, 23 pH
[ogeagur ement means, 30 to 33 valve, 101 nenbrane
separation apparatus, 111 raw water tank, 112
1,! 8aC b rhakK sebbia tiiceaipirawaissr -IonteeditGidrdnank, 11
nmeans, 114 chem cal agent tank, 115
t rehefetdl-wagent—-introdiidetican meaiss, 1Pl eHandrg@gdAniatyent tank,
floccul ant tank, 117 inorganic-floccul ant-introduction
13measmicall8géntchatgedmanisn kg nans ssepafgRd indans, 15
means, 120 decarbonation nmeans, 121 reverse 0sSnosSi s
mehbibhaneepapatdionomeam@gand,e Ha2asidanegrionl dkans, 17
absor bance neasurenent neans, 132 addition anount
actantteld meaheon 2Gkarmantanessepandt ireveragparsatass,s AEhbrane
treatment-wat er-introducti on nmeans, 211 first
sebhaatibat meantank,2 213 rsecon@ Of [tocatleat Watdrardenk2121
floccul ation tank, 214 flocculating aid tank, 215
alkbdoeulaguigh ai2@- watshdhge tliiom idedms, rcdile: thant imemdret,e 23 pH
swel | abl e pol ynmer tank, 217
mepautregehit acansl, | 3 E€opdiBy merlve, ntlodd renbaa e @epa r2tg on
di scharge neans, 219, 220 stirrer, 221 dissolved-air
appbgeatison Liidaray ¥aZegadnii,| gt iveeavdans tarkp3 113
menbr ane separation nmeans, 301 nmenbrane separation
tr@pﬁmcatu@atsrt1m§wo@apéﬂomawwan§12lﬂﬁom@mmnyal agent tank,
floccul ant tank, 11 313 ' . .
11i5n§h§alﬁpélfla§@@ll}l ARETOMICEd @St MeRYears,e Jrprganic
particul ate swell able polyner tank, 315
flﬁgpp;@gpa¢@n§“eﬁﬁgbp@pﬁgpyﬁéyjlocculant introduction means,

118 discharge means, 119 membrane separation means, 120
decarbonation means, 121 reverse osmosis membrane separation
means, 122 stirrer, 131 absorbance measurement means, 132
addition amount control means, 201 membrane separation
apparatus, 210 treatment-water-introduction means, 211 first
flocculation tank, 212 second flocculation tank, 213
flocculation tank, 214 flocculating aid tank, 215
flocculating-aid-introduction means, 216 particulate
swellable polymer tank, 217 particulate-swellable-polymer-
introduction means, 218 digcharge means, 219, 220 stirrer,
221 dissolved-air flotation means, 222 sand filtration means,
223 membrane separation means, 301 membrane separation

apparatus, 311 raw water tank, 312 inorganic flocculant tank,

11



i ntroduction neans, 316 line m xer, 321 sand
filtration neans, 322 nenbrane separation neans Best
Modes for Carrying Qut the Invention [0021]
Enbodi ments of the present invention will be described
in detail. Enbodinment 1 The nmenbrane separation nethod
according to the present invention is characterized
31BY 168FBEhS N 1addunantt @ nthrediu®ibn Wekels, 814 particulate
particul ate cationic polymer which swells in water
swBlll 2808S photmeubshart, i alilsy pRirgsehvatehereilnamrd polymer-
subjecting the treatnent water to menbrane
insepatatien. mk8827] 318he iheeatier!, watiesagentfdiltsation means,
subst ance which fouls the nenbrane enployed in

320EfibhaRensepapatragnchmeeangne- fouling substance)
carried out on the downstream side, for exanple, a

BeBUNMeaaei dogonbaiiing ouganhe Iukshades, a fulvic

aci d-contai ni ng organi ¢ substance, a bio-netabolite
[ospeh as sugar produced by al gae, etc., or a synthetic

chem cal such as a surfactant. However, no particular

| i mMEmdbiddmeng s iofpa$ed poreddne tiypenefi cdr edtliiente wieserribed

and specific exanples include industrial water, city
inwdtesilwel | water, river water, [|ake water, and

i ndustrial wastewater (in particular, industria
Embhadtimeatefl whi ch has been subjected to biol ogica

treatnment) The term "hunus” refers to a degraded

subfhencembzane ckepiag aftaore thetthedu gie cdegriagatticorhef present

plant, etc. by the nediation of m croorgani sns. Humus
inwentapns igupheracicéraggd by comprising adding, to treatment
water, a particulate cationic polymer which swells in water
but does not substantially dissolve therein, and subjecting
the treatment water to membrane separation.
[0022]

The treatment water contains a substance which fouls

the membrane employed in membrane separation {(membrane-
fouling substance) carried out on the downstream side, for
example, a humic acid-containing organic substance, a fulvic
acid-containing organic substance, a bio-metabolite such as
sugar produced by algae, etc., or a synthetic chemical such
as a surfactant. However, no particular limitation is
imposed on the type of treatment water, and specific examples
include industrial waterxr, city water, well water, river water,
lake water, and industrial wastewater (in particular,

industrial wastewater which has been subjected to biological

treatment). The term "humus" refers to a degraded substance
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the |i ke, and hunus-contai ni ng water contai ns hunus
and/ or soluble COD ingredients derived from hunus,
suspended substances, and coloring ingredients.
[0023] The cationic polynmer which swells in water but
does not substantially dissolve therein and which
fornms the particles of the polyner which are added
whide {£epbPRol VBRESHgh SAdgr&QRPLYACHEOH1AnE Rt £OBIL Cby the
nononmer having a functional group such as a primary

med@E AEoHT OFPmi Br&6658MEEMs AMNEm Y UHhtafind elnh®BE Yacid and
am ne group, a group of an acid-added salt thereof,

thOl 1 8k 8 Uad L NGy SOEBRE 41h SR UPat 8Adcanta 088 - hivikkngnd/or
agent nononer for attaining substantially no water

soB@bURI tbdYingDSpecéhts exaipéesteobmt hemasli subpenasaner
include an acidic salt or quaternary ammoni um salt of

suBsPRABYE Arhneetbybringet hyasaybate, an acidic salt or
quat ernary ammoni um salt of di et hyl am nopr opyl
[o§d2el h)acryl am de, and diallyl di methyl ammoni um
chl oride. Exanples of the cross- |inking agent nononer
i ncrndecdtyoplicnpodimees sheébhaswells in water but does not
nmet hyl enebi s(acryl am de). Alternatively, a copol yner
subftéheiadipréhesdionedheatinnandnehbokr famdsabhanpanticles
or nonionic nononer which can be co-polynerized
of t tiee epb1 pmerywhicsh hee esdpedyede Spegthmevtewatpkessoh
t he ani onic nononmer to be co- polynerized include
coporyh¢aco§| accacidni@-menyham ev2ang a functional group
nmet hyl propanesul fonic acid, and an alkali netal salt
-sutheaeod. prihermpnauine ofrohe, adi sacongsnyneningsyrpwp, a
small so that the 13 forned copol yner maintains a
terhidoyi enpneperoyp, Bxagpbes of anhachénpdded FBhbnEhereot,

i nclude (neth)acrylam de, N o
or a guaternary ammonium group, and a cross-linking agent

monomer for attaining substantially no water solubility.
Specific examples of the cationic monomer include an_acidic
salt or quaternary ammonium salt of dimethylaminoethyl
(meth)acrylate, an acidic salt or quaternary ammonium salt of
dimethylaminopropyl (meth)acrylamide, and
diallyldimethylammonium chloride. Examples of the cross-
linking agent monomer include diviyl monomers such as
methylenebis (acrylamide). Alternatively, a copolymer of the
aforementioned cationic monomer and an anionic or nonionic
monomer which can be co-polymerized therewith may also be
employed. Specific examples of the anionic monomer to be co-
polymerized include (meth)acrylic acid, 2-acrylamido-2-
methylpropanesulfonic acid, and an alkall metal salt thereof.

The amount of the anionic monomer must be small so that the
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I sopropyl acryl am de, N-nethyl (N, N-di net hyl)acryl am de,
acrylonitrile, styrene, and nethyl or ethyl
(rmeth)acrylates. These nononers nay be used singly or
in conbination of two or nore species. The anount of
the cross-Iinking agent nononer such as a divinyl
nmononer is required to be 0.0001 to 0.1 nole with
fokAsAeebpbyinbe hataktaafBupt catibhecnpregersy. Thk s of
controIFing the amount, the swellability and particle
théei aenfbAivamhehpmel Lhelpaet i(gker)atrelaatgen &-pol ymer
which swells in water but does not substantially
is8psspliactheaside, CRAmMBEhOONN, Nl Heflet BYaNRLES16MitBe
commerci al product of the particulate cationic
acpolyaet rivbechsswekhs, | Andainethblt odoeshylot(meth) acrylates.
substantially dissolve therein include Accogel C
Thépeonunbment Whi/sbe Gyekdcsihgly. oAl tar nahbvehyioanof two or
ani on-exchange resin such as WA20 (product of
mobkt spbishs . CEm caho@ot ,of tithe creys al hiok ey us@ehntasnonomer
the particul ate cationic polyner which swells in
suvht as butliddeglnobneubst ant rablhiyrdissol e bDheoeilnto Nol
particular limtation is inposed on the particle size
mods wihk peaspectescofha tatkdnavopotyoér thhi nbnewelkks
in water but does not substantially dissolve therein.
Theowgheconthelibng tharanohntsi zhei awedlebseiplyaged particle
emul sion or dispersion (suspended); i.e., the nean
sipart il wateze A Bhaopawaietessaél &i agtévate, pedymer which
preferably 100 mor less, nore preferably, 0.1 to 10
swellphén vabepabufciieesi petdevbetsntsialhy dpaspilveeSherein
more effectively adsorb the menbrane-fouling
cagupst 4ABETEOAEEI NSKATP 1R 2F dhre CoRRRFCiTbvveiuct of the
when the 14 Eart[cle size is_excessively small
pPaxblrylprquratsepafapPPormer sWaiehi eWeL leolBapfesybut does

not substantially dissolve therein include Accogel C {product

of Mitsui Sytec Ltd.). Alternatively, an anion-exchange

resin such as WA20 (product of Mitsubishi Chemical Co., Ltd.)
may also be used as the particulate cationic polymer which
swells in water but does not substantially dissolve therein.
No particular limitation is imposed on the particle size of
the particles of a cationic polymer which swells in water but
does not substantially dissolve therein. However, the mean
particle size in reverse-phase emulsion or dispersion
(suspended); i.e., the mean particle size in a non-water-
swelling state, is preferably 100 um or less, more preferably,
0.1 to 10 pym. When the particle size decreases, the
particles more effectively adsorb the membrane-fouling

substance contained in the treated water. However, when the
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[0024] No particular Iimtation is inposed on the
nmet hod of adding to treatnent water the
af orenenti oned particulate cationic polyner which
swells in water but does not substantially dissolve
therein. For exanple, the particles as are, water
di spersion thereof, or reverse-phase enul sion or
pafitsReesisane( S¥spaaded)viner eab 1By sbe iaddednti@ separation
treatment water. In any case, it is essential that
ist Be fifieat ferb wakek, oug .subjected to adsorption
treatnment through addition of the particulate
[ooakioni ¢ pol ymer which swells in water but does not
substantially dissolve therein to the treatnent water
I . eNo e thiredayent miaer ctoABS 1intlodeed Riraathamntdt Hdie of
particles of a cationic polyner which swells in water
addibhg decsreatmenbswantirakthye difssemeattbere partiendbye
the solid suspended in the treatnent water is
caadsarikbegohymble whdch ewedls D025k eTwbuar doerse not
particul ate cationic polyners which swell but do not
subghsthantilal Widissdokyvehemraiat.er Foayeadsplbe addedartbcles
the treatnment water. Notably, since the cationic
aspakrgnewatper diepetmisdbnf gheseplie par tteviegseswilalse lpoilsion
does not substantially dissolve in water, particles
orofliispersatinorisusppoldgder therelrfswalyl e pdeadetcbtrreatment
does not substantially dissolve therein swell but do
watietr .substamyi aity, di ssbsvessant wat erhati ther thgatmnentavater
conventional polyner flocculant. The expression "not
isseubignted tp adsegpidonn twgesmentetdrough eRldddieng of the
wat er-solubility that the cationic polynmer particles
pagah cya apee saftona cwRPymeSp aEilric sMey L st R@ $§itgE Uty does
of the
not substantially dissolve therein to the treatment water;

i.e., the treatment water comes into contact with the
particles of a cationic polymer which swells in water but
does not substantially dissolve therein, whereby the solid
suspended in the treatment water is adsorbed by the particles.
[0025]

Two or more particulate cationic polymers which swell
but do not substantially dissolve in water may also be added
to the treatment water. Notably, since the cationic polymer
per se which forms the particles swells but does not
substantially dissolve in water, particles of the cationic
polymer which swells in water but does not substantially
dissolve therein swell but do not substantially dissolve in
water, differing from a conventional polymer flocculant. The

expression "not substantially dissolve in water" refers to
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particles in water at 30Cis about 0.1 g/L or |ess.
The anount of percent swelling of the particles in
water is about 10 to about 200 tinmes, as cal cul ated
by dividing particle size in water by particle size
in a non-swelling state. [0026] Next, a reverse-phase
emul sion formof the particles of cationic polyner
suti la Retdesediked litydetaid cHOWRMSnidolRMdr PRt icles
are not limted to the form The polyner particle
ca@IMYeS iR JehtNAln &R CBbab1€ABhSNN, thet s8lubility of the
conventional reverse-phase (WO polyner enul sion.
pd@QZiles The Ww=R\Er $8- phRasei aMibeLenocoNLRENst hess. The
af orenenti oned cationic polyner, water, a liquid
andiyehitooF Restceditd sive 19UHaifanthe Wi ti@ipasiii adler is about
proportions (% by nmass) are as follows: cationic
10p@loy Adjout \matoe it imdd ,quisd daydrdcardab by stinfiatirantoart2@1e
to 40 : 20 to 40 : 20 to 40 : 2 to 20. Preferably,
sitzee inotwalt eamiynpaaft ildle Gdtdeonirc gpalopmerwednid ngnattertd .S
adjusted to 40 to 60 mass% with respect to the tota
[careynt of the cationic polyner, water, a liquid
hydrocarbon, and a surfactant. [0028] No particul ar
|'i mNeatti ,om ireviagEssethame tdrealdipn Cotwdrbcab@artades of
exanpl es of the |iquid hydrocarbon include aliphatic
caltiigumid wrdyoear bods. $ecliessriidephriafl fdateri(le. gHpwever, the

i sohexane), n-hexane, kerosine, and mneral oil. 16
pafred2des Bxanplogs lafmitted $wr ftdust diteni.ncChdepClomey pagticle
hi gher

emulsion is not a particular emulsion, but a conventional
reverse-phase (W/0Q) polymer emulsion.
[0027]

The reverse-phase emulsion contains the aforementioned
cationic polymer, water, a ligquid hydrocarbon, and a
surfactant. The compositional proportions (% by mass) are as
follows: cationic polymer : water : liquid hydrocarbon
surfactant = 20 to 40 : 20 to 40 : 20 to 40 : 2 to 20.
Preferably, the total amount of the cationic polymer and
water is adjusted to 40 to 60 mass% with respect to the total
amount of the cationic polymer, water, a liquid hydrocarbon,
and a surfactant.

[0028]

No particular limitation is imposed on the liquid
hydrocarbon, and examples of the liguid hydrocarbon include
aliphatic liquid hydrocarbons such as isoparaffine (e.g.,

ischexane), n-hexane, kerosine, and mineral oil.
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al i phatic al cohol pol yoxyethylene ethers and C10 to
C22 higher fatty acid pol yoxyet hyl ene esters, having
an HLB (hydrophilic |ipophilic balance) of 7 to 10.
Exanpl es of the ethers include al cohol (Ilauryl
al cohol, cetyl alcohol, stearyl alcohol, ol eyl
al cohol, etc.) polyoxyethylene (EO addition (by nole)
10025)3 to 10) ethers. Exanples of the esters include
fatty acid (lauric acid, palmtic acid, stearic acid,
ol ekgampilds BECthepaliy@¥yebhyl enel1(BO addi tbon20( Bygher
nmole) = 3 to 10) esters. [0030] No particular
alipAhtati 8DcbBol Npespdxpathhtentt BOHe0k apsoduci 8g the
rever se- phase enul si on. The enul sion may be produced
highepught B xaBgdapeaybapkehibanaees(eos, f haing &heHLB
cationic polyner) and a cross-linking agent nononer
(hytitBphwaeier 1ipophuid byUaneal bon, 7and aosurieotiplds of the
and allowing the mxture to polynerize (via enul sion
ethelyMehezatié oal @bhosushansydnapobpors i zatiybnalcbhoan
alternative nethod, the nononers are
stealkiyli abephbyneoleed; albehpt odated) ppbypexyeshylene (EO
pul verized by neans of a honogeni zer or the |ike; and
adtibeiopolypencaadl a di 3peosant €ehgrs.suiftagdbedt )ohrthe
added to a Iliquid hydrocarbon. [0031] Wen the
esparsi tuthtdechttopwi acpdl yhenrwhi ghidwephsmihicwated,
but does not substantially dissolve therein is added
stearitcraaidentleatceacitiheeparti pbéyopretbrabhy HBVeaddition
| arge 17 surface area. Therefore, in a preferred
(byamnée) t£h2d tpalficeetera.the form of reverse-phase

ermul si on or di spersion
[0030]

No particular limitation is imposed on the method of
producing the reverse-phase emulsion. The emulsion may be
produced through mixing a cationic monomer (for forming the
cationic polymer) and a cross-linking agent monomer with
water, a liquid hydrocarbon, and a surfactant, and allowing
the mixture to polymerize (via emulsion polymerization or
suspension polymerization). In an alternative method, the
monomers are solution-polymerized; the produced polymer is
pulverized by means of a homogenizer or the like; and the
polymer and a dispersant (e.g., surfactant) are added to a
liguid hydrocarbon.

[0031]

When the particulate cationic polymer which swells in

water but does not substantially dissolve therein is added to

treatment water, the particles preferably have a large
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(suspended) are added to water under stirring, to
thereby cause the particles to swell, and then the
particles in the swelling state are added to the
treatnment water. [0032] No particular limtation is
i nposed on the anobunt of the particulate cationic
pol ymer which swells in water but does not

su§EQ§EaQ£é§l|YTHE§§£6ﬂ@,tf@r£i?&é&@&f@&Qﬂaﬁﬁeﬁﬁd@@et0

treatnment water. However, preferably, the anount is

pafdigstedint ehabedimlokorabavke58naBES Ui Ehohespedt shersion
t he nmenbrane- fouling substance contained in the

(shEpahfBAl ¥ebesdqabla tpawhtedl andki-nktaki-oAgl, Stbnpasedby
on the pH of the treatnment water to which the

caliget taYl ghergateante BRkymer anhi ehesWehkSpakBivater in the
but does not substantially dissolve therein has been

swalledg AchowenrgHaghen exagpkerrabentnd. Qaterabout
7.5, 1Is preferred, since considerably excellent

[obbotcul ation performance can be attained. [0033] As

descri bed above, the adsorption treatnent is

per for padtbyuaddi ngmtieatieat tentimpaised anpahkl ewoane of

cationic polyner which swells in water but does not
theupsirantuabty cdtssnlivepbhemeirnwhdnt tshellbusnt weakedbut

water is subjected to nenbrane separation. [0034]
do&xanptesubgthheiakipr dhesehpkoybdrennt hednehiicanes added to

separation include mcro-filtration nmenbrane (M
traetheaneyaté8. ul Howetet | rete Deratehpr ablee (UFowWenbi anedijusted

nano-filtration nenbrane (NF nenbrane), and reverse
tooshostslneababnet ( RO mass% with respect to the membrane-
fouling substance contained in the treatment water. No
particular limitation is imposed on the pH of the treatment
water to which the particulate cationic polymer which swells
in water but does not substantially dissclve therein has been
added. A lower pH, for example, about 5.0 to about 7.5, is
preferred, since considerably excellent flocculation
performance can be attained.
[0033]

As described above, the adsorption treatment is
performed by adding to treatment water a particulate cationic
polymer which swells in water but does not substantially
dissolve therein, and the thus-treated water 1s subjected to
membrane separation.

[0034]

Examples of the membrane employed in the membrane

separation include micro-filtration membrane (MF membrane),
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menbrane) A single type of these nenbranes may be used
singly in a plurality of stages. Alternatively, a
plurality of types of nmenbranes nay be conbined. In
one enbodi nent, treatnment water is subjected to
menbr ane separation by neans of an MF nenbrane or OF
menbrane, and the thus-treated water is further
ule#bl-eeh eehalq e FRidRanse RAFa b d Eansef- AN tR@tion
menbrane. [0035] Cenerally, the treatnment water
mef®rine I(REUSERH3aneadt ebnd ¢ehertt smoslld meaiianeOr(RO
biologically treated water) contains a
mefiBFanane- faukingle Ubﬁ-%énéﬁ SHeBeafeRbbuiks A&ldbe used
cont ai ni ng organi ¢ substance, a fulvic acid-containing
si@HggNie aubstaacetyad¥ etalealol AleesHabiaslgygar plurality
produced by algae, etc., or a synthetic chem cal such
ofasypesubfaakanirancEhabsf Gee comigmeslichThr eatnenbodahent ,
is subjected to nenbrane separation, nenbrane-fouling
treshakanc @atate iadsabjedted the mesxibrizaee sefpalrd@ion by means
enpl oyed nenbrane, |eading to problematic
o fdehe MFo matnbaanien offe UET alrebsepear, atanth ther frdrmamoeated water
However, in the present invention, since the
ispautrictikees sobjactad aon aempakyiee saplbirelt iome Hys meansatcdr an RO
but does not substantially dissolve therein are added
metbraneat nent wat er before nenbrane separation,
menbr ane-f oul i ng substances are adsorbed by the
[opasticles to thereby formfloccul ates, and nenbrane
separation is perforned after floccul ation. Therefore,
t r e &ememe Wat, e it heo mrsiatimegi ta wadw eleelg di sguluwsgdrial water,
organi ¢ 19 substance such as a bio-netabolite serving
cijy waiverbr wrdl Weikirng oxubdodeed cedd Yo & regibiest ved oo

menbrane separation, _ _
contains a membrane-fouling substance such as a humic acid-

containing organic substance, a fulvic acid—containiﬁg
organic substance, a bio-metabolite such as sugar produced by
algae, etc., or a synthetic chemical such as a surfactant.
Therefore, when such treatment water is subjected to membrane
separation, membrane-fouling substances are adsorbed on the
surface of the employed membrane, leading to problematic
deterioration in membrane separation performance. However,
in the present invention, since the particles of a cationic
polymer which swells in water but does not substantially
dissolve therein are added to treatment water before membrane
separation, membrane-fouling substances are adsorbed by the
particles to thereby form flocculates, and membrane
separation is performed after flocculation. Therefore,

treatment water containing a low-level dissolved organic
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wher eby adsorption of nenbrane-fouling substances onto

the nmenbrane is reduced, and deterioration in

menbrane separation performance is suppressed. [0036]

During adsorption treatnment, an inorganic floccul ant

may be added to treatnent water. Through addition of

an inorganic flocculant serving as a floccul ant for
SUBRARIRRE s Ul NG PiRkSHRNGEH ] O GUhALRF & a membrane-

menbr ane-fouling substances are fornmed, whereby the
forflfiert sRfbdtemd RGn MR AFedAY i1 nfddtane efedaSration,

enhanced. The inorganic flocculant may be added to
whihedy ealstRiic 1wl f hehreres- falltiely thihatdidddbmfo the

the particulate cationic polymer which swells in
mev@trehebuls deemidral, s idrtidraldna tlis Gl endnfgid ,se®ration

long as the addition is perforned before nmenbrane
pesEpamanicen i sAlsi@igtaidsesl .y, the inorganic floccul ant

may be added to the treatnent water simnultaneously
[owi3h the particulate cationic polynmer which swells in

wat er but does not substantially dissolve therein. No

par thuailrey ddsmdpatiicon tress inmgpos,e chro Nidweyamior géllvaculant

floccul ant added to treatnment water, and exanpl es of
matyh®el addganito ftheatmeatt watawde Thabughnaddsalibs stichn

as al um num sul fate and pol yal um num chl ori de; and
inorgansal tfdosuciaas fsenrmviinoe 0@ dd comdilfeers digsr membrane-

sulfate. No particular limtation is inposed on the
foadbmat subk tiamoreganifd oidcodediesn to faddadnag e rfeatnierg

wat er, which may be adjusted in accordance with the
supgakinicg sofrehd ormest, metie r2® yivdther e fliee tardurnteniay iatgo ut

0.5 to about 10 ng/L as reduced to alum numor iron
mepranee Feridiingo tamegs isf enheaaesht The inorganic

flocculant may be added to the treatment watexr before or
after the addition of the particulate cationic polymer which
swells in water but does not substantially dissolve therein,
g0 long as the addition is performed before membrane
separation. Alternatively, the inorganic flocculant may be
added to the treatment water simultaneously with the
particulate cationic polymer which swells in water but does
not substantially dissolve therein. No particular limitation
is imposed on the inorganic flocculant added to treatment
water, and examples of the inorganic flocculant include
aluminum salts such as aluminum sulfate and polyaluminum
chloride; and iron salts such as ferric chloride and ferrous
sulfate. No particular limitation is imposed on the amount
of inorganic flocculant added to treatment water, which may

be adjusted in accordance with the quality of the treatment
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wat er. When pol yal um num chloride (PAC) is used as an
i norganic flocculant, and the pH of the treatnent
water to which a particulate cationic polyner which
swells in water but does not substantially dissolve
therein and an inorganic floccul ant have been added
is adjusted to about 5.0 to about 7.0, flocculation
walt®r0SthéayapalRtyi 8caubst D0B3¢b albBatneobmalie as reduced
separation nmethod may further include deionization
t oS B mA O B re X ERAN At MRRIRRI- D WL tMl &indiint of treatment
ultra-pure water can be produced. [0038] Before
walfefr anRefepal il oning@l tHibiided (98pAr aki aBetbYs hA
performed through precipitation or dissolved-air
inbrebaticol ocicilendsr and terDye: Jf and nealamiintvatlar to
particles of a cationic polynmer which contain a
whietb sapartodhilag es thstiamde, pdiimepamtiddieswell®edn water
t hrough the adsorption treatnent. Precipitation or
budi seelsvadtaistubisitahnatiadn y slipeidleearetheaafdier amatdirt iiowrganic
of the particulate cationic polyner which swells in
f lwater anirt hdees beein suddsidants aldijypstiess aloveddwr 6.0 dro about
the inorganic flocculant to treatnment water, and the
7.0H dflcckelatrieat e waser fiasrcawilst edtamrtsh causti c
soda, slaked linme, sulfuric acid, etc. Finally,
[o9BSpended matters are flocculated with an organic
pol ymer flocculant. If required, an organic coagul ant
may The osgdriamec erepianzttiom mdd-hqyhma e vt e tree iwie
is inposed on the organi c coagul ant, 21 and exanpl es
detippd@eft icnclsudd est iloni exobgagicc pdlepedys Pugenefsdldry or
enpl oyed in water treatnent (nenbrane separation).
ultra-pure water can be produced.

[0038]

Before membrane separation, solid-liquid separation may
be performed through precipitation or dissolved-air flotation,
in order to remove, from treatment water, particles of a
cationic polymer which contain a membrane-fouling substance,
the particles formed through the adsorption treatment.
Precipitation or dissolved-air flotation is performed after
addition of the particulate cationic polymer which swells in
water but does not substantially dissolve therein or the
inorganic flocculant to treatment water, and the pH of the
treated water is adjusted with caustic soda, slaked lime,
sulfuric acid, etc. Finally, suspended matters are
flocculated with an organic polymer flocculant. TIf required,
an organic coagulant may be used in combination. No

particular limitation is imposed on the organic coagulant,
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Speci fi c exanpl es include pol yet hyl enei m ne,

et hyl enedi am ne- epi chl or ohydri n pol ycondensat e,

pol yal kyl ene- pol yam ne, and polyners formed froma
nononer (e.g., diallyldinmethylamonium chloride or a
quat ernary ammoni um salt of di net hyl am noet hyl
(meth)acrylate) . No particular limtation is inposed

an@NekBfplaBOURErabrt Racongantateeadel aryaaddedoll ers
treatnment water, and the anmount may be adjuste

gefgeand n@ﬁpmbyadtma gHakit ¥ rebrmbhe t(heabirank W@b&&atlon).
Cenerally, the anbunt is about 0.01 to about 10 ny/L

spesekid eapinpnbbvwahenhideNpopgethglleae iming,t athglengdiamine-
i mposed on the type of the organic pol ynmer

eplibBceubagtriangothesadgasatal, | yoerplayednerpsatamine, and
treatnment nay be used. Exanples of the pol yner

polimeesl @okmeackude aambabmerorgani.¢ EOLYN®1dimethylammonium
fl occul ants such as poly(nmeth)acrylic acid,

chioetBracryhi quacetnargt Bjnacny uamsae tcofokymet hyabkahovethyl
nmetal salts thereof; nonionic organic polyner

(mEkageavkghtse) sudho asapol g bet h) fet yhaidde] s afmposed on the
cationic organic polyner flocculants such

ambanbpolfybesopfaaicatpegudaminadeed( éogtreatment water, and
di net hyl am noet hyl (neth)acrylate or a quaternary

themempunm magl bet hdjeetedodndarethdbacenoptbopyhe quality of
(nmeth)acrylam de or a quaternary anmoni um salt

theherestphenandatepol yeensraily hetheazhonint h®nabertahdll to
an noni oni ¢ nononer which can be co- polynerized

abpher &0 ng/LNdspaiti cohsenti/wetari on X0 ipposketlon t he
amount of organic polyner flocculant added to

limicatient igateposgddonhshanspe iy the edpasiedpodymer
accordance w th the uallt{ of the treatnent water.

flogpudanty, anfethesgnogheripd yb@WPlgyeﬁ i ¥Ps6EE fgeatment

ng/L (solid content/mater% [ 0039
may be used. Examples of the polymer flocculant include

anionic organic polymer flocculants such as poly(meth)acrylic
acid, {(meth)acrylic acid- (meth)acrylamide copolymer, alkali
metal salts thereof; nonionic organic polymer flocculants
such as poly(meth)acrylamide; and cationic organic polymer
flocculants such homopolymers of a cationic monomer {(e.g.,
dimethylamincethyl (meth)acrylate or a gquaternary ammonium
salt thereof, or dimethylaminopropyl (meth)acrylamide or a
guaternary ammonium salt thereof), and copolymers of the
cationic monomer and an nonionic monomer which can be co-
polymerized therewith. No particular limitation is imposed
on the amount of organic polymer flocculant added to
treatment water, and the amount may be adjusted in accordance

with the guality of the treatment water. Generally, the
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After adsorption treatnent, the enployed cationic
polymer particles nay be renoved fromthe treatnent
wat er through nenbrane separation. For exanple, the
cationic polyner particles may be renoved fromthe
treatment water through nmenbrane separation by neans
of a mcro-filtration nenbrane or an ultra-filtration

amBBABr 88€apb0040] 01 The LbBustt heakgdrwakenifByocl€ent /water) .
further purified through decarbonation,

[oagbivat ed-carbon-treatnent, etc. [0041] If required,
additives such as a coagulant, a sterilizer, a
deodgramt ad@o%?ﬁ:@@ﬁi Rgcagerht  aRtheaRmpNblyedC @EtASM e
may be used. so, if required, UV-radiation neans,

pol7RBFZphireNcMBANGaybbel egmedkdt EealmMeAt HRaASmeAtCwater
may be enployed. [0042] As described above, the

thielghanembepaeakbeparaetibad ofor tdeamp BSenthé nveni dohc
can reduce adsorption of a nenbrane- fouling substance
polonkai pedtiolesenbyebe wahetrednfeoimhehesurtaceeat aater
separati on nenbrane during nenbrane separation of the
thiroaghneahbyater separbheévabpysuppnessfdeat aicevatidhranion
menbr ane separation performance. FIG 1 is a system
megbagnanvrofnanlexenplatyattohr aaebsepar ati on appar at us
enpl oyi ng the nenbrane separation nethod. [0043] 23

[0@g05hown in FIG 1, a nenbrane separation apparatus 1
i ncludes a reaction tank 10;

t r edhmebhueateeatets vdteti say be further purified through

decarbonation, activated-carbon-treatment, etc.
[6041]

If required, additives such as a coagulant, a
sterilizer, a deodorant, a defoaming agent, and an anti-
corrosive may be used. Also, if required, UV-radiation means,
ozonization means, biological-treatment means, etc. may be
employed.

[0042]

Ag described above, the membrane separation method of
the present invention can reduce adsorption of a membrane-
fouling substance contained in treatment water onto the
gsurface of a separation membrane during membrane separation
of the treatment water, to theréby suppress deterioration in
membrane separation performance. FIG. 1 is a system diagram
of an exemplary membrane separation apparatus employing the
membrane separation method.

[00431]
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nmeans 11 (e.g., a punp) for introducing treatnent
water (raw water); chem cal -agent-introduction neans
13 (particul ate- polynmer-introduction neans) (e.g., a
punp) for introducing a chem cal agent froma
chem cal agent tank 12 in which a chem cal agent such
as a particulate cationic polynmer which swells in
wat efs Rgowsioas nalg SubstamdntrandistsRineg ithegighrdths 1
reserved to a reaction tank 10; and a di scharge neans
int4udker adirealan @nn @ anike 1Wat errclitinehthas trdangeRGuct ion
adsorption treatnent in the reaction tank 10. On the
me@@OWNSHr gamgsi,da gumph heoreaettiroducdnly tecafaltaRfter (raw
separation nmeans 15, decarbonati on neans 16,
wagell) Vateems akhoagbheati fRrbdReI®nl heanadnd 3r yeise culate-
osnosi s nenbrane separation neans 18 are sequentially
podivBpesedt rpddé4lonl mebhe ) MBREhGaANe asep@pat ifer dppaba@iulddng a
1, treatnment water (raw water) such as industria
cheaties,]l agkytwiten avehlemi@ber agenitveankatier inl akeéch a
water, and industrial wastewater is introduced to the
cheedctilongeank sheh dlken, phhe ichdnitealkcaadentic padlmaes ahich
particul ate cationic polynmer which swells in water
swhllsdaes watkrs bost dokisahloy dudbstbwveibidyeidiswoilok therein
agent is stored in the chem cal agent tank 12 is
isi mesedveddtboat eactdant itamkt a8k 20dt lar dighhblrge means 14
chem cal -agent-introduction neans 13, whereby the
foagdnschergddgdthe whéetrr ehtivbnhawatedergbhe waliserptdon
whi ch the chem cal agent has been added is stirred by
treatnensf ia ther repctdofotaaiisdOpt i on theadoenstregmThede of
wat er whi ch has undergone the adsorption treatnent is
thei sergcgen trom LRe meabrpos sepRrayichr veghst A8,

di schar ge
decarbonation means 16, activated carbon treatment means 17,

and reverse osmosis membrane separation means 18 are
sequentially disposed.
[0044]

In the membrane separation apparatus 1, treatment water
(raw water} such as industrial water, city water, well water,
river water; lake water, and industrial wastewater is
introduced to the reaction tank 10. Then, the chemical agent
such as a particulate cationic polymer which swells in water
but does not substantially dissolve therein which agent is
stored in the chemical agent tank 12 is introduced to the
reaction tank 10 through the chemical-agent-introduction
means 13, whereby the agent is added to the treatment water.
The water to which the chemical agent has been added is

stirred by means of a stirrer 19 for adsorption treatment.
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nmeans 14, and transferred to the nenbrane separation
means 15 having an MF nenbrane for nenbrane
separation, whereby cationic polyner particles

remai ning after adsorption treatnment are renoved from
the treated water. In the present invention,

menbr ane-f oul i ng substances are adsorbed by the

ThEa'iﬂb‘t%E” he cahbaniugdReiRr tHRI eRisSHRItisn R reateenkul s
does not substantially dissolve therein, and then the

dikbusrheeatredm ﬁ@bekeh%ti%ﬁlQ@hﬁdl@otﬁ&ﬁﬁbﬁﬂ%he discharge
separation by neans of the nenbrane separati on neans

medbe Ther ghar @ raadFerptiion ookt Heh GentREbieaRephedlidgh means 15
substances onto the surface of the nenbrane can be

hakeaycad, MangelBrahicorali aRmdhamenbeprasatepar atihefeby
perfornmance can be suppressed. [0045] Subsequently,

cathenwat 9blgfmlee:h pha% iuNeer gens iMe M afe oS e@dbabitadn S
transferred to the decarbonati on neans 16 and

tragtineated reat-bapvede #rdent heearsat éd iwalted .Wi Ih the present
activated carbon, disposed on the downstream side,

invwhAake odec aphdiahieo foudntgacuibsabedccasen sdseabeentby the
are perfornmed. Then, the thus-treated water is

pattansfieteedatdohie pelemse eduindi sweldmbianeater but does
separation neans 18 havi ng an RO nenbrane, where

nokeghbanansepdilgt ddssod veetheresd , bpndedhenofthehehk@-treated
menbrane. The treatnent water which is caused to pass

watke revenddectsdpsios nembiraaee seppaedtioon byeaesnss dfaghe
undergone in advance adsorption of nenbrane-fouling

megblbshancepalrptist okanise 15par Theuk&orecasdonipt pohya€r the
which swells in water but does 25 not substantially

megbgsaokv&otfdng subsihdnitges bose $ils stirddceo ofmbisr membrane
separati on by neans of the nmenbrane separation neans

can be reduced, and deterioration of membrane separation

performance can be suppressed.

[0045]

Subsequently, the water which has undergone membrane
separation is transferred to the decarbonation means 16 and
activated carbon treatment means 17 filled with activated
carbon, disposed on the downstream side, where decarbonation
and activated carbon treatment are performed. Then, the
thus-treated water is transferred to the reverse osmosis
membrane separation means 18 having an RO membrane, where
membrane separation is performed by means of the RO membrane.
The treatment water which is caused to pass the reverse
osmosis membrane separation means 18 has undergone in advance

adsorption of membrane-fouling substances by use of the

particulate cationic polymer which swells in water but does
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15 having an MF nenbrane. Therefore, the treatnent
water is very clear, and deterioration of the RO
menbrane which is likely to be affected by

menbr ane-f oul i ng substances (e.g., bio-netabolites)
can be consi derably suppressed. Notably, when
dei oni zation (e.g., ion exchange) is perforned before

no?’ sudfsahtlile 1ReAIARA e RMAHIH) RdTRRRS Wfer! RRbIected to
reverse osnosi S nenbrane separation neans 18, pure

metRE8he0 s elbabha-i R SWAHRhs 3N the RIAMHIGeR ddpalriitSon means
case, the nenbrane separation apparatus 1 serves as a

15PUES1 ¥Rt & PIFOehalir@mcaPP@hat 8500k, aBhe treatment water is
ul tra- pure-water-production apparatus. [0046] 1In the

vegRbediearnt a0fd e AR S eFakdld GO aRpdrakes whSkewis
in FIG 1, the chem cal agent is introduced to the

1ikeagt iton veask rQ:t Jdo WSV flembiria@ieCiFRNiGaly agenitaiyedhge.g.
added to treatnment water before introduction to the

bibeaetzddltidels) 18n e deesdiesdinntsuprddsstrnbranebly,
is enployed as the nenbrane separation neans 15.

whHoweedbn iaaCl ofiender.ane, iam BQchamirfarane parfrmed before or
menbrane, etc. may al so be enployed. Furthernore, in

aftke maebmnaendraepasaipacn tdppabat teahss hdwthen refle@sel osmosis
the cationic polyner particles remaining after the

meatisangt isepatiaedionenicalngs MBanpuate maEaremhr anlera-pure water
separation neans 15 are renoved. However, the

capabel plresiureyl .beInstbjectedet otpeenepbraheoseparation
di ssol ved-air flotation in the reaction tank 10, to

aprherthy leseryeshespar purleevaftegmpritaluctricst mgparatus or an
water. 26 [00471 Preferably, the separation nmenbrane

ulitranpsired waitelr -production apparatus.

[0046]

In the embodiment of the membrane separation apparatus
shown in FIG. 1, the chemical agent is introduced to the
reaction tank 10. However, the chemical agent may be added
to treatment water before introduction to the reaction tank
10. In the embodiment, an MF membrane is employed as the
membrane separation means 15. However, a UF membrane, an RO
membrane, an NF membrane, etc. may also be employed.
Furthermore, in the membrane separation apparatus 1 shown in
FIG. 1, the cationic polymer particles remaining after the
adsorption treatment by means of the membrane separation
means 15 are removed. However, the particles may be
subjected to precipitation or dissolved-air flotation in the

reaction tank 10, to thereby remove the particles from the

treatment water.
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washing liquid having a pH of about 11 to about 14,
preferably 12 to 13, at an arbitrary frequency. In the
present invention, menbrane-fouling substances are
adsorbed by the particulate cationic polynmer which
swells in water but does not substantially dissolve
therein, and then the thus- treated water is subjected
folb@7yenbrane separation. Therefore, adsorption of the
menbr ane-foul i ng substances contained in the treated

vat er-GRlraHiRe THd aepLlatike YRR Gah Rshed with a
reduced, and deterioration of menbrane separati on

walR@hhor MaRee d GAR iRy SUREY eFSethoudovay el aMieit tike
menbrane separation is continuously perfornmed, a

pre@eird Bt ter twhiigh BRyYy a6 agbidte ry rfeedke dRart rautake
cationi c polynmer which swells in water but does not

preégbatanhivahlty ofli, S sekmibe ahlkereinl iPeC @RS rdeResi e@¢ adorbed
t he menbrane. Even in such a case, through washing the
bySepar phir@i ciRbheare tiokh ca pedshieig whig Gwekavishdrmwaler but
of about 11 to about 14, the solid matter which has
dobegenotadsbshad tan 1tife dieparnse ahatedlr,angid ahede the thus-
di ssol ved and renoved, whereby deterioration in
treanboawe teepdsatsuim eqrerd ot rcare epare el | ablhyrefore,
suppressed. Notably, in the present invention
adenpboyongod paet menbateccdbuding pobptamcashicohtsvimdds in
in water but does not substantially dissolve therein,
thehémeateds watgrl ioqitiod thay ismg faceHod! thleomenr®riooe aagutoe
8, which is generally enployed in, for exanple,
redevedseanfl] detwardloragipn of, megherse wapkinag)cof performance
separation nenbrane, is used, the aforenentioned
cagobed spuppressednnotiowevernoveen 2vhe uheéinbrane| geparation is
However, as described above, the aforenentioned solid
cophitnepusaly berfemmedd &f Podiighmayter which may originate

from the particulate cationic polymer which swells in water
but does not substantially dissolve therein becomes deposited
on the membrane. Even in such a case, through washing the
separation membrane with a washing liquid having a pH of
about 11 to about 14, the scolid matter which has been
adsorbed on the separation membrane can be dissolved and
removed, whereby deterioration in membrane separation
performance can be more reliably suppressed. Notably, in the
present invention employing a particulate cationic polymer
which swells in water but does not substantially dissolve
therein, when a washing liquid having a pH of about 3 to
about 8, which is generally employed in, for example, reverse
flow washing (i.e., reverse washing) of separation membrane,

is used, the aforementioned solid matter cannot be removed
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t hrough use of a washing |iquid having a high pH of
about 11 to about 14. In the case of washing the
menbrane with a high-pH washing liquid, the
separation nenbrane preferably has high resistance to
al kali and, for exanple, a PVDF (polyvinylidene
fluoride) nmenbrane is preferred. [0048] Exanples of

su%ﬁ@cﬂ@ﬁhh?g | g Fepavi 80aaspFk BEq 1dpbPe 14t nincl ude a
m xture of water which has undergone nenbrane

afSeRALALEBRANEIQE HALRKAT @4nde SREHLHEINWFFGRIieMthE;
etc. Preferably, the washing liquid is a mxture o

thiBaghr eakMert a2 WakeA ngontiaunidntadingl kakhii ghn pah cEMewdlut 11
of about 1 to about 2~ w.o0 in the case of sodi um

toh¥dbaxi de,. ornabpetcdfetofahoshidd tMe. Henbrhhe wase a
of sodi um hypochlorite. As to the washing nethod, a

higﬁtﬁgdw_ggﬁghgl hY genpl, oyed wWaphhagisepdcaiirhe REFRIRS]LY
i's applied. Specific exanples of the washing nethod

haknghyde regyersaceashi agkafllkushid)g foanexafaesi @ PVDF
washing. [0049] No particular limtation is inposed

(penythayi i agueny uelideas hichgramed itherkfequercy be
adjusted in accordance with the quality of the

[obreat ment water or the separation nenbrane. In one
preferred node, nenbrane separation is halted after

opeEakn@l els0k 5 thenuwizath itrey 3 ikpuirds Hapednrtg eul@t lof 11 to 14
preferably 10 to 60 minutes), and the nenbrane is
inslibdectedikaurev erfs @atwas kihnghwhizls andzsigong meginregne
having a pH of 11 to 14 for 10 to 120 seconds
seppantionl anbly spdéfuer alyldyozideo 6@dsewohypochlzy iAft,ectc.
washi ng of the separation nenbrane with a washing
Preifquabtliavichg wapHiof 1liquddi4s iBf mieguineedf the treatment
preferably, the
water containing an alkali in an amount of about 1 to about 2
wt.% in the case of sodium hydroxide, or about 10 to about 12
wt.% in the case of sodium hypochlorite. As to the washing
method, a method generally employed washing separation
membrane is applied. Specific examples of the washing method
include reverse washing, flushing, and immersion washing.
[0049]

No particular limitation is imposed on the frequency of
washing, and the frequency be adjusted in accordance with the
guality of the treatment water or the separation membrane.

In one preferred mode, membrane separation is halted after
operation for 5 minutes to 3 hours (particularly preferably
10 to 60 minuteg), and the membrane is subjected to reverse

washing with a washing liquid having a pH of 11 toc 14 for 10

to 120 seconds {(particularly preferably 20 to 60 seconds).
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separation nmenbrane is further washed or rinsed wth,
for exanple, the water which has undergone the
menbrane separation or acid, to thereby prevent
excessive elevation in pH of the treatnent water at
resunption of treatnment. [0050] FIG 2 is a system

di agram of an exenpl ary nenbrane separation apparatus

A2ER! QUIGH rch® (TR 309 SRR hRhudTIOd: s i hvashing

further includes the step of washing the separation

11ra§elrrlar MW B FRhiNG dd qui d shavidg ia-t q{relfJextaqal the
T4 Note that the same nenbers as enpl oyed in FIG

seaea49Re! edut-arlehe 5 B-tiRheroR QW halfse@Rfith, for
over | appi ng descriptions have been partially omtted.

ex@PAEl the shewr wWhikhGhads dEHIRN e Hee Rtirddr Qe
apparatus 50 includes a reaction tank 10;

QALTRRA JMaLRAd Nt dlrcdy pRamtl b dhived dWRtion in
or introducing t'reat ment water (raw water);

pHC ket +agetinentt reteat 0N MRAld thidr R tredd it .
pol yner -i ntroducti on neans) (e.g., a punp) for
[oiostorpoduci ng a chenmical agent from a chem cal agent
tank 12 in which a chem cal agent such as a
par tHIGU & e cat it Eranmt £ han sywednysl 4 1y wednisrane
but does not substantially dissolve therein is
sepasendet apparaeact et lcankgl G heamend rdirse hasrge-areians method
14 for discharging the water which has undergone
whaddorfpirttier tinedtries tihe tdvepn edc twasihiren ke HD . se@andteion
downstream side of the reaction tank 10, nenbrane
mes@panal WithmeansshEngaid caiizb Hendatced \wat erf tldnk®(0L4. Note
for storing the water which has been subjected to
thagntrhaneagepameabicars e mawpioyed time Highbrlamee denoted by

the same reference numerals, and overlapping descriptions
have been partially omitted.
[0051]

As shown in FIG. 2, a membrane separation apparatus 50
includes a reaction tank 10; treatment-water-introduction
means 11 (e.g., a pump)} for introducing treatment water (raw
water) ; chemical-agent-introduction means 13 (particulate-
polymer-introduction means) (e.g., a pump) for introducing a
chemicalragent from a chemical agent tank 12 in which a
chemical agent such as a particulate cationic polymer which
swells in water but does not substantially dissolve therein
is reserved to a reaction tank 10; and a discharge means 14
for discharging the water which has undergone adsorption
treatment in the reaction tank 10. On the downstream side of

the reacticon tank 10, membrane separation means 15, and a
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separation nmeans 15 are sequentially disposed. The
nmenbrane separation apparatus further includes

washi ng-1iquid- introduction means 22 for introducing
a washing liquid to the nenbrane separation neans 15,
the washing liquid being a mxture of an al kal i ne
liquid 21 and the water stored in the treated water

t eite & Qua A AR KTERS WAMBIHoMBRNS 13 dlfer NRESM IHME been

the pH of the washing liquid formed of a mi xture of

s U] IRe rldniitiathe? kg dthesval e mestry sk ithd heembrane
treated water tank 20. [00521 I'n the nenbrane

s eTRRAAHD MaRRANY U SGeduaiiEnty diisdd awriat @enbrane

sych as industrial water, city water, well water,
sefiarelt i efppdralttisatfftheand rididised lvﬂislﬂaﬁ;t] g4 s
i ntroduced to the reaction tank 10. Then, the chem ca

1rd@RHuctSsh e ANFganint fdReeHAN Wising liquid to the
particul ate cationic polynmer which swells in water

meitir Gee S apeiratiilest artaEnd 15, diissalaghierieiqumhivding a
agent is stored in the chemcal agent tank 12 is
miltiured wredirt @ 1kl ireadtiicen & ank sk ttHeouglt dhestored in the

chem cal - agent-introduction nmeans 13, whereby the
tragenrid wateaaddechk @ o hard eat meisurdinemt Teanmtey far

whi ch the chem cal agent has been added is stirred by
mepEans nof the $H roferthed wiaeth iads drippiieh ficeeidrent .a Thiekture of

wat er whi ch has undergone the adsorption treatnment is
andiaddadriged Ifiomd 124 ameadtheonwattank sHd et dughthiehecreated

di scharge neans 14, and transferred to the nenbrane
wasepartamkorROneans 15 havi ng an MF 30 nenbrane nade of

PVDF for nenbrane separation, whereby cationic
[O0p&I2lmer particles remaining after adsorption

In the membrane separation apparatus 50, treatment

water (raw water) such as industrial water, city water, well
water, river water, lake water, and industrial wastewater is
introduced to the reaction tank 10. Then, the chemical agent
such as an inorganic flocculant or a particulate cationic
polymer which swells in water but does not substantially
dissolve therein which agent is stored in the chemical agent
tank 12 ig introduced to the reaction tank 10 through the
chemical-agent-introduction means 13, whereby the agent is
added to the treatment water. The water to which the
chemical agent has been added is stirred by means of a
stirrer 19 for adsoxption treatment. The water which has
undergone the adsorption treatment is discharged from the

reaction tank 10 through the discharge means 14, and

transferred to the membrane separation meang 15 having an MF
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treatnment are renoved fromthe treated water. In the
present invention, nenbrane-fouling substances are
adsorbed by the particulate cationic polyner which
swells in water but does not substantially dissolve
therein, and then the thus-treated water is subjected
to nenbrane separation by neans of the nenbrane

mef®Pahatl naRcMBENevhE rhkeheh®hancadearbitaROf WS eby
menbr ane-foul i ng substances onto the surface of the

cafBRhRaNeo1GRBrPRakeduted, randideher Lerald Qufption
menbr ane séparation perfornmance Can be suppreSsed.

tredbmedeentrby rehbB@eWirebmMiineh + F2a% <BeeR t2¥dj eehedhtOpresent
menbrane separation is stored in the treated water

int@Rkid0, MeRB3hnel FoliNg@ngOULBR tahcRES S3e¢e Qs IFRIERI @Re the

separation, nenbrane-fouling substances; i.e., solid

pafRt taN aaBdcathehicspopendedwskhd seeidisnat Rgtromuith@oes
particles of a cationic polyner which swells in water

nobukuBeesnnek13ybgtaabilak! Yhetessq! wadt hekel Rheak®us-treated
gradual | y deposited on the separation nenbrane (e.g.,

walErnegbeangkcekdt ke nenbiane sepafatiion BEARBantSof the
wher eby nenbrane separation performance is inpaired.

mefbianeasephvationdimepasedshet Teene tbee | eadsboptiankotOthe
and the nenbrane separation neans 15, and a val ve 31

meflbgpasedoubehweenbshanaegbbane sapakatrifacen®dnshed mambrane
the treated water tank 20 and bei ng opened during

canebbr aadusefar ahtdordeaeeiochodied af aemdtbinkr acparation
frequency (e.g., after operation of about 14 m nutes)

perfvembherebynhhkt sopplbrasedsepiubsegunenihen, tB& water which
val ve 32 connecting the treated water tank 20 and the

hagebbeaneubgpacati bn membsabd sspepeaniddn Wsersdloyed in the
washi ng

treated water tank 20.

[0053]

In the course of passage of membrane separation,
membrane-fouling substances; i.e., solid matter and other
suspended solid originating from the particles of a cationic
polymer which swells in water but does not substantially
dissolve therein, are gradually deposited on the separation
membrane (e.g., MF membrane) of the membrane separation means
15, whereby membrane separation performance is impaired.
Thus, a valve 30 disposed between the reaction tank 10 and
the membrane separation means 15, and a valve 31 disposed
between the membrane separation meang 15 and the treated
water tank 20 and belng opened during membrane separation are

closed at an arbitrary frequency (e.g., after operaticn of

about 14 minutes), to thereby halt membrane separation. Then,
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liquid formed of a m xture of treatnent water stored
inthe treated water tank 2oand al kaline |iquid 21
(pH 11 to 14) is introduced to the nenbrane
separation nmeans 15 via the
washi ng-1iquid-introduction neans 22 such as a punp.
For exanple, through passage of the washing |iquid
a VAIvaboYt cOMEec i Ayt €nd Nt +ELLEQVRESEr L8Rt EONans NEhe
separation nenbrane is subjected to reverse washing.
menBLaM@SEEPSr t Obh Ondsns di SCHAr §88n A OMhELBPNRI A88hing
separation neans 15 via a valve 33 to the outside of
11idhed "ESPhad €0 5 epanh Bkt @Pe aPPar pbatmERt whDOBALtAHEQT in the
washi ng of the separation nenbrane by the washing
trédgod dwd et ddnktozddla dleaVvahyesiglid3iiarguopened, 14) is
and the valves 32, 33 are cl osed, whereby nenbrane
inSepaieéd Ofo | She NestibEshe THeSari hi Ot ohe RS hi BOviAiethe
separation nmenbrane, nmenbrane-fouling substances
wa Slg5eg betabyd t her fe@ad et b me e bz aneuehnabear pamyed.For
Therefore, deterioration nenbrane separation
expepfor nEiiceughnpdessed | abl yhorexehnieg. 11 8053] foknabblet one
menbr ane separation apparatus shown in FIG 2, the
mimendr amethes SN eet edi toct Byvef sehavasépagavddh aembrane is
washing |iquid. However, the washing nethod is not
subjetted tderetorse Roaskekagpl ehe henssuinfacel iid hies
separation nmenbrane may be washed by neans of a
di ddlyhr gp@ eltirdh ovhof mewishamg seépprat 1on médeseby viavaevalve
matters deposited on the surface (i.e., flushing) In
33tthe Gippavat sisde anf NEherendmlanene ssepPpt oy edn agpBrabes 50.
menbr ane separati on neans 15. However, an OF nenbrane,
[0@P2 RO nmenbrane, an NF nenbrane, etc. may be enpl oyed,

and
After washing of the separation membrane by the washing

liguid (pH: 11 to 14), the valves 30, 31 are opened, and the
valves 32, 33 are cloged, whereby membrane separation is
resumed. Thus, through washing the separation membrane,
membrane-fouling substances adsorbed by the separation
membrane can be removed. Therefore, deterioration membrane
separation performance can be reliably prevented.

[0055]

In the membrane separation apparatus shown in FIG. 2,
the membrane is subjected to reverse washing with a washing
ligquid. However, the washing method is not limited thereto.
For example, the surface of the separation membrane may be
washed by means of a high-speed flow of washing liquid, to
thereby remove matters deposited on the surface (i.e.,

flushing). In the apparatus, an MF membrane is employed as
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these nenbranes may be enpl oyed i n conbination. [0056]

The present invention wll next be described in nore

detail by way of Exanpl es and Conparative Exanpl es,

whi ch  shoul d not be construed as Iimting the

invention thereto. Exanple 1-1 Industrial water

cont ai ni ng hunus and bi o-netabolites was enpl oyed as
thel RahbRRheakghrafdon! Acgdsi A60 fHOGESWAL I OR UF ahdmbrane,

(1,000 nL/jar) . To each jar, a particulate cationic

anPRbYfiehbYEheh swelkFsmefbwahe! Bek dRE$ Bet employed, and
substantially dissolve therein (Accogel C, product of

thdkbsthbembByhaesLiby) beWaspadged ah acmeAcantkati on of
0.5, 1, 2, 4, or 10 ng/L (as Accogel C, and the

[ovater sanple was stirred. [0057] Subsequently, the
particul at e- pol yner -added treatnent water sanple

vat eheWpgekichteiadeby iBRARS 10f nexBusnaesktuineld in more
(outer dianmeter of perforated plate: 40 nm height of

dethbilrayi paypott ERANPlE8 ANY eopbayhodve ERAbpase, which
filter (MIlipore) (dianeter: 47 nm m cropore size:
shbud8 nptsbehcohbakrutheaki limatiag paet iareanibhethereto.
perforated plate was continuously filled with water.
Exdhplei melrequired for recovering 500 nL of filtrate
(T1 (sec)), and the time required for recovering
1, OCBdaktoefiafli wbtatecOhiZafadny) hwewe anmdadivedetibelites
MFF val ue of the sanple at each Accogel concentration
wamasmpabgatiatedtbgathent ovhoarngnfiopiekad| Ehto 33oThelation
| oner the MFF value, the clearer the treatnent water
jazanple0 0TheLADsol baribe edfch hgafi |4 rpaet {(¢ubatererationic
wat er)
polymer which swells in water but does not substantially
dissolve therein (Accogel C, product of Mitsuili Sytec Ltd.)
was added at a concentration of 0.5, 1, 2, 4, or 10 mg/L (as
Accogel C), and the water sample wasgs stirred.
[0057]

Subsequently, the particulate-polymer-added treatment
water sample water was filtered by means of a Buchner funnel
(outer diameter of perforated plate: 40 mm, height of
filtration portion: 100 mm) employing a membrane filter
{(Millipore) {(diameter: 47 mm, micropore gsize: 0.45 um} such
that the filtration portion on the perforated plate was
continuously filled with water. The time required for
recovering 500 ml of filtrate (Tl (sec)), and the time
required for recovering 1,000 mL of filtrate (T2 (sec)) were

measured. The MFF value of the sample at each Accogel

concentration was calculated by the following foxrmula [F1].
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exhi biting the | owest MFF val ue was neasured at a
wavel ength of 260 nm (E260: index for organic natter
concentration). Table 1 shows the | owest M-F val ue,
and E260 of a sanple exhibiting the |owest MF val ue.
The industrial water sanple (treatnent water)

exhi bited an E260 of 0.298, and a turbidity of 22 as

THEEATHSd thir AN vhn ks Mitled 1l-ghl- RS ¥hemRient Wate
respect to a kaolin standard solution. [0058] [FI]

saME)Ee( TZTHé) 48dorb9R88] o EXane! eilr2athe (Bresedune fhiter)

Exanpl e 1-1 was repeated, except that Accogel C was

exBR3N@ee ot @ haN1ORNe@XC AR a1eS Ral\MiRsuRieddet a avelength
M t subi shi Chemi cal Co., Ltd., particulate cationic

ofPlymeim Webeh :SWalles |f6r\/\@tr@%.nlild:t n@@eer@bncentration) .
substantially dissolve therein), and the

Ta®Neon- @xohangtel esive sEOREENEalieON antR$28d] bt ed sk@ple
0.5, 1, 2, 4, 10, and 20 ny/L. [0060] Exanple 1-3 The

explrlmedn@e ok Exaaple MEFl vaasier. epeneeiindescepalt hater sample
Accogel C and pol yal umi num chl ori de (PAC) (inorganic

(tireatanantvhteen e catided tked wat @2 evakyfl @S2 98he abACa( trbidity
wt.-O as A1203) polyal um num chl ori de concentration

ofwag ad] metedrktd 34r6ubh transaddt2d Inght (assflirement with
the order corresponding to the Accogel C

regpreentpabi @aol[if06thndard solution.

[0058]

[F1]

MFF=(T2-T1)/T1

[0059]
Example 1-2

The procedure of Example 1-1 was repeated, except that
Accogel C was changed to anion-exchange resin (WA20, product
of Mitsubishi Chemical Co., Ltd., particulate cationic
polymer which swells in water but does not substantially
digssolve therein), and the anion-exchange resin concentration
was adjusted to 0.5, 1, 2, 4, 10, and 20 mg/L.
[0060Q]
Example 1-3

The procedure of Example 1-1 was repeated, except that
Accogel C and polyaluminum chloride (PAC) (inorganic
flocculant) were added to water samples. The PAC (10 wt.% as

Al,0;) polyaluminum chloride concentration was adjusted to
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Conparative Exanple 1-1 The procedure of Exanple 1-1
was repeated, except that polyal um num chl ori de was
used instead of Accogel C. [0062] Conparative Exanple
1-2 The procedure of Exanple 1-1 was repeated, except
that Accogel C and a particul ate nonionic pol ynmer
which swells in water but does not substantially
@I ,S90lsve ghiereisn @chgl%l 2N ﬁ%bx@eﬂwd&wes@&ﬁqng to
Lt'd.) were used. 63] The results are as foll ows.
thEh%d@%b%& @a@Bh%%nQEatE%ﬁﬂD|es 1-1 to 1-3 and
Conparative Exanples 1-1 and 1-2 exhibited decreases
[olo® 1F260 and MFF with increased floccul ant
concentration, and these val ues reached a pl ateau when

cghﬁgraQQ&@e@kﬁ@bu@n1e&ceeded a certain |leve
Specifically, the water sanple of Cbnparat|ve Exanpl e

1- 1,riemplr@datmren|of aRandler gani Grdd aegpldaaidd, except that
exhibited a | owest MFF value of 1.31, while the water

poldaphes ndin Exaeplice kat aredl-Astemd of Pgcdgel C.
particul ate cationic polynmer which swells in water but

[od@egd not substantially dissolve therein, exhibited
| owest MFF values of 1.22 and 1.26, respectively.
Cobpasattikeo@ghmpaediit-ton of a particulate cationic
pol ymer which swells in water but does not
subgten praldedudies ©d Exarpdreeiin, 1 tWwees dapeatted Wabereprashat
remar kably clear as conpared with the case 35 where an
Acicngedani enfll ecpalranculas eadded onfilve peflgmer wihdich swells in
menbr ane separation was perforned on the treatnent
wangirebutwiicels had smtberagsnie ld ypadsisolivat &heateiioni (@ccogel N,
pol ymer whi ch
product of Mitsui Sytec Ltd.) were used.
[0063]

The results are as follows. The water samples of
Examples 1-1 to 1-3 and Comparative Examples 1-1 and 1-2
exhibited decreases in E260 and MFF with increased flocculant
concentration, and these values reached a plateau when the
concentration exceeded a certain level. Specifically, the
water sample of Comparative Example 1-1, employing only an
inorganic flocculant, exhibited a lowest MFF value of 1.31,
while the water samples of Examples 1-1 and 1-2, employing a
particulate cationic polymer which swells in water but does
not substantially dissolve therein, exhibited lowest MFF
values of 1.22 and 1.26, respectively. Thus, through
addition of a particulate cationic polymer which swells in

water but does not substantially dissolve thexein, the

treated water was remarkably clear as compared with the case
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swells in water but does not substantially dissolve

therein, <clearer treated water was obtained. This

i ndicates that fouling of the nenbrane was

suppressed, whereby deterioration in nmenbrane

separation performance can be prevented. The water

sanpl e of Exanple 1-3, containing both a particulate
whedld QR G rRRIGEIEI WidetSWeld Svdd) aMRiR]. buhedaesrot when

substanti al 'y di ssolve therein and an inorganic

mettRGed aRbbara®iirPived iy fdrmaldie e kR itment water

indicating a particularly remarkable effect. The

whRHE ha%e iRldR rofy deeMa iRid e B @t ibrd.c ¢HlydMend ch
particul ate nonionic polymer which swells in water

sweull dQes wadlers #he! afdsalor dusalag thaneidissxihiditiRgGein,
a high MFF value, failing to provide clear treated

cleaber trR@ed wWatal eal dptaimed EXThCenmpndExatEanphat
Ex. 1-1 1-2 1-3 1-1 1-2 Lowest E260 0.101 0.108

£oh1083 & fliGel mkibranenwesis Mdpplkeddch 2kl ddkekidkation
[ 0065] Exanple 1-4 The sane industrial water as

inememdyethe Repsaaplionl pkr@maergy ayad as dueeatmtent. The
wat er and treated by neans of an apparatus shown in
waktk@ shmple edclExsatdre Saryl eoraaditipasy tdan &t earticulate
cationic polyner which swells in water but does not
casdlositian toicd kime rd mdsiaily ewdldrseiim (WaceogdutC dga=oduet of
Mtsui Sytec Ltd.) and pol yal um num chl ori de (PAC)
substanaddadddy dissolve therein and an inorganic flocculant,

exhibited an MFF value of 1.06, indicating a particularly
remarkable effect. The water sample of Comparative Example
1-2, émploying a particulate nonionic polymer which swells in
water but does not substantially dissolve therein, exhibited

a high MFF value, failing to provide clear treated water.

[0064]
[Table 1] _
Ex. Ex. Ex. Comp. Ex. | Comp. Ex.
1-1 1-2 1-3 1-1 1-2
Lowest
E260 0.101 0.108 0.088 0.110 0.178
@)
onest MEEL 122 1.26 1.06 131 1.41
[0065]

Example 1-4
The same industrial water as employed in Example 1-1
was employed as treatment water and treated by means of an

apparatus shown in FIG. 1. To each water sample, a
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so as to have concentrations of 4 ng/L and 30 ng/L,
respectively, followed by stirring, to thereby forma
floccul ate. The treatnent water sanple to which the
particul ate polyner and the inorganic floccul ant had
been added was subjected to solid-liquid separation
by neans of a 0.45-pm MF nenbrane (nade of cellul ose

pad¢etatgle LAtliBaneby o151V ke heaau atewater but does
Thereafter, the thus-treated water was subjected to

PEEhLAREne ¢RANY IR BY veaHSIRS i g AMRIRE 1t @, RASH f
nothrough g reve?ge ognosis nenbﬁangAZRO menbr ane) ?ﬁg ©

mi€ilfiergRbbal.rBr ¢S auke pol e a%e at @nabribe RPAmMyeaRe added
was neasured. Table 2 shows the results. The Accoge

s0CasCeRCaREaAbLARWRFaE@bnls0 o Mg/ 1RSI t3he 7T, val ue
was the |owest in Exanple 1-1, and the pol yal um num

re@Eb@tEd@lQPA@bll©Q@@e%&f@Eﬁ@&iﬁ@% gef therd®ydxm when
the MFF value was the |owest in Conparative Exanple

£14cdu1h0B866] Th&orpasahéne wx88P| adpB8eThe proerdure of
Exanpl e 1-4 was repeated, except that Accogel C was

pafeticusede podyinee Aaky&hemifdigelier ifdecctuBeenthxdt eln
was adjusted to 70 ng/L. [0067] The results are as

adtietl ews. stheevatdr tsagplile dofl ioxddplsepatad i cenplyoyicagisaof a
particul ate cationic polyner which swells in water

0.bhyt ufoRs RekhbpsHBst apkigal by dieIsohveet Aeetihhe )X Ridbithesdeby
37 a considerable decrease in differential pressure
rempgeeabe filateudbtehe Reneabtane, ths tbopatedawetihwater
the water sanple of Conparative Exanple 1-3,
waenplibyengednky membmengasieparation by causing the water to
pass through a reverse osmosis membrane (RO membrane}. The
differential pressure increase rate of the RO membrane was
measured. Table 2 shows the results. The Accogel C
concentration was set to 4 mg/L, when the MFF value was the
lowest in Example 1-1, and the polyaluminum chloride (PAC)
concentration was set to 30 mg/L, when the MFF value was the
lowest in Comparative Example 1-1.
[0066]
Comparative Example 1-3
The procedure of Example 1-4 was repeated, except that
Accogel C was not used, and the polvaluminum chloride
concentration was adjusted to 70 mg/L.
[0067]
The results are as follows. The water sample of Example

1-4, employing a particulate cationic polymer which swells in

water but does not substantially dissoclve therein, exhibited
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fl occul ant was enpl oyed i nstead of the particul ate
cationic polyner which swells in water but does not
substantially dissolve therein. Therefore, through
addition of a particulate cationic polymnmer which
swells in water but does not substantially dissolve
therein to treatnent water before nenbrane separation

a B¥niEaRS 0h caRRPAREDL NG it RAtIRAL ﬁ%@é@ﬂf@*ﬂﬂd%éase
i n RO nmenbrane separation performance can

ra%hlp B&‘e%ﬁ%d ROl A@BBlrankTaklse mdaxarp! |vﬁt(ﬁ°'ﬂ?1%r e shuble of

Example 1-3 Differential pressure increase rate of

cofipBRhaneekBahia1d 4 -3., 7 end AR AR %nlﬁoﬂ@%rﬁ@e

industrial water as enployed in Exanple 1-1

fleephoyed asst éﬁ@tLEﬁE:r@:Ei Wale®leadN Gt et @@Mdﬂﬁ@&% fatdnic
apparatus shown in FIG 2. To each water sanple, a

poR @kl CWhat® kN0l 6 nPQkYEE PM GdeTWRldLS sibswalfri Uk,
does not substantially dissolve therein (Accogel C,
diBkedyet tokreiht surh&yée6ret dehraighpabyat ushngm a
chloride (PAC) were added so as to have
pag@hieankrat cans oat c2 ppRymand wiQ dbp Ewe 116S AeC tiatelry but does
followed by stirring, to thereby forma 38 floccul ate.
notheubseahfeal 1yatitssoarpl eHearadhi ¢lo ttheatparit cultatre before
pol yner and the inorganic flocculant had been added
mewdgatubisephedttionsolyi aekbinguicd sep®Cateabhrayentars tofera ,

deterioration in RO membrane separation performance can be

suppressed.
[0068]
[Table 2]
Example Comparative
1-4 Example 1-3
Differential pressure increase rate of RO 1.4 1.7
membrane (kPa/Day) ' '

[00689]
Example 1-5

The same industrial water as employed in Example 1-1
was employed as treatment water and treated by means of an
apparatus shown in FIG. 2. To each water sample, a
particulate cationic polymer which swells in water but does
not substantially dissolve therein (Accogel C, product of
Mitsul Sytec Ltd.) and polyaluminum chloride (PAC) were added
so as to have concentrations of 2 ppm and 30 ppm,

respectively, followed by stirring, to thereby form a
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0. 1-m MF nenbrane (nmade of PVDF) for 14 mnutes, to
thereby renove the floccul ate. Thereafter,

hypochl orous acid was added to the thus-treated
(i.e., nenbrane separation with MF nenbrane) water to
thereby prepare a washing liquid having a pH of 12.
The af orenenti oned MF nenbrane was subjected to

£16e¥eN 58 Wasthadt WehmbAE WABRFNHahpAHi Hof RhieAetAENUt €
with a flowrate of 2 nmfday. The steps of nenbrane

pa$eRenabiten pdNgmeheUBES  Neas hidigwa e MeRRAMISMt 3RE teen
differential pressure increase of the MF nenbrane was

adaeas whedsub§eteka The sbesul-is qalidl aephellaws: bt s of a
start of water passage, the differential pressure was

0.2pkPaiE ﬁEh%&aﬁbaRﬁﬁdgoBf4%QIﬁquE%rfﬁQ”hﬁE%t%er%cthereby
wat er passage, the differential pressure was | ower

rebae B0ekPapcandathe amhyhéafobr\WVah9popAssagasdadifokas
decrease. Thus, nenbrane separation performance was

addetl det eheorauedcréheehl (Makug 4ABthLiames sepbiratildie with MF
wat er passage was found to be 2.8, and no danage to

metbealk ) meaheaneowadcobder veedpalhe aFwachdaumlg nd guidetlaving a
value, which is defined by JIS K 3802, is an index

pHf off fiaul i Tige cdfonatent i tnad nkBuhembpranal yasegabsected to
osnosi s nenbrane nodule) represented by a

reneckse- apshihgoivishs peeded shdhigd liinuddp Florednewatierite with a
ot her words, the index gives the cl earness of

flsuwppkitedofiakem/day.i sThepseseat efl bymbrane separation and
FI =[ 1- To/ T15] x[ 100/ 15] (To: tinme (sec) required for

reWekter waghiingt welre50eprbtell, 3ensarmblee didifercmy imdapgessure

~of a nenbrane filter having a nominal pore size of

ingr4ssm afdéheaMpr wepbranef v2G6 MeREUTED5: tinme (sec)
required for filtering subsequent 500 nL of the sanple

f0070]

The results are as follows. At the start of water
passage, the differential pressure was 27 kPa. After elapse
of 480 hours from the start of water passage, the
differential pressure was lower than 50 kPa, and the amount
of water passage did not decrease. Thus, membrane separation
performance was not deteriorated. The FI value 480 hours
after the water passage was found to be 2.8, and no damage to
the MF membrane was observed. The FI {fouling index) wvalue,
which is defined by JIS K 3802, is an index for fouling of
water in a module (mainly reverse osmosis membrane module)
represented by a micro-amount of suspended solid in supplied
water. In other words, the index gives the clearness of

supplied water and is represented by FI=[1-T;/T1s1x[100/15]

(To : time (sec) required for filtering initial 500 mL of
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water after continuous filtration for 15 m nutes
(standard value) under the sanme conditions as

enpl oyed in the period of TO) . [0071] Exanple 1-6
The procedure of Exanple 1-5 was repeated, except that
a washing liquid having a pH of 11 and prepared from
wat er whi ch has undergone nenbrane separation with an

saﬁngEQQEQPebyaﬂgaHMpQEhhoﬁeﬁﬁréﬁédfﬂ@§e95ﬁgv@ﬁ da nominal
reverse washing liquid, instead of a washing ?lqu

ngéﬂge o?kbo£51ﬁmaﬂﬂdgfe9 fgssﬁggnbfaﬁﬁﬁ E@éChThaS time

undergone menbr ane separat nenbf ane” and

(s@&?oﬁghﬁiﬁéa 86kdri[ 0842hg ASb3ckABHEt 50bNAL of the sample
feréntial pressure was 20 kPa at the start of

wa¥BlesrpassagsriAalgub Rl fgafibavepabhe hemateko (sthadard
point in time about 200 hours fromthe start of water

vaPasyaghadeHovB¥eEamal E8hdt BeoRsi Ak ERplbyBa208 BBEr feriod of
fromthe start of water passage, the differentia

T, pressure increased, even though reverse washing was
performed. Eventually, 420 hours after, the
[od7iferential pressure increased to 200 kPa. [0073]
Enmbodi ment 2 Enbodi ment 2 of the nmenbrane separation
Exflphediiacl udes adding, to treatnent water (e.g.,
i ndustrial water, city 40 water, well water, river
wat ehe pabecdater opfoExbnglst ni-al wasastewater),, except that
particul ate cationic polyner which swells in water
a washilngslhgtiduhstanti al b¥ diEs3al wadt beepameddSoppt wekier
which has undergone membrane separation with an MF membrane
and hypochlorous acid was used as a reverse washing liquid,
instead of a washing ligquid having a pH of 12 and prepared
from water which has undergone membrane separation with an MF
membrane and hypochlorous acid.
[0072]

As a result, the differential pressure was 20 kPa at
the start of water passage, and remains a favorable level to
the point in time about 200 hours from the start of water
passage. However, after the point in time 200 hours from the
start of water passage, the differential pressure increased,
even though reverse washing was performed. Eventually, 420
hours after, the differential pressure increased to 200 kPa.
[0073]

Embodiment 2

Embodiment 2 of the membrane separation method includes

adding, to treatment water (e.g., industrial water, city
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treatnent and, subsequently, perform ng nenbrane
separation, wherein the anount of the particul ate
cationic polymer which swells in water but does not
substantially dissolve therein and which is added to
the treatnment water is controlled on the basis of the
absor bance of the treatnent water neasured before the

wa?esor Rlelon whi-eat mentye-{ QR {4l , lB%et%%ﬁkﬁﬁnknﬁﬁﬁﬁaﬁstrial

contai ns a substance which fouls the nenbrane

waSehayed)i nanpabiane1seRALAL: O i CMRHIKARE- WiAWH RE¥ells in

substance) carried out on the downStréam side, for

wa%a PR, ddelURbE AQiE+EORtiallNkNei @eAReC thdheliaNeRsAption
fulvic acid-containing organic substance, a

tribemenitabal, t eupdehuast 1%9%@1&6&611@1@ mRYbHa@Re se@laGrat ion,

or a synthetic chem cal suc as a surfactant.

whER¥evekt henN@mpahti oifl @hel pairtalchQaties caltiResed pil yide which
type of treatnent water, and specific exanples

swelgkude wadest bugl deekehotCisipstaneialigl ldiwalake therein
river water, |ake water, and industrial wastewater
an@i Whpaht ieUbdded itadislr taleat@ghewaiate rWiisClkohdsydided on
subjected to biological treatnent). [0075] The
theabkehisC ofoltjae abalbrbanseeldfs the waketmaut deesrnakasured
substantially dissolve therein and which forns the
befiatti chesadebrplid opokysetmaicch are added t he
treatment water is a copolyner of a cationic nononer
[0ha¢ing a functional group 41 such as a primary am ne
group, a secondary amne group, a tertiary am ne
gr otire &rgedmendf warteacichrddded salsulidtemesf whigrh gouls
guat er nary anmmoni um group, and a cross-1inking agent
the membrane employed in membrane separation (membrane-
fouling substance) carried out on the downstream side, for
example, a humic acid-containing organic substance, a fulvic
acid-containing organic substance, a bio-metabolite such as
sugar produced by algae, etc., or a synthetic chemical such
as a surfactant. However, no particular limitation is
imposed on the type of treatment water, and specific examples
include industrial water, city water, well water, river water,
lake water, and industrial wastewater (in particular,
industrial wastewater which has been subjected to biological
treatment) .
[0075]
The cationic polymer which swells in water but does not
substantially dissolve therein and which forms the particles

of the polymer which are added the treatment water is a

copolymer of a cationic monomer having a functional group
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nmononer for attaining substantially no water
solubility. Specific exanples of the cationic nononer
include an acidic salt or quaternary ammoni um salt of
di met hyl am noet hyl (nmeth)acrylate, an acidic salt or
quat ernary ammoni um salt of di met hyl am nopropyl
(nmeth)acryl am de, and diallyl di met hyl ammoni um
sl QY de prEXATR) ewitle IR 0SS sdddMiang, 2@EMe RRRAE! a
i ncl ude §1V|yl nmononmers such as
t dPRtiRyhe R in( dedAMadYron (i Rat ialdta PRI Bhereof,
of thée aforementioned cationic nononer and an anionic
orOh RERRIRANG ry BRI Mh it AN Rl eO-RYIgsmErigdthg agent
therewith may al so be enployed. Specific exanples of
mond@eanNifeH GtIRNSTRly e 61 aRaly Ry veeky RJluge 1ity.
(nmeth)acrylic acid, 2-acrylam do-2-
spaetiilprepanasy fomitheadaticaid abrel iinmhale sl tacidic
thereof. The anpbunt of the anionic nononer nust be
sadffaldr smaltkatnaiie arhmirth cepel Wred ik dians rbethyl
cationic property. Exanples of the nonionic nononer
(miet¢l) udey(prish)) acr Wedide salt icroppemdracryl amindmium salt of
N- et hyl (N, N-di met hyl )acryl am de, acrylonitrile,
disieyhenemiamgroptily | (wert he oty lawetds), acmyd at es. These
nmononers may be used singly or in conbination of two
diar 1 yidismespgdicemonigm atduntidef. t Beawmpbdss- bfnkhagcross-
agent nononmer such as a divinyl nononmer is required
linkibg @.gedd] momchel imulldde tdivieslpeciamershesuddt &s
anount of the nononmers. Through controlling the
medinylenebtilsd asweileadide)t.y Ahtdepartiveey, shzeoppaywatrepf the
of the particles of a cationic polymer which 42 swells
aforepsnérd opgd deds ondic swmsmaTt idald wrdisgssinie diemgityonic
can be controlled. Exanples of the commercial product
mogmele whight icam e avaiadnMe yigiegréhenavdir s eyl flisp be
wat er but does
employed. 8Specific examples of the anionic monomer to be co-

polymerized include (meth)acrylic acid, 2-acrylamido-2-
methylpropanesulfonic acid, and an alkali metal salt thereof.
The amount of the anionic monomer must be small so that the
formed copolymer maintains a cationic property. Examples of
the nonionic monomer include (meth)acrylamide, N-
isopropylacrylamide, N-methyl (N,N-dimethyl)acrylamide,
acrylonitrile, styrene, and methyl or ethyl (meth)acrylates.
These monomers may be used singly or in combination of two or
more gpecies. The amount of the cross-linking agent monomer
such as a divinyl monomer is required to be 0.0001 to 0.1
mol% with respect to the total amount of the monomers.
Through controlling the amount, the swellability and particle

size (in water) of the particles of a cationic polymer which
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not substantially dissolve therein include Accogel C
(product of Mtsui Sytec Ltd.). Alternatively, an

ani on-exchange resin such as WA20 (product of

M t subi shi Chemi cal Co., Ltd.) may also be used as
the particulate cationic polynmer which swells in
water but does not substantially dissolve therein. No

swltd G aaddiihal ided Sndﬂ@.&%ﬂ:éﬂtﬂaﬁ@ﬁ%ﬁdé&l&ré'%reln
of the particles of a cationic polyner which swell

car BaAtRIntig1 1 d0es ERap3 uBsbant hal bbmﬁb&&%ieﬁm%%tnof the
However, the nmean particle size in reverse-phase

pa&lﬂﬂcﬁil@[teo_rcadjﬁﬁﬁr@ ifYLlyn(cstspende BwellsL . in WA d®BUL does
particle size in a non-water- swelling state, is

noy efdysalnt iH0 yndarsd8sa tHye B efrilalle/ Acdddelt @ 1roduct
m Wien the particle decreases, the particles nore

ofeffieshiivept eadsardh t. heAmﬁbhaﬁ@vfeqyl | B8 sHbshaB&ehange
contained in the treated water. However, when the

repdmt istlch = ZB2A0S (EeeRsitvelfy mdbissﬂ ichdnigidld co., Ltd.)
separation is difficult to carry out. [0076] By

mazdadilag, bieo udeehtare nthavgt-art, i uardtieclceg iehildeolymer which
particul ate cationic polyner which swells in water but

swebdés imotwasiehs thant idalelsy raits solbar artdrdily, Seladilve therein.
organi ¢ substances can be adsorbed by the particles.

NoSipage: itcdud arpdrimidlaes car € 9 negladsde dm bt grarticle size of
flocculates of the particles on which the soluble

ther ganitd cdelss tdnee s adrieon iad porlyew rc af ilsh semived in water but
t hrough nenbrane separation. Thus, 43 the soluble

dogisgawitc ssipisseatrdes lyan ise olemditihyeneemy elobewar , t hbe mean
treatment water. Therefore, as nentioned in Enbodi nent

rarticde gddiendgn reversstmiesanvemerlsisar o lddspeir stilpsm
particul ate

(suspended); i.e., the mean particle gize in a non-water-

swelling state, is preferably 100 pm or less, more preferably,

0.1 to 10 um. When the particle decreases, the particles

more effectively adsorb the membrane-fouling substance
contained in the treated water. However, when the particle
size 1s excessively small, solid-liquid separation is
difficult to carry out.

[0076]

By adding, to treatment water, particles of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein, soluble organic
substances can be adsorbed by the particles. Since the
particles are insoluble in water, flocculates of the
particles on which the soluble organic substances are

adsorbed can be removed through membrane separation. Thus,
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cationic polynmer which swells in water but does not
substantially dissolve therein, adsorption of a
menbrane- fouling substance contained in treatnent
water onto the surface of a separation nenbrane
during menbrane separation of the treatnment water can
be reduced, to thereby suppress deterioration in

tﬂ@@@fﬁfmé%ﬁ@"ﬁﬂ@%mﬂﬁd@l%ﬂ e GRAred reMdved heom
case where a conventional polynmer flocculant and an

tHé“ﬂﬂEyEMEﬂﬂ‘%&B&ﬁﬂﬂiﬁb%e§6ﬁb9yg% mehtadtidd A Embodiment 1,
sol ubl e organi c substances can be renoved from

byl ERRLARNt teRtt&lea O Wa tes Nad-t i 168 IO WHe Particulate
inorganic flocculant. [0077] No particular limtation

caltS. dniROTRA et Rgvinet Refk10fs iadaidiet ondt eRideHoat er
the af orenenti oned particulate cationic polyner which

suBARlang N MAtErs Sitved aes iain S Wttt idd b dizs s@intgrane -
therein. For exanple, the partlcles as are, water

fotilspey Shs taieiee @fon teri etV e &ras MW« orffo the
di spersion (suspended) thereof nay be added to

sulrfeaiemeifl a \Waierratidramertasee idudihe setidvatle tdedaration
the treatnment water is subjected to adsorption
oft téat neris thiemeru gia taddidaro heofraddirepardd dHeadery suppress
cationic polyner which swells in water but does not
deselrdtoaaitiiain Y rdinesdirame kepeirattion pertfoeatares, wat erxgnpared
i.e., the treatnment water comes into contact with the
wipdr tthel essef wheaat ieomionveatimera Wpicdhyrere [ lodou satterand an
but does not substantially dissolve therein, whereby
insgigablie 44 cocgdrRint soiess eapdeyesuchInsalidibsoandsoluble
bi o-netabolites contained in the treatnment water are
orgdgdrchedbisrarites gart bel esmoved from treatment water

without using a large amount of inorganic flocculant.
[0077]

No particular limitation is imposed on the method of
adding to treatment water the aforementioned particulate
cationic polymer which swells in water but does not
substantially dissolve therein. For example, the particles
as are, water dispersion thereof, or reverse-phase emulsion
or dispersion (suspended) thereof may be added to treatment
water. In any case, it is essential that the treatment water
is subjected to adsorption treatment through addition of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein to the treatment water;
i.e., the treatment water comes intoc contact with the
particles of a cationic polymer which swells in water but

does not substantially dissolve therein, whereby socluble
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[0078] Two or nore particul ate cationic polyners
which swell but do not substantially dissolve in

wat er nay al so be added to the treatnent water.

Not abl y, since the cationic polynmer per se which
fornms the particles swells but does not substantially
di ssolve in water, particles of the cationic polyner

Gl %Aﬁislt%ﬂééé/@@h R 1ees nila RsImtdid] dres

I ssol ve therein swell but do not substantially

cdﬁﬁgiﬂéﬁf1ﬂ1tﬂ%ﬂﬁ¥éaﬂMJHEHWéEhﬂ'é¥Bfhdé&%ﬁ%ﬁ'ﬁyﬁﬂhe
pol ynmer flocculant. The expression "not substantially

paditsisalaee in water” refers to such a water-solubility
that the cationic polyner particles can be present in

[owategr. Specifically, the solubility of the particles
in water at 30Cis about 0.1 g/L or less. The anopunt

of peFsant el lpig ofuldhes Rﬁ[ﬂi&ﬂiﬁ@% Wed £ i1 @ Oskhe 11
10 to about 200 tines, as calculated by dividing

butaldd Gldtr sSAibkdrt watley disdanid Clre vitZer inhy@ also be added
non-swel ling state. [0079] Next, a reverse-phase

t ce mlles it dtantofwdtied panNbtabey, okineat thei eapdbyier polymer
will be described in detail. However, the particles
pef eganGihildhn ficathd aHdhedrarinleBhesvwaa Mresutpaldd £t
emul sion is not a particular emnmulsion, but a
submmaentiizdnat dirssednse-iphase (VW @axymigley efndlss amtionic
[ 0080] The reverse-phase enul sion contains the
padfvoreeneitiicdnewe 145 cat ivarter oltynkrgs wadtergulsstdamuiadl 1y
hydr ocarbon, and a surfactant. The conpositi onal
dipsopor itdrsgis pwalds Putarde ast foldshesit icatliyomissolve in
pol ymer : water : liquid hydrocarbon
water, differing from a conventional polymer flocculant. The
expression "not substantially dissolve in water" refers to
such a water-solubility that the cationic polymer particles
can be present in water. Specifically, the solubility of the
particles in water at 30°C is about 0.1 g/L or less. The
amount of percent swelling of the particles in water is about
10 to about 200 times, as calculated by dividing particle
size in water by particle size in a non-swelling state.
[G079]

Next, a reverse-phase emulsion form of the particles of
cationic polymer will be described in detail. However, the
particles are not limited to the form. The polymer particle
emulsion is not a particular emulsion, but a conventional
reverse-phase (W/0) polymer emulsion.

[0080]

The reverse-phase emulsion contains the aforementioned
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surfactant = 20 to 40 : 20 to 40 : 20 to 40 : 2 to 20.
Preferably, the total amount of the cationic polyner
and water is adjusted to 40 to 60 mass% wi th respect
to the total anount of the cationic polynmer, water, a
l'iquid hydrocarbon, and a surfactant. [0081] No
particular limtation is inposed on the Iiquid

caltt dnacaARmeand w2xap| @s 10fquite Hyddch e oG den
include  aliphatic Iiquid hydrocarbons such as

suk&%@%b%ﬁﬂ'n@héecgmgos&ﬁQBﬁéinéfopBrBQ6ﬁ%e4%k%&oﬁbﬁgo are as
and mneral oil. [0082] Exanples of the surfactant

fdinehude G drd CHH1RmERer: waldghat i16 Al iedhdldrocarbon
pol yoxyet hyl ene ethers and Cl0 to C22 higher fatty

suaFiad tRelty ax et iy ane -esters dvavi np ab HB : 2 to 20.
(hydrophilic |ipophilic balance) of 7 to 10. Exanpl es

preffetria®] vt t@les tigtelludamontold Hieawaical icohsd 1 ynat ¥ina
al cohol, stearyl alcohol, oleyl alcohol, etc.)
waelry dxy eldiyisere tcO4cadd tadoomaldiyy malt®) respertt @cl@he total
ethers. Exanples of the esters include fatty acid
ampuattr o atied capdlomild @adsintr, sea,Cc sadiidyuial éiveirocarboen,
acid, etc.) pol yoxyethylene (EO addition (by nole) =
and bosl@)faesterts. [0083] No particular [imtation is
i nposed on the nethod of producing the reverse-phase
[oesulisi on. The enul sion nmay be 46 produced through
m xing a cationic nononer (for formng the cationic
pol Wrema Emdid aor dsiseiltiatkiony iagenmtpoamtbner the hliquid
water, a liquid hydrocarbon, and a surfactant, and
hydirbowirtegn., and examples of the liquid hydrocarbon include
aliphatic liquid hydrocarbons such as isoparaffine (e.g.,
isochexane), n-hexane, kerosine, and mineral oil.
[0082]

Examples of the surfactant include C10 teo C20 higher
aliphatic alcohol polyoxyethylene ethers and C10 to C22
higher fatty acid polyoxyethylene esters, having an HLB
(hydrophilic lipophilic balance} of 7 to 10. Examples of the
ethers include alcohol (lauryl alcohol, cetyl alcohel,
stearyl alcohol, oleyl alcohol, etc.) polyoxyethylene (EQO
addition (by mole} : = 3 to 10) ethers. Examples of the
esters include fatty acid (lauric acid, palmitic acid,
stearic acid, oleic acid, etc.) polyoxyethylene (EC addition
{by mole} = 3 to 10) esters.

[0083]

No particular limitation is imposed on the method of

producing the reverse-phase emulsion. The emulsion may be
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the m xture to polynerize (via emul sion polynerization
or suspension polynerization). In an alternative
nmet hod, the nononers are sol ution-polynerized; the
produced polynmer is pulverized by neans of a
honogeni zer or the like; and the polyner and a
di spersant (e.g., surfactant) are added to a |liquid
provdicesa i peBughOf84k ng\Be Rk attherR @ idsidnlre Gl Greing the
pol ymer which swells in water but does not
cattbsti anbloaknerdi ss@l we ciriiseiln niks i 4R it mdn@rirMeAtth
water, the particles preferably have a large surface
wa@eed. aTherefiar ydirdca ritoef, e bl aTeilidacthe:, Rald idllesving
in the formof reverse-phase emulsion or dispersion
thesuspended:cape134@ed A0 Wakeknllddors iddivnitgi Az ion or
thereby cause the particles to swell, and then the

suR@ehisa bas pon yinke 1 zewelbining shake aleeaddedvbomkbRod, the
treatment water. [0085] No particular limtation is

mohBpesedatd kheuginnbofmetieepar el patrhealid @ulgmer is

pol ymer which swells in water but does not
puldubstianti alyl ymednsseolfve haoeichized Wi achd d idddedrid the

treatment water. However, preferably, the anount is
poagmest edd toddbeetrsanto (@hout, Shirnfasynm)t khyeespied tw a

t he nmenbrane- fouling substance contained in the
litueédt hgrtrowat®on.[ 0086] | n Enbodi ment 2, the anpunt

of the particulate cationic 47 polyner which swells
[0c0B4Wat er but does not substantially dissolve therein

is controlled on the basis of the absorbance of

t r edheenthrapertieudate meusioniial petwrer oiltichneverlls in

wel |
water but does not substantially dissolve therein is added to
treatment water, the particles preferably have a large
surface area. Therefore, in a preferred manner, the
particles in the form of reverse-phase emulsion or dispersiocon
(suspended) are added to water under stirring, to thereby
cause the particles to swell, and then the particles in the
swelling state are added to the treatment water.
[0085]

No particular limitation is imposed on the amount of

the particulate cationic polymer which swells in water but
does not substantially dissolve therein and which is added to
treatment water. However, preferably, the amount is adjusted
to about 1 to about 50 mass% with respect to the membrane-
fouling substance contained in the treatment water.

fooge]

In Embodiment 2, the amount of the particulate cationic
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water, river water, |ake water, or industria
wastewater). Specifically, the absorbance of the
treatment water is neasured before adsorption
treatnment, and the anmount of the particulate cationic
pol ymer which swells in water but does not
substantially dissolve therein and which is added to

polilfhext K@AlIERveMAer ni SaG@H HRld e ddte Rasitsrefidihe,

absorbance data. Mre specifically, the relationship
a1Reoreen thiae e 1abIQr kanee Al dder rert Bali e RN dddii-bance

sui tabl e anount of the particulate cationic polyner
ofWR-eh thieel| fraitR Wakely huti ngdeesirat weiHest amtiitg) kdater, well
di ssolve therein for treating water exhibiting the

wallkel, e FRREronad calsaeanca ties defd vefhigt riadv aRGEevdter) .
ot her words, the relationship between the absorbance

spaed ftilke 1aRuRheobHshe Raide G alte Gatd AR is
whi ch amount is sufficient for floccul ating sol uble

me@EHFRIGC beFuRe! adeespaidn TriRREMRXCESSHN® tie elicintedt the
and the relationship is enployed as information for

pag@nicioblciengathenianpentmethemidhn saeilars titeatamit but does
(menbrane separation) , the absorbance of treatnent
notakebsitanreadlyed,i saad viche haredmt aefd wHiehpard is@dedt o the
pol yner added to the treatnent water is controlled on
trehempati sackrt He absorbiieel dat ahendadie dihfudrenefiserbance
for calibrating the anmount. [0087] The absorbance
datal.ueMooé speaffbndlat ethaeasliaedoathap beeasenohbe
wavel ength falling within a Wregion of 200 to 400 48
absorbadcat oft theastreatmendy elodegt nidalthenguiitiiile amount of
visible- light region of 500 to 700 nm have the
theopkrowing leser eRaticonc wotllymelre whglalblseredrigardinc water but
substance concentrati on. '
does not substantially dissolve therein for treating water
exhibiting the aforementioned absorbance is derived in
advance. In other words, the relationship between the
absorbance and the amount of the particulate cationic polymer
which amount -is sufficient for flocculating soluble organic
substances and is not excessive ig cbtalned, and the
relationship is employed as information for controlling the
amount. Then, in water treatment {(membrane separation), the
absorbance of treatment water is measured, and the amount of
the particulate polymer added to the treatment water is
controlled on the basis of the absorbance data and the
information for calibrating the amount.
[0087]

The absorbance values of treatment water measured at at

least one wavelength falling within a UV region of 200 to 400
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[0088] Sol ubl e organic substance concentration =

Ax[ (absorbance in Wregion) - (absorbance in
visible-light region)] [0089] 1In addition, there is
a certain correlation between the soluble organic
subst ance concentration and the opti num anount of the
particles of added to treatnent water, which anount

nmi 8n@bLai gedi1brem bhe waqéléﬁg%hr%glﬁthfmﬁhﬁﬁhng Fisible-
predet erm ned anmount of watef by neans of a 0.45-m

llgﬁﬁbkégﬁonfbkt@bo(ﬂ%rQbﬁaEEEha%%f%hbe@oéio%lﬁchorrelat1on
value).” Thus, through neasuring the absorbance at at

w1kﬁa§heoe@1waygl@@g&hlbnsaﬁsHanée@b@&e@m@a@hoat | east
one wavelength ina visible-light region, the optinmm

[oagBUNt of the particulate cationic polymer which
swells in water but does not substantially dissolve

t hegeilmpaed oMiaeh d Sudddascleo corlcemtaalt ke asti mat ed.
[0090] Specifically, water sanples having different

Axgwabsbksgncéela uvi Bdysbhh al 3@b§6r§aﬁﬁbe§n3@EEEQQe0might
ifferent days) are Subjected to a jar test in

regdyan¢e. Fromthe differences between absorbance in
UV regi on and absorbance in visible- light region, and
[ovBejopti num concentrati on values of the particulate
cationic polyner which swells in water but does not
subgihaadidalliyrndi $hehee itcher elertatime coalratlisarisin ppedSreen the
(information for controlling the anmount of added
sopabyreprgpatti ehkskanepr esenteadrby ivhe abel dhedepciimed
formula (I) is derived. In fornmula (1), each of Ato
amBuneppésehesparticles of added to treatment water, which
amount is obtained from the time required for filtering a
predetermined amount of water by means of a 0.45-pum membrane
filter (hereinafter referred as a KMF value). Thus, through
measuring the absorbance at at least one wavelength in an UV-
region and at at least one wavelength in a visible-light
region, the optimum amount of the particulate cationic
polymer which swells in water but does not substantially
dissolve therein and which is added to water can be estimated.
[0090]

Specifically, water samples having different qualities
(e.g., industrial water samples sampled on different days)
are subjected to a jar test in advance. From the differences
between absorbance in UV region and absorbance in visible-
light region, and the optimum concentration values of the

particulate cationic polymer which swells in water but does

not substantially dissolve therein, the relationship
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constant depending on a quality of treatnment water
such as sol ubl e organi c conmpound concentrati on. E260
represents an absorbance neasured at 260 nm and E660
represents an absorbance neasured at 660 nm In water
treatnment, the absorbance of the treatnment water is
nmeasured, and the optinmm concentration of the

(iHQB¥H§EiBﬁrEBE|@%nk%o@?ﬁﬁ@”kﬁ@damﬁﬁﬁﬁ‘b@eaaa§arpém?&er
data and the relationship represented by formula (1)

part B8Rl Fepk-BSchBelNBy! BUS- 861 8L THREE 9BLUMEB-NAMRUNT) is
are added to the treatient water. [0091]

detEorgENt fRt £ SfIM@Ta t NE) gaéaw%ﬂtz@ €3l ¢ OREBrOOENEB a
which swells in water but does not substantially

coﬁb§§ﬁtV@epéﬁ&&ﬁbﬂbn:aAéﬁEZQQy'OE6§Qb5tmeﬁt(hhteE0Q&&h as

n the aforenenti oned procedure, the relationship

solupf er seghancf ebmpeahRokbhBenthataBBUNt EDE0 ab€etesents an
pol ynmer particles) between the difference between

ababgphhancRebBuUY¥d kegben amd ahsoEbBanceepitesents an
visible-light region, and the optinum concentration

ab¥akbenet mhbespaeti aul ate aati omh cwaperl yoeeavhénh, the
swells in water but does not substantially dissolve

abkbebehbei 6fdenevedeatihenvewatdet esnindaktuardof ahdethe
anount of added pol yner particles is not limted to

optheumatoneannrboned BEnpbae, pahgmetopaexanfks, ia determined
threshold control 50 nmethod nay al so be enpl oyed. No

frpar theubbsokbanhtat denai andi hhesedlanhibhehtipr espokdented by
control nmethod. In one enbodinent, when the

foabhsdabdnte ditid eranteclss | bssthdaphas spece fntnedl oet imum

amount are added to the treatment water.

[c091]

(Concentration of the particulate cationic polymer
which swells in water but does not substantially dissolve
therein)

= Ax(E260 - E660)® + ¢ (I)

[0092]

In the aforementioned procedure, the relationship
(information for controlling the amount of added polymer
particles) between the difference between absorbance in UV
region and absorbance in visible-light region, and the
optimum concentration value of the particulate cationic
polymer which swells in water but does not substantially
dissolve therein is derived. However, determination of the

amount of added polymer particles is not limited to the

aforementioned manner, and, for example, a threshold control
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al, the concentration of the added particul ate
cationic polyner is adjusted to bl; when the
absorbance difference is a specific value of a, to
a2, the concentration of the added particul ate
pol ymer is adjusted to b2; and when the absorbance
difference is in excess of a specific value of a2,
metR8acRRgeRl kat benefblbheqaddagd particul At e1 DRl VARl oh Sis
adjusted to b3 [00931 "Thus, through controlling the
inpBBEAt oftf thBetRakkheUhakenteali ABLRoRO! YIRI o &fbodiment,
swells in water but does not substantially dissolve
whéhetBeNaBBErwhhel Hsradeedcboist neakmeRbnwat epeeittibevalue
basis of the anmpbunt of soluble organic substance
a; ¢OPhai BeAceéntaeibheaENERE wabed, paRt@phi AUE apelBhic
of the particulate cationic polyner which swells in
poWgher bgt adfassefotosybst ankhathy dbssebd¥Acthaliefareade is
be added to the treatnent water, to thereby enhance
a bpeaiftotvaaterofekfi ebeacy. tha addcéhonratewanodhene added
the quality of treatnment water varies, the anount of
pathécpastecpbaimegat soadgupekiines byhi cdhdwethdrs the
wat er but does not substantially dissolve therein and
ababhtrbancs ddfiédréncthést Lratrestswates spach€ic value of a,,
optim zed in accordance with the varied quality,
theheopbygniveayionl er theeatidddwpteticahabe poagmnstenst| y
obt ai ned. Meanwhil e, Japanese Patent Application
adfasde@pen Pkokai) No. 2006-272311 discloses a
technique for controlling the anount of an 51
[0DP@®dF ganic fl occul ant added to treatnent water on the
basis of the neasured absorbance data. However,
accBhubngthoougk capthodldihngckbsedmonniapinébe Parsarulate
plication Laid-Qpen
cationic polymer which swells in water but does not

substantially dissolve therein and which is added to
treatment water on the basis of the amount of soluble organic
substance contained in the treatment water, an optimum amount
of the particulate cationic polymer which swells in water but
does not substantially dissolve therein can be added to the
treatment water, to thereby enhance treatment water
efficiency. In addition, even when the quality of treatment
water varies, the amount of the particulate cationic polymer
which swells in water but does not substantially dissolve
therein and which is added to the treatment water can be
optimized in accordance with the varied quality, whereby very
clear treated water can be consistently obtained. Meanwhile,
Japanese Patent Application Laid-Open (kokai) No. 2006-272311

discloses a technique for controlling the amount of an
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(kokai) No. 2006-272311 including addition of an
inorganic flocculant, flocculation of soluble organic
substances including hurmmus, a fulvic acid-containing
organi ¢ substance, a bio-netabolite such as sugar
produced by al gae, etc., and a synthetic chem ca

such as a surfactant cannot be conpleted. As a

i ric NS 1bite @ ito URSIIRGES Ay dn the basis of
menbrane, to thereby problematically reduce nenbrane

tHEE R frd=aaie dden amcheoesankechrasayl apt the
added in a large anount in order to sufficienfly

meR@dPIINSd10@d atd QAR aEi PatsH Ul 10rganich 1aid-open
substances, the anmount of sludge increases.

(Ko henmr eoddie addad imangsitis ddaesdmnis faulidiinic
menbrane, to thereby increase differential pressure,

£ \YceN ang , 18R dUleh i .sd N tdRfnid Mibstances
enbodi nent of the present invention can solve these

inlefliers huyn394]a fMIRiiRg aadsDrddrn i dinRalgeni Akubstance,
i norganic flocculant nmay be added to treatnent water.

a Hicough addiittieomueth ar dunergartaiddeat Gyt anligeser \dttg , and a
as a flocculant for soluble organic substances,

syfhthetulcatotendfcadolsulalhe 26r gamr fadisiran cesincar éd aomd,eted.
whereby the effect of renoving sol uble organic

Assabstemnies itheerivdmbde okfyer irorgydrs tarfdese diddnta meynbrane,
be added to the treatnment water before or after the

teaddictriedy giroktllemapdckildyl ateshwat imanloape wepandtiicn flow
swells in water but does not substantially dissolve

rattleer eWhensan| ongrgsnt hef52caddinionsi sdpedf éanmedlarge
bef ore nenbrane separation. Alternatively, the

amootgami oridesc d@l @t Liwyi syd 1atl gt fiagmt Hd oaodattimm of such

wat er sinmultaneously with the particulate cationic
soluble organic substances, the amount of sludge increases.

Furthermore, the added inorganic flocculant fouls the
membrane, to thereby increase differential pressure, which ig
also problematic. In contrast, the embodiment of the present
invention can solve these problems.

[0094]

During adsorption treatment, an inorganic flocculant
may be added to treatment water. Through addition of an
inorganic filocculant serving as a flocculant for soluble
organic substances, flocculates of soluble organic substances
are formed, whereby the effect of removing soluble organic
substances is enhanced. The inorganic flocculant may be
added to the treatment water before or after the addition of
the particulate cationic polymer which swells in water but

does not substantially dissclve therein, so long as the
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pol ymer which swells in water but does not
substantially dissolve therein. No particul ar
l[imtation is inposed on the inorganic floccul ant
added to treatnent water, and exanples of the

i norganic floccul ant include alum numsalts such as
al um num sul fate and pol yal um num chl ori de; and iron

ad®BldiSn SUChasIfldd b inflguanthd efdis s at e.
[0095] No'particular Iimtation is inposed on the

ATRENHRE 1¥fe 1, NAUHRARIG L6 A caddet W) MRAIRRG to the
wat er, and the anount - nay be adjusted in accordance

t Pelatthhedrie WUl 94 nffl HR oudBALERIH M §farciR@dUationic
is about 0.5 to about 10 ng/L as reduced to al um num

pARMdO MU FRINQCH f Gradthe AMUMHod ndt eAldRMntially
water. Preferably, simlar to the anmount of

diRRydivel lrdea-eGad. i oanFa@ty&a&a%h@mi&%!iba B WabekelBUbn the
does not substantially dissolve therein, the anount

irQfr gadicg @lice cufllaeRC Wamld it aadataldid Wit drhe aSisxkafples
t he absorbance data of the treatnent water obtai ned

ofbefer 4 ndigjaadsorflidcaul dredtridinide [A86Gnum salts such as
Specifically, water sanples having different qualities

ali@igum isudusity ainavaicdryasanpilres: safplreidieon ahid firentsalts

days) are subjected to a jar test in advance. From
suldie adi ffeatrdrc e 1 dydidse emdorfanc esuIfaler .egi on and

absorbance in visible- light region, and the opti nmum
[ooeddentration val ues of the 53 particulate cationic

pol yner and the inorganic flocculant, the

rel ata gretiipyliaf drimeittisoni drori < dipaddd nop tthee sampuntts of

of added pol yner particles and inorganic floccul ant)
incegeedentfddcculant added to treatment water, and the amount
may be adjusted in accordance with the quality of the
treatment water. The amount is about 0.5 to about 10 mg/L as
reduced to aluminum or iron with respect to the amount of
treatment water. Preferably, similar to the amount of
particulate cationic polymer which swells in water but does
not substantially dissolve therein, the amount of inorganic
flocculant is controlled on the basis of the absorbance data
of the treatment water obtained before the adsorption
treatment.
[0G96]

Specifically, water samples having different qualities

(e.g., industrial water samples sampled on different days)
are subjected to a jar test in advance. From the differences

between absorbance in UV region and absorbance in visible-

light region, and the optimum concentration values of the
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by the bel ow described formula (I1) and (l111) are
derived. In formulas (I1) and (lI11), each of Dto |
represents a constant depending on a quality of
treatment water such as sol uble organi c conpound
concentration. In water treatnent, the absorbance of
the treatment water is neasured, and the optimm

paq:%rife.-%ﬂtart%t iQns pfi d @%Mé@@n@%ﬂé Gl R d @GR 1Gint,
floccul ant are determ ned fromthe absorbance data and

tHeh%elfaQ:'ﬁiﬂsQﬁ%“ R ARIRIeMe kY dairdia idd e@dnounts of
(I'11). The particles and inorganic flocculant in the

addéldspéﬁﬁf Red-t iRldMHN A MIdHdaale Added taht)heepresented
treatment water. [0097] (Concentration of the

byPaihe Geliahe dedidated FIMErR MmmCha&BEHbilbnaﬂ@taérived.
but does not substantially dissolve therein) =Dx(E260

Irr fefeiast (T10! land i Marganicadt escw ad T orgadeatdon)
&x(E260 - E660)H + 1 (111) [0098] In response to the

cohlspwntatteehditey toreal reRtl Wat &ff trdddgn@munef dlidh as
particul ate cationic polynmer which swells in water

scuib1@0 @5 gaeti cs Wasdranindaldonhdirgseitdert herai wagpd treatment,
i norganic floccul ant which are added to the treatnent

thaa@sorimydee afodiHa ededndr3038{ter N aamealdiaratht iarel the
manner, after conpletion of adsorption treatnent, the

opitliomomlcate esitatas ieht el toheatondnime madaart ihdfesr @nd inorganic
menbr ane separati on nay be eval uated. According

flocculant are determined from the absorbance data and the

relationship represented by formula (II) and (III). The

particles and inorganic flocculant in the thus-determined

optimum amounts are added to the treatment water.

[0097]

(Concentration of the particulate cationic polymer
which swells in water but does not substantially dissolve
therein)

=Dx (E260 - E660)% + F (II)

(inorganic flocculant concentration)

- Gx(E260 - E660)}" 4+ I (III)

[G098]

In response to the flow rate of the treatment water,
the amounts of the particulate cationic polymer which swells
in water but does not substantially dissolve therein and
inorganic flocculant which are added to the_treatment water

may be modified.
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to the floccul ation state, the anmounts of the
particulate cationic polynmer which swells in water
but does not substantially dissolve therein and
i norganic floccul ant which are added to the treatnent
wat er may be nodified. Through such controlling of
the anounts, flocculation treatnent can be perforned
[obBo@ considerably favorable manner. Notably, the
flocculation state nay be eval uated by neans of, for

exafrpl n 81kkgRbrIMet hehnke  Magrepaddr1R SRS oF or a
light- scattering mcroparticle sensor for detecting

adkBepehear pesatmehtt henkr gabent avat ek a¢enbd RhBJtreatment
flocculated particles (i.e., flocculate) which water

wabas HBdsi-gonemBe#sAEPEERArhEeahMAl. bkhegReupketier r8dcording
exenpl ary nethod of nodifying the anbunts of the

toP8hEi Eubata168t bankeapel yFee whoohtsWeltl $hienpuateeulute
does not substantially dissolve therein and I norganic

catheggdl polyinbirchihare addedst ant hatbi-eaufedbesaher
according to the flocculation state, the floccul ation

suBk8katiallgval sabedebyhbhe ihushiadibyrefntbe faatent aandwhich
a certain threshold value (e.g., addition factor K
arwheadebetbuthedtitpatingene datetr ad¢i beomobdcten .M whesugh
the turbidity is > L) is predeterm ned on the basis
suoh tbattruolbidyt pfdaha. ambentkhr €édbakdlwaliove txeatment can
included in the information for controlling the
beapoufbsmefl addat ceesidepabidgntfeadobypbier mhasr.(|otably,
(Irr). 55 [0100] In this way, the water which has
thaenfizogongatdenr ptate megabrervaluthed par ticansavd, for
cationic polymer which swells in water but does not
exsupseanti alphtdebuskberingemécmopgrtiede sensor or a light-
scattering microparticle sensor for detecting the clearness
of the treatment water containing flocculated particles (i.e.,
flocculate} which water has undergone adsorption treatment.
In one preferred exemplary method of modifying the amounts of
the particulate cationic polymer which swells in water but
does not substantially dissolve therein and inorganic
flocculant which are added to the treatment water according
to the flocculation state, the flocculation state is
evaluated by the turbidity of the water, and a certain
threshold value (e.g., addition factor K when the turbidity
is 2J, or addition factor M when the turbidity is 2L} is
predetermined on the basis of the turbidity data. The
threshold value i1g included in the information for

controlling the amounts of additives represented by formulas

(I) to (III).
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subj ected to nenbrane separation. [0101] Exanples of
t he nmenbrane enpl oyed in the nenbrane separation
include mcro-filtration nmenbrane (M- nenbrane),
ultra-filtration nmenbrane (UF nmenbrane),
nano-filtration nenbrane (NF nmenbrane), and reverse
osnosi s nenbrane (RO nenbrane) A single type of these
[o®@hr anes may be used singly in a plurality of
stages. Alternatively, a plurality of types of

menhrAReS TR DE RN’ Y ANe AhetidRlne adsorption

treatnment water is subjected to nenbrane separation by

treB@fentOlviah MFpERARANe tQr it iRiRkr 328, WHi®h swells in
thus-treated water is further subjected to nenbrane

wateRabati abelY ntRaRsHeft st 1B VRITYRNGe @RAIAEN Vs tHen
treatnent water (e.g., industrial water, city water,

subgkktwat eb, mehbRaele0 @egalday ilbheat ed water) contains a
menbr ane- f oul i ng substance such as a hum c aci d-

[ogonfai ni ng organi ¢ substance, a fulvic acid-containing
organi ¢ substance, a bio-netabolite such as sugar
progneeglky o ¢de minbrar® engECiidetine e Madraiech

as a surfactant. Therefore, when such treatnent water
sebarstbpectedlidemaibtrand i1separian aembrems ane hewlbge) ,
substances are adsorbed on the surface of the
ulempl dyédraedbhnamembread NP acmbabinegt nano-filtration
deterioration in nmenbrane separation performance.
metbwenrer (NFi metbeapedsennd meselrisen osgiosde tiembrane (RO
particles of a cationic 56 polyner which swells in
memhtranebut Aloetngbe svbstaft théby mdinbsahes nhgrbenuaed
~added to treatnent water before nembrane separation,
singdbr aneaf pdbiragisybstfastegesr.e adserhetivglyhea plurality
particles to thereby form fl occul ates, and nenbrane
of types of membranes may be combined. In cne embodiment,
treatment water is subjected to membrane separation by means
of an MF membrane or UF membrane, and the thus-treated water
is further subjected to membrane separation by means of an RO
membrane. Generally, the treatment water (e.g., industrial
water, city water, well water, or biologically treated water)
contains a membrane-fouling substance such as a humic acid-
containing organic substance, a fulvic acid-containing
organic substance, a bio-metabolite such as sugar produced by
algae, etc., or a synthetic chemical such as a surfactant.
Therefore, when such treatment water is subjected to membrane
separation, membrane-fouling substances are adsorbed on the
surface of the employed membrane, leading to problematic

deterioration in membrane separation performance. However,

in the present invention, since the particles of a cationic
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separation is performed after floccul ati on. Therefore,
treatnent water containing a | owlevel dissolved
organi ¢ substance serving as a nenbrane-fouling
substance can be subjected to nmenbrane separation,
wher eby adsorption of nenbrane-fouling substances
onto the nmenbrane is reduced, and deterioration in

po THRBE-aRR1 SBPEELLEN; ReffecEmRge ageSSHeergﬁggeankQaQab
Bef ore nmenbrane separation, precipitation, dissolved-

318kb1{GLOEAEFEIN hibt fAlEANtoCLPeaFRENBEWEREL 84 FOUt. membrane
Precipitation or dissolved-air flotation is perforned

seﬁakstloﬁddmémgﬁaﬁé FBa1RANt EGBkakAceat heBi 6dRekYEEN by the
which swells in water but does not substantially

padt se0b¥erbhehet-8n9r tbbR fiBekrgantest | agauhambrkae
treatnent water, and the pH of the treated water is

sepiHsied Wit ceBUshiba S06ar $haked1hiaen. Sthétefére,
acid, etc. Finally, suspended matters are floccul ated

tréhtﬁeﬂﬁ R&Bani sopehynehgl hotew-aatrell tiikeauieadorganic
organi ¢ coagul ant may be used in conbination. No
supst&hedl seri i At aki anmedbirapes €édudiingheubeganice can be
coagul ant, and exanpl es thereof include cationic
subf gatkd pol wembsangesepakhyienpl aliedeby wdterption of
treatnent (nenbrane separation). Specific exanples
meinbechndef pal yaghylieneantae, catbyktbaedeabiraee is reduced, and
epi chl or ohydri n pol ycondensat e,
depelyar&yieneipohyabrane appgabitpohypersotronmed fisom a
mononer (e.g., diallyldinethylamonium chloride or a
sugpaeesadry amoni um salt of di met hyl am noet hyl
(meth)acrylate). No particular limtation is inposed
{09621 he amount of the organic coagul ant added to

treatnent water, and
Before membrane separation, precipitation, dissolved-

air flotation, filtration, etc. may be carried out.
Precipitation or dissolved-air flotation is performed after
addition of the particulate cationic polymer which swells in
water but does not substantially dissolve therein or the
incrganic flocculant to treatment water, and the pH of the
treated water is adjusted with caustic soda, slaked lime,
sulfuric acid, ete. Finally, suspended matters are
flocculated with an organic polymer flocculant. If reguired,
an organic coagulant may be used in combination. No
particular limitation is imposed on the organic coagulant,
and examples thereof include cationic organic polymers
generally employed in water treatment (membrane separation).
Specific examples include polyethyleneimine, ethylenediamine-

epichlorohydrin polycondensate, polyalkylene-polyamine, and
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the anmount may be adjusted in accordance with the
gquality of the treatnent water. Cenerally, the anpunt
is about 0.01 to about 10 ng/L (solid content/water).
No particular limtation is inposed on the type of the
organi c polyner flocculant, and those generally
enpl oyed in water treatnent my be used. Exanpl es of
pol PReP8! ¥BBhell @e6H 8NhohBREYIge 8N, 0RH619598RNEthylanmonium
pol ymer flocculants such as poly(neth)acrylic acid,
chiBetRrapkyhi Guackdnbp®t BhaehY basde rceroky ek hyakkahbethyl
nmetal salts thereof; honionic organic pol yner

tmékﬁ§aak9ma§e)sucﬁo 2P0l e 1Bt h) 861 Y4 enbdei s alfiposed on the
cationic organic polyner flocculants such

amBQHEp@EyHEESOQEaﬁi%aEBQEhQaHQnQﬂﬁéd(@ogtreatment water, and
di nmet hyl am noethyl (neth)acrylate or a quaternary

thaMERBLUHE me@ bet Bafast edoindheebbybateneftdpPYhe quality of
(nmeth)acrylam de or a quaternary anmoni um salt

theéhereat hendngacepol yo@isroI 1 ¥ hechgatnomhe 1®NEvBGLtandol to
an noni oni ¢ nononer which can be co- polynerized

abblier ewi kh§/LNQspatti eshaenki/watat)on ido iggesiedilan the
anmount of organic polymer flocculant added to
lifsi eatirent ivateppsaddochhehamoypt pEy the adipuatedpolymer
accordance wth the quality of the treatnent water.
flg&eoalahty, ahiethaseugenegsadbguenplogedbant wABergtlreatment
(solid content/water). [0103] After adsorption
mayr eat neatl, theanblss toatles patgnemaflobeuiamt henclude
purified through decarbonation, activated-carbon- 58
anfoeatnenganétcpobDgineni £abrconléetrg. sucbnaexphdgdeptmpcrylic
be further performed. Through such a post-treatnent, .
acpds e (matbi acoylakt paigurlwenht erryaambdeobpoagmer, alkalil
[0104]
metal salts thereof; nonionic organic polymer flocculants
guch as poly(meth)acrylamide; and cationic organic polymer
flocculants such homopolymers of a cationic monomer (e.g.,
dimethylaminoethyl (meth)acrylate or a quaternary ammonium
galt thereof, or dimethylaminopropyl (meth)acrylamide or a
quaternary ammonium salt thereof), and copolymers of the
cationic monomer and an nonionic monomer which can be co-
polymerized therewith. No particular limitation is imposed
on the amount of organic polymer flocculant added to
treatment water, and the amount may be adjusted in accordance
with the guality of the treatment water. Generally, the
amount is about 1 to about 20 mg/L (solid content/water).
[0103]

After adsorption treatment, the thus-treated water may

be further purified through decarbonation, activated-carbon-
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If required, additives such as a coagul ant, a
sterilizer, a deodorant, a defoam ng agent, and an
anti- corrosive nay be used. Also, if required,
UV-radi ati on nmeans, ozonization neans,

bi ol ogi cal -treat nent neans, etc. nmay be enployed.
[0105] FIG 3 is a systemdiagram of an exenpl ary

trBREREARS c8eParpdion: APPESAL 1S, gnﬁl Dfh NGt RN GENMDR A Che
separation nmethod according to the present invention.

fuPBHEROWRYIFRYFES. SThAoudBDESNE, SEHIE At 108 AORA! 3bliBe water
101 includes a raw water tank 111 for storing

ort heatAephrvalBkekecln, bkNdyshihalg. water, city water,
well water, river water, | ake water, or industria

[oWwagtewater), a reaction tank 112; treatnent-water-
i ntroduction neans 113 (e.g., a punp) for introducing

tr eatrmeRiyuiater, boemctiResr aycnaber af addegldhnto &
reaction tank 112; chem cal -agent-introducti on neans

std&ib1fparti gubabaorpaktyner defibapduet hgBnEaBsy 6@ gntia
punp) for introducing a chem cal agent froma

coehepioal magent Laek.l14158, WwhEckeguieban valragéation means,

such as a particulate cationic polymer which swells
ozbAivateenbueadeesbhologtibatantizaktingndi seahve theremay be

is reserved to a reaction tank 112;
emplhosgdni c-fl occul ant- introduction neans 117 (e.g., a

punp) for introducing an inorganic flocculant from an
[onnsjgani c floccul ant tank 116 in 59 which an inorganic

flocculant is reserved to a reaction tank 112; and a

di s¢har.ge dweamas siB8emodidigsamacdi ag themnpdiaery menilkglane

has undergone adsorption treatnent in the reaction
sepankti¢h2apParahesdenpdtyéam sheemembirhser egpeires ivankethod

112,
according to the present invention. As shown in FIG. 3, a
membrane separation apparatus 101 includes a raw water tank
111 for storing treatment water (e.g., industrial water, city
water, well water, river water, lake water, or industrial
wastewater), a reaction tank 112; treatment-water-
introduction means 113 (e.g., a pump) for introducing
treatment water from the raw water tank 111 to a reaction
tank 112; chemical-agent-introduction means 115 (particulate-
polymer-introduction means) (e.g., a pump) for introducing a
chemical agent from a chemical agent tank 114 in which a
chemical agent such as a particulate cationic polymer which
swells in water but does not substantially dissolve therein
is reserved to a reaction tank 112; inorganic-flocculant-

introduction means 117 (e.g., a pump) for introducing an

inorganic flocculant from an inorganic flocculant tank 116 in
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menbr ane separati on neans 119, decarbonati on neans
120, and reverse osnobsi s nmenbrane separation neans
121 are sequentially disposed. The raw water tank 111
is provided wth absorbance neasurenent nmeans 131 for
measuri ng the absorbance of the treatnent water
stored in the tank, and wth addition anmount contro

wh{BRNgn 13RordBR A€ LEGN1 AAPUNE 69818 ABaRSrd3dtion tank
recei ves the absorbance data obtained b t he

y
119?39ﬁ§aﬁC&iEEﬁéHéé”ﬁ@én§E§ﬂ§_iéi,dﬂﬁéhﬁagﬁﬂ ates {Beer
anount of particulate cationic polyner ich swells in

wh¥\8h Eha g buhadP86n80LdsyBst ashi ebbytdessoiMerhherehBt @b tank
which is introduced fromthe chem cal agent tank 114

1120 tdie diracddvibr Ak shildes omdHderamuidn ofadiberiz,
inorganic flocculant which is introduced fromthe

me&]maﬂ@néé%&f@@wh aéahank1416ak@atbenat e8at heAnkanko, and
112. In this enbodi ment, the addition anount contro

reV®o8s dSdobas @ehbbanti o8phnfoishtheansor2coatkeol |ing
the anount of an additive. Specifically, each of the
seii@éef ia SaUPHeSphayd Ng Thay i i valtsar ande VEl ues pSovided
treated in a jar tester by use of a particul ate
wi€hat alosbebanty meeavhi-ehesvehéansi D3nafer habsdoéagndhe
substantially dissolve therein and an inorganic
abébosantandf The tetatmenshwaptbet seencefihén absotbah¢eand
of the treatnent water and the opti mum anount of the
wipardddéit ave savuohi coporygiremeansch3gwel Thse i addat srn lanount
does not substantially dissolve therein is obtained.
cofbeo B¢ fwis - bHE areedives athenshéprbanse odetaagbtained by
calibration information for controlling the anmount of
the¢ hebparbantesneTherendat t noananbdht aodt calcmbanes1B8Re
cal cul ates the opti num anount of the particles from
amolet apEopsuhteutata eebhsored pbylymer which swells in water

but does not substantially dissolve therein and which is
introduced from the chemical agent tank 114 to the reaction
tank 112, and the amount of the inorganic flocculant which is
introduced from the inorganic flocculant tank 116 to the
reaction tank 112. In ithis embodiment, the addition amount
control means 132 has calibration information for controlling
the amount of an additive. Specifically, each of the water
samples having various absorbance values is treated in a jar
tester by use of a particulate cationic polymer which swells
in water but does not substantially dissolve therein and an
inorganic flocculant. The relationship between the
absorbance of the treatment water and the optimum amount of
the particulate cationic polymer which swells in water but

does not substantially dissolve therein is obtained. The
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t he absor bance-neasuring nmeans 131 and the
relationship (calibration information), whereby the
anmount of the particulate cationic polyner which is
fed fromthe chem cal - agent-introduction neans 115 is
controlled. Simlarly, the addition anount contro
means 132 has calibration information for controlling

thtfecePintaofe1heibnonganis stessal agtca1 Spestiobnal ly,
each of the water sanpl'es having various absorbance

inFEIHESibS tbLat8Ar+Hl Bihgl theShRbuRY U5etBé Barticles. The
particul ate cationic polynmer which swells in water but

addPeson NBhosPstant+al | Meshssobyecihenthfeanthanopt imum
inorganic flocculant. The relationship between the

am@RSOr HANERe Obathecl b et SRNEhyokBEoBBaNEBEAQPL T MBALuTred by
anount of the inorganic flocculant is obtained. The

thé hilss @bbah fedmE gbat 1 RfSheant S13 5t ghedtAs ealabiahsbip
information for controlling the anbunt of the

(caDDbgani enf i RESHhani on Thewhddéby obhamaotnt oafr the
means 132 cal cul ates the opti num anount of the
patthDe@eat€ chtoenit apdbl ynem vhechbser baacerdat ahe chemical-
nmeasured by the absorbance-neasuring neans 131 and
agéte- et abdooshon méaati bLatisncontoohbedon)simherely, the
the anmount of the inorganic flocculant which is fed
addit ohoh hemomor gaonmcrot | vegns ahd2 i hés odatiboat reansnidévmation
is controlled. [0106] 1In the nmenbrane separation
foappanatoll 10¢, thheam@inabsHr bhacenofgahect fataphant .
water stored in the raw water tank 111 is neasured by
Speedfiscally hecatlsorbanice websur samplesnkaning3tarands
t he absorbance data is transferred to the addition
abaoropmce ovie b oes neansraded The argarneastant by ge of a

particulate cationic polymer which swells in water but does
not substantially dissolve therein and an inorganic
flocculant. The relationship between the absorbance of the
treatment water and the optimum amount of the inorganic
flocculant is obtained. The thus-obtained relationship is,
stored as calibration information for controlling the amount
of the inorganic flocculant. The addition amount control
means 132 calculates the optimum amount of the inorganic
flocculant from the absorbance data measured by the
absorbance-measuring means 131 and the relationship
(calibration informaticon), whereby the amount of the
inorganic flocculant which is fed from the inorganic-
flocculant-introduction means 117 is controlled.

[0106]

In the membrane separation apparatus 101, the
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introduced to the reaction tank 112 via the
treatnment-water- introduction neans 113. To the
reaction tank 112 containing treatnent water, a

chem cal agent stored in the chem cal agent tank 114
(e.g., particulate cationic polynmer which swells in
wat er but does not substantially dissolve therein)

abRRHRM dNYFIRMC thleQGadhANntratlcar e dried Re it 3RI Gater
flocculant tank 116 are introduced by neans of the

tagiteniiQaliz ageRimaat tduehbingn Jreate bbaithdRe measurement
i norgani c-fl occul ant- introduction neans 117. Not ably,

mebh® amauntnef chie adiiidaideatd teatii=oHrarREHatTRId WY &he
swells in water but does not substantially dissolve

addierienn aadfinthicohtrp1addes s a3nat ehe aRdathahtobatbe is
inorganic flocculant which is added to water are

ingaloetiicalae @ Y Heh e eaddiilbrot saount 4Rt e MRRBETEIL -water-
on the basis of the absorbance data neasured by the

ingbsaikancs mMeasy ament mpathelddacthenaddhki enzagmeubhining
control nmeans 132 controls the
trebemetil wagent, - anidhetilekilomgemans ok dnd tihe chemical
i norganic-floccul ant-introduction neans 117 so as to
agéhitaitankha 1¢al (eulgat, e paandunilsat @b ilonisSulpsdguent Which
the water to which the particulate cationic polyner
swafliieh iswedalter buwaidere sbubtdeedstentisuist ahtdsallhye therein)
di ssol ve therein has been added is stirred by neans
andf aa dhiorgenit?Z licgcuddsdr piticored rieattientinchysndat er
62 whi ch has undergone the adsorption treatnent is
fldicsolange d ankr dmeét lerer dadtriogivceah byl 2aptsr efgithehehemical -
di scharge neans 118, and transferred to the nenbrane
agegfariatiroduesdes Eanisalilisg angh thie mawhigems f-drlocculant -
nmenbr ane separation, whereby cationic
introduction means 117. Notably, the amount of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein and which is added to
water, and that of the inorganic flocculant which is added to
water are calculated by the addition amount control means 132
on the basis of the absorbance data measured by the
absorbance measurement means 131. The addition amount
control means 132 controls the chemical-agent-introduction
means 115 and the inorganic-flocculant-introduction means 117
so as to attain the calculated amounts.
[0107]
Subsequently, the water to which the particulate
cationic polymer which swells in water but does not

substantially dissolve therein has been added is stirred by

means of a stirrer 122 for adsorption treatment. The water
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pol ynmer particles remaining after adsorption treatnent
are renoved fromthe treated water. In the present

i nvention, rmenbrane-fouling substances are adsorbed
by the particulate cationic polyner which swells in
wat er but does not substantially dissolve therein,
and then the thus-treated water is subjected to

whTBHD aRe LSRR HY o tafort RE-cRENANS discharged
separation nmeans 119. Therefore, adsorption of the

£ ARIMRRN §fu i iRT +2HS haRt @ R tie SWfAte-f s 118,
menmbrane can be reduced, and deterioration of

anfEFRLARE SR 3l @he RRGIIZRNGR A thSrS WS 38% having
[01081 Subsequently, the water which has undergone

an"RiDFRRS r a$RP FA! RSy ¥RY1t8Gr,0 Weby cationic
decar bonati on neans 120, disposed on the downstream

polhdier whene ddecarkepatlion =Ftediomticheseddient are
thus-treated water is transferred to the reverse

re@®VRS FrighiRhane reepa@ti:eRMeans t8&¢ PavesatainvBRtion,
menbr ane, where nenbrane separation is perforned by

mefBaRse -FoulHaoRBUIRIHIARe akke damatmntbyvalley pshittiitulate
is caused to pass the reverse osnbsis nmenbrane

cat@parial pel yieanwhizh Ragllwnder gener bud\WiiEee not
adsor ption of nenbrane-fouling substances by use of

sulblae apariteildyl &tie seaticonine redly, memdvilen tweldisid1treated
wat er but does not substantially dissolve therein,

waded Has chedrecteld ect ecdniboamentzcgeeasapar aty oeans fadie
of the 63 nenbrane separation neans 119 having an M

membranan eepatherieihomearnshd itor.eaThene fuater adsovptyon of the
clear, and deterioration of the RO nmenbrane which is

mejmblreinge -tfoude ngafsfubsttecides e e e froufiawe sub$thencembrane
(e.g., bio-

can be reduced, -and deterioration of membrane separation

performance can be suppressed.

f0108]

Subsequently, the water which has undergone membrane
gseparation 1s transferred to the decarbonation means 120,
disposed on the downstream side, where decarbonation is
performed. Then, the thus-treated water is transferred to
the reverse osmosis membrane separation means 121 having an
RO membrane, where membrane separation is performed by means
of the RO membrane. The treatment water which is caused to
pass the reverse osmosis membrane separation means 121 has
undergone in advance adsorption of membrane-fouling
substances by use of the particulate cationic polymer which

swells in water but does not substantially dissolve therein,

and has been subjected to membrane separation by means of the
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net abol i tes) can be considerably suppressed. Notably,
when deionization (e.g., ion exchange) is perforned
before or after the nmenbrane separation by neans of
the reverse osnosis nenbrane separation neans 121,
pure water or ultra-pure water can be produced. In
this case, the nenbrane separation apparatus 101

memCFYES SSpRPULEn WRE LS P PEUGS T DRy aRR AL MEmBEandl
ul tra- pure-water-production apparatus. [0109] 1In the

ThEPORGHIENEnOf £ + 8L HBHDT ARE 5 CPRT b1-PNcBPRAr ahHg  shown
in FIG 3, a particulate cationic polynmer which swells

detdir VBE£F i HDMto HOESe RO mevstand | @hl ¥yndissolveiyheseba
and an inorganic flocculant are introduced to the

af f £ & By L e e - FERVBNEGT subbesecebentcgl , apept s may
be added to treatnent water before introduction to

met XS0l £EEE) Ot ARk ddrsiddrdbey eabedésesd. amidbly, when
menbrane i s enpl oyed as the nmenbrane separation neans

deildi®i zdlovew ele . @. OF SRk dRGngaN RO perbbaned ba&bfodE or
menbrane, etc. nmay al so be enployed. Furthernore, in

aftde fREDRGRS: S8Pas@ba ot appab At isads SEBOWDhe Nr&V&rs8, osmosis
the cationic polynmer particles remaining after the

memisisiPt s QP rd t beh eindyl peANSupE vheeneabrabera-pure water
separation neans 119 are renoved. However, the
campasd | gredudey. bers jiactextsd 0 thyy e@nbtaid emaration
di ssolved-air flotation in the reaction tank 112, to
appdertehy Ehovertde pardipghes-vaoertbheofivetioenippatetus or
64 Furthernore, an additional treatnent such as
an acl i weat padre-avdosr - prediaehon neypdeapest or red bet ween
t he decarbonati on nmeans 120 and the reverse osnosis
[O@®nbr ane separation neans 121. [0110]

In the embodiment of the membrane separation apparatus
shown in FIG. 3, a particulate cationic polymer which swells
in water but does not substantially dissolve therein and an
inorganic flocculant are introduced to the reaction tank 112.
However, these chemical agents may be added to treatment
water before introduction to the reaction tamnk 112. In the
embodiment, an MF membrane is employed as the membrane
separation means 119. However, a UF membrane, an RO membrané,
an NF membrane, etc. may also be employed. Furthermore, in
the membrane separation apparatus 1 shown in FIG. 3, the
cationic polymer particles remaining after the adsorption
treatment by means of the membrane separation means 119 are
removed. However, the particles may be subjected to
precipitation or dissolved-air flotation in the reaction tank

112, to thereby remove the particles from the treatment water.
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Al ternatively, a sensor which can evaluate the
flocculation state of treatnment water in the reaction
tank 112 (i.e., flocculation sensor) may be di sposed
in the reaction tank 112 or on the downstream side

t hereof, whereby the anmount of the particul ate
cationic polynmer which swells in water but does not

rugéhet-anteal by digaselivaahher@iatraid hah &f dd@vated carbon
i norganic flocculant may be nodified in accordance

tr@b&ﬁehﬁem%bo%@ub@EE%&m%Ha%%t%%%% th (R 63 MIRKE means

- flocculation is observed, a certain alarm my be

1.2i0S &%@d £ nEN@ e vk 8L BRRACEARE theatidiskicd P FORSRIs 121
nmeans 132 may al so serve as the control neans for

[orodnfyi ng the amount of the particulate cationic
pol ymer which swells in water but does not

substiartriraltliyrediyssel weridar aiHi anddrheanmigte afhd he
i norganic flocculant, in accordance with the

f1bkeagukabnogtaskabe &actea.tmélnﬁ:ematewany,th@ reaction tank
i ndependent control neans may be provided. [0111]

112hd iabkoyefieecciiad taahodiefizrt-) 0malh ®ep idd sets ddnienttihen
wi |l next be described in nore detail by way of
reExadphesaaid11Coppavat the BxatpltesanHadelerthdrrese whereby
exanpl es are not construed as |imting the invention
thehameuat Bfampkepixrt ivdafllertef eatiinctiist podlymese whdsh swells
collected in a specific 65 period of two weeks in
inMagternbubddogsf aot antbstanmy addys di scharlivieg bisiretin laed that
guality of the water varied. The water contai ned
ofhthes iandgbnocréflabolilaas, mayd bsasicdiddesd iw Elecordance
menbr ane separati on apparatus shown in FIG 3. In the
with the flocculation state data. In the case where mal-
flocculation is cbserved, a certain alarm may be issued. The
aforementioned addition amount control means 132 may also
serve as the control means for modifying the amount of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein and the amount of the
inorganic flocculant, in accordance with the flocculation
state data. Alternatively, an independent control means may
be provided.
f0111]

The above-recited embodiment of the present invention
will next be described in more detail by way of Examples and
Comparative Examples. However, these examples are not
construed as limiting the invention thereto.

Example 2-1

Water for industrial use was collected in a specific
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treatnent, a particulate cationic polyner which swells
in water but does not substantially dissolve therein
(Accogel C, product of Mtsui Sytec Ltd.) was added
to the water in an anount controlled on the basis of
t he absorbance data of the industrial water stored in
the raw water tank 111. Table 3 shows the foll ow ng
peddlcdl FE26QPlvddi iiRdusly,i alnvaidmptofied add ddigiy awys,
wat er tank 111 during the test; concentration of
dudderd G e eheC; lﬁq&%'e:,ntd@tﬂ@@rteqd ded-id®r gaReCwater
flocculant (PAC); KMF of the industrial water after

cRARSAmRId Ml e M1 o -et@boltitessurard +adie diddited with a
required for filtering 500 nL of the sanple by neans

mefibrard! SRrdiraiaier o =g fdHdwe! ial FrG vauumh the
suction pressure of 500 mMg and the tinme required for

t rlidalth@mitng at Rersuksaguentcaaidrile @folhe:rsanl®) ;svadld AR n
(differential pressure) increase rate of the M

walterb bane doels0 hb?] sTite talsd/dlanc liwas Ieasiteadk by (mansyel C,
of an S::CAN sensor (product of S::CAN, cell wdth:

prafiua) oft MEGuAmsanedc 6@ .NmwaEhedilddftd thessamgidesr iim an
the reaction tank 112 was adjusted to 6.5 by use of a

amphdnite guinatriold egigemt .thEh®aaied atfi adshigbdarbaooerd raddd rgf the
the anobunts of Accogel C by neans of the addition

indmzanti adonbrelr mranedl32 itheaceor darteer teirtkh 1lle Table 3
absor bance data of the industrial water was obtained

shiolwso trdple  thed 1oelingwidadg apr 2edurce thedustdustir et evater stored
sanpl es 66 sanpled on different days were subjected to

ina thar reestwaiter advidmdd byursiegfthécdogdl; Corfmntration of
rel ati onship was derived fromthe differences between

adglesotgsogeli § ;\Weoagieort rEEART) o famdldask grisargsa i flocculant
vi sible-light region (E660), and the

(PAC); KMF of the industrial water after adsorption treatment

{(i.e., the sum of the time required for filtering 500 mL of
the sample by means of a 47-um-diameter membrane filter at a
vacuum suction pressure of 500 mmHg and the time required for
filtering the subsequent 500 mL of the sample); and AP
(differential pressure) increase rate of the MF membrane.
[o0112]

The absorbance was measured by means of an S::CAN
sensor (product of 8§::CAN, cell width: 35 mm) at 260 nm and
660 nm. The pH of the sample in the reaction tank 112 was
adjusted to 6.5 by use of a pH-regulating agent. The
relationship for controlling the amounts of Accogel C by
means of the addition amount control means 132 in accordance
with the absorbance data of the industrial water was obtained

through the following procedure. Industrial water samples
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opti mum concentration val ues of added Accogel C The
thus- obtained relationship is represented by the
following formula (1) [0113] (Concentration of added
Accogel C (mg/L)) = 25.13x(E260 - E660) - 1.334 (1)
[0114] Exanple 2-2 The procedure of Exanple 2-1 was
repeated, except that, 1in addition to Accogel C

saﬁ?llléﬁl bRl AYPrehbali 88 vEPAR)KeS &R REteRS tN al RARJARISE in
floccul ant was added in a constant anount of = 30 ng/L.
adgﬁ

nEXappl gs2- ragcwelb1ag t henbel-avs desashbgdwkyagpleved
-3 and™2-4 and Conparative Exanple 2-1 and 2-2, the

frofme hendustrei-ahcwat ek tad camplhRYebhaind<EXAMVe révul WS E260)
used. Thus, the tests in the Exanples and Conparative

anBXarRbLeHaWREe inC ek ki 8d «0uti ghit RRIAldrel (Rastoh ,t Bald ehe
Exanple 2-1. [0115] Exanple 2-3 The procedure of

opEXAIR @cAcéneas thepedhate sexEepladdimrcdde 1p@.t | cHEatBus -
cationic polymer which swells in water but does not

obsHBstantreabky cdishspl Ve tregreisenvas agdetd Fcdlowdmufiormula
based on the fornmula (2), and that the inorganic 67

(1fil:occul ant was added in an anount based on the fornula
(3). The formulas (2) and (3) were obtained through

[otthe]fol |l owi ng procedure. Industrial water sanples
sanpled on different days were subjected to a jar

t est(Comcadrancd doy afsadifed Accegell C andy/RAG. From t he
di fferences bet ween absor bance

= 25.13x(E260 - E660) - 1.334 (1)

[0114]
Example 2-2

The procedure of Example 2-1 was repeated, except that,
in addition to Accogel C, polyaluminum chloride (PAC) serving
as an inorganic flocculant was added in a constant amount of
30 mg/L. In Example 2-2 as well as the below-described
Example 2-3 and 2-4 and Comparative Example 2-1 and 2-2, the
same industrial water as employed in Example 2-1 was used.
Thus, the tests in the Examples and Comparative Examples were
carried out in parallel with that of Example 2-1.
[0115]
Example 2-3

The procedure of Example 2-2 was repeated, except that
the particulate cationic polymer which swells in water but
does not substantially dissolve therein was added in an

amount based on the formula (2), and that the inorganic
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in Wregion (E260) and absorbance in visible-Iight
region (E660), and the optinum concentration val ues
of added Accogel C and PAC, the relationships were
derived. [0116] (Concentration of added Accogel C
(mg/L)) = 20.14x(E260 - E660) - 1.06 (2)
(Concentration of added PAC (ng/L as PAC)) =

fIE%%u&%é%E%@% ad®0)im a3 Sk KRLEd oﬂaﬁﬁgﬂﬁ%ﬁ%dﬁa

rane separatlon appar atus shown in FIG was

urfb*i%{ulgrsov zqe%nvat )2 W QE Gl $eN%RIgh the following
Kuripitari, prod uct of Kurita Water Industrles

pridcdahridn t PRAMEEI Nk YwlEert Bsmgmblsega%lteaeoheaﬁsfement
tank 112. Accogel C and PAC were added to industria

da¥al fle AR ecrard Hhe Hlacadat iion adegiRe B dhe of

ornmed flocCulates in each sanple was detern ned. The

ARt & ehdAeaedel rEoandhBAG: #ddedntesedelwesambiorbance
were controlled on the basis of formulas (2) and (3)

indNe riedyilde (2% )WReie aldde darddiily (ifd ioaeH1ateht @egion
flocculate, attributed to unfloccul ated m cro-coll oi d)

(HeBoneased the? ot iRivehlondeeite-ak iorf aled ddicEaseiledlfecogel
68 ot her operations were the sane as enployed in

¢ bxamize ,2the dQb8onChiipar aldrnee dexdrndde 2-1 The
procedure of Exanple 2-1 was repeated, except that

[o0RA€]was used instead of Accogel C, and the anount of
PAC was controlled on the basis of the fornmula (4).
{(Concentration of added Accogel C (mg/L))

= 20.14x (E260 - E660) - 1.06 (2)

(Concentration of added PAC (mg/L as PAC))

= 121.79%x(E260 - E660) - 3.89 (3)

[0117]
Example 2-4

The membrane separation apparatus shown in FIG. 3 was
further provided with a flocculation sensor (Kuripitari,
product of Kurita Water Industries, Ltd.) in the vicinity of
the outlet of the reaction tank 112. Accogel C and PAC were
added to industrial water samples, and the flocculation
degree of the formed flocculates in each sample was
determined. The amounts of Accogel C and PAC added to each
sample were controlled on the basis of formulas (2) and (3)
and, in the case where the turbidity {flocculate-to-
flocculate, attributed to unfloecculated micro-colloid)

increased to 2° or higher, were 1.5-fold increased. The
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[0119] (Concentration of added PAC (ng/L as PAC)) =
502. 6x( E260 - E660) - 32.7 (4) [0120] Conparative
Exanpl e 2-2 The procedure of Exanple 2-1 was repeated,
except that Accogel C was added in a constant anount
of 4 ng/L. [0121] The results are as follows. In
Exanple 2-1, AP increase rate of the M nenbrane and

, C a Lth at v | es
otg_é/g éﬁé%%l_tg%g waseCPARALEAWAE eﬁg@@aa b hvexErpnRl es3 .

, and water having hig
[ofggprane-filtrability was obtained. In Conparative
Exanple 2-1, an increased anmount of PAC was used, and

COﬁhggggivgngkgﬁggg.zpm_Cbnparative Exanpl e 2-2, where
the ambunts of  additives were not controlled, KFM

| NCHeas egdcl a%eRE cFa$8Emp1k0323] whike repleai ctpMmebRe® that
Exanpl e 2-2 exhi bited high nenbrane-filtrability, as

pAEOWRA! AdeW thsExanpbe ﬂcéogeﬂn@LCahhnﬁhbhahouﬁﬁ off BAC was
in conbination with Accogel C enhanced nenbrane-

cohtbbiabil bhy thenpE%XaBPbe 2h3d, foRmwhiCh4ayhe 69 anounts
of both Accogel and PAC were controlled, nenbrane-

[ofitbgjrability was further enhanced, as conpared with
Exanple 2-2. In Exanple 2-4, in which the anmounts of

Accqgehcend rBAConweite afddicih @n.cc qrigr/al laed HaT)accor dance
wth the flocculation state, nenbrane-filtrability

wer e Bbt ker resbancedsoas - gonparegdsw th Exanple 2-1
to 2-3. [0123] '

[0120]

Comparative Example 2-2

The procedure of Example 2-1 was repeated, except that
Accogel C was added in a constant amount of 4 mg/L.

[0121]

The results are as follows. In Example 2-1, AP increase
rate of the MF membrane and KMF were lower, as compared with
Comparative Examples 2-1 and 2-2, and water having high
membrane-filtrability was obtained. In Comparative Example
2-1, an increased amount of PAC was used, and sludge
incfeased. In Comparative Example 2-2, where the amounts of
additives were not controlled, KFM increased in scome cases.
[0122]

The water samples of Example 2-2 exhibited high
membrane-£filtrability, as compared with Example 2-1,
indicating that use of PAC in combination with Accogel C

enhanced membrane-filtrability. In Example 2-3, in which the
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[Table 3] 70 LUCF Er4 0d ++00 U0O0 WOMti N
co ENOOONOG O UO ti co NOc co WNMLf1
Mv- ++ O1 O dOOti OONmco OOL) Nco OOM
COcoLO XmpO- WNOONOLNITOOO M ONX N
d ON WNMOa O

amounts of both Accogel and PAC were controlled, membrane-
filtrability was further enhanced, as compared with Example
2-2. In Example 2-4, in which the amounts of Accogel and PAC
were further'controlled in accordance with the flocculation
state, membrane-filtrability were further enhanced, as
compared with Example 2-1 to 2-3.

[0123]

[Table 3]
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to treatnment water; a particulate polyner addition

step of adding, to the treatnent water which has

undergone the flocculating aid addition step, a

particul ate cationic polynmer which swells in water

but does not substantially dissolve therein; a

stirring step of stirring the treatnent water which
[ohagjundergone the particul ate polynmer addition step;

and a nenbrane separation step of subjecting the
Embbgaharat swat er whi ch has undergone the stirring step

to nmenbrane separation by neans of a separation

mengnasaink8t25] ofFithst gpmbaahkogephaticignainé theodadged udes

to treatnent water (flocculating aid addition step).
a Exaaplescohgt hedt reatoesh svwabebii aaliedg watebcsanlpkesg aid

containing, for exanple, suspended solid, a humc
toattdaemshbi waDEror gapaetsuhsbascpolgmebubdbiétion step of

aci d-cont ai ni ng organi c substance, a bio-netabolite
addind, asosupar tpeaduent bytakgadicat has andargypnehehiec

chem cal such as a surfactant. Specific exanples
flooachldeingndidt additwahestepit § paredicudeke watépnic

river water, |ake water, and industrial wastewater
polymepawhichl awvelladist watkr wast daatencwhstbshastheehy

subjected to biological treatnent). Notably, the
disfoleeenhevaed; hanstiacidgcehtri ofngtérganpgcthe treatment

substance, fulvic acid-containing organi c substance,
wabép- whithbbhitenderfons thgapaptoduteticbpodlges, adtddtion

or 72 synthetic chem cal such as a surfactant fouls
stepe andbaanmembrapeoyeparatienbeaap eépavhieching the

(menbrane-foul i ng substance) carried out on the
trgansht edar et dehi¢hipgy undergone the stirring step to

membrane separation by means of a separation membrane.
[0125]

Firstly, a flocculating aid is added to treatment water
(flocculating aid addition step). Examples of the treatment
water include water samples containing, for example,
suspended solid, a humic acid-containing organic substance, a
fulvic acid-containing organic substance, a bio-metabolite
such as sugar produced by algae, etc., or a synthetic
chemical such as a surfactant. Specific examples include
industrial water, city water, well water, river water, lake
water, and industrial wastewater (in particular, industrial
wastewater which has been subjected to biclogical treatment).
Notably, the aforementioned humic acid-containing organic
substance, fulvic_acid—containing organic substance, bio-

metabolite such as sugar produced by algae, etc., or
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According to the present invention, water having a

turbidity (suspended solid (SS) anpbunt) of | ower than

5, for exanple, 0.1 or higher and | ower than 5 can

al so be favorably treated. According to the

invention, water maintaining a turbidity of |ower

than 5 can be favorably treated, whereby clear
syht@atee Waker cean shenobkaiknethr fhidt aa@difldhar, tiRt lembrane

sanpl es generally having a high turbidity such as
emﬁ&@%ﬁr ial meRbeanandebiharal i Wal Qinelltiaind -FOE 18RS @hbstance)

aving a turbidity of less than 5 due to variation in

catttakidt yudf owatee cepmberkavorally treated. In the

present specification, the turbidity was neasured
[otthgugh transmitted |ight neasurement with respect to

a kaolin standard solution. [0127] No particul ar

| i mMalcRicdr@inigs tiohege hrazdnte ifveeaiilad,i ngitet hadiog a

long as it can increase the turbidity of treatnent
tuwdt af + yEXxamBbesdell beill qeeul akiocngital &£ nehwde than 5°, for

suspended solid conponents such as bentonite and
exkaplien; oand bNOKQGREE ahdOTEWEANEBahNE? USHM G BddiBaum

salts such as alum num sulfate and pol yal um num
faoblrabilge rrandedr. onasabtdisachoashéeinivent thhor wdeeand

ferrous sulfate. O these, inorganic flocculants are
mapatkigdihar by tpi-dfiaited ofSuekwean thaoy gdntan beocaubaably

al so plays a role of flocculant and can renove COD
treetrpdnemheraby slependedaseld afteomcamnedemeint adeest.. In

The 73 inorganic floccul ant can al so reduce the anount
addfitiba, pateircskbapdesageosiralpyl ywringhiac igheltiugbiglity

wat er but does not substantially dissolve therein and
sughi el iizdagtedaiowalgrepnion ravetrepagert faltd dq¥nSoMeamases

side. A plurality of
having a turbidity of less than 5° due to variation in

quality of water can be favorably treated. In the present
specification, the turbidity was measured through transmitted
light measurement with respect to a kaolin standard solution.
[0127]

No particular limitation is imposed on the flocculating
aid, so long as it can increase the turbidity of treatment
water. Examples of the flocculating aid include suspended
gsolid components such as bentonite and kaolin; and inorganic
flocculants including aluminum salts such as aluminum sulfate
and polyaluminum chloride; and iron salts such as ferric
chloride and ferrous sulfate. Of these, inorganic
flocculants are particularly preferred. Such an inorganic
flocculant also plays a role of flocculant and can remove COD

components and suspended solid from treatment water. The
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flocculating aids may be enployed. [0128] No
particular limtation is inposed on the anount of the
flocculating aid added to treatnment water, and the
anount is preferably adjusted so that the treatnent
water to which the flocculating aid has been added
exhibits a turbidity of 5 or higher, for exanple, 5

incrghthi dTEeRiakerakiay 21k@ raRide Ehe Ghdint At @he
conpl etion of the flocculating aid addition step, a

papdfilchaulcal @agdlondid oYM whalire veield S Rrawetre bultuidoes
does not substantially dissolve therein is added

notpafiibstdndtie 1 190ld eh 1aedittheare st e@)d Whidhhiis e@BRd to
substances including a hum c acid-containing organic

was@istianee stapf vhvitteadiotimseorizai Hikg .or gapilarality of
substance, or a bio-netabolite such as sugar produced

flloy callgad noetd ds aBg desyhihetieei.chemi cal such as a

surfactant are inconpletely floccul ated when a
[oaamvdenti onal polyner flocculant or a conventiona

inorganic flocculant is used, nmaking renoval them

f r omMdt neatoentl awatlami teéitfifare ulst .indevwedergn tdireougiount of

addition of the particulate cationic polymnmer which
thewdlllos cul amangr abdt adidesl mot trsalisteatt waltley ,diassblthe amount

therein (hereinafter may be referred to sinply as
is" paretfiegalbdtye asijeisitaildl eopahpierhye, teadogndt wert €24 teawhich

be favorably perfornmed. [01301 The cationic pol yner
thehifdlecsowndlaitd non avst besbbeetoesidest exduibsttantl gunpidity of

di ssolve therein and which forns the particles
5° or higher, for example, 5° to 10°, more preferably 5° to
about 7°.
[0129]

After completion of the flocculating aid addition step,

a particulate cationic polymer which swells in water but does
not substantially dissolve therein is added (particulate
polymer addition step). In this case, substances including a
humic acid-containing organic substance, a fulvic acid-
containing organic substance, or a bio-metabolite such as
sugar produced by algae, etc., and a synthetic chemical such
ag a surfactant are incompletely flocculated when a
conventional polymer flocculant or a conventional inorganic
flocculant is used, making removal them from treatment water
difficult. However, through addition of the particulate
cationic polymer which swells in water but does not

substantially dissolve therein {(hereinafter may be referred

to simply as "particulate swellable polymer"), £locculation
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of the polyner which are added the treatnent water is
a copolyner of a cationic nononer having a functiona
group such as a prinmary am ne group, a secondary
am ne group, a tertiary amne group, a group of an
aci d-added salt thereof, or a quaternary ammoni um
group, and a cross-linking agent nononer for
ca@tk@i&hﬂ@ra%hﬁt@@&ﬁékhbdno wat er solubility. Specific
exanpl es of the cationic nononer include an acidic
[odalbty or quaternary amonium salt of dinethyl am noet hyl
(nmeth)acrylate, an acidic salt or quaternary anmoni um
sal tthef cadiireiiky kaTyiep aplcH Rid)acry aEtde: d does not
di al | yl di met hyl anmoni um chl ori de. Exanpl es of the
subk@ssitikilnki dd sagernt rhegeeh anel wia cti YoyhmsMehenpasticles
such as nethyl enebis(acrylamde). Alternatively, a
ofcopel poRfrmel WhechabeeeaEdbidoned ¢ath@fettNBeRRT igne
an anionic or nonionic nononmer which can be
copolpakynelfi aedathendw mbnoayrahseribeg aefpheyédnal group
Speci fic exanpl es of the anionic nononer to be co-
suphl peeei pedmangyl adenengtrbliacr ¢l isecatiddry amine group, a
2-acryl am do- 2- net hyl propanesul foni ¢ acid, and an
teakkalky smtiak gabupt her gebup dlie aanaunti-aidede saditonhereof,
nmononer nust be small so that the formed copol yner
ornei gtlatesnaryatimopnéupr gpenpy. aBkaaplessef linkéng agent
noni oni ¢ nononer include (neth)acrylam de, N
mohgwprofipiastybamide, sibatahyhiallM diomwelpglr) solyladidy,.
acrylonitrile, styrene, and nethyl or ethyl
Spemdthrackpinpiles. of5tiResataondremeonmgrbéngdudesingbyidic
or in conbination of two or nore species. The anount
sadt PHedBRESENRIMKAMGORGUNt sabliomér digechyasmangerhyy|
mononer is required to be 0.0001 to 0.1 nol%wth
(mpghpacrytateheapopaidafoaal toPrt REaksHBABYs ammonium salt of

dimethylaminopropyl (meth)acrylamide, and
diallyldimethylammonium chloride. Examples of the cross-
linking agent monomer include diviyl monomers such as
methylenebis (acrylamide). Alternatively, a copolymer of the
aforementioned cationic monomer and an anionic or nonionic
monomer which can be co-polymerized therewith may also be
employed. Specific examples of the anionic monomer to be co-
polymerized include (meth)acrylic acid, 2-acrylamido-2-
methylpropanesulfonic acid, and an alkali metal salt thereof.
The amount of the anionic monomer must be small so that the
formed copolymer maintains a cationic property. Examples of
the nonionic monomer include {meth)acrylamide, N-
isopropylacrylamide, N-methyl (N,N-dimethyl)acrylamide,

acrylonitrile, styrene, and methyl or ethyl {meth)acrylates.
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Through controlling the amount, the swellability and
particle size (in water) of the particles of the
swel | abl e pol yner can be controlled. Exanples of the
commerci al product of the particulate swellable
pol ymer Accogel C (product of Mtsui Sytec Ltd.).
Al ternatively, an anion-exchange resin such as WA20
Thigle0 ehdionefr sMmiast ies his heyiirealy G2 i lebmb iFRY IMrS @ Hewo or
used as the particul ate swell abl e polynmer. No
mod@f tdpedlials . | THet ahbonti 8£i FRESedoeB -1 hakpakt hekAtShéBomer
of the particles of the swellable polyner. However,
suidhe arean diarinyadl ecticheri s rRVRIiSePhas ecenulosioan t&F 0.1
di spersion (suspended); i.e., the nean particle size
- moll%¥ ainenreatectswel ltheg tettatle anictintplod ehabmentie s or
| ess, nore preferably, 0.1 to 10 m \Wen the particle
Thitecgeasest riole ipar thel enowwtg effeechieddlaypiladsornd particle
suspended solid and the like contained in the treated
siwat din Hawewrér ofwhde thetjaritesclof sihze sweldetassipediyer can
small, solid-liquid separation is difficult to carry
beogbntir®l3déll. Byxamdiag, of otheecabtmeatcwal eprogacti ofeshe
of the particulate cationic polymer which swells in
pawitienlboe dvedlabde polyment Baldogedl $sdipreduldr efn Miasui
mentioned in Enbodi nent 1, adsorption of a
Sytregbildde) f.oukl ngreabsvahye anoahapnedxchatgeateehth such as
water onto the surface of a separation nenbrane
WAGAr i(pyodbatr afie Mdspabatihdn Chemtilva lt ICoat, métd .Vatery 28so be
can be reduced, to thereby suppress deterioration in
usggnBpatbe papiiguilefepertdimiiee podymesnpaliedpaikt hcuhar
.case where a_  conventional polynmer flocculant and an
lipagpgarnc 1f| 6BEEEEA ONatbeeppirsyede size of the particles

of the swellable polymer. However, the mean particle size in
reverse-phase emulsion or dispersion (suspended); i.e., the
mean particle size in a non-water-swelling state, is
preferably 100 um or less, more preferably, 0.1 to 10 um.
When the particle decreases, the particles more effectively
adsorb suspended solid and the like contained in the treated
water. However, when the particle size is excessively small,
solid-liguid separation is difficult to carry out.

[0131]

By adding, to treatment water, particles of the
particulate cationic polymer which swells in water but does
not substantially dissolve therein, as mentioned in
Embodiment 1, adsorption of a membrane-fouling substance
contained in treatment water onto the surface of a separation

membrane during membrane separation of the treatment water
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[0132] No particular limtation is inposed on the
nmet hod of adding to treatnent water the
af orenenti oned particulate cationic polyner which
swells in water but does not substantially dissolve
therein. For exanple, the particles as are, water
di spersion thereof, or reverse-phase enul sion or
catli HREHSIGARelS USRE RIRGNeneRfrdiy deaddrd tlidn in membrane
treatment water. In any case, it is essential that
sepheatieat R oneice ,CORET I ORI tMel Ralhe where a
particles of the swellable polynmer added to the
cohieatient 1Wabakmeand 1sksparded 5@ iath Andrqaia d ifkecculant
contained in the water which has been subjected to a
argubspqueet.stirring step are adsorbed by the particles
of the swellable polyner, to thereby cause
[ofiBag¢cul ation. [0133] Two or nore swellable polyners
may al so be added to the treatnent water. Notably,
Si Nt phetdatilen d ipdlyrEompers Seposad lorf anes ndithod of
particul ate swell able polynmer swells in water but
addaeg hot tsebstmanti ablgrdittisokfereheneiionegapbirtlienlat e
the swellable polynmer swell in water but do not
casabstignppalyimer ghicbl seeflier énnwadtieff @uitngokso mok
conventional polyner flocculant. The expression "not
supgbshantildll yidssdukyvehemreinat eFOrrekansléo shehparticles
wat er-solubility that the cationic polyner particles
ascanebevpteseft sparaator thepeciff.i cal rgvetdse-Phase emulsion
solubility of the particles in water at 30C i s about
orodisgersion |(egspeTHedantisreof peycbnt added itegtokatment
the particles in water is about 10 to about 200
watpes, Iasard| @afat et bys devseingaparhatl Bhei geephment water

water by particle size in a non-
comes into contact with the particles of the swellable

polymer added to the treatment water, and suspended solid and
the like contained in the water which has been subjected to a
subsequent stirring step are adsorbed by the particles of the
swellable polymer, to thereby cause flocculation.

[0133]

Two or more swellable polymers may also be added to the
treatment water. Notably, since the cationic polymer per se
which forms the particulate swellable polymer swells in water
but does not substantially dissolve therein, particles of the
swellable polymer swell in water but do not substantially
dissolve therein, differing from a conventional polymer
flocculant. The expression "not substantially dissolve in
water" refers to such a water-solubility that the cationic

polymer particles can be present in water. Specifically, the
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swelling state. [0134] Next, a reverse-phase enul sion
formof the particles of cationic polyner will be
described in detail. However, the particles are not
limted to the form The polyner particle enulsion is
not a particular enulsion, but a conventiona

reverse- phase (WO polyner enul sion. [0135] The

sd’l%\b%rliecypi?ﬁseck@“ﬂa?tqrbl%%mﬁi Naddie Af e %%qt 0.1 g/L
cationi ¢ polyner, water, l'iquid hydrocarbon, and

orSUldsact athe ah@uﬁanb@sr;tehceealt BepoihyoBE (:%eby)aﬂ‘ﬂs_&)les in
are as follows: cationic polynmer : water liquid

waltyedr dearEbemt W frac tadiut= 220 ik, 220 da A st etD dyo
40 : 2 to 20. Preferably, the total anmount of the

dicdldioni @apeliymer ik watertdrs WBdjpasttad e ikd arb® non-
mass% w th respect to the total anount of the

swedlliionj eatpaleymer, water, a liquid hydrocarbon, and a
surfactant. [0136] No particular limtation is

[oiuradsed on the liquid hydrocarbon, and exanpl es of
the liquid hydrocarbon include aliphatic liquid
hy dmEcar benssuatseaaplissopamai fs v (Bmn of itdeheare)gles of
n- hexane, kerosine, and mneral oil. [0137] 78

caBiamilce podfymehre waiurlf det atwts dmidadda rCie ttad 1C20Hbivglver, the
al i phati c al cohol pol yoxyethylene ethers and Cl10 to

pPaE22 cligisglaere fattt \ iagitedp dloy dbheetfipdmene Thst ppdymeavpagticle
an HLB (hydrophilic Iipophilic balance) of 7 to 10.

enBEdsipned sofioth@ particular emulsion, but a conventional

reverse-phase (W/0) polymer emulsion.

[0135]

The reverse-phase emulsion contains the aforementioned
cationic polymer, water, a liquid hydrocarbon, and a
surfactant. The compositional proportions (% by massg) are as
follows: cationic polymer : water : liquid hydrocarbon :
surfactant = 20 to 40 : 20 to 40 : 20 to 40 : 2 to 20.
Preferably, the total amount of the cationic polymer and
water is adjusted to 40 to 60 mass% with respect to the total
amount of the cationic polymer, water, a liguid hydrocarbon,
and a surfactant.

[0136]

No particular limitation is imposed on the ligquid
hydrocarbon, and examples of the liquid hydrocarbon include
aliphatic liquid hydrocarbons such as iscparaffine (e.g.,

isohexane), n-hexane, kerosine, and mineral oil.

f0137]
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et hers include al cohol (lauryl alcohol, cetyl alcohol,
stearyl al cohol, oleyl alcohol, etc.) polyoxyethyl ene
(EO addition (by nole) : = 3 to 10) ethers. Exanples

of the esters include fatty acid (lauric acid,

palmtic acid, stearic acid, oleic acid, etc.)

pol yoxyet hyl ene (EO addition (by nole) = 3 to 10)

est ebmand B r ik partiLad it |ide hald amd std nposad ger
the method of producing the reverse-phase enul sion.

alipdaemd SileRhmY fof yayRHISAEAN QU -dNadT1® to €22
cationic nononer (for formng the cationic polyner)

hiahe ra feress adikkiptg yagerit iR lesWdry , Walveing &n HLB
i quid hydrocarbon, and a surfactant, and all ow ng

(hiylde-ophXluke 1i@opdlifies ibed anded &TUlBitd 10l Y RRENPAEEOBE the
or suspension polynerization). In an alternative
etietizodnctihele mreiels @Efirsal wWlidhdlol weenilzed.cdika ,
produced polynmer is pulverized by neans of a
stkamygenilzehodr, eyl kdcord t ke c . polpoiBfo:artd/lene (EO
di spersant (e.g., surfactant) are added to a I|iquid
addydriocar(bgnmol@l39] = Bhew tite paticrcul aEeaspikbkabEethe
polynmer is added to treatnent water, the particles
espeegbedabllydeafatayl acdel (Sanfrdce sariedg. pEleriefiar eciid) a
preferred manner, the particles in the form of
steeavérsacpbdaselenul gicdd,ortdi.specdiyoxy? hydesgendedrddition
are added to water under stirring, to thereby cause
(bvhmopart rcPBesot d03welsiterand then the particles in the
swelling state are added to the treatnent water.
[08840]

No particular limitation is imposed on the method of
producing the reverse-phase emulsion. The emulsion may be
produced through mixing a cationic monomer (for forming the
cationic polymer) and a cross-linking agent monomer with
water, a liquid hydrocarbon, and a surfactant, and allowing
the mixture to polymerize (via emulsion polymerization or
suspension polymerization). In an alternative method, the
monomers are solution-polymerized; the produced polymer is
pulverized by means of a homogenizer or the like; and the
polymer and a dispersant (e.g., surfactant) are added to a
ligquid hydrocarbon.

[0139]

When the particulate swellable polymer is added to
treatment water, the particles preferably have a large
surface area. Therefore, in a preferred manner, the

particles in the form of reverse-phase emulsion or dispersion
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No particular limtation is inposed on the anount of
the particul ate swell abl e polyner which is added to
treatment water. However, preferably, the anount is
adjusted to about 1 to about 50 mass% wi th respect to
t he nenbrane-fouling substance contained in the
treatnment water. [0141] Additionally, a step of
(ca@gicnged) ianer gadcd fdoeaitantundsr tdeiatre, W elhdWby
be perforned sinultaneously with the particulate
capelky el gddittiicaRsStep stfeldf t end hdiadHL Waaitti cles in the
pol ynmer addition step. Through addition of an
swieNQriganist atkl ageuladitteds &fovitheg as e thlearc Waatdr f or
suspended solid, flocculation of suspended solid is
[oprogot ed, whereby the effect of renoving suspended
solid is enhanced. In the case where the step of
addiNag pan-tiirarlganilc ofi teacidrants tionddead mentthevaing@furits of
performed sinultaneously with the particulate polyner
thadgatitdeudbep ewedflbérlet pelgatetd ciliate ipolad®d to treatment
addition step, a flocculating aid other than the
waiceaor. gaioeevér ocpuéfiatabdypr eher abhbynaddedadduthed to about
flocculating aid addition step before the particul ate
1 pol pirentaddi messssweph riNepeatt itcultire menitr@mieorfad ing
i nposed on the inorganic flocculant added to
subsgatwrentongbéncdant ékenplres tofenttheratieor gani ¢
floccul ant include alum num salts such as al um num
[0ddlfat e and pol yal umi num chl oride; and iron salts such
as 80 ferric chloride and ferrous sulfate. No
par Rdgiditarnalilyi,t & istied oI myssay em tinergeoum fofocculant
inorganic flocculant added to treatnent water, which
tonhyeBEMGRLUYREGTI AM2dC H6r BaFEOTMEICt 19 1Mvd tgigiousy] vofwitthe the
treatnment water. The anount is about
particulate polymer addition step or after the particulate

polymer addition step. Through addition of an inorganic
flocculant serving as a flocculant for suspended solid,
flocculation of suspended solid is promoted, whereby the
effect of removing suspended solid i1s enhanced. In the case
where the step of adding an inorganic flocculant to treatment
water is performed simultaneously with the particulate
polymer addition step or after the particulate polymer
addition step, a flocculating aid other than the inorganic
flocculant is preferably added in the flocculating aid
addition step before the particulate polymer addition step.
No particular limitation is imposed on the inorganic
flocculant added to treatment water, and examples of the
inorganic flocculant include aluminum salts Such as aluminum

sulfate and pelyaluminum chloride; and iron salts such as
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0.5 to about 10 ngy/L as reduced to alum numor iron

Wth respect to the anount of treatnent water. \Wen

pol yal umi num chloride (PAC) is used as an inorganic

flocculant, and the pH of the treatnment water to

which a particul ate swell able polyner and an

i norgani c floccul ant have been added is adjusted to
feakaut chiBriaeahaul fér@oukl @aa¥haki onneOshrtianosabl y

occurs. [0142] After conpletion of the particul ate
1iRekyrebnaddi tinpBsest 6B, thie ahbaated \Waheh-gashist ifRGulant

(stirring step) . Through the stirring step,
adgedpesdedesehetdtandtbhe kihkehamay ®enpkgiehyrdadsorthkedrdance

by particles of the swellable polynmer, to thereby
withoersl ghelsuspeiidedeselredtandtt hatkike. The &h6uBases about

where the flocculating aid addition step i s not
0.petborpedt hef ag¢Lt he pafluiced abeapahymem addiitiodnwith

step, when the treatnent water has low turbidity,
respektkabbethel ymeuntparft cekasmehitclvahave nwheadsol palluminum

suspended solid are deposited in the water treatnent _
chipstidal (PA€), ienukhd mBnan iwakbaafict féokkodautat ko the pH

tank (to which swell able polynmer particles are added)
ofothehereatnesennalwbhtet sopwhdchi taphatictidnkedisspddetblen

the downstream side, to thereby foul the inside of
polimesyshdnan| éadirggntic Ehcomplené hbvecbkan eddefl is

suspended solid. When floccul ati on of suspended solid
adjesBedi hooabbutes - 81 tar abpeat &dOwatépccadnst opemost

obt ai ned, or the nenbrane enployed in the subsequent
fawvendbayneocsepaeation is fouled, which is problenatic.

The nmechani sm of inconplete flocculation of suspended
[0&&R] d has not been elucidated in

After completion of the particulate polymer addition
step, the treated water is stirred (stirring step). Through
the stirring step, suspended solid and the like are
completely adsorbed by particles of the swellable polymer, to
thereby flocculate suspended solid and the 1like. 1In the case
where the flocculating aid addition step is not performed
before the particulate polymer addition step, when the
treatment water has low turbidity, swellable polymer
prarticles which have not adsorbed suspended solid are
deposited in the water treatment system; i.e., on the inner
wall of the flocculation tank (to which swellable polymer
particles are added) or the inner wall of a precipitation
tank disposed on the downstream side, to thereby foul the
inside of the system, leading to incomplete flocculation of

suspended solid. When flocculation of suspended solid is

81



detail, but the conceivable nmechanismis as foll ows.
That is, in the case where the flocculating aid
addition step is not performed, when the treatnent
water has low turbidity, swellable polyner particles
whi ch have not adsorbed suspended solid are present.
These pol ynmer particles are deposited in the water
incoaat e, sMshemMtreated @AtiHie datieit Wl lofaith®l, or the
flocculation tank or the inner wall of the
nepbeaing eapleycbdank theneeidskensine! hfe-apel Waration is
deposited on the inner wall or the like, the
foslel, alhe cholignerobd ehartiker drgosetREnOBmt BE incomplete
deposited pol yner particles. As a result, the anount
flobcudwelibablbe polsyerkdedhisel igamhaad sth bedspended &alddl in
becones insufficient, leading to inconplete
detbddcubati aheofcosutefientd@® ne@Hahidn)lidl3]las Anglarglrang tThat is,
the present invention, the flocculating aid addition
instép csspewhersedhkeffdrecuiatpiant addl atelipdloynm@tep is not
addition step, fouling of the inner wall of the
petiformelat woen thek teeathenti ke tamd hams Abfd cluettidity,
floccul ation can be suppressed. [0144] After
swedhpbéei prlyfherhpastiiciiesg whtiep, helve nodatedorhaidesuspended
subj ected to nenbrane separation (nenbrane separation
sogtfidppreNprpaenicul Bhesenpohynen partipbssdapa fhpoB2ted in
menbr ane separati on neans, so long as it can renove,
ther vatetr 6aeatnenfasystef;odcel-at en thesdopemded1dolafd the
etc. generated in the stirring step. Exanples of the
flpeablahéonehphbyed thet hangenbrade ofepheapresipdtlafden tank.

mcro-filtration
Once the swellable polymer is deposited on the inner wall or

the like, the swellable polymer is further deposited on the
deposited polymer particles. As a result, the amount of
swellable polymer which can adsorb suspended solid becomes
insufficient, leading to incomplete flocculation of suspended
solid.

[0143]

According to the present invention, the flocculating
aid addition step is performed before the particulate polymer
addition step, fouling of the inner wall of the flocculation
tank or the like and insufficient flocculation can be
suppressed.

[0144]

After completion of the stirring step, the treated

water is subjected to membrane separation (membrane

separation step). No particular limitation is imposed on the
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menbrane (MF nenbrane), ultra-filtration nmenbrane (UF
menbrane), nano-filtration nenbrane (NF nenbrane), and
reverse osnosi s nenbrane (RO nenbrane) . A single type
of these nenbranes may be used singly in a plurality
of stages. Alternatively, a plurality of types of
menbranes may be conbined. In one enbodi nent,
mekilofRinkE Rle psaizRi drS nEaljsgClrd lonhg RRTHtaners eRalcAtd ,0F rom
by nmeans of an MF nenbrane or OF nenbrane, and the
t richitsreinte alag@d ratflodcm lfatedch f Suljreeied o 1mRTbrane
separation by neans of an RO nenbrane. |n nmenbrane
gesepataid dm the dtrieatifentstwat.er Ekemplesi sdushei Abkmbrane
water, city water, well water, or biologically
enfplegted inatére) mgahetald tepeatitdicts imdIrmty aierdoudilngation
subst ance such as a hum c acid- containing organic
mesibrshandelF aehmtinane )gcud-teantfdilnirag i cor g@tbrane (UF
substance, a bio-netabolite such as sugar produced by
m e)et aancolf id tspnttilvet memthremec NS remasng) , and
surfactant. Therefore, when such treatnent water is
reyepjsec bethosd sneebanaae S&am&@maanaienbhanénfidal tpge of
subst ances are adsorbed on the surface of the
thesgl opedrapdsr ey, beeadiedyg stogdnobirematplarality of stages.
deterioration in nenbrane separation perfornance.
Alpewsesiyveily ,t he pAreedntyi mettyies, ofi megbrikacsanmaivt kes
of a swellable polyner are added to treatment water
copbfined . mefbr ane esepaimenbn, treabwant- Foteings subjected to
subst ances are adsorbed by the particles to thereby
mMepBirANE| SeParatdon Bid Meaisr Ste 283 Mo pedriose oy UF membrane,
perfornmed after flocculation. Therefore, treatnent
anﬂaﬁéﬁ—‘ EbHEaitieages Mewere &l f@irmrv@@balegémdc to membrane
subst ance such as a bio-netabolite serving as a
SERBKBEARE- PYolFPRE ©dbsPaRPeMERRIBESsubfBCERBPYBNE

nmenbr ane separati on, , , ,
separatlon the treatment water (e.g., industrial water, city

water, well water, or biologically treated water) generally
contains a membrane-fouling substance such as a humic acid-
containing organic substance, a fulvic acid-containing
organic substance, a bio-metabolite such as sugar produced by
algae, etc., or a synthetic chemical such as a surfactant.
Therefore, when such treatment water ig subjected to membrane
separation, membrane-fouling substances are adsorbed on the
surface of the employed membrane, leading to problematic
deterioration in membrane separation performance. However,
in the present invention, since the particles of a swellable
polymer are added to treatment water before membrane
separation, membrane-fouling substances are adsorbed by the

particles to thereby form flocculateg, and membrane
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wher eby adsorption of nenbrane-fouling substances onto
the nmenbrane is reduced, and deterioration in
menbrane separation performance is suppressed. Thus,
clear treated water can be consistently obtained.
[0145] Before nmenbrane separation, precipitation,

di ssol ved- air flotation filtration, etc. may be

t
scBRREaR0L, R NS Wital) OBl ebberore,
trg@kﬁ%% dﬁgﬁ%@ %%%%%g%ﬁ%%d% 1%M@g%gef'd?%sdiwe Hf@anic

Y, suspen matters are

sufbls%%LC %l at %% hWIatsh a%l%r %%%Ia%o[iq.ltlén% vallgl% g.garé.t me'nfbrane -

red an organi c coagul ant may be

fo%%qj%gn a0, N [ :b' Cléhﬁ’)r el ¥ %rrit&an@)%%%%r%%lon

rgani ¢ coagu exanples thereof incClude

wh%?%i&n %ﬁ%ﬁﬁ;%?ﬁﬁb ¥Eﬁ&& %@E?hﬂ g%g%@@é@@ﬂéééhﬂﬁkﬁ%he

Frane separatio cific exanples

meliGspde Rl %%@den%h@ gl%te‘itlt&\fla%'l%‘iii 3M RRmbrane separation

epi c orohy rin pdl ycondensat e

pe&%%*ﬁa eq% ey IR anghy ROl ¥ieps techeddf Aka can be
nonomer e g., drallyldimethyl ammonium chloride or a

oo ggg% gﬁry.@@ggyﬂgasalt of di nmet hyl am noet hy
nmet h)acrylate) . No particular limtation is inposed

[0Qdshhe anount of the organic coagul ant added to
treatnent water, and the anount may be adjusted in

accfetance mirid-drhe Saplddna @f, gheigeaiten, wilsdolved-
Cenerally, the anobunt is about 0.01 to 84 about 10

a1F0/el JESeliich ,C ettt tMRie! Jot NO nRdF e Wairidd @t i an
is inmposed on the type of the or gani ¢ pol yner

pridcagaWaanion & dikesa wwenerial |81 ey ioyed pre fwatasly, the pH
treatnment nay be used. Exanples of the pol yner
off lteecWranttddelatdy is adjusted with caustic soda, slaked
lime, sulfuric acid, ete., and finally, suspended matters are
flocculated with an organic polymer flocculant. If required,
an organic coagulant may be used in combination. No
particular limitation is imposed on the organic coagulant,
and examples thereof include cationic organic polymers
generally employed in water treatment (membrane separation).
Specific examples include polyethyleneimine, ethylenediamine-
epichlorohydrin polycondensate, pelyalkylene-polyamine, and
polymers formed ffom a monomer (e.g., diallyldimethylammonium
chloride or a quaternary ammonium salt of dimethylaminocethyl
(meth)acrylate). No particular limitation is imposed on the
amount of the organic coagulant added to treatment water, and

the amount may be adjusted in accordance with the quality of

the treatment water. Generally, the amount is about 0.01 to
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ani oni c organi c polyner flocculants such as
poly(nmeth)acrylic acid, (nmeth)acrylic
aci d- (et h) acryl am de copol ynmer, alkali nmetal salts
t hereof ; nonionic organic polyner flocculants such as
pol y(nmet h)acryl am de; and cationic organi c pol yner
floccul ants such honopol yners of a cationic nononer
aboRtg 10 mai/met(rdian reelteylt /(BRieR)acr yiatgaptidular
guat ernary amoni um salt thereof, or
1iehiirathyhatisnapperyd oetmeagrypeaifde her crgagiat @oldmer
ammoni um salt thereof), and copol yners of the
fleatiuant , Mendehoaed gaheranilgn iehp TR i niiatk 1C & & ment
co- polynerized therewith. No particular limtation is
maiynpesededaon Ekemphesndfother gabinaepoFyseculbnecihantide
added to treatnent water, and the anount may be
anddjpdist edgian iac palgaece £1victlbhe squalcht W sobdlgmeth)acrylic
treatnment water. Generally, the amount is about 0.01
actid, afoethl@cry/li o solidd (eenteatirwiteride dopbAGineAft @elkali
menbr ane separation, deionization (e.g., ion
megathanjep mhgreeff;unthéonjer bogaedc wodreley Eloeondberts
or ultra-pure water can be obtained. Al so, further
supbr eBi peflydmetivelrgd atedar;bangt cationic organic polymer
activated-carbon-treatnent may be perforned. [0147]
flpftcnédguicsegucadbiotoped yegels af a cesdohdnt moaomer (e.g.,
sterilizer, a deodorant, a defoam ng agent, and an
digathydsmiocesbinie (meyhbecuyddteAbzoa Qhatequiaryd ammonium
UV-radi ati on neans, o0zonization neans,
sapftokbgirealt-t pratfmethdamd nopropyanymesh) egplvdpadde or a

0148
qugterngry ammonium salt thereof), and copolymers of the

cationic monomer and an nonionic monomer which can be co-
polymerized therewith. No particular limitation is imposed
on the amount of organic polymer flocculant added to
treatment water, and the amount may be adjusted in accordance
with the quality of the treatment water. Generally, the
amount 1is about 0.01 to about 10 mg/L (solid content/water).
[0146]

After membrane separation, deionization (e.g., ion
exchange) may be further performed, whereby pure water or
ultra-pure water can be obtained. Also, further purification
such as decarbonation or activated-carbon-treatment may be
performed.

[0147]
If required, additives such as a coagulant, a

sterilizer, a deodorant, a defoaming agent, and an anti-
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As descri bed herei nabove, in the nenbrane separation

nmet hod according to the present invention, a

flocculating aid is added to treatnent water,

foll owed by further adding a particulate cationic

pol ymer which swells in water but does not

substantially dissolve therein, and the thus-treated
cOBRORNi vieS nebjRCakd .0 MRRELY, ane epRialdN Uviheldlidn means,

treatnment water having low turbidity can be treated,
ozand zatlied rezert,ebivalRyicean hedkiitnedadd hdtle. may be

fouling, for exanple, the inner wall of the
emplleged.ati on tank. [0149] FIG 4 is a system diagram

of an exenpl ary nenbrane separation apparatus
[oamaplloyi ng the nmenbrane separation nethod according to

the present invention. As shown in FIG 4, a nenbrane

sepasatdesrerappal atars: 23bdwc] udesHa eaint@rinavadeddaration

i ntroduction neans 210 (e.g., a punp) for introducing
methed senbrdner tor akewgtrersenta ifveeadloat,i en fladc@Bring aid

consisting of a first flocculation tank 211 and a
issedoed tid acealtatentn wadrle 2 2 ldowanged ifurtthe watdeting a

passage direction; flocculating-aid-introduction
pamtagsil2te cetdonia polypmer eiiicht sedldisngma water but does

flocculating aid stored in a flocculating aid tank
no2l4ubsttentielfliyr siti silodoeultiteirerd it amnd 2l thus-treated

parti cul at e- swel | abl e- pol yner -i ntroducti on nmeans 217
watergis supispteboita membdagienepapatticoul afbesaéblabl e

86 polyner stored in a particul ate swellabl e pol yner
treafienls vegernt heviagod@w togduldittiyorapadie Xrzatgeed and

di scharge neans 218 for discharging the treated water
clehirc frras ednd#a@itgeneanl dec obaeiioe dof IEhapden dewtlsaid . d fiax

the flocculation tank 213. .
example, the inner wall of the flocculation tank.

[0149]

FIG. 4 is a system diagram of an exemplary membrane
separation apparatus employing the membrane separation method
according to the present invention. As shown in FIG. 4, a
membrane separation apparatus 201 includes treatment-water-
introduction means 210 (e.g., a pump) for introducing
treatment water (raw water); a flocculation tank 213
consisting of a first flocculation tank 211 and a second
flocculation tank 212 arranged in the water passage
direction; flocculating-aid-introduction means 215 (e.g., a
pump) for introducing a flocculating aid stored in a
flocculating aid tank 214 into the first flocculation tank
211; particulate-swellable-polymer-introduction means 217

{e.g., a pump) for introducing a particulate swellable

86



The flocculation tank 213 is provided with a stirrer
219 for stirring treatnent water in the first
flocculation tank 211, and with a stirrer 220 for
stirring treatnment water in the second floccul ation
tank 212. On the downstream side of the flocculation
tank 213, dissolved-air flotation nmeans 221, sand
pdliymigraldtair e ans a2 dr thinth IR IARE 1S8aY gd Baind®ealmk 216 to
223 having an MF nenbrane are disposed in the
thdi rseeidrnan fAAfocmilert i passage 210150 disdhe-qenyane 218 for
separation apparatus 201, treatnent water (raw water)
dieehgrgindudie itale avaie matedrt Wwhiaite hasveidde midrey |,
river water, |ake water, or industrial waste water) is
flicafuaditdeth tof tshesgddndatd fdaiceuliat it tAdcAlht iBierank 213.
the flocculating aid stored in the flocculating aid
Thisafk o4 Jisg idmtteeticad tie toreativerd wiaitera igtiider 219 for
first flocculation tank 211 via the
stillradcugl atrieg-reind- wattreaduat itdre fearss Xlmcardhtiies tank 211,
treatnment water is stirred by neans of the stirrer
anZil ¥ithhenstitvrert P29 thoeatssd matrey tredtmarddwesetE?t dn the
the second flocculation tank 212. The particul ate
sesyald dBloecpdlayien tstdr @d.23.n Ohether tbwukatreaswslibebbé the
pol ymer tank 216 is introduced to the water in the
fleecoda tiloye dandt 2413 ,t alilesplXedrad it fdotation means 221,
parti cul at e- swel | abl e- pol yner -i ntroducti on nmeans 217,
sazdd fiRE radtion Meams 228d Bpdwerdbising feptatiem 2@Gns 223
87 Through this procedure, suspended solid and
hajyd mir &e MFo Dleihg ansylpseavdepasedt dimddrd flittgrction of water
treatment water are floccul ated through adsorption by
PagRaedsnel | abl e pol ymer particles. The thus-treated

water in which floccul ates have been forned is
[0150] _

In the membrane separation apparatus 201, treatment
water (raw water) (e.g., industrial water, city water, well
water, river water, lake water, or industrial waste water) is
introduced to the first flocculation tank 211. Then, the
flocculating aid stored in the flocculating aid tank 214 is
introduced to treatment water in the first flocculation tank
211 via the flocculating-aid-introduction means 215, and the
treatment water is stirred by means of the stirrer 219. Then,
the thus-treated water is introduced to the second
flocculation tank 212. The particulate swellable polymer
stored in the particulate swellable polymer tank 216 is
introduced to the water in the second flocculation tank 212
via the particulate-swellable-polymer-introduction means 217,

and the water is stirred by means of the stirrer 220.

87



then di scharged by neans of the discharge neans 218
fromthe flocculation tank 213, and is subjected to
menbr ane separati on by nmeans of the dissolved-air
flotation nmeans 221, sand filtration nmeans 222, and
menbr ane separation nmeans 223 having an MF nenbrane,
to thereby renove the floccul ates, whereby clear
Thirceafte ¢ et @rdcedaiedi ReGpdHIR [sollim e wadideMoul ing
since the particul ate swellable polyner is added
sudfsttencaddidonta iefed e e adcitmgaivhted eld M ddrulated
the system of the nenbrane separation apparatus 201
thireugh, adseeptdanl 9f thie sseqanrcifd eeayhaid @urtark «&l2) The
can be suppressed. In addition, flocculation of
thegsperdedd saltied danwhd Suffliccicentdtegperzher eén formed is
whereby clear treated water can be obtained. In the
themndiactasepar i aeaagpafatthe SheNardge MdansA218 from the
menbr ane-foul i ng substances are flocculated by use of
flacpaltitdonatenkwellRabladpdlsy reth | foalddowed reynbrane
perform ng nmenbrane separation. Therefore, adsorption
sephrameoor dyemkanlsi od shies tdmced vent-a itrhe 1suefrden afeans 221,
the menbrane is reduced, and deterioration in
samaniridneasepar appos 2perf endamesbirsinsupgpressedon means 223
whereby clear treated water can be consistently
haybhng aedMF[ 0&6Rrankoet &bl yheinebiyheremervier ame fépacatliates,
apparatus shown in 88 FIG 4, a dual-tank structure
whegabystcilrgrotrepsefli weterf iecobitatingd .t ank 211 and the
second flocculation tank 212 was enpl oyed. However,
[0&Fiérnatively, at |east one tank may be substituted

by a pipe where stirring can be performed. In
In this embodiment, since the particulate swellable

polymer is added after addition of the flocculating aid,
fouling in the system of the membrane separation apparatus
201 (e.g., inner wall of the second flocculation tank 212)
can be suppressed. In addition, flocculation of suspended
solid can be sufficiently performed, whereby clear treated
water can be obtained. In the membrane separation apparatus
shown in FIG. 4, membrane-fouling substances are flocculated
by use of a particulate swellable polymer, followed by
performing membrane separation. Therefore, adsorption of
membrane-fouling substances onto the surface of the membrane
is reduced, and deterioration in membrane separation
performance is suppressed, whereby clear treated water can be
consistently obtained.

[0152]

Notably, in the membrane separation apparatus shown in
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t he apparatus, an MF nenbrane is enployed as the
menbrane separation neans 223. However, a UF
menbrane, RO nenbrane, NF nenbrane, etc. nay al so
alternatively be enployed. [0153] The above-recited
enbodi nent of the present invention wll next be
described in nmore detail by way of Exanples and

mpar at by glEﬁgﬂﬁlgﬁru ﬂ@geﬁongﬁg%gnﬁxé?pkﬁé %E%SBOt

Onsfrue rmtin e Invention thereto. Exanple

fl%c%uhggyéhrh hkmgﬁﬁraﬁﬁnkﬂbn5@%0&Hﬁ¥§o@@@lation tank 212

was enployed as treatnent water (raw

wagﬂgﬁééggeahe ﬁ@ﬁ@v@? dheLeRic hod lgh? tyebidity 648 tank may

meas thr transm tted measurenent with

berS EEEtBeea ngé' gEa@ﬂé%@ %QE%E&%@)ca%fbé PebkFoAmdd. In

an absorba sured at 260 nm ( E260: i ndex for

thgrggphgagﬁgteﬁncﬂ@cﬁgﬁb§ﬁh%nhso%m@1%§%dt%sot%é5MHmbrane

or ‘'one nonth by neans of "thé nenbrane

se@gggﬁﬁbhoﬁeaﬁ@pébgtUSHé@@%@r'naFﬁﬁimémbfﬁﬁeneﬂbfﬂéﬁbrane
epar ati on appar at us |nclud|ng a floccul ation tank

Fdhéﬁgkéﬁ@ apkcf| gbgt haRoTRARSrnatdR@ 1 e apayREaNns,
menbrane separation nmeans having “an MF menbrane

[O@gg 5 m nmade of cellulose acetate) . Kaolin (300
(10000), product of Kishida Chemcal Co., Ltd.)

was TrR0de’d1e0 rehte thdd simfddemdntddriankestt anvention
particul ate swellable polyner (Accogel C, product of

wilit sldbet SylkeegekicdibheD ivamoadd etttz It hey swegord Examples and

floccul ati on tank. The anount of kaolin added to the
cohibbgh thkec eibaipiles .t ankweasradihiesedegamplethatret hot

treatnment water had a suspended solid anount of 5,
comsith @ eldhe samawit ieky Ateodelve@tasoedterette second
Example 3-1

Industrial water containing humus and bio-metabolites

was employed as treatment water (raw water). The samples
thereof had a turbidity (as measured through transmitted
light measurement with respect to a kaolin standard solution)
of 1.2 to 4.8°, and an absorbance measured at 260 nm (E260:
index for organic matter concentration) of 0.187 to 0.345 was
treated for one month by means of the membrane separation
apparatus shown in FIG. 4, the membrane separation apparatus
including a flocculation tank, dissolved-ailr flotation means,
sand filtration means, and membrane separation means having
an MF membrane (0.45 pum, made of cellulose acetate). Kaolin
(300 mesh (100%), product of Kishida Chemical Co., Ltd.) was

added to the first flocculation tank, and a particulate

swellable polymer (Accogel C, product of Mitsul Sytec Ltd.)
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floccul ation tank was adjusted to 4 ng/L with respect
to the treatnment water. [0154] |In the course of the
water treatment for one nonth, the TOC concentration
and turbidity of each water sanple which had
undergone sand filtration were determ ned. The MF
value of the water sanple which had under gone

was eatdehtt avittie aeddnd niEdr @ tiasn al 8k detreTaie@nt of
The results are shown in Table 4. TOC concentration

kawdsi rdetdeterd ned e dlighs twet Idarumatt a deank nfdaretjusted such
absorption, and turbidity was determ ned through

tHatans® tiredh drieghdt waRasutee MddedRsPasd1 10 Andaal idF 5o,
standard sol ution. MF val ue was determ ned through
while the laowiung priodeduwgeml $peciddd ald yheeasdvowat er
sanple was filtered by neans of a Buchner funne
f lcoyda tdicaamsiogrk ofas petjfusrtatidedopldatmey/40rimh deeimghit afo the
filtration portion: 100 mm) enploying a nenbrane
trfgaltment( Maltleirpor e) (dianeter: 47 mm  micropore size:
0.45 m such that the filtration portion on the
[0d&dflorat ed plate was continuously filled with water.
The time required for recovering 500 nL of filtrate
(T1 Irsddde) couaing tdfe thanwatequiteah fant ebmv emiengnonth, the
1,000 nL of filtrate (T2 (sec)) were neasured. The
TOUFFoRgrné raft iohe agdnuebies t ve alfc waathe rahent lrample which
follow ng formula. The | ower the MFF val ue, the
hagl ypferJtre ePes: fdAtrpdion sems detAvnimissl.i nilbe WEF| value
90 of the nenbrane separation apparatus after one

ofrShenh Wat PEafRBRL ewis s hian ynglegeioned teatBBNt [Wizh an MF

membrane was also determined. The results are shown in Table
4. TOC concentration was determined through wet-format oxide
infrared absorption, and turbidity was determined through
transmitted light measurement with respect to a kaolin
standard sclution. MFF value was determined through the
following procedure. Specifically, each water sample was
filtered by means of a Buchner funnel (outer diameter of
perforated plate: 40 mm, height of filtration portion: 100
mm) employing a membrane filter (Millipore) {diameter: 47 mm,
micropore size: 0.45 pm) such that the filtration portion on
the perforated plate was continuously filled with water. The
time required for recovering 500 mL of filtrate (Tl (sec)),
and the time required for recovering 1,000 mL of filtrate (T2
(sec)) were measured. The MFF value of the sample was
calculated by the following formula. The lower the MFF value,

the clearer the treatment water sample. And the inner wall
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MFF=(T2-T1)/T1 [0156] Exanple 3-2 The procedure of
Exanpl e 3-1 was repeated, except that polyal um num
chl oride (PAC) for industrial use was enpl oyed

i nstead of kaolin, and that PAC was added to the first
flocculation tank in an amount of 30 ng/L with respect
to the treatnment water. [0157] Conparative Exanple

o £3-thel heenrreoed Wepanfa thxanplmad-de v s Fepe adres, maxaept
that kaolin was not added. [0158] The results are as

tfecltmews. Was BExiameldsy dilsantkdxanple 3-2, no
deposition of swellable polyner particles was

[odlsEdr ved i nside the nenbrane separation apparat us
(e.g., on the inner wall of the second floccul ation

[R2dnk) That is, the second flocculation tank was not
fouled. [0159] In Exanples 3-1 and 3-2, the TCC
MEggrdERt-Tal /G and turbidity of each water sanple
whi ch had undergone sand filtration were maintained
at low levels, confirmng that 91 suspended solid was
consistently and reliably flocculated by swellable

[0gsI6imer particles. [0160] |In addition, in Exanples
3-1 and 3-2, the MFF value of each water sanple which

Exaag lendeRgone treatment with an MF

The procedure of Example 3-1 was repeated, except that
polyaluminum chloride (PAC) for industrial use was employed
instead of kaolin, and that PAC was added to the first
flocculation tank in an amount of 30 mg/L with respect to the
treatment water.

[0157]
Comparative Example 3-1

The procedure of Example 3-1 was repeated, except that
kaolin was not added.
[0158]

The results are as follows. In Examples 3-1 and Example
3-2, no deposition of swellable polymer particles was
cbserved inside the membrane separation apparatus (e.g., on
| the inner wall of the second flocculation tank). That is,
the second flocculation tank was not fouled.

[0159]

In Examples 3-1 and 3-2, the TOC concentration and

turbidity of each water sample which had undergone sand

filtration were maintained at low levels, confirming that
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menbrane was maintained at a low |l evel, confirmng
that clear treated water was consi stently obtai ned.
Not ably, no fouling was observed on the M- nenbrane
even after water passage for one nonth. [0161] In
contrast, in Conparative Exanple 3-1, in which no
floccul ating aid was added before addition of the
suspehided ad idswels abneipakyitar, PR thedlie®1ef AlkRculated by
swel | abl e pol yner were deposited in the inner wall of
sweléaddeopdlfmecc phatiienesank. The TOC concentrati on
and turbidity of each water sanple which had
[oasdér gone sand filtration, and the MFF val ue of each
wat er sanpl e whi ch had undergone treatnment with an M
menimaredigriens| dvatixehno] exorse Icages 3 -@s atrpMrEr] wiltde of
Exanples 3-1 and 3-2. Thus, due to deposition of
eapdr watkes saoplehehswal habl engergoee arebiemennneri thalah MF
of the flocculation tank, flocculation of suspended
megibradewaws s mpsothivedneti B done leasds, cohdieming dlat clear
treated water was not able to be obtained
treghsidswahelry wakt eongiesemeily whthiaed.MNoeabigneno fouling
Furthernore, the MF nmenbrane was foul ed. [0162] 92
wapTabberypdErn Eke Wonpembyxane3eved- 2f3etr wE26d phssage for
wat er 0.187 to 0.345 abs./50mm Turbidity of raw 1.2
ongomgngh . wat er

[0161]

In contrast, in Comparative Example 3-1, in which no
flocculating aid was added before addition of the particulate
swellable polymer, particles of the swellable polymer were
deposited in the inner wall of the second flocculation tank.
The TOC concentration and turbidity of each water sample
which had undergone sand filtration, and the MFF value of
each water sample which had undergone treatment with an MF
membrane were elevated in some cases, as compared with
Examples 3-1 and 3-2. Thus, due to deposition of particles
of the swellable polymer on the inner wall of the
flocculation tank, flocculation of suspended solid was
insufficient in some cases, whereby clear treated water was
not able to be cbtained consistently after treatment with an
MF membrane. Furthermore, the MF membrane was fouled.

[0162]
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Fouling of 2nd no no yes flocculation tank TOC (ng/L)
of 0.55 to treatnent water 0.71 0.49 to 0.58 0.56 to
0.88 after sand filtration Turbidity () of 0.01 to
treatnment water 0.13 0.01 to 0.09 0.01 to 1.89 after
sand filtration MFF value (-) of treatenent water 1.08
to 1.09 to 1.19 1.13 to 1.77 after M nenbrane 1.23
[Takdat @g@nt [ 0163] Enbodi ment 4 I n enbodi ment 4, the
rerbrane—separation nethod according-to the present
i nvention conpfisebXa paftticulBte pdly&emmddtibn
step of addi ng to B1leatmpent wadt2r a |partil ate
E260 of rave watkiyner which swel | s |n vvater but does not
SEpsl/A0RiAY |y (di ssol ve thefeld ta0sfbrring step of

-\?-\ha]ljbli w |la 1V SECOHOS or SﬂOfIEf Ill(:‘ tTEeatment J\_ﬁt er
addi ti on

s under gone the partixtd 48 pol yner

tion st e of Qllhl ecti g
tﬁ@é'ﬁlg@étzﬁént wat er. . whi th has,underdone the stirfing
flaceplationtenkr ane separatj on by means of Separ ati on
me)(p(mgﬂ_) drole4] _ Fi rstI y, a parti cullate cationic
PedtHEt Witeeh SwékP3ton Rg.58UY 465150188
RN 1T Y d| seﬁﬂbe there| n |s added T o
Turbidity (°) of 0.01 to
treatment water 0 13 0.01 to 0.09 0.01t0 1.89
after sand filtration '
MFF value (-) of
treatement water 1.08 to
after MF membrane 1.23 1.09t0 1.19 1.13to 1.77
treatment

[0163]

Embodiment 4

In embodiment 4, the membrane separation method
according to the present invention comprises a particulate
polymer addition step of adding to treatment wéter a
particulate cationic polymer which swells in water but does
not substantially dissolve therein; a stirring step of
stirring for 10 seconds or shorter the treatment water which
has undergone the particulate polymer addition step; and a
membrane separation step of subjecting the treatment water
which has undergone the stirring step to membrane separation
by means of a separation membrane.

[0164]

Firstly, a particulate cationic polymer which swells in
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treatnment water (particulate polyner addition step).
[0165] Exanples of the treatnment water include water
sanpl es containing, for exanple, suspended solid, a
hum ¢ aci d- contai ning organi c substance, a fulvic
acid-containing organic substance, a bio-netabolite
such as sugar produced by algae, etc., or a synthetic
watlkenieal doeeh mt aubsthactially Gpeiliie wxaEiess added to
include industrial water, city water, well water,
t rdatefentatw@iterd afparwaiceilatangdlnaieadt radali virst ewatemr. (in
particul ar, industrial wastewater which has been
[o9w@lected to biological treatnent). Notably, the
af orementi oned hum c acid-containing organic
subsbangd.es Wivitheadirbaoored nwatger arganide sedrsdraneaples
bi o- net abolite such as sugar produced by algae, etc.,
comt adyritiaet iforc kewingdle , s satspasideds wdldet,ant Humilcs adike
menbr ane enpl oyed i n nmenbrane separation (nenbrane-
cofndualimrignas whskance subastanes ot ol vike agovihrstangamrsinge.
Subst ances including a hum c aci d-contai ning organic
orgaipstcased s tanfod, viac tdo-theteftcdiinienguatgas cusshs trackiced by
or a bio-netabolite such as sugar produced by al gae,
algee.., edd ,a ors pntsyettihe télre mheali cic s vah @ssar fsastfagtant .
are inconpletely floccul ated when a conventiona
Spesiiyier efagpd@isanncdudge ivcmedmiiadnalatiayor gative water, well
flocculant is used, making renoval themfrom
wategat Faverwargerdi fifkeuWaterowawet ingbisdirdiodg wegtemigder (in
present invention, through addition of the particulate
pPagsiictrpg - pd@wet tiailc Washemad aim wikcdy hagt beeds sydrjected to
substantially dissolve therein (hereinafter may be

bipdpgifrad Sxepsmenipl-y Hetabaryi EhrapécsaBrREbPRed humic

pol ynmer"), floccul ati on , , o
acid-containing organic substance, fulvic acid-containing

organic substance, bio-metabolite such as sugar produced by
algae, etc., or synthetic chemical such as a surfactant fouls
the membrane employed in membrane separation (membrane-
fouling substance) carried out on the downstream side.
Substances including a humic acid-containing organic
substance, a fulvic acid-containing organic substance, or a
bio-metabolite such as sugar produced by algae, etc., and a
synthetic chemical such as a surfactant are incompletely
flocculated when a conventional polymer flocculant or a
conventional inorganic flocculant is used, making removal
them from treatment water difficult. However, according to
the present invention, through addition of the particulate
cationic polymer which swells in water but does not

substantially dissolve therein (hereinafter may be referred
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can be favorably perforned. [0166] According to the
present invention, even when water having a turbidity
(suspended solid (SS) amount) of 0.1 to 300 is
treated, clear treated water having a turbidity, for
exanple, 0.0 to 1.0 is produced. In the present
specification, the turbidity was neasured through
tot sampliyt bed "phirghiculatsu ceraNablict bdlgaeect) t Fldcculation
kaolin standard solution. [0167] The cationic pol yner
canhbeh fawelrh®1liyn peattetrmedl. does not substantially
di ssolve therein and which forns the particles of the
[opeleyrmer which are added the treatnent water is a
copol ynmer of a cationic nononmer having a functiona
gr odgcosuidmgasca thiel masea nervgmilmn a eseeondaty water
am ne group, a tertiary amne group, a group of an
hasding- addedbddlityt Henepkndedr salddat(SSnampcamdniofmo . 1 to
group, and a cross-linking agent nononer for
3o0attai niagtsapst bedt at tyabedwaseer Shhubhsi dyturbpeci{i cfor
exanpl es of the cationic nononer include an acidic
exsapllegr 0qoater nany asmpnodursal t mf whamitwdeard noet hyl
(nmeth)acrylate, an acidic salt or quaternary anmoni um
speghifightidhnmethyl anirbégiopy Wagnmehpaceyl ahirdaghandansmitted
di al | yl di met hyl anmoni um chl ori de. Exanpl es of the
lighbsweapunknagtayéhh wespset trchuecdin pkamdagdesslution.
such as nethyl enebi s(acrylam de). Alternatively, a
[0&€6Pbl ymer of the aforementioned cationic nononer and
an ani oni ¢ or nonionic nononer which can be
co- poey FELipad ct RedeWeth vivdyhalsse 136 95 amplesy st does not
Speci fi c_exanpl es_of the anionic nononmer to be co-
substantially dissolve therein and which forms the particles

of the polymer which are added the treatment water is a
copolymer of a cationic monomer having a functional group
such as a primary amine group, a secondary amine group, a
tertiary amine group, a group of an acid-added salt thereof,
or a guaternary ammonium group, and a crosgs-linking agent
monomer for attaining substantially no water solubility.
Specific examples of the cationic monomer include an acidic
salt or quaternary ammonium salt of dimethylaminoethyl
(meth)acrylate, an acidic salt or guaternary ammonium salt of
dimethylaminopropyl (meth)acrylamide, and
diallyldimethylammonium chloride. Examples of the cross-
linking agent monomer include diviyl monomers such as
methylenebis (acrylamide). Alternatively, a copolymer of the
aforementioned cationic¢ monomer and an anionic or nonionic

monomer which can be co-polymerized therewith may also be
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pol ymeri zed include (nmeth)acrylic acid,
2-acryl am do- 2- net hyl propanesul fonic acid, and an
al kali metal salt thereof. The anmount of the anionic
nononmer mnust be small so that the formed copol ynmer
mai ntai ns a cationic property. Exanples of the
noni oni ¢ nononer include (neth)acrylam de, N
enpsapreaby | speyldiicdexaMprethyf( NN dinteniyl naeoyeainicde be co-
acrylonitrile, styrene, and nethyl or ethyl
plnetdy)iacrd | iatedude Thesteh ranorieirs amiyd be 1sed, Ssongidy- or
in conbination of two or nore species. The anmount of
metthey Igrragsarie snkli fivgn iagend i doreonkran sliddelais et Vigyllt thereof.
nmonomer is required to be 0.0001 to 0.1 nolo with
Theespeoint @ft e ciralorainouminaier heistornsemsall Ho aight the
controlling the anount, the swellability and particle
fogimesl (dapodatrerry) mefirtteerpard icdeiomifc gty abEgamples of
pol ynmer can be controlled. Exanples of the comercia
ther edudtorngfc tveomgar timilhate Gwsit sty lzmider N-ncl ude
Accogel C (product of Mtsui Sytec Ltd.).
1 sAprepydtEiorsi hamisgie  ail -oretéch@hgde dies thy I9wshedsniaR),
(product of Mtsubishi Chemcal Co., Ltd.) may also
acEy losdd ras ot he yaremiesuleatcde matdivlalsie efdiyinelmetio acrylates.
particular limtation is inposed on the particle size
TheEet ReNoFws dees hef usesl Sigidlablar pot yebinddvieveqf two or
the mean particle size in reverse-phase emnul sion or
mogies f@eSies - (Shspenauny; of. she rHesAeadAnfangi epensi penomer
in a non-water- swelling state, is preferably 100 m or
SUCEs &8 Fpfd Viretle Memorer @8] negivigad bah&e thd 99 thici%e 1
si ze decreases, the _particles nore effectively adsorb
mod s dhdle FESHST &Rd tthr‘?e tqtade st Rdd Ghe CREiamegst ed

wat er. However, when the 96 particle size is

ThEQUELS B PG, T8 PSRl ¢ RSopiiealadi 11ty and particle

size (in water) of the particles of the swellable polymer can
be controlled. Examples of the commercial product of the
particulate swellable polymer include Accogel C (product of
Mitsui Sytec Ltd.}. Altermatively, an anion-exchange resin
such as WA20 (product of Mitsubishi Chemical Co., Ltd.) may
also be used as the particulate swellable polymer. No
particular limitation is imposed on the particle size of the
particles of the swellable polymer. However, the mean
particle size in reverse-phase emulsion or dispersion
(suspended) ; i.e., the mean particle size in a non-water-
swelling state, is preferably 100 um or less, more preferably,
0.1 to 10 pm. When the particle size decreases, the
particles more effectively adsorb suspended solid and the

like contained in the treated water. However, when the
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is difficult to carry out. [0168] Thus, as nentioned
in Enbodi nent 1, by adding, to treatnent water,
particles of the particulate cationic polymer which
swells in water but does not substantially dissolve
therein, adsorption of a nmenbrane-fouling substance
contained in treatnent water onto the surface of a
pasepiariat isdnee nentersarees gire g sverdilr anes Siepariadiioh ofpddecion
treatment water can be reduced, to thereby suppress
idetidifiigndtt ao icarmntnene separati on performance, as
conpared wth the case where a conventional pol yner
[Ofléddcul ant and an inorganic flocculant are enpl oyed.
[0169] No particular limtation is inposed on the
met ddisof asademigi dred rieatEembdimedrer T heéoy adding, to
af orenenti oned particulate cationic polyner which
tregginenti wanster dautt iddesss mot  tlsubstanitdwdld e disssiahndes
therein. For exanple, the particles as are, water
podiveigar sihdielt saveddfs igr washweer deitphisss emitl siubrstamrtially
di spersion (suspended) thereof nay be added to
dissedive fherngdrer adsprtyl asy, &4 mambresentdul inhatubstance
the treatnment water is subjected to adsorption
coptedneehtin regdmenddiwatar shtchdheparuifadeatasf a separation
swel  abl e polymer to the treatnment water; i.e., the
mepbEaRnTe SUTdde MeghrEals Mepageitiast off tthe Heqpdmend gmter
of the swell|able polymer and undergoes a subsequent
cagy per FFGUCSep FonrdeainPit RAPRAGSE e tiffe membrane
l'ike contalned in the treatnent water is adsorbed by
SePRE AP Predosiiapge 9 RS \WERasIssl peityindhie case where a

conventional polymer flocculant and an inorganic flocculant
are employed.
[0169]

No particular limitation is imposed on the method of
adding to treatment water the aforementioned particulate
cationic polymer which swells in water but does not
substantially dissolve therein. For example, the particles
as are, water dispersion thereof, or reverse-phase emulsion
or dispersion (suspended) thereof may be added to treatment
water. In any case, it is egsential that the treatment water
is subjected to adsorption treatment through addition of the
particulate swellable polymer to the treatment water; i.e.,
the treatment water comes into contact with the particles of
the swellable polymer and undergoes a subsequent stirring
step, whereby the solid suspended and the like contained in

the treatment water is adsorbed by the particles of the
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[0170] Two or nore particulate swell abl e polynmers may
al so be added to the treatnent water. Notably, since
the cationic polymer per se which fornms the particles
swel |l s but does not substantially dissolve in water,
particles of the cationic polymer which swells in
wat er but does not substantially dissolve therein
swaldlabllautoadgmieat. substantially dissolve in water,
differing froma conventional polyner flocculant. The
[oaxmr]essi on "not substantially dissolve in water”
refers to such a water-solubility that the cationic
pol yiver cpamidrd gsariciar et pragelitah e vedBrners may also be
Specifically, the solubility of the particles in
adgadertcatt i) Cricmtalznit witkerg/ LNotabdys. sThee aheurbtdbnic
percent swelling of the particles in water is about
pol@miear alzoutse0hitdhrenrmes i q@amatied dyy ielild gt does not
particle size in water by particle size in a
subpsiragwelallilyy dsitsstod ve (17 WateNex tpare irehegr et fHi@secationic
emul sion formof the particles of cationic polyner
polivitie rberhdedc sinsdd § nrderdidr, Hdowelosrs nidie syimrttamiesl 1y
are not limted to the form The polyner particle
digsgllyieor hiegeiot savegdr tiudulder revhulssibmtaritaldy dissolve in
conventional reverse-phase (WO polyner enul sion.
waltgr7 21 ffieg iney drsa phasavenilisingd contvaiars fllweculant. The
af orenmenti oned cationic polyner, water, a liquid
SXRY§FGE QN RO tafios t anripddiamiis s e dipaditsrgnglefers to
proportions (% by nmass) are as follows: cationic _
SUEH| P teringrdill Lty tday dihse 6P 0g aplvasramarticles

20.to 40 : 20 to 40 : 20 to 40.: 2 to 20. o
can be present in water. Specifically, the solubility of the

particles in water at 30°C is about 0.1 g/L or less. The
amount of percent swelling of the particles in water is about
10 to about 200 times, as calculated by dividing particle
size in water by particle size in a non-swelling state.

[0171]

Next, a reverse-phase emulsion.form of the particles of
cationic polymer will be described in detail. However, the
particles are not limited to the form. The polymer particle
" emulsion is not a particular emulsion, but a conventional
reverse-phase (W/0) polymer emulsion.

[0172]

The reverse-phase emulsion contains the aforementioned
cationic polymer, water, a liguid hydrocarbon, and a
surfactant. The compositional proportions (% by mass) are as

follows: cationic polymer : water : liquid hydrocarbon
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Preferably, the total anmount of the cationic polyner
.and water is adjusted to 40 to 60 mass% w th respect

to the total anount of the cationic polyner, water, a

l'iquid hydrocarbon, and a surfactant. [0173] No

particular limtation is inposed on the liquid

hydr ocar bon, and exanples of the |iquid hydrocarbon
sunfalawdat & iqihaid aid i:qud thydrocardons sach: a8 to 20.

i soparaffine (e.g., isohexane), n-hexane, kerosine,
Praxfe rabigr,altha [toddll MourBx s afativhistirgsichedt and

i nclude C10 to C20 higher aliphatic al coho
waj@lry dey etdiyisereel etcherts tand Chadek G2xh hiegdectf aid \the total

aci d pol yoxyet hyl ene esters, having an HLB

amchydtr eghitlhec datpaphid ipolyaleancejatefr,7 & d ikhi Edamt@sarbon,
of the ethers include alcohol (lauryl alcohol, cetyl
andl eolsolrfacstzedr.yl al cohol, ol eyl al cohol, etc.)
pol yoxyet hyl ene (EO addition (by nole) . = 3 to 10)
[0ét7Bérs. Exanples of the esters include fatty acid
(lauric acid, palmtic acid, stearic acid, oleic
aci do etarti ol aroxiyistiiya teime (O jagrhigedron (e nibla)id
3 to 10) esters. [0175] No particular limtation is
hyidppegatosn el wateigd esf o fprtddudiigy tchdrvdavaresdbghdselude
enul si on. The enul sion may be produced through m Xi ng
alapbatiienild awsso edroicar omarisvght fe  icwmiaod i ips yieerd). |
. and a cross-1linking agent nonomer with water, a
1sphgirdehy dNobexeee, &erosiseg.f asdaminensd &ilowi ng 99
the m xture to polynerize (via enul sion polynerization
[08774]

Examples of the surfactant include C10 to C20 higher
aliphatic alcohol polyoxyethylene ethers and C10 to C22
higher fatty acid polyoxyethylene esters, having an HLB
(hydrophilic lipophilic balance) of 7 to 10. Examples of the
ethers include alcohol (lauryl alcohol, cetyl alcochol,
stearyl alcohol, oleyl alcohol, etc.) polyoxyethylene (EO
addition (by mole) : = 3 to 10) ethers. Examples of the
esters include fatty acid (lauxic acid, palmitic acid,
stearic acid, oleic acid, etc.) polyoxyethylene (EO addition
(by mole) = 3 to 10) esters.

[0175]

No particular limitation is imposed on the method of
producing the reverse-phase emulsion. The emulsion may be
produced through mixing a cationic monomer (for forming the

cationic polymer) and a cross-linking agent monomer with

water, a liquid hydrocarbon, and a surfactant, and allowing
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suspensi on polynerization) . In an alternative nethod,
the nononers are sol ution-polynerized; the produced
polymer is pulverized by nmeans of a honogeni zer or
the like; and the polynmer and a dispersant (e.g.,
surfactant) are added to a |iquid hydrocarbon. [0176]
When the particul ate swellable polyner is added to
tHer edtete Wat eiolvieer ipay t fwalle erfirlef iRl ol Jhesel e d g er
surface area. Therefore, in a preferred manner, the
susgretnisdloes dal vinleer ifxathcaf) .r ever se- phasenafihe @etbbd, the
di spersion (suspended) are added to water under
moglomerisngret Gctlheriehy podause- itdeel ;pattid gdresideedwilymer is
and then the particles in the swelling state are
puddeed ziegl fdye nteeest etz \eherger]iFEL7 Jor Ndhepdritkecul=atd the
[imtation is inposed on the anmount of the
popamient aingt @ sisideatsdamtpdleymer, whirdtadtsradded-d added to a
treatnment water. However, preferably, the amount is
lignijids twdirooaafom. 1 to about 50 nmasss with respect to
t he nmenbrane-fouling substance contained in the
[ot7€édt ment water. [0178] Additionally, a step of
addi ng an inorganic flocculant to treatnment water
(i ndhganitdef [peatulanta tad divs Idalsitee o yamer bies petdeat e
simul taneously with the particulate polyner addition
trepspent wRter .t kdepdeuitdyilsse ppefpred st dianieor dtearge
Through addi tion of an inorganic flocculant serving as
sugfappog&gPant TherefaspendiBdaspriedesregheannre, the
floccul ation of 100 suspended solid or the like is
paﬁpéﬁgpgd}nwﬁg@egprph@fegpg@gse—phase emulsion or dispersion

(suspended) are added to water under stirring, to thereby
cause the particles to swell, and then the particles in the
swelling state are added to the treatment water.

[0177]

No particular limitation is imposed on the amount of
the particulate swellable polymer which is added to treatment
water. However, preferably, the amount is adjusted to about
1 to about 50 mass% with respect to the membrane-fouling
substance contained in the treatment water.

[0178]

Additionally, a step of adding an inorganic flocculant
to treatment water (inorganic flocculant addition step) may
be performed simultaneously with the particulate polymer
addition step or after the particulate polymer addition step.
Through addition of an inorganic flocculant serving as a

flocculant for suspended solid or the like, flocculation of

100



of renoving suspended solid or the Iike is enhanced.
[0179] No particular limtation is inposed on the
inorganic flocculant added to treatnent water in the
af orenenti oned steps, and exanples of the inorganic
flocculant include alumnumsalts such as alum num
sul fate and pol yal um num chloride; and iron salts
suspeindgsl e ahlrd deknd d et edulfliaiebNache effect
particular limtation is inposed on the anmount of
ofi nemgariirey fdegendan saddell dro dHeeat RNt svadrttanodd ch
may be adjusted in accordance with the quality of the
[otr7esdt mrent water. The amount is about 0.5 to about 10
ng/L as reduced to alum numor iron with respect to
t he Nenpuantt iofu tarredt ineitta t et ers  Miersqad| oral thg Nl rganic
chloride (PAC) is used as an inorganic floccul ant,
flangutlke tplddofed e ttresttmentt watterr tion tMd @fdrementioned
particul ate swel | abl e pol ymer and an i norganic
s tiejpec ¢ aindn texaepd dseerf  ddhate dricsr gaadlj s tfaeb da Iabrguti rhe ideo
about 7.0, flocculation is nost favorably occurs.
aljupioin sAfltter scovplast isdmmdfnuh esyidiattiec wnat eoqplotaime i num
addition step, the thus-treated water is stirred
chilomiidei;ngrst égpn saidselppcdusise fdedisoldhd canidie eand iflegrrous
are conpletely adsorbed by particles of the swellable
suddlegrer , Nooparhgctilatclinitstobn theimpopedded &bki dmount
and the |ike. According to the menbrane separation
ofnefREgasf ct Hd opcaidemt iasigast iten tresitmeng waiter i vhirh may
seconds or shorter. No particular limtation is
bej gpdvededoAnt RecFwaNds Hitthotthenausdiityi mf ttihee trggtment
long as the 101 target floccul ant can be forned. The
wa§§g}riﬁ5et@m@up§’1§ogbout 0.5 to about 10 mg/L as reduced

to aluminum or iron with respect to the amount of treatment
water. When polyaluminum chloride (PAC) is used as an
inorganic flocculant, and the pH of the treatment water to
which a particulate swellable polymer and an inorganic
flocculant have been added is adjusted to about 5.0 to about
7.0, flocculation is most favorably occurs.

f0180]

After completion of the particulate polymer addition
step, the thus-treated water is stirred (stirring step),
whereby suspended solid and the like are completely adsorbed
by particles of the swellable polymer, forming flocculates of
the suspended solid and the like. According to the membrane
separation method of the present invention, stirring time is
10 seconds or shorter. No particular limitation is imposed

on the lower limit of the stirring time, so long as the
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exanple, 0.1 to 10 seconds, preferably 1 to 5 seconds.
[0181] In the present invention, sufficient
flocculation can be attained through stirring for a
period of time of 10 seconds or shorter, to thereby
formcoarse and solid floccul ates, possibly because
the particulate cationic polynmer which swells in
tawatedr flurtc cddes:thatars Wes tfanieal | y Thei ssakvénthedaeniandfor
which is added in the particulate polyner addition
exstmgl er,api.dl ycadorde causizengac fsaladld vand to 5 seconds.
menbr ane-foul i ng substances so as to rapidly form
[Ofusddcul ates. Therefore, in the subsequent nenbrane
separation step, breakthrough of flocculates is
pr eventtdu rarectsesus pigncett isel i dyuf meniwreneEfardulegrion can
substances, etc. can be renoved as floccul ates. Thus,
bec lagda inedattdd ongthe s tiergng |fow taureirdicddy ofvatiers) afano
be obtained. [0182] As described above, since the
sesondsi 9y shetiey ,agostidnetrebgs fOms evonds, aedersodlieh a
line m xer (pipe mxer) is enployed as a stirrer, the
fliogsudialtgsi, o possdd livh degafusies theo peatdtinlelty sedlilonic
whereby a small-scal e nenbrane separation apparatus
podanepe whdghi swe¢llacdor diatgn dusd dogsodot molhsdiang ially
,adding to treatnment water an inorganic flocculant and
digsgdvgnehefredsc ananthist dsi aglderde inr ddtenirr isrdatso
as to adsorb suspended solid or the |ike contained
PolBee Adeatdon RéSPnsrpanily Pdseall shepsnderke solie ang
thereby form floccul ates of the suspended solid or
mefRE apeké CUadARI1 FIPSEBEEGE SO Y SpéPf sRRiRG YndpBiladd occulates.

separation, such floccul ates ,
Therefore, in the subsequent membrane separation step,

breakthrough of flocculates is prevented, and suspended solid,
membrane-fouling substances, etc. can be removed as
flocculates. Thus, clear treated water (e.g., low-turbidity
water) can be obtained.

[0182]

As described above, since the stirring time is as short
as 10 seconds, even when a line mixer {(pipe mixer) is
employed as a stirrer, the installation area thereof is
comparatively small, whereby a small-scale membrane
separation apparatus can be realized. According to a method
"including adding to treatment water an inorganic flocculant
and a polymer flocculant; stirring the treatment water so as
to adsorb suspended solid or the like contained therein onto
the inorganic flocculant or the like, to thereby form

flocculates of the suspended scolid or the like; and
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must be coarse and solid in order to produce clear
treated water. In addition, coarseness and solidness
of a flocculate are greatly affected by the stirring
time and intensity after addition of an inorganic
flocculant and the |ike. For exanple, when the
stirring tinme is short, flocculation of the suspended
sudEdotheand vt pedfdeeniingy imdsitiiared edpadaailomg sueH @lBcculates
coarse flocculates. In addition, due to poor
musal ignessrdchand aolEd filendeat e gamhicdheleapt Wwretted
in the subsequent solid-liquid separation step.
waTler.ef Gneadtiheibneatedrwahess badnebvldébeassdu€ toflocculate
remai ni ng suspended solid and the like therein, and
arehgreertiyare fies tedove el Galilvy ifroultdthe Bord iexamdiey after
when treatnment water contains a nenbrane-fouling
adsiibtstcened sunc Hnas ganbiunifd caciud-acantzaidhithg drigani cFor
substance, a fulvic acid-containing organic
exempdEane@erothe Isitdr megalidet d ssudivrdas Sigarcudraadiecedf the
by al gae, etc., or a synthetic chem cal such as a
suspehaedasel isuffidc itémet 1 ifkeodeuliamtsiudif lics emdt, iatidiimed to form
| eading to fouling of the nenbrane, which is
coggrsi dérgisylagesbl epat #ddiThenef dne, tbopoopr edlitiingss, the
clear treated water, stirring is generally perforned
foxen fhaccaleregalcaanet 360 ce@Eumechiighdhe submeimionsd
by stirring for about 5 to about 15 mnutes. In the
sodade lvHeie geppraticrestiey -enphoyedorer therkragted water
. long-time stirring requires installation of a long
lS|Pﬁg FiLgar, iR &R TrERAS1NFe susPERdes ised igk éad the like
problematically large. In contrast, according to the
theredant apfv EREI BRNOLEPE dSeREOPLEBGEGCAtlLYN fodd efe For
attained by a stirring tinme of 10 seconds 103 or .
SXERBrl-er WNEH LHEPEBF toMRLEEaroEtadasSsd Persasytaradng

substance such as a humic acid-containing organic substance,
a fulvic acid-containing organic substance, or a bio-
metabolite such as sugar produced by algae, etc., or a
synthetic chemical such as a surfactant, sufficient
flocculation is not attained, leading to fouling of the
membrane, which is considerably problematic. Therefore, for
producing clear treated water, stirring is generally
performed such that a GT value of 300,000 or higher is
attained by stirring for about 5 to about 15 minutes. In the
case where a line mixer is employed for stirring, long-time
stirring requires installation of a long line mixer, which
makes the installation area problematically large. 1In
contrast, according to the present invention, sufficient

flocculation can be attained by a stirring time of 10 seconds
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Therefore, even when a line mxer or a simlar mxer
is enployed, a snmall-scale water treatnent apparatus
can be realized. [0183] In addition to the
aforementioned line mxer, exanples of the stirrer
i nclude a vortex punp. There are enployed sone
conventi onal nenbrane separation nethods enploying a
o1 igi®rieer toMgrertdts; fAdrl idudddmand sJlord  fld®eallates.
treated water having a turbidity of, for exanple, 0.0
THerf i@ cavent wHe ebtldimeduixEiator & Lincidraie s -afr tihe
treated water and short tine stirring are not
engl Impetdgneo usiayl Isatdadlfd et O 8HatmBra paymmEiters "d@h be
value,”™ which is an index for stirring intensity in
relid zstd.rring step, is preferably 100,000 to 300, 000.
The GI value is defined by the following. [0185] GT
[ods#l2de: product of G value and T value G value: a
square root of (percent energy consunption of stirrer
bl ades 8W.i(Erayl BBy dfdnamsuosidnedfl et eriler urddamples
. 5-" (1/sec) (i.e., (EQ)1/z) T value: stirring tine
of( &) st[igr’s] ineliude caseniiser @ump .i nThgari ere employed
flocculant addition step is perfornmed before or after
sopige ceamengdlomed pemprenes ddinairat 1ogt epthodst ismpblnying a
step may be perforned thereafter. The stirring step
liper igpead atesy thise sitdgrgag ¢ iMeodeulsdert 104 eaddittiesrted
step may be the sanme as descri bed above.
water having a turbidity of, for example, 0.0 to 1.0° cannot

be obtained. That is, clearness of the treated water and
short time stirring are not simultaneously satisfied.
[0184]

The parameter "GT value," which is an index for
stirring intensity in the stirring step, is preferably
100,000 to 300,000. The GT value is defined by the following.
[0185]
GT value: product of G value and T value

G value: a square root of (percent energy consumption of

stirrer blades g, (erag/cm’-sec))/(viscosity of water pn)
unit: 8 ' (1/sec) (i.e., (g5/p)*?)
T value: stirring time (sec)
[0186]

In the case where an inorganic flocculant addition step
is performed before or after the particulate polymer addition

step, a stirring step may be performed thereafter. The

stirring step performed after the inorganic flocculant
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[0187] After conpletion of the stirring step, the
treated water is subjected to nenbrane separation
(menbrane separation step). No particular limtation
is inmposed on the nenbrane separation nmeans, so |ong
as it can renove, from treatnment water, floccul ates
of suspended solid, etc. generated in the stirring
adalitf.orEsEy efofbd deydang REYOMRd idbdhe,
menbrane separation include mcro-filtration nenbrane
[ol%menbrane), ultra-filtration menbrane (UF
menbrane), nano-filtration nenbrane (NF nenbrane), and
I ev ey e 10 I 1S iRt ream e HRG therbiantep A Sha ol @ d e
of these nenbranes may be used singly in a plurality
watfe rs tiag esibj edltleel nat imetlrar® Rlapaatddionf (Memesref
menbranes may be conbined. In one enbodi nent,
seposattient swapdr. | Nosphiedtallarolifmtrhtane sepamgbsed on the
by nmeans of an MF nenbrane or OF nenbrane, and the
mefrirsaier eapadawdtcer mesrfayr tdhe i csupjaactied dam mentanane from
separation by neans of an RO nenbrane. |n nmenbrane
treapmeatti eatetrhe fileattemne swatfe suapeaemnded railsitd,i altc.
water, city water, well water, or biologically
genegated vwat ¢he gdrendngy stegnt aEramplesnbifahbefl nanbngne

subst ance such as a hum c acid- containing organic
empdbyednde, thef mewberane depenpdiimmdgnadngenindcro-£filtration
substance, a bi o-netabol.ite such as sugar produced by
negbgaae dME. mempbrangynt héttire -dhidiriredli oguclemigrame (UF
surfactant. Therefore, when such treatnment water is
negipspast ed npaondidtans ioze pemdricoe, (Ahineavrecain@ll,i mgpd
substances are adsorbed on the surface of the
reERBEEy EGREAEr BFELTRAS]I (RS Meprabiedrat Acsingle type of
deterioration in menbrane separation performance.
thpﬁ@em@ppranes may be used singly in a plurality of stages.
Alternatively, a plurality of types of membranes may be
combined. In one embodiment, treatment water is subjected to
membrane separation by means of an MF membrane or UF membrane,
and the thus-treated water is further subjected to membrane
separation by means of an RO membrane. In membrane
separation, the treatment water (e.g., industrial water, city
water, well water, or biologically treated water) generally
contains a membrane-fouling substance such as a humic acid-
containing organic substance, a fulvic acid-containing
organic substance, a bio-metabolite such as sugar produced by
algae, etc., or a synthetic chemical such as a surfactant.
Therefore, when such treatment water is subjected to membrane

separation, membrane-fouling substances are adsorbed on the

surface of the employed membrane, leading to problematic
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in the present invention, since the particles of a

swel l able polynmer are added to treatnent water before

nmenbr ane separati on, menbrane-fouling substances are

adsorbed by the particles to thereby form

floccul ates, and nenbrane separation is perforned

after flocculation. Therefore, treatnent water
deatiaimgigra irDWdn@einedi Sqd vadh @ gadt Formathsd aneRwever,

such as a bio-netabolite serving as a nenbrane-

id aiHd noresishsd angeradine SiHyeaed go-IRMEansf a swellable
separation, whereby adsorption of nenbrane-fouling

pcsliyhriranaes il tde t retuane wat de bRtk e anthbrane
deterioration in nmenbrane separation performance is

segiptasss d melibtsines feail inceah etk tiefs e RRisorbed by the
consistently obtained. [0188] Before or after

parerierlaze teepateatdion, f e d jpdatliatys, dHissolamgiaid
flotation, filtration, etc. may be carried out. In

s e tpicratiiso pearf adimesd lafirdbrai il dd catlatt iom . pTakeedbly,,
the pHof the treated water is adjusted with caustic

trsedaens] alegedr |domgaisulfourel dacildvedt clissafliverd organic
addition of an inorganic flocculant and the |ike, and

sufdsfainiog, ssudperded nwt-ertsikayle tof |smooulrgt eds i tfendorane -
organi c polyner flocculant. If required, an organic

fosddgg amntsraydse aagedd rsudgieyiteat iton meNdbraper tdepdm@tion,
limtation is inposed on the organic coagul ant, and

whetsmy esisoiptdon ofc medereats diaud ioygyanilstpalgameranto the
generally enployed in water treatnent (nmenbrane

megkEangt iienredugssci fingd dedeplieyaticirude membrane separation
pol yet hyl enei mi ne, ethyl enedi am ne- epichl orohydrin

PegdloyEeRgend & SLrpsIOpaeidy| eRllpel yaRRrRetrapgedopater can be
polynmers fornmed froma nononer (e.g.

cogisdPLerdilae PRFPARPShI um
[0188]

Before or after membrane separation, precipitation,
dissolved-air flotation, filtration, etec. may be carried out.
In precipitation or dissolved-air flotation, preferably, the
PH of the treated water is adjusted with caustic soda, slaked
lime, sulfuric acid, etc., after addition of an inorganic
flocculant and the like, and finally, suspended matterg are
flocculated with an organic polymer flocculant. If required,
an organic coagulant may be used in combination. No
particular limitation is imposed on the organic coagulant,
and examples thereof include cationic organic polymers
generally employed in water treatment (membrane separation).
Specific examples include polyethyleneimine, ethylenediamine-

epichlorohydrin polycondensate, polyalkylene-polyamine, and
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chloride or a quaternary ammoni um salt of
di met hyl am noethyl (nmeth)acrylate). No particul ar
l[imtation is inposed on the anount of the organic
coagul ant added to treatnment water, and the anmount
may be adjusted in accordance with the quality of the
treatnment water. Generally, the anount is about 0.01
pdlgmeaizo forkle M Fron( SOhichaeH e /gt efial INOL D Bkl sAmon i um
[imtation is inposed on the type of the organic
chileinimer odf lkoegultaninargndnintesangenaraldy S ket ihoethyl
wat er treatnent nmay be used. Exanples of the pol yner
(mieltdn) eutrgntatiencl ude paptobutaer gantieapobymes imposed on the
floccul ants such as poly(nmeth)acrylic acid,
amonmtth odc thlel orgeird o rekhjdent ariddel cepalna@imerad kltder, and
nmetal salts thereof; nonionic organic polyner
thiel ecouhnantmay dechdguspeldy (reth)aaddrans detanthe quality of
cationic organic polyner flocculants such
theotmrpaltyeelts waf.ex .caGenaralipnonhe éeogni is about 0.01 to
di net hyl am noet hyl (neth)acrylate or a quaternary
abgmiroAidumg /$al(soflher eohtent /dianety.| anNaopaopytulaxr
(et h)acrylam de or a quaternary anmoni um salt
liphérpedby, iandmpopeldy wer shef tiyire ofattihenicegamicmeo lamer
an noni oni ¢ nononer which can be co- polynerized
flphenéanth. aNd phesiec geae reildiyt &pdevies! iimposedr anrashament
anmount of organic polynmer flocculant added to
mayr bgt ket . waktxamnp hed ¢hetheovpatymay bécadplsnedinnlude
accordance wth the quality of the treatnment water.
angepéfalPkganierodigit filocadants. GLcto agb el videryy) ecrylic
(solid content/water). [0189] After menbrane
acddpalBerBnacyyidni 2aidodneshy acriydamisec kopgdymesy lBdkali
further perforned, whereby pure water or 107
megplr gaphFetiigrericancpéoBbarFeania o lymen Hdpcculants

sugﬁrggigg&§?geth)acrylamide; and cationic organic polymer
flocculants such homopolymers of a cationic monomer (e.qg.,
dimethylaminoethyl (meth)acrylate or a quaternary ammonium
salt thereof, or dimethylaminopropyl (meth)acrylamide or a
guaternary ammonium salt thereof), and copolymers of the
cationic monomer and an nonionic monomer which can be co-
polymerized therewith. No particular limitation is imposed
on the amount of organic polymer flocculant added to
treatment water, and the amount may be adjusted in accordance
with the guality of the treatment water. Cenerally, the
amount is about 0.01 to about 10 mg/L (solid content/water).
[0189]

After membrane separation, deionization (e.g., ion

exchange) may be further performed, whereby pure water or
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such as decarbonation or activated-carbon-treatnment
may be perfornmed. [0190] |If required, additives such
as a coagulant, a sterilizer, a deodorant, a
def oami ng agent, and an anti- corrosive nay be used.
Al'so, if required, UV-radi ation nmeans, ozonization
nmeans, bi ol ogical -treatnent neans, etc. may be
uletpl-gyee wWa@tdH car bedeifi-ibre abayeo,t BL2¥EABr purification
enpl oynent of the nenbrane separation nethod of the
suichy et idedarpospended c50lict iard dh@addde G RRNt may be
sufficiently floccul ated, although stirring is
pepepfiraeded for 10 seconds or shorter in floccul ation
treatnment of treatnent water at a | ow GI val ue of,
[oheolexanpl e, about 100,000 to 300, 000. Therefore,
clear treated water containing small anmounts of
suspéndedndaled) amditthierdd kaidiams ke abiqined t iy ough
solid-liquid separation. In addition, by virtue of a
stelmrdit zet, r i Agotivranteven defeand i Beafitsefarnds an anti -
enpl oyed as a stirrer, the installation area is
coropparet magl e suweld., Mbsoeby fareamliesialy-redizaien means,
separation apparatus can be attai ned. Furthernore,
ozehnegetienbmenesf oblbhggisalstaeatmetan Meansyf kitei.emaly be
floccul ated, deterioration in separation performnce
empfloyhé. menbr ane enpl oyed i n nmenbrane separation
(solid-liquid separation) can be suppressed, whereby
[O¢P&ar treated water can be obtained consistently.

[0192] 108 FIG 5 is a systemdiagram of an exenpl ary
nenbfafescribed above, through employment of the membrane

separation method of the invention, suspended solid and the
like can be sufficiently flocculated, although stirring is
performed for 10 seconds or shorter in flocculation treatment
of treatment water at a low GT value of, for example, about
100,000 to 300,000. Therefeore, clear treated water
containing small amounts of suspended solid and the like can
be obtained through solid-liquid separation. In addition, by
virtue of a short stirring time, even when a line mixer is
employed as a stirrer, the installation area is comparatively
small, whereby a small-scale membrane separation apparatus
can be attained. Furthermore, since membrane-fouling
substances can be sufficiently flocculated, deterioration in
separation performance of the membrane employed in membrane
separation (solid-liquid separation) can be suppressed,
whereby clear treated water can be obtained consistently.

[0192]
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separation apparatus enpl oyi ng the menbrane separation
met hod according to the present invention. As shown
in FIG 5, a nenbrane separation apparatus 301
i ncludes raw water tank 311 for storing (raw water);
a punp for feeding the treatnent water;
i norgani c-fl occul ant-introduction neans 313 (e.g., a
pummprd.on ikl EOGYCIHRG lddiehiAT G laetid ity siiRdine
in an inorganic flocculant tank 312;
sepattitd bhatepawaklablkeppoky gl + hieh et Gline0 R <MRaRS i3k method
(e.g., a punp) for introducing a particulate
acswnellialhl eopehgnpireskatednivena ipar.t i 88l shewnswe! Fables, a
pol ymer tank 314 to the treatnent water; and a line
menbxene3i6phontibhr ebpgrafeswaber ihelwdesh rabe water tank 311
inorganic flocculant and the particul ate swell abl e
fopokypeinhagrbeenatadieda pomphépebyfekldongultaice treatment
suspended solid and the like. In the downstream side
wabért hénbirgenticx i odt6lanandntirbination meaass 3321 (@and., a
menbr ane separation nmeans 322 having an MF nenbrane
puape $eguéntiratihyidpgsposedorganie dilbectilantoktwaker in an
passage. The raw water tank 311, the |ine m xer 316,
inphgangsanfilbctulantohanppaiat upad2icudadetbeeidabilanpolymer -
separation neans 322 are sequentially connected by
infsadscbfiopi pesnsadds thegline puxe) 306 intchrodesiag a
pi pe having the sane dianmeter as that of the pipe for
prarhicgdatengvel babhenpolsmer, sandedstinr pi pgrisisudste
di sposed in the pipe of the line mxer 316. [0193] In
swehbahbabpahensEphpbki sh4appatheusreotmentemaent and a line
water (raw water) (e.g., industrial water, city water,
mijer| 3loafer, SELvEINGatEe, WRERE KAt whichr theddoprganic
waste water) is 109 introduced to the raw tank 311.
flqﬁgﬁ}apﬁea@@egpﬁeﬁ@rgépg;ate swellable polymer has been

added, to thereby flocculate suspended solid and the like.
In the downstream side of the line mixer 316, sand filtration
means 321 and membrane separation means 322 having an MF
membrane are sequentially disposed in the direction of water
passage. The raw water tank 311, the line mixer 316, the
sand filtration apparatus 321, and the membrane separation
meang 322 are sequentially connected by means of pipes, and
the line mixer 316 includes a pipe having the same diameter
as that of the pipe for introducing treatment water, and
stirring blades disposed in the pipe of the line mixer 316.
[0193]

In the membrane separation apparatus 301, treatment
water (raw water) (e.g., industrial water, city water, well

water, river water, lake water, or industrial waste water) is
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stored in the raw water tank 311 is fed to the line

m xer 316 by neans of a punp. Into the pipe through
which the water fed to the |line m xer 316 passes, the
i norganic flocculant stored in the inorganic
flocculant tank 312 is injected by neans of the

i norgani c-fl occul ant-introduction neans 313, whereby

intieddeet Warhd yaddedhd atihe trheat Ak Wak8kment water
Subsequently, into the pipe through which the water

stie@d dn the lHaie wivesr 3k passes fde RAHL Ul e mixer 316
swel | abl e polyner stored in the particulate swellable

bypaleyiBy dfark pdind.i SIntdj eakbegipy BB2BSgaf whheh the water
parti cul at e-swel | abl e- pol ynmer- i ntroducti on neans 315,

fasherehhet Nenpoimer pard ilesfr e haaddrd dan the&Elocculant
treatnment water. Then, the water to which the

stiorexgdmi ¢Hel daouiganti cafd ddee Jpard iccukatza swel liablee:ted by
pol ymer have been added is stirred by neans of the

melinse ofi xée 3hérbenicafdicdhlhrite ialowdaubd isecardshs 313,
Through this procedure, suspended solid and

wheseibyanéel dlloicoglaumts tianeerlechttcaitied treatitet water.
treatnment water are floccul ated through adsorption by

Subisegqusiliyabliatpoltyee pipar ttihclceghandh itdhe theomgarsc fed to
flocculant. The thus-treated water in which

thel ddvel atigserhdvé peescsor mbe pas tiilverl asgbjsectlddiitle polymer
menbr ane separati on by neans of the sand filtration

steweds 182theapdrivdrblate sepdilabilen prdaner322nkhadidng s
an MF nenbrane, to thereby renove the floccul ates,

ingretely byl mganer o4t sdewppatt licsi lalbeaiswed 1 a9 4jo] yimer -

_ this enbodi ment, suspended solid and the |ike can be

inggpuetapn pepngcédbat @lerebyhsligh pollivmeimpairsicles are
performed for 110 10 seconds or shorter in .

adflipdc £Ql APPofTERERERENWASETL.r eBi@BNt the water to which the

inorganic flocculant and the particulate swellable polymer
have been added is stirred by means of the line mixer 316 for
about 0.1 to about 10 seconds. Through this procedure,
suspended solid and membrane-fouling substances contained in
the treatment water are flocculated through adsorption by the
swellable polymer particles and the inorganic flocculant.
The thus-treated water in which flocculates have been formed
is then subjected to membrane separation by means of the sand
filtration means 321, and membrane separation means 322
having an MF membrane, to thereby remove the flocculates,
whereby clear treated water is obtained.
[G194]

In this embodiment, suspended solid and the like can be

sufficiently flocculated, although stirring is performed for
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water. Therefore, clear treated water containing snal
anounts of suspended solid and the |ike can be
obtai ned through solid-liquid separation. In
addition, by virtue of a short stirring tine, the
short-line line mxer 316 can be enployed as a
stirrer, whereby the dinensions of the nmenbrane
1 epar@idoroBplasadars 301f teutliea t Bsh etk a ik thes fTof €sa tment
since nmenbrane-fouling substances can be sufficiently
wdtlaacculrabed fordet eniearatireaticd S@patattiont sperher Fiaqe
of the MF nenbrane can be suppressed, whereby clear
antoast e b Wwaheparatedesolohl adm@d teorsilsd ardn Yoe [0 ned
In the nenbrane separation apparatus shown in FIG 5,
t Hrorgda rd od-ifd -dcieyd iah tsdpit raodiiet | onnmedidd t353 , Was virtue of a
di sposed on the upstream side of the
shuartt | sl zatierss vielindeg b terep cdhyonretr ~1 A rlqichee tu e 1R &b .be
However, the inorganic-flocculant- introduction neans
en@lidvies] mat anedessaEn | wiprmabyadie aiiddiesions of the membrane
i norgani c-fl occul ant-introduction neans 313 may be
seisgiposiath agppaded wo Vst reeamiss deedafeddhe Furthermore, since
parti cul at e- swel | abl e- pol ynmer- introducti on neans 315.
mepfraneatiordliyng tshdogiamndesuleatre-be sufficiently flocculated,
swel | abl e- pol yner-introducti on neans 315 may al so
ded@ni®rad iahd N mepgastc-dy eenfiemmanias rafludts MF mesmisrane
313. In this enbodi ment, the line m xer 316 was
Cagnpleo Fepras ssedst ivhegiebib il eatottinaatstd wadres sin & a
vortex punp may al so be enployed. Furthernore, an M
ohfErpesh € oRgs séigpitdyred as the menbrane separation
means 322. However, a UF nenbrane, RO nenbrane, NF
[OF&%r ane, etc. may also alternatively enployed. 111 [O

196
]In the membrane separation apparatus shown in FIG. 5,

inorganic-flocculant-introduction means 313 was disposed on
the upstream side of the particulate-swellable-polymer-
introduction means 315. However, the inorganic-flocculant-
introduction means 313 is not necessarily provided, or the
inorganic-flocculant-introduction means 313 may be disposed
on the downstream side of the particulate-swellable-polymer-
introduction means 315. Alternatively, the particulate-
swellable-polymer-introduction means 315 may also serve as
the inorganic-flocculant-introduction means 313.

In this embodiment, the line mixer 316 was employed as
a stirrer, but another stirrer such as a vortex pump may also
be employed. Furthermore, an MF membrane was employed as the
membrane separation means 322. However, a UF membrane, RO

membrane, NF membrane, etc. may also alternatively emplovyed.
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The above-recited enbodi nent of the present invention
W Il next be described in nore detail by way of
Exanpl es and Conparati ve Exanpl es. However, these
exanpl es are not construed as limting the invention
thereto. Exanple 4-1 Industrial water containing hunus
and bio-netabolites was enployed as treatnent water
[oury water) . The sanples thereof had a turbidity (as
measured through transmtted |ight nmeasurement with

respatie bowrcka@dintest antbdd neeltuidfonhe @reédehit Anvention
10. 80, and an absorbance neasured at 260 nm ( E260:
wiilnderexftorbeo Idganivd et tier neorc eldy=all oy wefy GflFkadnbles and
0.300 was treated for 19 days by neans of the
Comprir=arieres épangtlicen Hpparvatrysthbewnekamples hret et
menbr ane separation apparatus including a raw water
coratkcuedl laisnd imbtdmg Sdred ifvermtatdronhayeans, and
menbr ane separati on neans having an MF nmenbrane (0.45
Exgmpiede -df cel | ul ose acetate). To the pipe disposed
on the upstreamside of the |ine m xer, polyal um num
chl diriddes t (iRPACwaded: aqueratiirciulcatteinswe ldrab kel polatraarolites
(Accogel C, product of Mtsui Sytec Ltd.) were
wasegu@doved psi tneeduead. witer dmeontwagferadde@hPAGamaies
adjusted to 30 ng/L with respect to each treatnent
thggeof dadpke tuzivd difty dmsumeastiredd et racgigdranGmidased
adjusted to 4 ng/L wth respect to each treatnent
lighte measygsentExdit respesit twatekasdnipl & taaslagtd soddition)
by neans of the line mxer for 4 seconds at a GI
ofval.§etof 12087 00ANd[ aM97Fbsorhahbe weasseedf atheédahmr (E260:
, treatnent for 19 days, the 112 TOC concentration and
infigrpif@irt PrepndscAakaesr CORGENETRlkiioR) of 0.157 to 0.300 was

treated for 19 days by means of the membrane separation
apparatus shown in FIG. 5, the membrane separation apparatus
including a raw water tank, a line mixer, sand filtration
meang, and membrane separation means having an MF membrane
(0.45 um, made of cellulose acetate). To the pipe disposed
on the upstream side of the line mixer, polyaluminum chloride
(PAC) and a particulate swellable polymer (Accogel C, product
of Mitsuil Sytec Ltd.) were sequentially introduced. The
amount of added PAC was adjusted to 30 mg/L with respect to
each treatment water sample, and the amount of added Accogel
C was adjusted to 4 mg/L with respect to each treatment water
sample. Each treatment water sample was stirred by means of
the line mixer for 4 seconds at a GT value of 200,000.

f0197]

In the course of the water treatment for 19 days, the
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had undergone sand filtration were determ ned. The MF
value of the water sanple which had under gone
treatment with an MF nenbrane was al so det erm ned.
The results are shown in Table 5. TOC concentration
was determ ned through wet-format oxide infrared
absorption, and turbidity was determ ned through
TOC asiddrieeh t i Gt ani@asurei@Mty Wt he s €8 PRSt e f Os @k B! i ch
.standard sol ution. MFF val ue was determ ned through

hddeundotdavé Ngal OEETIF £ 1 SPefd Fé Cadt yrmBREH. WAl MFF value
sanple was filtered by neans of a Buchner funnel

of ctherwaliarmeiatipDé wipbER diad eghdd edene 40rdanrmdet Jftc0fan MF
filtration portion: 100 mm) enploying a nenbrane

mdnibtate (W3 |dpes elefsihmimé®r : The PBsulMCOROISHZEN Table
0.45 m such that the filtration portion on the

5 perroar avedepltate \was ween detisous ned iddrethgh ttwaHemat oxide
The time required for recovering 500 nL of filtrate

i fifaxesk@Ysormnicbn hearid neurletii tre dvd Ordétesonaied ot hrough
1,000 nL of filtrate (T2 (sec)) were neasured. The

t iRV esd df ighite rssplewast wittlc wtedmebtbytd he kaolin
following formula. The | ower the MFF value, the

starglamet gdileittiragat mAE watlere saspldeter@diagld thEdlugh the

MFF=(T2-TlI)/T1 [0199] Exanple 4-2 The procedure of
fawing prioagedirepedped,i fdxedily,t kach waeeET svaiple ofs

the stirrer was nodified to 10,000 to 113 1, 000, 00O.
fil epethpiise meamis tdfe &G Bathremairoonist Gnttigr sttaneter of

20,000, while the stirring tinme was varied. FIG 6 is
pexforated plate: 40 mm, height of filtration portion: 100
mm) employing a membrane filter (Millipore) (diameter: 47 mm,
micropore size: 0.45 pm) such that the filtration portion on
the perforated plate was continuously filled with water. The
time required for recovering 500 mL of filtrate (Tl (sec)),
and the time required for recovering 1,000 mL of filtfate (T2
{sec)) were measured. The MFF value of the sample was
calculated by the following formula. The lower the MFF value,
the clearer the treatment water sample.
[0198]
[F3]

MFF={(T2-T1)/T1

[0199]
Example 4-2
The procedure of Example 4-1 was repeated, except that

the GT value of the stirrer was modified to 10,000 to

113



graph showi ng the plots of nean MFF val ues versus GI
val ues. [0200] Conparative Exanple 4-1 The procedure
of Exanple 4-1 was repeated, except that Accogel C
~was not added. [0201] Conparative Exanple 4-2 The
procedure of Exanple 4-1 was repeated, except that a
menbr ane separation apparatus including a floccul ation

11 @0k, 0@gUi PRedwnidl @ 41d | riale WRSyLITR aves disdeatt Bf set to
the line mxer. I'n Conparative Exanple 4-2, the

26 y &ad Vel 1 Vet €he WaSi r 8L hE T €dmé NwhBeviLoequl atidn 4 ank 5
for 800 seconds at a GI' val ue of 800, 000. Due to the

gxhsip oSieshy f h@ cield ap 1 ©Ps t 8P kmedheMFF Ne4 alibat vOPsaE €8T 0fa1ues .
t he nenbrane separation apparatus was doubled or

[omy@l [0202] The results are as follows. In Exanple
4-1, the TOC concentration and turbidity of each

Combratstrgpl BxaTd Had undergone sand filtration were
mai ntai ned at low | evels, confirm ng that suspended

sol i Thavasrcoasiuse ent | gxandleel i ablys Fepeavbal edxbypt that
swel | abl e polyner particles. [0203] 1In addition, in
Adexaral eC dvds nde AMidedal ue of each water sanple which
had undergone treatnent with an MF nenbrane was
(@B it ai ned at a |ow | evel, confirm ng that clear 114
treated water was consistently obtained. Notably, no
Camd ¥ atgl vencBxalgs bz vee2 on t he MF nenbrane even after
wat er passage for

The procedure of Example 4-1 was repeated, except that
a membrane separation apparatus including a flocculation tank
equipped with a stirrer was employed instead of the line
mixer. In Comparative Example 4-2, the treatment water was
stirred in the flocculation tank for 800 seconds at a GT
value of 800,000. Due to the disposed flocculation tank, the
installation area of the membrane separation apparatus was
doubled or more.

[0202]

The results are as follows. In Example 4-1, the TOC
concentration and turbidity of each water sample which had
undergone sand filtration were maintained at low levels,
confirming that suspended solid was consistently and reliably
flocculated by swellable polymer particles.

[0203]
In addition, in Example 4-1, the MFF value of each

water sample which had undergone treatment with an MF

membrane was maintained at a low level, confirming that clear
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19 days. [0204] In Exanple 4-1, the treated water was
found to have a TOC concentration, turbidity, and MF
val ue which are al nost equivalent to those obtained
in Conparative Exanple 4-2, enploying a |onger
stirring time and a higher GI value. Therefore, in
Exanpl e 4-1, suspended solid and the |like were found

ticatbed swiieei wag | yoht oseshal pdosyeindy . a idly, no fouling
stirring tinme. The phenonenon i s supported by the

w@ afibsd1vdd @n 6t he [ 132 0bdmbRa8ONEVESt o F EOAPRE BEF VBassage for
Exanple 4-1, in which no particulate swell able

ipaiayer was added, the TOC concentration and
turbidity of the water sanples after sand filtration
[omr4] consi derably high as conpared with Exanple 4- 1,
and the MFF value of the water sanples which had
undeIgomeamphe 4reat okat tnesbeanwdfefiensapsun@stbnhave a
some cases higher as conpared with Exanple 4-1
TORh eraaf aerre;; ragttesn nocyelst d Ty At @nd sl | @bl e peh e aidSalmost
added to water, flocculation of suspended solid and
equiierd idkes tthr cughsstebtrainged an A ewcarwisi vat Exafdl & ad v&,
of 200,000 was insufficient, confirmng that, clear
enplagtiod watlerngannst ibel mpt aimedcdnsilst@mn t yoaf telue.
the M nenbrane treatnent. In addition, the M
Thesraficue vias Exfawbletl. 4 { D208])spgiiddd esd]id IdndExth€ohike were
Ex. Conp. Ex. 4-1 4-1 4-2
found to be sufficiently flocculated even by a short stirring
time. The phenomenon is supported by the graph in FIG. 6.
[0205]

In contrast, Comparative Example 4-1, in which no
particulate swellable polymer was added, the TOC
concentration and turbidity of the water samples after sand
filtration were considerably high as compared with Example 4-
1, and the MFF value of the water samples which had undergone
the treatment with an MF membrane was in some cases higher as
compared with Example 4-1. Therefore, when no particulate
swellable polymer was added to water, flocculation of
suspended solid and the like through stirring for 4 seconds
at a GT value of 200,000 was insufficient, confirming that,
clear treated water cannot be obtained consistently after the
MF membrane treatment. In addition, the MF membrane was
fouled.

[0206]

[Table 5]
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wherei n the nmenbrane separation includes at |east a
separation treatnent by neans of a mcro-filtration
menbrane or an ultra-filtration nenbrane, and the
particul ate cationic polynmer is renoved fromthe
treatment water through the nmenbrane separation after
the adsorption treatnent. [4] A nenbrane separation
nmet hod according to any ofcchamps 1 to 3, wherein the
menbr ane separation includes separation treatnent by

[1Teansmembebnkeaspapheishagetdbdyd chueraseceIFes By
menbrane. [5] A nenbrane separation nethod according
comprdryinef a@idingg th torchtmdial eldtemf teerpddtticulate cationic
adsorption treatnent, the treatnent water is
podyijeac gl dio sdeildd Zad iveitert Mutheleely ngy cdusscantmlly
water. [6] A nmenbrane separation nethod according to
dimgylefe chairesin;l geor fprmiiey eldsdie: iseparadd mreneriradhe
is washed with a 117 washing liquid having a pH of 11
sulod et4 ialg arheartdvietatraent fwaggredyi.cl{ HasA ureidyrgores the
separation nethod according to claim®6, wherein the
adsasiptigmititesttirenvasit merbguied deparesteircse bwasdanmg.of a
[8] A nmenbrane separation nmethod according to any of
s eplagiatg. onl membitansher ei n t he anount of the particul ate
cationic polyner added to the treatnent water is
[2donkrotnbdanes ehparbhsps wethhd absorbangetof ciladm 1,
treatment water neasured before the adsorption
wherednmedn the] adseapbriome tsmedmeriton aretinstr gegtior di hgpculant
to claim8, wherein the absorbance is neasured at at
is| egdstedote Wieelt@egitiment water.

[3] A membrane separation method according to claim 1 or 2,
wherein the membrane separation includes at least a
separation treatment by means of a micro-filtration membrane
or an ultra-filtration membrane, and the particulate cationic
polymer is removed from the treatment water through the
membrane separation after the adsorption treatment.

[4] A membrane separation method according to any of claims
1 to 3, wherein the membrane separation includes separation
treatment by means of at least one stage of a reverge osmosis
membrane.

[5] A membrane separation method according to any of claims
1 to 4, wherein, after the adsorption treatment, the
treatment water is subjected to deionization, to thereby
produce pure water.

[6] A membrane separation method according to any of claims

1 to 5, wherein the separation membrane is washed with a
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falling within a Wregion of 200 to 400 nm and at at
| east one wavelength falling within a visible-light
region of 500 to 700 nm [10] A nenbrane separation
nmet hod according to any of clains 1 to 9, wherein the
treatnment water is hunus-containing water. [11] A
menbr ane separation nmethod, characterized by
wachipg diingidl hlavdewd at iy o diaddi tlidomtstap afbiadding
a flocculating aid to treatnment water; a particul ate
freoupmmers. addition step of adding, to the treatnent
wat er whi ch has undergone the flocculating aid
[7addht membsbtep, sappaationl mtehodatcanirdipgl yoercivbimch,
swells in water but does not substantially dissolve
whielreriel tthea watshrimigngistherhef wstshimgnd iduiel tirseatawentse
wat er whi ch has undergone the particul ate polyner
wagtidingi.on step; and a nenbrane separation step of
subjecting the treatnment water which has undergone the
[8l18Asnembiagessepatrat ienbmehbodepacatidongbyoneans off cidaims
separation nenbrane. [12] A nenbrane separation
1 et Aod viegeridi et amouaitmol] thenperrgiimuled & rasdtirmamitc
water has a turbidity of less than 5 before addition
podtmetre afddesk toattingg tajeg.trferd] wateantisamerdaisarlstd om the
met hod according to claim 1l or 12, wherein the
bagligcodl &hiengbsiodbagicgn afndhgatineatimsedulwater epsurgd
menbrane separation nethod, characterized by
bedewpr iChien g oFRttiioduCaea tgenirer addi ti on step of
adding to treatnment water a_ particulate cationic
[9pol FnBemiirrBh SABRFILLIPR WaEBPdbaFCABEINFoLC claim 8,
substantially dissolve therein; a stirring step of
Wherpip féef GPSPFPeacsnds freasiiadkeatt j¢ least one wavelength

falling within a UV region of 200 to 400 nm and at at least
one wavelength falling within a visible-light region of 500
to 700 num.

[10] A membrane separation method according to any of claims
1 to 9, wherein the treatment water is humus-containing water.
[11] A membrane separation method, characterized by
comprising a flocculating aid addition step of adding a
flocculating aid to treatment water; a particulate polymer
addition step of adding, to the treatment water which has
undergone the flocculating aid addition step, a particulate
cationic polymer which swells in water but does not
substantially dissolve therein; a stirring step of stirring
the treatment water which has undergone the particulate
polymer addition step; and a membrane separation step of

subjecting the treatment water which has undergone the
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treatment water which has undergone the particul ate
pol ynmer addition step; and a nenbrane separation step
of subjecting the treatment water which has undergone
the stirring step to nenbrane separation by neans of
a separation nmenbrane. [15] A nenbrane separation
nmet hod according to claim 14, wherein, before
stdddiitnicomstefp tthe npaitristid afepaoaitiam Gypalearer ofvd deparation
swells in water but does not substantially dissolve
melibeagien, the treatnent water has a turbidity of 0.1 to
30, and the treatnent water which has undergone the
[ uz@nbRamembsepar atpanahasnamttthbiddatyoeflifgOtboclam 11,
[16] A nenbrane separation nethod according to claim
whbkdedh the tieentficmtt @ tsid HaNG shebiid therdonmes ahasm 5°
Gl value of 100,000 to 300,000. [17] A nenbrane
bedfepar atdddrn imet ledd thec dldioay liad iamy adfd.cl ains 14 to
16, which includes, before the particul ate polynmer 119
[12ddi i vembrape aepanatiyani vetfhodcakbantdaddi tborlstmpll ox
of adding an inorganic flocculant to the treatnent
12pawiere i 8heA fferiond s isgpariat iien sappgaratagic flocculant.
characterized by conprising a reaction tank,
[1¢d ea neembyraner separatdieni vathadanshespctariggdcbig
treatment water to the reaction tank
copiprtlisd tida e PeGItyITRd Aitet POdYRET0 RAdddio gtamafod@dimyg to
a particulate cationic _polyner which swells in water
trgatnghés WakGr Subsradcudilbg geddemie peda@iar mdlitghe swells
_treatment water in the reaction tank or on the
1nyyatrEarm'$i GeS6f NPfe SMESEANSH > ltlah 1 sEcdaifardenfdahs 2
for discharging the treatnment water which has
stagdérgo & Pn & fadsdrpiinon foredindRconds; k& Sbtsgnh the

tank; and nenbrane separation neans _for subjecting the
treatment water which has undergone the particulate polymer

addition sgtep; and a membrane separation step of subjecting
the treatment water which has undergone the stirring step to
membrane separation by means of a separation membrane.

[15] A membrane separation method according to claim 14,
wherein, before addition of the particulate cationic polymer
which swellg in water but does not substantially dissolve

therein, the treatment water has a turbidity of 0.1 to 30°,

and the treatment water which has undergone the membrane
separation has a turbidity of 0.0 to 1.0°.

[16] A membrane separation method according to claim 14 or
15, wherein the stirring step is performed at a GT wvalue of
100,000 to 300,000.

[17] A membrane separation method according to any of claims

14 to 16, which includes, before the particulate polymer
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treatnent water which has been di scharged through the

di scharge neans to nenbrane separation by neans of a

separation nmenbrane. [19] A nenbrane separation

apparatus according to claim 18, which further

i ncl udes dei oni zati on neans for deionizing treatnent

wat er di sposed on the downstream side of the reaction
addinki,or GHdier ehy isernmras f jpmo@rwaiteraddiodiet istep of

apparatus, wherein the nenbrane separation neans
addialqides iatordamast flneatlage afo e wefsengSDSIEter .

menbrane. [20] A nenbrane separation apparatus
[1mjcordinrgbt-anel aepri8tion iPppawhitals Thethetericleddes

washi ng-1iquid-introduction neans for introducing a
congahiisning iaquskdaomg aankpH tofedtindrg: - visk d10- driteroduction

menbr ane separation neans. [21] A nenbrane separation
mespEa rfat s.reoeehdi ing toresrymenft valtdmed &ho R ctviimc Eank ;

further includes absorbance-neasuring 120 neans for
pargasurliate e vaesoribemeelusft itdre mases ot Wetmrduc e a

means bei ng di sposed on the upstream side of the
paparitduistat eqiclomier gaitymsdusttiioh eeenisl s dind vatsuntbut does

control nmeans for controlling the anount of the
nafa reiteiHagtte 3381 fdrs scdde d ey adie ta ddienenteaknsst omter in

the basis of the absorbance neasured by neans of the
theh smasarica r@asukdh eiddss upstrean gide of the reaction

tank; discharge means for discharging the treatment water
which has undergone the adsorptlon treatment in the reaction
tank; and membrane separation means for subjecting the
treatment water which has been discharged through the
discharge means to membrane separation by means of a
separation membrane.

[19] A membrane separation apparatus according to c¢laim 18,
which further includes deionization means for deionizing
treatment water disposed on the downstream side of the
reaction tank, to thereby serve as a pure-water production
apparatus, wherein the membrane separation means includes at
least one stage of a reverse osmosis membrane.

[20] A membrane separation apparatus according to claim 18
or 19, which further includes washing-liquid-introduction
means for introducing a washing ligquid having a pH of 11 to
14 to the membrane separation means.

[21] A membrane separation apparatus according to any of

c¢laims 18 to 20, which further includes absorbance-measuring
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means for measuring the absorbance of the treatment water,
the means being disposed on the upstream side of the
particulate-polymer-introduction means, and amount control
means for controlling the amount of the particulate polymer
added to the treatment water on the basis of the absorbance

measured by means of the absorbance-measuring means.
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