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DESCRI PTI ON  AGENT FOR | NCREASI NG REJECTION WTH A
PERVEABLE MEMBRANE, PROCESS FOR | NCREASI NG THE
REJECTI ON, 5 PERMEABLE MEMBRANE AND PROCESS FOR WATER
TREATMENT TECHNI CAL FI ELD The present invention _
relates to an agent for increasing the rejection wth
a perneabl e nenbrane, a process for increasing the 10

rejection, a perneabl mbrane and a process for
wat er treatnent . Nbre%@ﬁéﬁﬁ'&@l\&, the present

invention relates to an agent for increasing the
rejection of inorganic electrolytes and organic

SRR FOR N ST e T B A g
MR, P CSSRON AP AGNRE R EE
PRAIEA R SRR RPN i SN SR RO B AT

with the process and a process for water treatnent
usi ng the perneable nenbrane. 20 BACKGROUND ART The

TEEHAG( AN FAELInor gani ¢ el ectrol ytes and organic
substances soluble in water with a selective

per fibablpeesmrtbianentior hreiatos manan hixbhd abi OMFBARAZNEhe
and a reverse osnosi s nenbrane decreases due to
rejgelipmdeithorn aferntmablecmemenel as pricess dbr binckbdsing the
effect of oxidative 25 substances and reductive
rejeciien.a Ac BerBeaklenmembuanecandnad pyomsheor cwat@s treatntbnt.
it becones.difficult that the required quality of the
TP

Mare gy epregeniingention mintesdfogmeagentnivy inadeasing
th 58P Eoréilt oefnalies AL araame sabsranise sinble in
walbPfifthe membrane separation using a selective permeable membrane
such as a nano filtration membrane and a reverse osmosis membrane, a
process for increasing the rejection using the agent, a permeable
membrane having a rejection increased by the treatment in accordance

with the process and a process for water treatment using the permeable

membrane.

BACKGROUND ART

The rejection of inorganic electrolytes and organic substances
soluble in water with a selective permeable membrane such as a nano

filtration membrane and a reverse osmosis membrane decreases due to

~degradation of the macromolecular material by the effect of oxidative

substances and reductive substances present in water and by other causes,

and 1t becomes difficult that the required quality of the treated water is
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it is required that the ability of the nenbrane be
recovered fromthe degraded condition w thout
separating the nenbrane fromthe nodule to 5 which the
menbrane i s di sposed and, where possible, the recovery
be achieved while the operation of treating the
supplied water is continued. To satisfy the above
requirenent, processes for maintaining the rejection

obtainp®i t Thisledrease maystkepsane gohdualiyiuring 4 tomgpdried)of
time and repair processes for recovering the

the gse orisgddanish due gerarcaptident 0 Whebrtivie desttwinbe takes place,

., decreaseq rejection are devel oped. For exanple, as the

1t b Sedezeq o‘iharte_é%égﬁ%tﬁ’n@f she engattirage dar weetvleged from the

degP e nihan Juthougseiafiosdds mammmerkoRehe module to

b nbranes.is treated with an uequs
wHIG TP R g h issRerf GOk hete #oopl g recovery e
i r cationic.15 surfactant i

aciege e IRl R HR 47 cRboufnd B QUi mplin & dofinued.
mai {3 e j f..a I S . .
oy el (H° B AP Rl Enfint? GKSREF BF BEiniaining the

rejbdtidh BRBIVIROWSFH 88 WhGsd®hEfhb MOk eifrhie %Italglr(]) ﬁteime

menbr ane decreased by the Use, a process In

and evepaie pAREBSISS fORREGGIHS tHOUGMCction! Qvith nﬁa%rﬁ%ﬁﬁle
an agent for treating a 20 nenbrane such as pol yvi ny

mensitayk ethibitingal Jocregdedatejedtidn ans depeloyad’ Y Fbe erbirdle,
in the condition of a great concentration and then

as the hradees fermyergenevating aosedégtivenpérealiodhbinbpané oa which
smal | concentration is proposed (Patent Reference 2).

orgagi |pabptances shaving apianic rgrovbe aw eleposigedibal pracess in
and _the mai ntenance of the ability of a sem perneable

wh mepble mephrarat isprentedswith athaghecus salwtipn of an

amEE' ‘%E ﬁ@g Icggwgﬁl%%ﬁﬁ’e% Q%F%%%ggg% %xgumw@mﬁéﬁomc
sur?}%c&gxrngng‘és Véﬁ%g)ﬁg N fo{xggh%gqtljeﬂgealiemgse r1: ea bllngocess for
maintaining the properties of a reverse osmosis membrane exhibited in
the unused condition for a long time and recovering the rejection of salts
with the membrane decreased by the use, a process in which the reverse
osmosis membrane is brought into contact with an agent for treating a
membrane such as polyvinyl methyl ether, polyvinyl alcohol and
polyacrylic acid in the condition of a great concentration and then with the
agent continuously in the condition of a small concentration is proposed
(Patent Reference 2). As the process for improving the rejecting ability
and the maintenance of the ability of a semipermeable membrane, a

treatment process in which an auxiliary polymer having acetyl group is

added to a semipermeable membrane is proposed (Patent Reference 3).
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only to a used sem perneabl e nenbrane but also to an

unused sem perneabl e nenbrane and i nproves perneation

of the solvent and separation of solutes, a treatnent

agent which conprises a vinyl based 5 pol ynmer having

an organi c group having acetoxy group and term na

carboxyl group as the side chain is proposed (Patent

Ref erence 3). However, these processes and agents
Astideeagariifbe teeaiting & aemtiperm eable asembiring kéhicleiespplosd not

Is possible only to a small degree, the decrease in
onlshetdf | yxusest granineamieabld smemalataneartoitt dsd nigr eas ednused

rejecti is not sufficiently 10 maintained. As for
seppRenentie smgmbrpae spdhimpyeves permeativhnef the eblvehbsd

rane, for exanple, a process in which a

acet ate ne.
senation, Ogﬁoﬁgﬁ%c% treatuaenteageny trhigh | ogprisesup stiankbased

aving conpatibility with the menbrane and exhibiting
POB’I%% s ng;an ﬁé’g%?%e EFOUR d1 B8 ABYOXIEHOHP ngnd Herminal

cantBFF Cerbit s’ 6 le gé@$ﬁt§g ﬁ@tﬁgft e%%jtéltei tvﬁ%f’é%%&%s B).
T T
in PROSERStIoh 1€ pﬂgéiﬁ%' ﬁlalgg,fo a Eﬁ%ﬂgg«?@&%nﬁlé“ﬁ%%agea?n k@ﬁ% flux

treated is [imte conpli bperations “suc

of @erheationdidPedichd Ghe ﬁ?crEQ@ec?%f&giLﬁL%sle [rﬁlaf‘n;-ﬁifﬁgiently

separation of 20 sol utes which shows S decr ease
maintdihedpermeabi lity of water and is durable, an agent

conprising a vinyl polyner having an al koxyl group,

car Bexor the prgreandrahe aldent Wsedfon tregimtp delluldie Sdedfte

chains is proposed (Patent Reference 6). A nano

memhnang; ifoin example e precdss gnavrhictb edpatiopevhybieoeisicogted

.25 having a_nol ecul ar weight of 70,000 is reported
Wltg’l\lé‘n hipgid subsincechawing compatibdlitgh wike thej exdmlramf and
exhl\llgl%né Sth%b%ﬁstjfg;/gnga er echCtﬂi)I?nggl ﬁ/gcériogghigg(y%hes formed
surface is proposed as the effective process for repairing and recovering a
small defect found after the membrane is set at a module (Patent
Reference 5). However, in accordance with this process, the material of
the membrane which can be treated is limited, and complicated operations
such as heating are required. As the agent for enhancing separation of
solutes which shows a small decrease in the permeability of water and is
durable, an agent comprising a vinyl polymer having an alkoxyl group,
carboxyl group and an alkoxycarbonyl group in the side chains is proposed
(Patent Reference 6).

A nano filtration membrane having adsorbed polyethyleneimine

‘having a molecular weight of 70,000 is reported (Non-Patent Reference 1).

Although the rejection of NaCl is about 15%, a rejection of MegCls of 90%
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or greater is obtained at a pH of 4. However, the
rejection of MgCl2 is decreased by 3% after 15 hours,
and the main cause for the decrease is considered to
be the small nol ecul ar wei ght of polyethyl eneimne. As
the process for treating a reverse osnosis nenbrane
which can maintain the 5 effect of decreasing the
concentratjon of solutes in water passed through the
orEIRBEnts phirined ghg pHhef 4nd Howevesp dherejostionrofiMigéils is
Is not = dissociated in a non-electrolytic organic
degransed e 3% after d mboursl andithe main hawsegforathe decrease is
rejectjon process in which a pressure-resistant
COPPLEES Fchb%?he smadl molpeular weightrafmelvetbytensamane.orAs the
ackgd ith.a reverse osnosis 10 el enent having a
Prg‘éﬂsﬁ ¥ g’éﬁ%ﬁf%ﬂﬂﬁﬁ%@%ﬁ@}@%ﬁ Spupbrane winch gemgnaintain the

Y TR R -
P f 7) .. | d i,th thi . .
S0 RS s SR i

- didBerRLaN QP éﬁgntﬁg(grél&%%a%gaﬁ% %Qgé@éﬁﬁlﬁl&fsﬂg giex&ltuq:gal range

Since chlorine an

wiflPAGRBLE 8jbOHén, 4 br&c%sé‘glﬁ%flﬁ@ﬁ% %}@Eupe-%s‘fﬁfatn:ﬁ %regséielg an

taken for the ‘control e reaction conditions an
apphfetubdor the nsathbidne OSHQkRLIs pdcked withl 4 &Eﬁéﬂsetd%ﬁ{osis
the operation of increasing the rejection with a
elemerinr dnwing a Cpulguntide etint heydd agd, ofhebBEft&4E€an aqueous
[ Patent Reference 1] Japanese Patent Application Laid
solgpiem dHfree 2hiGhnevaobT(ihd8R brdheRO4s bpagghtlinthbRatn@att with
Ref erence 2] Japanese Patent Application Laid Open No.
thesglpment (is gnepossh Raiepi gRefetermred 72) IpPatmriamet eritindhis

31 Japanese Patent_ Application Laid Open No. Showa
Pr%?SbS‘?WHJ&o@?@t{%g@dmo bl pRrfacatof Rbkemendirane, and the

J A Pat ent i cat | Lai d No. Sh
S“@@E@?g‘g% Qlf?ﬁg@lﬁgﬁéé .aléﬁ}'}g Ilori(rage;nd broming V.E\Se used in

great concentrations, it is necessary that a great care be taken for the

control of the reaction conditions and also for the safety. Therefore, it is
difficult that the operation of increasing the rejection with a membrane is
conducted at the place of the use.

[Patent Reference 1] Japanese Patent Application Laid Open No.
Showa 57(1982)-119804 (page 1)

[Patent Reference 2] Japanese Patent Application Laid Open No.
Showa 53(1978)-28083 (pages 1 and 2)

[Patent Reference 3] Japanese Patent Application Laid Open No.
Showa 50(1975)-140378 (page 1)

[Patent Reference 4] Japanese Patent Application Laid Open No.
Showa 55(1980)-114306 (pages 1 and 2)
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4 [Patent Reference 51 Japanese Patent Application

Laid Open No. Showa 56(1981)-67504 (pages 1 and 2)

[ Patent Reference 61 Japanese Patent Application Laid

Open No. Showa 55(1980)-11048 (pages 1 and 2) 5

[ Patent Reference 71 Japanese Patent Application Laid

Open No. 2003-88730 (page 2) [Non-Patent Reference 11

Urairi et al., Jourpal of Menbrane Science, 70(1992)

1531Pgtent BeforamecslUREaprageEP rievENTpOiCaTtien pradd €en No.

i nveptj.on_has_an _ object of providing an agent for
Showta géesl%ﬁéﬁﬁﬁéo‘ff Spagas ]oﬁn@/izt?h a perneabl e nenbrane

sed rejection of

" nolbafiit Ertetericn gk éﬁga%ﬁé’%?léamr@dwm Laiaagpenie
S}ﬁ';’%’caﬁﬁﬁséﬂ}ﬁ%é K’ﬁ?a%etf'sf%ﬁ&?ﬁ'e renbrane w %/hgfj:; extrems
sopit g Refbfince # P B BaieE Anlicatior Tae Lhiew No.

2008-88%30apRgd k) tration nenbrane and a reverse osnosis
nmenbr ane, % process for increasing the rejection

whi §Nos ' ' tthe : er I

o R D ce Al o By [EiERAE o BABRe
Sciemc@07@a002085%a6Ri th the process, and a process for

wat er treatnent which conprises using the perneable

menbrane. As the result of intensive studies by the

resent inventors to achieve the above object, it was
DlE@MRﬁOMH&INUEM’HIQNuI d be renmarkably

i ncreased by treating a perneable nenbrane with an 25

aquébasprasent i imventioanhasnie olectond| movidingawhnggent for
. el ght-%verage, nol ecul ar wei ght of 100,000 or greater
IncxeHPgthy r@jl%lond@éﬁbeag@rmab&emembrane which can maintain

the increased rejection of inorganic electrolytes and organic compounds

soluble in water for a loﬁg time easily and safely at the location. of the use
of the membrane without extreme decrease in the flux of permeation in
the membrane separation using a selective permeable membrane such as
a nano filtration membrane and a reverse osmosis membrane, a process
for increasing the rejection which comprises using the agent, a permeable
membrane which exhibits an increased rejection by the treatment in
accordance with the process, and a process for water treatment which
comprises using the permeable membrane.

As the result of intensive studies by the present inventors to
achieve the above object, it was found that the rejection could be
remarkably increased by treating a permeable membrane with an
aqueous solution of an ionic macromolecule having a weight-average

molecular weight of 100,000 or greater without a great decrease in the
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5 flux of perneation, and that this treatnment not only

recovered the rejection in the application to

per neabl e menbranes having a decreased rejection

after the use but also increased the rejection in the

application to unused perneabl e nenbranes. The

present invention has been 5 conpleted based on the

knowl edge. The present invention provides: (1) An
fhegerfit péoneationcasidnghatj s | aLatnbht andieiBAc@overed the

menbrane which conprises an ionic nmacronolecule
rejegtipngnatheeapblicaticar bg@emmieabld arembwingbthafing G0d6@@ased

or greater; 10 (2) The agent for increasing rejection
rejgictipn glisarthedised uterlise dnereasesd the bejdction (i the ahplieition to

t he perneabl e nmenbrane is a nano filtration nenbrane
unyised, pepmesble smesbraperor addhe (Besene impentionorhas been

i ncreasi ng.rejection with a perneabl e nenbrane

co i@?ﬁ@’@&gﬂﬁ’n(t%e,k%‘f@@@g?r the ionic macronolecule is a
cat hpni ¢ 15 macr?.rml eculﬁf; .(4) The agent for
i ncr &&ITREETAYEPHOR RECVIFES' per meabl e nembr ane

d ' i - : i n:the.gati [ | ,
f SAIRET SF ihetbpatRI Qe ah Bl DRE PR W high
S"d et e e o HEr U
oL EY Rl e A RTIAE RARGRC mofih Ryt ool dbular

welSR e FORNEODE or Q}é&eks a pol yvinyl am di ne or a
erivative thereoft, (6) The agent for increasing

(2)r e[Thet agenivifof ﬁc@&iﬁﬁ@@eﬁed’fﬁi’i@rﬁﬁﬁ adBefhbRER nikdhflane

wherein the ionic macronolecule is an ani oni c
desmrilredmii d2h| whe2fn(fhe PbEmaghlt ndedhbidier 828 Afno filtration

rejection with a perneabl e nenbrane
membrane or a reverse osmosis membrane;
(3) The agent for increasing rejecﬁon with a permeable membrane
described in (1), wherein the ionic macromolecule is a cationic
macromolecule;
(4) The agent for increasing rejection with a permeable membrane
described in (3), wherein the cationic macromolecule has a heterocyclic
ring;
(5) The agent for increasing rejection with a permeable membrane
described in (4), wherein the cationic macromolecule having a heterocyclic
ring is a polyvinylamidine or a derivative thereof;
(6) The agent for increasing rejection with a permeable membrane

described in (1), wherein the ionic macromolecule is an anionic

macromolecule;

_(7) The agent for increasing rejection with a permeable membrane

described in (6), wherein the anionic macromolecule is polyacrylic acid or
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described in (6), wherein the anionic macronolecule is
pol yacrylic acid or 6 a derivative thereof, (8) The
agent for increasing rejection with a perneabl e
menbrane described in (6), wherein the anionic
macronol ecul e i s polystyrenesulfonic acid or a
derivative thereof, 5 (9) The agent for increasing
rejection with a perneable nenbrane described in (1),
amlﬁﬁl‘é‘bﬁbﬂ%ﬁs a tracer for confirmng the rejection
(Sgo risin agmi norganj c el ectrolyte or an organic
o%rﬂﬁ I ENgGIRaspg: aelection) watlprpqegsmeable membrane
dinc:esi rejection with. a perneable nmenbrane 10 )
CRERAC LB i e’ﬁg@ﬁ pRlpMG B acEpmelgaude chelyafiaengsuifonic
nt.,. for .increasing rejection wth a perneable
ac#‘éﬁ%??%@%&?@rﬁ%ﬁ%ofn any one of (1) to (9); (11) The
r k N.C ' rej-ect.ion wi.th a per bl e
Orerrang Sl PEaG=TRe TGFoUigRopiit, & mePmienhieappambrane
21.=Ye) 8T4 ' I of tines with t.he.
deagent@;i gr u?h?:’“f}g‘gfé F%ﬁlgj&gs{: i %ltr#?\f t]fﬁr foﬁjé?%%%wge rejection
commmhs o far i ! Cect | '
AT R R N le MREaTRe g2 o EARR Bpbfbf elble in
wdthg agent for increasing rejection with a perneable
nmenbr ane described in any one of (3) to (5) and the
(1GigeAt pirocesBOfdrnin@esiing kejetioh ORitM tah pRrRGHBRARAEmbrane
menbrane described in any one of (6) to (8) are used
whith eommnides; t¥ebBingThke prerneadld aneinbeasasiitl 1R asbhOfor
. Wth a perneabl e nmenbrane described in any one o
Inqreaginggrejaction wildr ai perareabje eversbsahe desaribabiptingi g of
( )t hﬁ%?gent for increasing rejection with a perneabl e
DiferdBrane

(11) The process for increasing rejection with a permeable membrane
described in (10), wherein the permeable membrane is treated a plurality
of times with the agent for increasing rejection with a permeable
membrane;

(12) The process for increasing rejection with a permeable membrane
described in (11), wherein the agent for increasing rejection with a
permeable membrane described in any one of (3) to (5) and the agent for
increasing rejection with a permeable membrane described in any one of
(6) to (8) are used alternately;

(13) The process for increasing rejection with a permeable membrane
described in any one of (10) to (12), wherein an aqueous solution
comprising the agent for increasing rejection with a permeable membrane
described in any one of (1) to (9) is passed through a module in which a

permeable membrane is disposed;
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25 described in any one of (1) to (9) is passed
through a nodule in which a perneable nenbrane is
di sposed; 7 (14) The process for increasing rejection
with a perneabl e nenbrane described in any one of
(10) to (13), wherein an unused perneable nenbrane or
a perneabl e nenbrane having sane rejection as a
rejection wth an unused perneabl e nenbrane is
(14)r eThedpmucess fdre imgeasinkorejedtiomoriAsa Nerirjabld membrane
W th perneabl e menbrane; (15) The process for
deperzbethsinngnyepuet oHALO) tth GlPerwhetslie awmbnassl permeable
descri bed in any one of (10) to (13), wherein a
meyaprnM e 2 ReFeakle Meambraneshavinganom rejectiemaed fajestion
.8 rejection with ap unused perneable nenbrane is
Wl?b e%’%eﬂnw@t Regmealla, imembrane r 8a drenged eyvatdy itha agemt for

. 10 perneabl e nenbrane; JIG A pernmeabl e nmenbrane whi ch
m(frgaglf’gaﬁeé‘i?t’r%% : %&?ﬁf’f@_ 9\}“% Wﬁ??éle’pr ocess for
(80 ERF ey et ipeifstbk YleftRy Titeye Bangeptl membrane
¢ h . . . :
GeBEARE S By W Lp (AP UG R KPR Worhfune

hatECR ﬁ?éc%n%ec?ﬁ%Wr&E@ﬂSf with r}ﬁ}mﬁnﬁg@ %%%%@able

exhi biting the change of the“rejection o
menieralel s Oty ] j t ' Rin9b e S ' i
di agram 20 @ﬁﬁﬁ?ﬁg %@he&céﬁiggg%r 011!‘[1 g't agnrggej e %Y?%(%h o?”th
pefdaéidblendeiibeahé;ux of perneation with tine. Figure 3
shows a di agram exhibiting the change of the
(18 ej & cpérmmeaifle NaGmbrohe whidcid aredibd| DAasaddahee fWitk the
of perneation with tinme. Figure 4 shows a diagram
pragghs Kon invgeading akientionowithhe pfermeable npembmatd descriteld in

tine.
any one of (10) to (15); and

(17) A process for water treatment which comprises using the permeable

membrane described in (16).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagram exhibiting the change of the rejection of
NaCl and the flux of permeation with time. Figure 2 shows a diagram
exhibiting the change of the rejection of NaCl and the flux of permeation
with time. Figure 3 shows a diagram exhibiting the change of the
rejection of NaCl, the rejection of IPA and the flux of permeation with
time. Figure 4 shows a diagram exhibiting the change of the flux of

permeation with time,

THE MOST PREFERRED EMBODIMENT TO CARRY QUT THE
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25 THE MOST PREFERRED EMBCDI MENT TO CARRY OQUT THE 8

I NVENTION The agent for increasing the rejection with
a perneabl e nenbrane of the present invention

conpri ses an ionic macronol ecul e having a

wei ght - aver age nol ecul ar wei ght of 100, 000 or greater.
In the present 5 invention, it is preferable that the

wei ght - aver age nol ecul ar wei ght of the ionic
Mﬁa}lﬂl_\bcul e i s 300,000 or greater and nore

preferably 1,000,000 or greater. \Wen the

wei g agantdge insteasing thewejgttion fwithe pemeable membrane

cromolecule is smaller than 100,000, it beconmes
of fher ipregeant; mention jcomnrisasnanoimiie ciagramoledulsr theaing a

R HREN, FEA IS, ol e
indolfid it Pt RIS 4B thY weres SvieagR molorRpmeIBRt of the
o ARSI 5 A ok SRR Pooo oo
or REASE) iy B SSEANORGE I B A U 5 i

mdRbAGHAle 1PsMRIIBRIhEXPIREEES! i@%e‘:&ﬁﬁas Al frici: fl'g‘{tetrh%nlgﬁic
on al ne

material of polyethylene oxide "base the o

maRomoidcals aradbsrHedewith tte PbredhRAM ARG fith stability
wei ght where the reference material of polyethylene

andxihdestablenadsoaptiohall v aintalivedviirgh lomy eia€Cai® tBEM &Y the
wei ght is obtained in accordance with the 1ight

possibilitythay the trhjedtion is hetwufficeatlyr inkigaedmeThatie pi@sent

. The agent for increasing the rejection with a _

inyeatinna the waightaveragef moleeulrewerghtiinwbtdined Iaanabysis of
advant ageously applied to nano filtration_ nenbranes

an gogepuy spritiass ofpdlesionirirastemolertle imaccorilaneawitinthe gel

. ich th nt for increasing the
peﬁ?%tr&?r? gq#r\am Ioémpthye,3 ﬁ)“il%wed %y calculation gof the molecular

weight expressed as that of the reference material of polyethylene oxide
based on the obtained chromatogram. In the range of a great molecular
weight where the reference material of polyethylene oxide is not available,
the weight-average molecular weight is obtained in accordance with the
light scattering method or the ultracentrifugal method.

The agent for increasing the rejection with a permeable membrane
of the present invention can be advantageously applied to nano filtration
membranes and reverse osmosis membranes. The nano filtration
membrane to which the agent for increasing the rejection with a
permeable membrane of the present invention is applied is a separation
membrane for liquids which rejects ﬁermeation of particles having

diameters of about 2 nm or smaller and macromolecules. Examples of
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ermeabl e menbrane of the present invention i's applied
!Os a separation 25 nenbrane for |iquids which rejects
perneation of particles having dianeters of about 2
nmor snaller and nacronol ecul es. Exanples of 9 the
structure of the nano filtration menbrane include

i norganic nenbranes such as ceranm ¢ nenbranes and

macr onol ecul ar nmenbranes such asdasym’r;etrl cI I

ﬁﬁ,ecd}n%it ngs_and electrica L .

ﬂg@ﬁg%g‘g menbr aneé %@?@%@?@@om;bgi%nﬂ‘gﬂéel dngyganic
e sl o kbl which rejects

per mf%??gcgfd%ol u?deig a%gl %\%ﬁ%gv\gﬁdﬁg?%ﬁﬁ% 8F Mepabranes

s wedsynnsietrid PRkitRhhes &fm@oﬁf@%ﬁéﬁ%r%é%&égﬁ élgcazltr}ically

the difference in the osnotic pressure ¢
cleoigad i memidiaspesedhd detdige @ﬁ@é@%efﬁoﬁaﬁg fs'hqeseparation
having a greater concentration. Exanples 0 e
megease frnbguidsraviicAngjediel peian 8RGHR & @&ﬁgég and allows
menbranes such as 10 asymmetric menbranes an
perarRasin of thentnluewsundomanpplecatin b8 pre@hebi@bakl thig the
rmeabl e menbrane to which the agent for increasing
di?tgéenqee i1 cithieo asptic heressase tetiwevr nédlations &iBpbde’d via the
i ncl ude anmi de-hased  materials such as aromatic
mﬁﬁﬂ%ﬁﬁﬂ? dastheaging havieg poleyeatied eoneentrationpo&xaenples of the

' I i d and
vl BB, pBueis A3 T e Bisgemoles ade b such o
i al s, omati c pol yam des
as3ihahE; AIRPEahar Fnd GhicsH; merehieg. « Hoxamplost vbrihe

mﬁtgeagdggf sgé %glg]]tegb%\; %%Igﬁ'gi %afgﬁvgﬁ]&g& :eip??&%ﬁ.té gqﬂaigl%rgaflsing ;he
. . fi.ltration menbran
08 ol e SRl T8 R B T P

eherbiesidt e Bises!, 200 UMl on
compbsité nertbriale basdd eh ahdsdobbRWniitbE" anFR IS e-based
marggigllsess.uch as cellulose acetate. Among these materials, aromatic
polyamides are preferable. The agent for increasing the rejection of the
present invention can be applied to any of unused permeable membranes
and used permeable membranes. The module of the nano filtration
membrane or the reverse osmosis membrane is not particularly limited.
Examples of the module include tubular membrane modules, plate and
frame membrane modules, spiral membrane modules and hollow fiber
membrane modules.

The ionic macromolecule used for the agent for increasing the
rejection with a permeable membrane of the present invention is not

particularly limited. Examples of the ionic macromolecule include

cationic macromolecules, anionic macromolecules and amphoteric
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The ionic macronol ecul e used for the agent for
increasing the rejection with a perneabl e nenbrane of
the present invention is not 25 particularly linmted.
Exanpl es of the ionic macronol ecul e i nclude cationic
macr onol ecul es, ani oni ¢ macronol ecul es and anphoteric
10 macronol ecul es. Anong these macronol ecul es,

cati n%.ﬁ magq&om)l e%es and ani oni ¢ macronol ecul es
macgpamg? gf-apPEongsthese mper gitlep; eatlpmie mpaeromleeles
referabli t hat the anpuni, of qne of

andit ii(g Rref ! _ i_lhe .
cgﬁ ?1'1 ¢ aGrPHg S \fer PARETRRle. anfsnfer dhe yamphgteric
madifidolb Gl FELEprbMalni By TPhY (asadhe of i Gf e ationic

B s RO, AR PR, e
o hSPINE it GRS R Ayl ot

but ehtibARAT asigandary am ne conpounds 10 such as
pol yet hyl enei mi ne, tertiary am ne conpounds such as

poExaaiptes hyf akeneatibiiic agh¥h&bc@Rd used in the present
pol y(di net hyl am noethyl nethacrylate), quater narlil

inveammn itnabudenpeinmahs sicineasosPpoRads dsuckPbisa bBBﬂzi@Mamine,
addi ng quat ernary anmoni um group to pol ystyrene and
polyedmpronints polydarglaanidet sardelyitbsam, rsebenddi®arBine compounds
pol yvi nyl am di ne, 15 pol yvinyl pyridine, polypyrrol and
suclholapyi Rolyethdeneimibepoltyrisary hawing acompourds t yuch as
M%]Ees_ descrj bed abogé may be used as the cationic
poly apipeethphongerretd corpdundpolyédimethytanirmethgl
¢ hg‘%e ocyclic ring are preferable, and '
me %%W | SYEHTHETY sapgReniyn { campowndpsiughi ay| comphymgds
I cationic nacronol ecul e having the structural 20
obtaiied B Aditng GUHEFRRTY (PRECRIEE ExoHD glh dolystyBmeiand
R4 ent..hydrogen atom or an .al kyl . ..
comgé%la%ﬁé ll:jl%ﬁlt% a ﬁﬁe{;ﬁf’c&y%]d% ring’ such as poellyvmyﬁlmldme,
polyvinylpyridine, polypyrrol and polyvinyldiazole. Copolymers having a
plurality of structures described above may be used as the cationic
macromolecule. Among these compounds, compounds having a
heterocyclic ring are preferable, and polyvinylamidine is more preferable.
Polyvinylamidine is a cationic macromolecule having the structural
unit shown by general formula [1]. In general formula {1], Rl to R4

represent hydrogen atom or an alkyl group such as methyl group.

R3 CH, R1

N SN/
—CH:;—C C-—-
NS
C=N
|
N
/N
R! R? - [1]
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Rs CH2 R4 \ / \'/] -CHR-CC\/ CN 251 N / \' R

R2 ... [1] 11 The cationic macronol ecul e having the

structural unit represented by general fornula [1] _

can be prepared by copol ynerization of acrylonitrile

or methacrylonitrile with N-vinylcarboxylic acid

am de, N-isopropenyl carboxylic acid am de,

N-vi nyl carboxylic acid imde or 5

N-i Siher eppeomit aaadomdliémiladiaringitle sthudtiealeshipepresented

hydrol ysis of the obtained copolymer to obtain an
byargatieral fimerwai 11 heapodmi bprepiayed hby tdopolymerization of

pcil yvinyl am di ne prepared as_described above has cyano
acgrlgnrder py emethaamlandtspleowithi IN-vinylearbokylie, acid ‘amide,

b |. group .fornmed by, hydrolysis of cyano _grou
N b HoRhGRBLiF PR Aidey dNbYisleubpxylic acid” imide or

N-vi nyl carboxyl j.c 10, aci i de it o hel'élein,
N-ReRrode b o€ apiids, Thowed By tuslnbets obfie obtained
| ,formula [1]. As. the ner.ci al prodyct.
cof IPRIGE, 1 A, A Lomidiner | oRBR e P oRe R atwtkthe

- -~ DI AE istered trade r

ol APg i  RERINY. acidckbtibnd TSE BAT R, Gl Tred

L ; : ; | ,
Eronf I REFIPUREE o, Pk IS, Rk 0000} 2060 Bonhd I 1SRRSAR of
cy@i®ReslyY andN@mi8H Drb¥p Tbrmed by hydrolysis of N-vinylearboxylic
acid amide unit or the like in addition to the structural unit represented
by general formula [1]. As the commercial product, a cationic
macromolecular flocculant manufactured by DIA-NITRIX Company
“DIAFLOC (a registered trade mark) KP7000” can be used. Since
nitrogen atom in the heterocyclic ring and nitrogen atom of the primary
amine in the polyvinylamidine has the cationic property, the density of
cation is great, and a great effect of increasing the rejection of cationic
species in water is exhibited. In the case of other macromolecules having
a heterocyclic ring, the density of cation can be increased by providing a
cationic functional group such as a primary amine.

By the adsorption of the cationic macromolecule having a
weight-average molecular weight of 100,000 or greater which exhibits the
strong cationic property, for example, a macromolecule having the
structure of a primary, secondary or tertiary amine or a quaternary
ammonium salt in the structural unit such as the polyvinylamidine, to the
surface of the permeable membrane, the rejection of cationic species in

water can be effectively increased. Since, in general, the negative charge
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cation is great, and a great effect of increasing the
rejection of cationic species in water is exhibited.
In the case of other macronol ecul es having a
heterocyclic ring, the density of cation can be
i ncreased by providing a cationic functional group
such as a primary am ne. 20 By the adsorption of the
cationi c macronol ecul e having a wei ght-average
of ribleesutface \ofi thiet pefmdifleONR nabragice i greathhsl thehidvlécular
the strong cationic property, for exanple, a
weight gfothe utagionde | mgcxdmolesuﬁau ¢ ugreatf the pmianpomyolecule is
secondary or tertiary amne or a quaternary anmoni um
adgarhed; i theosurtreaof h meambrane withs stabelity, and the rejection
. polyvinylam.dine, to the 25 surface of the perneable
18 18 ﬁé; t¥ece dhec ertanisr magrpmelecude exsihabits nan vemcelent

an .be effectively lIncreased. Since, in general, the _
hyﬁ&%%‘%l?’\?epf@ﬁsrfe{eeﬂ%ﬁw of ReTai ATk 1 0f e CTRAEAR B0 & Eroat
degiedt‘gorane is great and the nol ecular weight of the

attonic macronol ecule is great, the macronolecule is

d . Of b it h
ot b TRl bR A5G e SepfTRIB Rl thy the. pigeent
. o Cbit s,
hytglz%cgglhiﬁ}i C %?%&ec?%{o%che %‘Ihé‘?lo p%zriﬁg& ]'leg%m?lg nS&Ch as

polRGFHHEas alid Gl q;"ogﬁﬁleﬂii&%ﬁe- a&129Rk eﬁla%ﬁo&!}l%cﬂlqso g’%&ing
se | cl ude

macronol ecul e u ~in the present invention in
sulfewicoamidl g ulip Sudh VA NPolafae Kb uEs i ic?&,?%bﬁi?%nsulfuric acid
an

pol yacrylic acid and pol ymethacrylic aci
anduamlpvinybaunlfedc ta@idd. ngCablsmdreiariagiL plidity ofcthedgbove

pol ystyrenesul fonic acid, dextransulfuric acid and
strpotyres myay be fisad @sdbe diniGoieahyormsolbanden g Sing sulfdrit yeid

of the above structures may be used as the anionic
gropgc b pelvsbieaesdionie acid eshibitsadicdstrong apionic property, the

pol ystyrenesul foni c. acid exhibits the strong anionic
maﬁrve%@ e %, @Jsﬁgl?ﬁdoﬁ%l fg@u parfage qfsdien permeablee membrane

.surface of the perngabl nbr ane
with sta%ﬂelty Eo increase the rej%cl[}lgn, mz{:]mtains the increased rejection
for a long time and does not cause a great decrease in the flux of
permeation. |

On the surface of the permeable membrane, positive charges

forming pairs with the negative charges are also present. In particular,
the presence of the positive charge is significant in membranes having a
decreased rejection such as membranes in which the amide bond is
dissociated. Therefore, when the anionic macromolecule has interaction
with the positive charge present on the surface of the membrane and has
a weight-average molecular weight of 100,000 or greater, the bonded
condition is maintained with more stability, and the effect of increasing

the rejection of anionic species in water can be exhibited.
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15 with stability to increase the rejection, maintains
the increased rejection for a long tine and does not
cause a great decrease in the flux of perneation. On
the surface of the perneabl e nenbrane, positive

charges formng pairs with the negative charges are

al so present. In particular, 20 the presence of the
positive charge is significant in nmenbranes having a
decr pased ' i : S ranes in which.the

ami de bond &i@és of (I.'iﬂildgg %%lﬁgjtj%% . reﬁéﬁoerf 8’?@1, a\hee quaﬂée membrane

USIMZOA infa dsFBETREMR] 18 HHve H@%ﬁ(‘)i?h@ BRGH! 8Hdu}é\§etd{]hg-i]qe§%%rangen

positive charge present o e surface
a andciasoleauehgtinga uer Rec PrbESMY ALy ME i 1%1099, ;

or greater, the bgﬁded 25 ?gngi t?onuélfgagf;ﬁ(ﬁl?g}nﬁgoalﬁf%ﬂ 18
usesh ehstedfvict bf yncreadinghehe téjeetioRfis nde rsﬁﬁ?digﬂt rél3Bive to the

rejection of anionic species in water can be _
desxerssi rethe flax pf peentenEonphni REA L 189 thi endBhES E&HUition
. With a perneabl e nenbrane using a macronol ecul e have
ISHW@P@@%‘?,U@@FBI@oﬂbamlamonl-tﬁqmﬂwinyll\/ﬁliﬁhohinto water at the

cronol ecul e having no ionic property such as

TGO nlAmBgIESHEY  ibecomeed difftrulef e ofhd nereiglsi-Bgerage

the rejection. i not sufficient relative to the 5
m&@cﬂlf@fs‘é’e}%%‘tt lﬁefQ(P:ﬁQOd?ff geaatentawh 2 tredtmiabidti 4y edévated
is not sufficient, either.

' e ondi t.i on.
te %g%ﬁﬁ{eiogﬁzﬁ%ﬁ %gﬁb"ﬂ'ﬁs ReEeSFIY- i Whenat sraczempleeule has
j t r e_begones difficult when the
@ ShAtAbYy IR 8 Sl W BRI Sisigke meloppiaonpight, adsorption
i6h &Rk Sheniid t an el evated tenperature
o o entifng PREEIREE oL Py Wi An R r G tirk cause
théaecildlisa i16NNe0R SR i ght.- aver age
nol gculsar1 vveieg%t] %Btgo&{;gﬁg?]l on \l/imeﬁé ?ﬂ%l%ﬁﬂfﬁ}?em%}&ane,
andl theeeffiadt dfrihyredlsi®®ahs ScRefib] ' SE, il
~ decrease in t he rgf%cti oﬁﬁgﬁPth%ﬂ\%ﬁ gﬁg}eé %)o?lﬁ gﬁgease
in ghetfhex mérderanatiorandTlidie &f ﬂ&CPoQgibﬂﬁ?rﬁ%%i S9LHS of the
rejection is small relative to the deciease
adsorbed condition is insufficient due to the small molecular weight.

When the rejection with a permeable membrane is improved by
using polyvinyl alcohol or polyethylene glycol, the flux of permeation
decreases to a great degree. The ionic macromolecule used for the agent
for increasing the rejection of the present invention exhibits the excellent
hydrophilic property due to the presence of charged groups, and the flux of
permeation is not decreased to a great degree even when the molecular
weight is great. It is necessary that the agent for increasing the rejection
do not cause a marked decrease in the flux of permeation while the objects
of increasing the rejection and realizing stable adsorption of the

macromolecule with the membrane are achieved. Therefore, for deciding

the macromolecule which can be used, it is preferable that J/Jp20.7 is
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in the flux of perneation. There is the possibility
that stability of the 15 adsorbed condition is
insufficient due to the small nolecular weight. Wen _
the rejection with a perneable nenbrane is inproved by

usi ng pol yvi nyl al cohol or polyethylene glycol, the
flux of permeation decreases to a great degree. The
i oni c macronol ecul e used for the agent for increasing

Aiineirglhaine | i on, exhibits, the
Sneel T ont b R asERRerE AR ???f%%l%%nt OB sised
fl-ux. o permeati,on i s
e e, 2SR e P ok VEr RS v E‘t& pggnbrane
: : teo L v that the agent for ..
aﬂiﬁﬁﬂc ?ﬂégagiire;agg{eﬁg %éjlggﬁeﬁgﬂfg‘:%& %%’t%c%g%s ehgw gﬁet&le operation

fodecreasing thet Redtidiwdfh LERBEA AN ﬁsEJ?@aegﬁJéreﬁfesabove

of increasing the rejection and realizing §

comdstioptwloen @he tdper2BoiHe @RELERE Fith 5)90‘{11@&‘ tHERhE NG eated
are achieved. Therefore, for deciding the

memdrone| Bcuisedwasch emmbeans egthibitin d@ff@fe@ftamx?déxﬁéﬁtal
J/JO> 0.7 is 14 satisfied, wherein JO represents the
PIPpeRticH fysan ndwti of thérougfedamembeark, foerdisanslcansheh the
tepresents the flux of perneation through the nenbrane
repction Wadh @ sanpeiiltratoon imembagne grt hemeajleahe ofesistant to
wever, . t he opeI ation for increasing the rejection
CRRTERe aﬁﬁ%ﬁﬁ&ﬁ@[%ﬁm@#on ssmcreased ﬂgéa greaé:abgw_ tﬁe.s _
itipn when the aqperatjon is conducted W provi so
f gg‘l} In’t h:glet AESPE g0 Wy sthes agjeption nwithr anepermeable

m AR e ke M LS i Bihiroploont ap b s
oA, | ARGt counen ion
e O B S0 B i ot
rlpapoastyie prsent | vention, e Lonc " unten

i onThexageitefor dherehgingatHe Rubth ¥ifRUB& mdMe membrane
of the present invention may comprise a tracer for confirming the fejection
comprising an inorganic electrolyte or an organic substance soluble in
water in combination with the ionic macromolecule. When water
comprising a tracer in combination with the ionic macromolecule is passed
through a permeable membrane, the rejection with the permeable
membrane can be confirmed with the passage of the time, and it can be
decided whether the treatment is continued or discontinued. When the
concentration of the tracer in the permeating water reaches the prescribed
value, it is decided that the rejection with the permeable membrane

reached the prescribed value, and the treatment for ‘increasing the

rejection is completed. In accordance with this process, the contact

15



10

15

20

235

i ncl ude pol yvi nyl am di ne hydrochl ori de, sodi um

pol yacrylate and sodium polystyrenesul fonate. 15 The

agent for increasing the rejection with a perneable

menbrane of the present invention nmay conprise a

tracer for confirmng the rejection conprising an

i norganic electrolyte or an organi c substance sol ubl e

in water in conmbination with the ionic nmacronol ecul e.

Wien water conprising a tracer in conbination wth

betreesmp phe afeowhenlutioheof] the;wedbﬂmdrhamugltha rejection and
er neabl e, nenbrane, the rejection with the perneabl e

tlﬁ%ﬁ%’F‘Bﬁ%m@dﬁeﬁ@rééﬂfcﬁflr@ommrfﬂletdnet s segesafy dhe sufficient

t. dit c be i ded whether the treatnent is
m&%}}nﬁ%ag‘&n%r raf@ef*oﬁt)maﬁapew@m ppiag theneaymeablé orerobrane

i h

%?Zaéif"e‘éiléae ineBRERE e ant ah&ﬁiﬂé%éjt@wms for

it i BARCHIEARME o EOh ARGy Ok té‘;@péféf Sheeoning
i t hi oce

tﬂc‘% TERRRS, e pludif héf‘;f%%%t%%ﬁs 5Pt PBn cﬁxcia%é i

withlouk RETs8RT £k étlﬁ%al!il%l P s@qﬂc}nﬁg%b@ o) g&ac Examples

menbr ane can be contro cessh
ofstd iinhgianic BldHrald 'ug@d a@n%é REa i ffmiu&ogsﬁhﬁ%mride.

usi ng the perneabl e nenbrane can be res

Exampteatithie denicacdhpbahd taol@hlet {Iﬁﬁsﬁdfﬁf‘ttéeﬁoa{%%e tracer
i ncreasing the rejection are conducted using ot

inglytet ssopoopyinelcehsli ndt it heeferhbls thay thd@oRbdHiP iy Ffihe
treatnment can be conducted efficiently w thout
trageysimyateiepasiing theoughthé permenbkhines e edparat i00D,000
of the inorganic electrolyte used as the

mgﬁ‘é%?n AapxjarederAblyn @ﬂltgr'?(lﬂ)emg/lmean”pl es of the

or98[ op_ ound fsﬁrl lilb| ein vvat}hgr ruseei(_jl1 as tgf tracereaﬂOle

8e PSSR of 3 1BFHEAREIS irgjegtion e math ea t bertm

PSR B 0 o BB, e
with the agent for increasing the rejection with a permeable membrane of
the present invention disclosed hereinabove. The process for treating the
permeable membrane is not particularly limited. For example, an
aqueous solution containing the agent for increasing the rejection is
passed through a module in which the permeable membrane is disposed,
or the permeable membrane may be dipped into an aqueous solution
containing the agent for increasing the rejection. When the agueous
solution containing the agent for increasing the rejection is passed after
the permeable membrane is mounted to the module or while the
permeable membrane is kept disposed in the module, the aqueous solution

containing the agent for increasing the rejection may be prepared from

pure water, water passed through the permeable membrane or water for
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nmg/liter and nore preferably 300 to 700 ng/liter. In

the process for increasing the rejection with a
perneabl e nenbrane of the present invention, the
permeabl e menbrane is treated 15 with the agent for
increasing the rejection with a perneabl e nenbrane of
the present invention disclosed herei nabove. The

process for treating the perneable nenbrane is not

articularly |limted. For exanple, an aqueous ,
tIEE‘OI Ferdrerbriviin ithg ppemgablet me)mblralne.eaSWh_gnt ke aqueous
nej.ection is. passed through a nodule in which the
S%E#%aﬁ?’gaﬁ%‘ﬁﬁr ggendi Kposrateasingothe ejastionebipeepared

P SR o R o 0u bt ke change
080 B 3 0 PSS T b5 SHEI in o
tl{éﬁ%diﬁ%&é#é‘iﬁgab BEARe Liglntﬁugfggegrpfog&%gggggfgg%ﬁt.to e hgent for
B T PR AR Mk bt SR B Pt wBfRE or e
treafiBent er, wat er passed through the perneabl e :

menbrane or water for 16 the treatnent mﬁth t he
per MHabpeesyRid f@eassYRE Bhé ReRIHE %Hﬁlt'oioédﬁthg{llngnt}ﬁesagent

containing the agent for increasing the reje
foprisperasing udiengejoation flafoughe the G HRMbIN hlnitiSne i not
per neabl e menbrane, the change in the rejection wt
pagtigalazkn limeitednf Thedde dotyn emeia fatr ina:ge:ishﬁg e eeid @b Pnay be
the conponents contained in the water for the
COFEE%F?E‘EHP@@IF libe agresurfeoifor ipassings thng waver rfeﬁ etilel Breaf@bnt
be ke being ipjected_into the water for the '
thf?"&-'ﬁ? ﬁé‘ﬁ‘t .Peir%@agj#ees@ar@m@e pus8i pyesshee agmativs hthan this
sol uti on ,cont ai ni e agent for increasing the o
PrEg e i onﬁt H?o@&ﬁpegﬁéﬂp& bthe nesrsentration nof thgot 1h0nlc
[ Wy t. for increasin e
m#@'ﬁ%@?&éﬁé l}%&il% énqﬁggﬁs g&%tfornec%tnrtrgpning the agent for in%reasing
rejection is 0.5 to 50 mg/liter and more preferably 1 to 10 mg/liter. When

the concentration of the ionic macromolecule is smaller than 0.5 mg/liter,
there is the possibility that it takes a long time for the treatment of
increasing the rejection. When the concentration of the ionic
macromolecule exceeds 50 mg/liter, viscosity of the aqueous solution

increases, and there is the possibility that resistance in passing the

solution through the permeable membrane increases. It is preferable

that the time for passing the aqueous solution containing the agent for

increasing the rejection is 1 to 48 hours and more preferably 2 to 24 hours.

When the concentration of the ionic macromolecule in the aqueous
solution is increased, there is the possibility that the flux of permeation

decreases seriously although the time for passing the solution can be
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conduct ed under the pressure for passing the water for
the treatment through the perneabl e nmenbrane or a
pressure smaller than this pressure. It is preferable
that the concentration of the ionic macronolecule in
the aqueous sol ution containing the agent for
increasing 15 rejection is 0.5 to 50 ng/liter and nore
preferably 1 to 10 ng/liter. Wen the concentration
f the ionic macronolecule is smaller than 0.5
fPP?@f there is the possibility that it takes a
| ong ne for the treatment of increasing the
rej ect Pt heproqt FW@”Jcf@‘ﬁm@ﬁﬁngdheGﬁ]etcnenn?rthd:fhetpﬁémeabie
| ecul e exceeds 50 ng/liter, viscosity o
“%?dﬂé‘gﬂﬂnge ] ﬁ??‘g 3 %ﬁcrdé%wg@g thad mergbeane; ite a solution
reS|stance£hn passi ng.the solution

ou%ﬁj tihn a%eel} n@gﬂpgr%mﬁ @ 'Elsctiensitsis puefergble that the
ccﬂ{c%‘hﬁtﬁmﬂe of %ﬂ?@bﬁw %P%cér%egbog%%u ﬁ?lsﬂh%g%(alg@zy%quigﬁgn is 50 to

sol ution con al ni ng

lﬂ)@D@CtnhQﬂtéls z%rh om%?e gﬁb Il‘i(g g’gﬁr abI g/h%elE t is

hour s. When e COHCG

profera®| @l ehd nibdae O?%Oﬁ%?}%?lﬁs ?% U t8n4gsgi)ﬁ)g9;teaia more

there is the possibility t "'ux"of 'p

prbderaddges ser2ouBbyraal t WPRER e V(\ih ggﬁx% Otrr{e 211 a?lllp gi%éep el?,een

solution can be 17 shortened.

canmelebeat iinds preferebRctlizanthel povh 1P ehERBRL e 'I?Ws’?l@ﬁ with

i's conducted by dipping the menbrane into a solution
wanit &t thay thhdoniyentadromoldreileasin@nihie oh SiIRC kb8 ce Idf the
is preferable that the 5 concentration of the ionic
megubranewithous debusisdsobut iopemsvad to 10, 000

p
/liter and nore preferably 100 to 5,000 ng/liter. It
rTg ]'J|51r éi’%r QE‘P‘@SP hﬁg‘ fiperegismg dhet rejedtippi mdth sa 2péxmdsble

referably 6 to 24 hours. Wen the
%mg)%?‘ﬂgn r?é”ﬁ e%@'ﬁ'@@# n,c HhepInermeable membrane can be

tr@z{t%ﬁee[ ?ﬁ’uleal}th atf %1mespgsr1g§at%eeageenr{:g rfa Ir‘] ?n(lzxgéa\gﬁfgh a?e \i'mejtelgtlon
with a permeable membrane. By conducting a plurality of treatments for
mncreasing the rejection, the improvement in the rejection, the stability of
the increased rejection and the durébility against substances
contaminating the membrane can be enhanced. In the plurality of
treatments, the same agent for increasing the rejection with a permeable
membrane may be used repeatedly, or different agents for increasing the
rejection with a permeable membrane may be used successively. By the
adsorption of the ionic macromolecule to an aromatic polyamide
membrane, the aromatic portion which tends to cause hydrophobic
adsorption is covered, and adsorption of cantaminating substances can be
decreased. For example, after the rejection is greatly increased by

adsorption of the ionic macromolecule having a greater molecular weight,
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10 water so that the ionic macronol ecul e remaining on
the surface of the perneable nenbrane w thout being
adsorbed is renoved. In the process for increasing the
rejection with a perneable nenbrane of the present
invention, the perneable nmenbrane can be treated a
plurality of times using the agents for increasing the
rejection 15 with a perneable nmenbrane. By conducting
i ncreasing the

tﬁgﬁéﬂ{cﬁ%{‘;{c}r’gﬁéﬁcﬁ&? nggg ﬂf grgaa_llhe meleeularoweightt éis adsorbed
G it ¥5ag o oG pvaarermelecaton traming.d rgoetve molecular
R Ao AR B A AR GG velotoion, iy badrrdier Hecreased in this
R cal i Do EHRR S e e nalhering woight of the

repeate
. : : b r gne .may be. used
elocessi vely by FREE A deSal BT gaas 000,000 1o

160800000, eaubie the bighPuPL] ep%X%ﬁhﬂd%hyvg&gg ggf&t}}ehemnic

aromatic portion which ten to cause

sonplecale haviegvesadiledMblaciar R digh ,
II?Il‘jbstgmces can %\525 decreagée’%l. I@%#Q&?ﬁ%ﬁ(@@b@ﬁ g?}qOﬂ(gOO
rej ebt ithe iprogrssatby inoedpase diiy re?éi-‘éfahptve,j]m g&gmﬁ?able
ioni c macronol ecul e having a greater nol ecular Ight,
meghrpge dfnthe preseatuingentionhat i grafesable! fiat"Ep b Abable
wei ght is adsorbed wth gaps where the ionic _
MERTaRe| ke dreathdy byigusingr eat egenbl foe Urkeadi OtHe ir§jection
not .adsorbed, and the rejection can be furthgr
COMPIENLed FH9MCsmagemelecula angl prefigenblfor tihateashey the
ht-aver.a]gle nol ecul.ar weight of the 5 ionic

reﬁ%ﬁmwis SR ARy BC gragorrolemile @@ﬂeananrg hThe sejection
ca#{) t%g%rﬁﬁggse&gq%ﬁ%é % g{r?étgladﬁggptgl&g@%gh% E@@érﬁg&owlacule
3L TGN, (R0 00 40 L0000 11
suBRRERRY @nd Ca2* derived from inorganic electrolytes in the water for
the treatment is strongly rejected in the layer of the -cationic
macromolecule where the positive charge alone is present. When a layer
of the anionic macromolecule is formed on the layer of the cationic
macromolecule as the pair, each layer individually contributes to the
rejection of cations and anions, and the rejection is increased. Moreover,

as the result of strong interaction between the layer of the cationic

macromolecule and the layer of the anionic macromolecule exhibited in a

- condition that these layers are absorbed in a permeable membrane, the

absorbed condition of these layers is stabilized to suppress cleavage of
these layers and the increased rejection is stabilized. By the alternate

adsorption of the cationic macromolecule and the anionic macromolecule,
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menbrane of the present invention, it is preferable
that the perneable 10 nenbrane is treated by using an
agent for increasing the rejection conprising a
cationic macronol ecul e and an agent for increasing the
rejection conprising an anioni c macronol ecul e
alternately. The rejection can be increased by the
alternate adsorption of the cationic macronol ecul e

and. t he ani qni ¢ nmacronol ecul e to the perneabl e
the sBrEgR OnCEhe sWags of idle menpbranendodanet decine dsitraely
anic electrolytes in the water for the treatnent

i nor
P?%‘%é’? (BRASRIVE; andddeaflsopntipnylayensfcannke statiibnéd while the

cr | ecul e where the, positjve charge alone is
hy g Zﬁﬁc PHRARGTTY 15 fpamt ecﬁheT]&W:o‘ihecaﬂ%’ptmnl ecelstances

cationic _macronol ecul e as

the |layer of th
C‘{”ﬁéﬁﬁg?ﬁ?‘getg‘ghmﬁ WABE G4 bG GHPPYessedht At thedecreasaan the
(=] ' - tions and anions, and the rejection
ﬂﬁg Pﬁc?gggg§@8&b?§%VéP,1§§% ?ﬂ%apﬂgﬁﬁpgoﬁ pragiegs can be
suppres@fet i on between the layer. of the cationic
macronol ecul e and the | ayer of the anionic

macr'oh®! eesde8s Xy b Rsa waondi 1 that these
| ayers arge absor bedi%c%g%élggr %gbpgjetr%l% r aWnle?1 tthePermeable

mathonhedof oti tpheBe®f WRBEEIWANGHS HeS ! itged
suppress cl eava%e of 25 thesé1 *gg/lerﬂg aaﬁ%q{éﬁe tﬁngPeglsnélc?ed

pergjeabié omensbisinabidri zeherByedHle MdRbAAle hALEL Phé OBame
of the cationic macronol ecul e and the anionic

rejegbioonas dbat of theduhhsed pergeable thenbruiacBpftrédfieng the
menyr ane does not becone extrenmely positive or

U{isgat Pokneaile meanbisger prithe peymeableamdisbsirabhhivagd the
while the hydrophilic property is maintained. Thus,

sapife reiecHPPt A thef lubhe amused permeableatiambiaie using the
mepbr ane can . be suppressed, and the decrease in the 5

agpp OBfI%E?%%gi@'ﬁ g‘%ﬂ@"‘ﬂ%“t fyBe ckaiectinm s i ingraasodt anmcksghe

de?%%ggﬁl gﬁlg\%ﬁ{}ﬁg’ e%gﬁ%gﬂf é(?ﬁletslglg ge{n i)g %Ilggﬁésggd.t he

The process for increasing the rejection with a permeable
membrane of the present invention can be applied to é permeable
membrane having a rejecﬁon decreased from that of the wunused
permeable membrane. The rejection can be increased by treating the
permeable membrane having a decreased rejection with the agent for
increasing the rejection.

The permeable membrane having the rejection increased in
accordance with the process of the present invention can be used while the
membrane is kept at the module used for the treatment for increasing the
rejection or after the membrane is detached from the above module and

mounted to another module. When the permeable membrane detached

from module A is mounted to module B, used for the treatment for
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menbrane of the present invention can be applied to an

unused perneabl e nenbrane or a perneabl e nenbrane

having the sane 10 rejection as that of the unused

per neabl e nenbrane. By treating the unused perneabl e

menbrane or the perneabl e menbrane having the sane

rejection as that of the unused perneabl e nenbrane

using the agent for increasing the rejection, the

.rejection is increased, and the decrease in the flux

Irepeingethe eriestiiom injmedukenBpeesagipdefsad mdduld B and then
rocess for increasing the rejection with a perneable

FAre Bro Gor Bxpddes @y eBt ok Ganapebabbi eont ovizh or
rmeabl e nbrane ing . a rejection decreased from
d e&?“g?r"tnhégg‘hf}g@%“ B&%ﬁr@ be aeinskionda dncriaged dyddei dipping,

O A R PR P EmETang agemudion ingdace of
| 2 jection. Th b nb
O SPERRAE rdRehBHER PR nekeiabi, Regbiramecmatnle Fhand

HPEL It} t r hnventi on can be used while the
prrerrb‘(’lf’eane Ilts}tu{g)glgtﬂ Igtaaﬁﬁseja'm)dul e used for the treatnent

for THELppHAlohNT (HeShEThd [ Lhe renbrane is
det ached from the above m%élﬁigqé%%fbggnﬂ%ﬂerﬂtgg poaccordance

withotheeprorocii fir- indheikih B ehP %f@?:g&kx:w@ﬁn% ?ggr%ﬁgﬁfeﬁ%lg%rane

fIrom nodule A is nounted to no

oft theatpresentf tiven2bn A neASHAGIGIIS I EligREdPN ER

B, . det ached from nodul e Bpand the?i 1m)u_nt edEt% ql%ul%g the

anplicativnl bxlude Badnr sgstomys be WhRhS28jettiol Sfeater than the
different fromeach other. Wien the rejection is

rejactosayid the unased meirnmabld heembenat ireqfiréd RRUNG stoms

£ the perneabl e nenbrane i s conducted in place of 5 the

Oh plEatingn vAstepwateh gt mehishr vhabkejector with to padibthle

B %nd pgssi n d/vater t hrough nopdul e B.
membrane " decreased to a value” smaller than that of the unused

permeable membrane is recovered. In the process of the present
invention, the requirement for the quality of the treated Watér in systems
for treating waste water is satisfied since the rejection is increased by the
adsorption of the ionic macromolecule. Moreover, the adsorption of
contaminating substances in water for the treatment can be suppressed,
and a flux of permeation greater than that of ordinary nano filtration

membranes and reverse osmosis membranes can be obtained.

EXAMPLES

The present invention will be described more specifically with
reference to examples in the following. However, the present invention is
not limited to the examples.

In Examples and Comparative Examples, the rejection and the flux
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The application of the perneable nmenbrane treated in
accordance wth the process for increasing the
rejection with a perneabl e nenbrane of the present
invention is not particularly limted. Exanples of the
10 application include water systens in which a
rejection greater than the rejection with the unused
per neabl e menbrane is required and systens for
reating waste water in which the rejection with a
0{)%‘?1%%?&#@ wiekpriobtained éu meastddnre vatly ahe dolivwinzanethak,

t.hat .of .the_ unused er neabl e menbrane i s recovered.
(%)na@%ﬁﬁ%eé%&l&m ?hg'fbifeesent 15 invention, the
requif enent for the .quality of the treated water in
sysﬁeﬁ% %??CHICtCPBQPF‘H Hassttevakarder ithe draatatardd weiten passed
' reased b he adsorption of the

A e 55 SRS e Mo ek B e

AM9at.l stances:in water . f t he treat nent
ek 55%%@%@%3 lt"aaé’ﬁﬁrdaa‘}%ﬂltﬁfthﬁgﬁﬂﬁ‘gf%ﬁmgaw-er
t hanseifigforofosor di nary nano filtration 20 menbranes

and reverse osnosi s nenbranes can be obtai ned.

EXAVPEES2xERs:t A @688t BF %@eié‘hé#g{&?éﬂ’?ﬁ&{l klg&%bﬁé’ﬁe‘i /

specifically with reference to

f ol | owi ndelcdoMe ¢eRdudtiEtPHENEM fo?\f?éﬁtin‘gfﬂgio-? 25 not

limted to the exanples.” I n Exanples an nparative

Exanpl es, t he elejtertdoaduatiditiy e chhébntratedofaRENIERIG ON
were obtained in accordance wth the follow ng

(2heReirtsion d¢flipopReipst aloohobf sodi um chl ori de The
electric conductivities of water for the treatnent,
wat é"PJeﬁHQQe((% F hrough a nenbrane and concentrat ed

o2l oul at Si-1o7 1 Gl ebwF P e dribkbogh mgprabatd i
rejection (% (TOC value of water for treatment +
TOC value of concentrated water)} x100
The concentration of isopropyl alcohol was set so that the
contribution of other components including the ionic macromolecule to the
TOC value was small (for example, about 2% of the TOC value of isopropyl
alcohol). When the TOC Component other than isopropyl alecohol is the
lonic macromolecule alone, the rejection can be obtained more accurately
by eliminating the contribution of the ionic macromolecule to the TOC
value from the value of (TOC value of water for treatment + TOC value of
concentrated water) in the above equation.
recovery (%) = (amount of treated water /
amount of water for treatment) x100
contribution of ionic macromolecule to TOC value (mg/liter) =

TOC value of ionic macromolecule added to water for
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{1-(2xel ectric conductivity of water passed through
menbrane) / (electric conductivity of water for
treatment + electric conductivity of concentrated
water)} x100 10 (2) Rejection of isopropyl alcohol
rejection (% = {1-(2xTOC val ue of water passed
t hrough nenbrane) / (TOC val ue of water for treatnent
+ TOC val ue of concentrated water)} x100 15 The
concentration of isopropyl alcohol was set so that the
contribution ofFEAtHENLE T Wecﬂmﬁ‘ﬁ(; he ionic
mol ecule to the TOC value was sma or
(@T;gﬁg?)%(’?%%?at?% of the TOC val ue of isopropyl

.. When . .the TQC conpopent other than isopropyl
Z: gg%")eirspﬁ‘sﬁsd ﬁhaﬂ}‘glcr?a&’? F‘ré%|“éa8apfz1:‘tﬁ@,te2% rf%r 1 hour, and
EFIRE oP bet b SuC M) BEWBRE G Aordanee with the following
efB&(iORD! ecule to the TOC value fromthe value of (TCC
val ue of water for treatment + TOC val ue of
concApkpRemaatish) (nlIx jng))apove equation. recovery

(%9 = (amount of treated water / anmount of water for

t r eat nent 00 o2 S tePhhsdudt4 ' prom)I ecul e
to TOC vaiiﬁpgll( ng/ Iai t ergjgl_@élTﬁB 3&1{11%‘9%2) g?rg% c
macr onol ecUbeepofiRdniinawekeimd of col?e%%io )

treat ment x{ 1+100/ (100 - recovery)} 351 Fl ux of
perneation Water passed through a menbrane was
collected for 1 hour, and the flux of perneation was

Cempagptive &xampledor dance with the following 5

equaf&i 38 mg/liter aqueous solution of polyvinyl alcohol 'having a
weight-average molecular weight of 22,000 was passed through an
aromatic polyamide membrane having a decreased rejection under a
pressure of operation of 1.2 MPa for 20 hours. The flux of permeation
decreased from 1.2 m3(m2-d) to 0.6 m3(m2-d) or smaller, and the rejection
of NaCl in a 500 mg/liter aqueous solution of sodium chloride increased
from 86% to 96%. The rejection of NaCl decreased to 95% after 24 hours
and 94% after 96 hours. When the same procedures were conducted
using a 1 mg/liter aqueous solution of polyvinyl aleohol, the rejection of
NaCl increased only to 94% although the flux of permeation was 0.7

m3(m2-d).

Comparative Example 2
A 1 mg/liter aqueous solution of polyethylene glycol having a

welight-average molecular weight of 7,100 was passed through an

aromatic polyamide membrane under a pressure of operation of 1.2 MPa
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flux of perneation (nB/(nRd)) _ anpbunt of water passed
t hrough nenbrane / (area of nenbranextine of

coll ection) 10 Conparative Exanple 1 A 10 ng/liter
aqueous sol ution of polyvinyl alcohol having a

wei ght - aver age nol ecul ar wei ght of 22,000 was passed
through an aromatic pol yam de nenbrane having a

decreased rejection under a pressure of operation of
The flux_ of perneation 15

1. a for, 20 hours.
f%‘”eé? g@é’é& fTéﬁwa‘%XZOﬁB?’fP&@?ti% dpceearefeom) 1.arméml Heto 0.4
e rejection NaCl in a 500 ng/liter aqueous
ngjgﬁ]uzt'cpo% a@S&i ad 21}13 gricstonnel Na&ddn & pBthmsgditen aqueous
% T jecti,qn .qf Cl decreased to 95% after 24
oiaion BF chh{, RPafe o tturel Biarsovhdocdibé: Tt was found
: r uct ed .. usi ng /liter agueous
AR G0 BARBShR e sBorlcfRineoh writhe average
m¥a&dull g@&e&t 0 hough.t he fl ux af .
per rlrlég{]?v%n was ’%T@U CI)ngl(dg nﬁo/ﬁd%?‘i {ltq%d;r%%?%? F‘g%mEﬁ’ﬁﬂBFTé“’aﬁl% the
jedlidn birRe tREYRGBUS ' t hyl ene. glycol
re%r;‘zilvi ng a 55 wei ghtlféa}\%da{fg{eh %‘Iigg%[yfglﬁ%?g’ﬁf}g Crpagpdy
was passed through an aromatic pol yanm de nenbrane
under a pressure of operation of 1.2 MPa 23 for 20

Chmupﬁsativa@m‘almpde(ﬁ per neation decreased from1.1

rrB(ng to 0.4 nB(nkd) or smaller, and the rejection

of NaC mglitesoQuegns isbhitian ufoplyet3Qleidifnme! windh Was a

chl oride decreased from99%to 98% It was found that
cationie mpcrieeleeuleo having poivpighityaesragel yotdculkay ividight of

i ght - average 5 nol ecul ar wei ght of 7,100 coul d not

1%\@6@%%6 Rassqte thenugh pBraromatagiolpmide nrepleeticohaving a

since t]g f(I:ux of &?rrre tion and the rejection both
re&zé;gllpgag @a I'in a 500 mg/liter aqueous solution of sodium chloride
decreased to 88% and a flux of permeation of 1.3 m3(m2-d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 90%, and the flux of permeation
was 1.1 m3(m2.d).

A 1 mglliter aqueous solution of polyethyleneimine, which was a
cationic macromolecule, having a weight-average molecular weight of
75,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride
decreased to 88% and a flux of permeation of 1.3 m3(m2d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 92%, and the flux of permeétion
was 1.0 m3(m2.d). The rejection decreased to 90% after passing the

aqueous solution of sodium chloride for 24 hours.

Comparative Example 4

A 1 mgfliter aqueous solution of chitosan, which was a cationic
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Conparative Exanple 3 A1 ng/liter aqueous sol ution of
pol yet hyl enei m ne, which was a 10 cationic
macr onol ecul e, havi ng a wei ght -average nol ecul ar

wei ght of 10,000 was passed through an aronmatic

pol yam de nmenbrane having a rejection of NaCl in a
500 ng/liter aqueous solution of sodiumchloride
decreased to 88% and a flux of perneation of 1.3

n8( n2 1.2 MPa, for 20 hours. The rejection of

under 1 ]
mﬂ&@mg\%@b@%ﬂw&m at weightiaverhgp envteatliaonweibht wisl 61000 was
rrB?} t?q)lf %1 ng/liter aqueous sol ution of
P 5& PrRehdathieremafis palyagide mewbirane chaving a rejection of
ronol.ecul e . havi ng a wej ght -average nol ecul ar
NaET 4@ 858 mg/liey %’%Oﬁas'@b&l% b GeRiuan chlenide idecreased to
I ' rane havi a epectiqn of NaCl in a
SR SR Hip R IR BB L6l 0 BBE AL saarichNoFs e 2o hours
ok ux_qf . perneation of 1.3
T%%n%@%né@ﬁ%&%%a%éf%’r Fllg% UX ffePermmetipn iwas 1.1
mdast.qnas 92% and the flux of perneation was 1.0
n8(n2d). The rejection decreased to 90% after passing
t he A aQyeeUse:s Alavk [ Bl orj for 24 hours. .
25 Conpar %/%ii (\a/egg%%ﬁ'glyeéagu qu&wng%@%sgarﬂ g‘g’b“e‘%h? Ao AUt tappIc
madroatulé@danhawiicCh Weigheabatd N hfoledida i?ﬁ@é{g g%’%’o was
1o, was

h;;iisng a wei ght -average nol ecul ar wei ght 0

papseh ébiraugto agha somatio ALy Smbdd Yidsth Bea e HALARE AN YL

ref' ection of NaCl in a 500 ng/liter aqueous goféjut%@()f

Naff] Hodi 0 okd/btédequenreadationoof SAfuandhbriddide@based to
er n&ati on of 1.2 nB(n2-d) under 1.2 MPa for 20 hours.

8830 and a Uy of penmentiNacif 1R Y% dJamaddhe. 2f MPa ff 20 hours.
per neat.i on s 1.1 nmB(nkd). A1 ng/liter aqueous

The,FHiFamm ot SiaGloses S0 codhakdien o obriermeation was 1.0

m3(m2.d).

Example 1

A 1 mg/liter aqueous solution of chitosan, which was a ecationic
macromolecule, having a weight-average molecular weight of 160,000 was
passed through an aromatic polyamide membrane having a rejection of
NaCl in a 500 mg/liter aqueous solution of sodium chloride decreased to
88% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa for 20 hours.
The rejection of NaCl was 94%, and the flux of permeation was 0.9
m3(m2-d). The rejection of NaCl was maintained at 94% after passing the

aqueous solution of sodium chloride for 96 hours.

Example 2

A 1 mg/liter aqueous solution of polyvinylpyridine, which was a
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macr onol ecul e, havi ng a wei ght -average nol ecul ar

wei ght of 80,000 was passed through an aromatic

pol yam de menbrane having a rejection of 10 NaC in a
500 ng/liter aqueous solution of sodiumchloride
decreased to 88%and a flux of perneation of 1.2
n3(nm2-d) under 1.2 MPa for 20 hours. The rejection of
NaCl was 91% and the flux of perneation was 1.0

nB8(nk2d). 15 Exanple 1 A 1 ng/liter aqueous sol ution of
catinie saacrathplenulsa shavingt howietghtnaverage| soidanlahavéight of

ght - average nol ecul ar wei ght of 160, 000 was
1@5@@2 Fasnhpasaps ehrougbmn ae Omtw]ﬁelméﬁbnmbrm hagimg a

ecti in a_ 500 ng/liter_aqueous sol ution
’-‘e&ﬁ ?&Pﬁﬁ%@ B iadqéO@éEg@é%&(l‘J@OE@ wbogiemef soliwm diloride
er neat | 1 under 1. r .20 hours.
ABFLAER oBe b rﬁﬁ%‘ ok )élo%ﬁgl Teha Y smdes 1.5 MPa

on ejetlon of NaC was
fof 20 TR il %l‘fﬁ%@é’}’ 53¢ otex 95 PRFPEAtIon
wd 1 90disupe 51I oride for 96 hours. 25 Exanple 2 A1
} |ter aqueous sol uti on of polyvinylpyridine, which
mas a 25 cationic macronol ecul e, having a
wei ght - aver age nol ecul ar wei ght of 160,000 was passed
t hr Aghresuley SNBkhfp R '
rejection of Nad i nﬂ)(gfj %%{(?C%/ [ te?@qﬁggﬁ%%cﬁ%ﬁles 3 and
4 afe sodvin abdy ide decreased to 88%and a flux of
perneation of 1.2 nB(nRd) under 1.2 MPa 5 for 20
hours. The rejection of NadO was 93% and the flux of
pernmeation was 1.0 nB(nRrhble iThe results of Exanples 1
and 2 and Conparative Exanples 3 and 4 are shown in
Tabl e 1.

Macromolecule  Weight- Rejection Flux of permeation
average of NaCl (%) (m3/m2-d)

molecular before after before after

weight treat- treat- treat- treat-

ment ment ment ment
Comparative  polyethylene- 10,000 88 90 1.3 11
Example 3 imine 75,000 88 92 1.3 1.0
Comparative chitosan 16,000 88 89 1.2 1.1
Example 4 ‘ 80,000 88 91 1.2 1.0
Example 1 chitosan 160,000 88 94 1.2 0.9
" Example 2 polyvinyl- 160,000 88 93 1.2 1.0

pyridine

(The concentration of the aqueous solution of the macromolecule: 1 mg/liter; the time of

- passing the solution: 20 hours)

As shown in Table 1, the rejection of NaCl increased by 2 to 4% and

26



10

15

20

25

10 Table 1 Macronol ecul e Wi ght- Rejection Flux of
pernmeation average of NaCl (% (n8/n2d) 15 nolecul ar
before after before after weight treat- treat- treat-
treat- nment nent nment nent 20 Conparg(l veI 3 i

ol yet hyl ene- 10,000 88 90 1.3 1.1 Exanple I mne
$5,>O/OO gS 92 1.3 1.0 Conparative chitosan 16,000 88

89 1.2 1.1 Exanple 4 80,000 88 91 1.2 Il O2 Exlarrp!e Il

hit osan 160,000 88 94 1.2 0.9 25 Exanple pol yvi nyl -
ﬂfct%o,fﬁ'eio Epymeagion odegrgagetl nby( Th2 ¢ondeht nﬁl(%@_rd)ofwhen
t he eous. soj ution of the macronolecule: 1 ng/liter;
PPB/éetﬁ}gﬁBeHPmepJa%ﬁnﬁga Preaskibpuetage: moBehbar wpigh ofd0,000 or

IU?) in Tabl e, the.rejef ion, of Nad increased by 2
ooy aﬁ&%f?e Tﬁ‘é TpIegROBO é\i@ Jen%#edelﬁr dde & bpdehe flux

d) when yet hyl enei e having a _
Oﬁfglﬁﬁ?ﬁ@é?%eﬁewﬁe% ﬁgh %ﬁ-éhm%ﬁp%&w @hltfs?g dwgmg a
wWash ﬁ@é:j_, ' i.on I.NCrease y 0
andﬂt-I e ngﬁ 0([)%%%% n“gealtgﬁgnol}%&’loggs%a?&g%&lwﬁ‘% "65.93' The
ke b Wnem j ] wel -avera .

r%‘lﬁ ecul)ogr vvell g trég%@lg?gso%%%r &g%,t%ﬁg\a/a@euﬁgﬁ%%jﬁé?eatmn
décrbacdd By @2 NBCo.3 NE8GABEY Wier ko ALESE eﬁolja}xr}mytlp;;?ridine
flux of perneation
having a weight-average molecular weilght of 160,000 was used. When
polyethylenéimine having a weight-average molecular weight of 75,000
was used, the rejection of NaCl decreased to 90% when the aqueous
solution of sodium chloride was passed for 24 hours after the treatment.
In contrast, when chitosan having a weight-average molecular weight of
160,000 was used, the rejection of NaCl was kept at 94% when the
aqueous solution of sodium chloride was passed for 96 hours aftexf the
treatment. It is shown that the effect of increasing the rejection and the
stability in the treatment for increasing the rejection are enhanced by

using the cationic macromolecule having a molecular weight of 100,000 or

greater.

Example 3

A 1 mg/liter aqueous solution of polyvinylamidine, which was a
cationic macromolecule, having a weight-average molecular weight of
3,500,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride
decreased to 86% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa |

for 20 hours. The rejection of NaCl was 96%, and the flux of permeation
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decreased by 0.2 to 0.3 nB(nR-d) when chitosan or

pol yvi nyl pyridi ne having a weight-average nol ecul ar
wei ght of 160, 000 was used. \Wen pol yet hyl enei m ne
havi ng a wei ght -average nol ecul ar wei ght of 75,000 10
was used, the rejection of NaC decreased to 90% when
t he aqueous solution of sodiumchloride was passed
for 24 hours after the treatnment. |In contrast, when

chit gsa i ng_.a wej ght-average nol ecul ar. wei ght of
Wi%c?f-gd’ég(%h%&sgghe epecrianeft Nak!l orasvaglintrined epithastability
% when i he ue sol ution of sodium chloride was
alg‘igé‘%%"?%#a% %@%ﬁ iﬂéfhpglrst he 15 treatnent. It is
sho he effect aof,increasi the rejectiqgn and
the Bt RRuERls Rpbinit o HelvinmErmating wines was o
Yol i a Y. using the cationic .
A G R Qe R KRR RO faRe BPrslanatpight of
3,80€ I l:t.er us_sql utiqgn of
06008 A Eudh Ak L AR SR U o
refationgoR NACIOMH 22560 a88/111B} Gedls Wl Eiin OF sofinBC%1A8%de
was passed through an aromati'c po?yam e _rreﬁc’or ane
depedised to 86%ja0 & ANOHf PaGhed o 0P IB HB(ILRIE u ARYEOYHPa
sol ution of sodiumchloride 25 decreased to 86% and a
fof ROhairspe i atejeationf ofIN2 CYR(48296%, dRdahefidx WPRerhehtion
20 hours. The rejection of NaC was 96% and the flux

wag Oge ortée’idn The wwgectors of @l elas maentaehed with Bhbility
NaCl was maintained wwth stability and did not change
angk didmotchamgarafterAl 20hogys. i t er aqueous sol ution of
pol yyi nyl am di rﬁg whi ch was a cationic nmacronol ecul e,
havilily st g tsameplegt apppeewinan TadilgBt of 5
3,500, 000 was passed through an aromatic pol yam de
menbrane having a rejection of NaCl in a 500 ng/liter
aqueous sol ution of sodi ufAP ori de

Concentration Rejection Flux of permeation
of of NaCl (%) (m3/m2-d)
aqueous golution before after before after
. of o treat- treat- treat- treat-
polyvinylamidine ment ment ment ment
(mgliter)
Example 3 1 86 96 1.2 0.8
10 86 96 1.3 0.6

(The weight-average molecular weight! 3,500,000; the time of passing the solution: 20

hours)

As shown in Table 2, the rejection of NaCl increased from 86% to
96% by passing the aqueous solution of plyvinylamidine having a

concentration of 1 mg/liter or 10 mg/liter, was maintained with stability
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decreased to 86%and a flux of pernmeation of 1.3
mB(n2.d) under 1.2 MPa for 20 hours. The rejection of
NaCl was 96% and the flux of perneation was 0.6
n8(n2d). The rejection of NaCl was naintained with
stability 10 and did not change after 120 hours. The
results of Exanple 3 are shown in Table 2. Table 2 15
Concentration Rejection Flux of perneation of of NaC

ol W 4t Gl S oA0 bonein otleausecad the concentration. It
AR oS e T SR et o
N e AT
o8 SR o e oo
SR SRS B Py Tk e
et et S USSRl PGS AT by e

atieigheheetdgermaldul &t wbighit oy thO BRI SRPBE& ned by
usi %g pol yﬁényl al cohol g: n Conparative Eg(gn'pl el
coul d be obtai ned although the cationic nacronol ecul e

having 5 a wei ght-average nol ecul ar wei ght of
Exampde 8600 or greater showed a

A 0.2 mglliter aqueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 3,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaCl in a 500 mg/liter aqueous solution of
sodium chloride decreased to 84% and a flux of permeation of 1.3 m3(m2-d)
under 1.2 MPa for 20 hours. The rejection of NaCl was 88%, and the flux
of permeation was 1.1 m3(m2-d).

A 1 mg/liter aqueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 3,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaCl in a 500 mg/liter agueous solution of
sodium chloride decreased to 84% and a flux of permeation of 1.4 m3(m2-q)
under 1.2 MPa for 20 hours. The rejection of NaCl was 92%, and the flux
of permeation was 1.1 m3(m2.d).

A 10 mg/liter aqueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular

weight of 3,000,000 was passed through an aromatic polyamide
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greater decrease in the flux of perneation than that

of the polyner having a weight-average nol ecul ar

wei ght of the order of 100,000. Exanple 4 10 A 0.2

ng/liter aqueous solution of sodi um

pol ystyrenesul fonate, which was an ani onic

macr onol ecul e, havi ng a wei ght-average nol ecul ar

wei ght of 3,000,000 was passed through an aronatic
menbr ane, ha %gng rejection of NaC in a

m%%}yrﬁﬁ’;eq?elvé’flg Airasiions Nﬁpihn@f5 0% su/lifer uepiig golution of
~EEREETOe it o R s w0
u%ﬂ%msfﬁ%g al?rgrt 21”'8%@61 %ﬁ%aﬁ?at < |°=u?ﬁl‘% the flux
Oﬁgrﬁgﬁ{wglf(ﬁwﬁg QWhich was an anionic

nacr ono avi ng wei ght - aver age nol ecul ar

wei thr h an aromatic

pol }%g%%&%ﬂg ﬁ’wﬁé‘@.@%"gg""r%gc |0§Fi of NaCl in a
500 ng/liter aqueous solution of sodiumchloride
decreased to 84% and a fl#xy,0% perneation of 1.4
nB(nm2-d) wunder 1.2 MPa for 20 hours. The rejection of
NaCl was 92% and the TTux of pernmeation was 1.1
nmB(n2d) . A 10 Compehirhiédn dqueous S@efdbtiddn Of FSQMdrYBimeation
pol yst yr enesubfRBad BiutiodS Whi ch RS @) ani oni Cmd/m2-d)
macr onol ecul e, havi ng a wei ght - average nol ecul ar

wei ght of 3,000,000 was passed through an aromatic—
pol yam de 29 nenbefane havi ng &fdre] ecit@n obetMaC 1 prd
500 ng/liter ageeupolsol uti on okat- Sodidsm ChkRki-de ireat-
decreased to 8%negwiforaté | ux of mper neahémn Ofmcht4  ment
n8(nkd) under L,.ZuMa for 20 hours. The rejection of
NaCl was 94% and the flux of perneation was 1.0

nB(n2d). 5 The results of Exanple 4 are showri n—Tabte
Ex3mple 4 0.2 84 88 1.3 1.1
1 . 84 92 1.4 1.1

10 84 94 1.4 1.0

(The weight-average molecular weight! 3,000,000; the time of passing the solution: 20
hours)

As shown in Table 3, the rejection of NaCl increased when the 0.2
mg/liter solution, the 1 mg/liter solution or the 10 mg/liter solution of

sodium polystyrenesulfonate was passed.

Comparative Example 5

A 10 mg/liter aqueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular

weight of 50,000 was passed through an aromatic polyamide membrane
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Tabl e 3 Concentration of Rejection Flux of perneation
10 aqueous solution of Nad (% (nB/nRd) of before
after before after sodiumpoly- treat- treat- treat-
treat- styrenesul fonate nent nment nment nent 15
(mg/liter) Exanple 4 0.2 84 88 1.3 1.1 184 92 1.4
1.1 10 84 94 1.4 1.0 20 (The wei ght-average
nol ecul ar wei ght: 3, 000,000; the tine of passing the
solution: 20 hours) As shown in Table 3, the o
haging pi iediomaltNa GlcineasaQD whgfitéhaqBedhs 28unhl bf Sédium
lution, the 1 [liter solution or the 10 ng/liter
Cé&ru{q reﬁsedsﬁfblgg%« pod wstlyx of esuhatianefib g m%(m%d) under
rati anple 5 A 10 ng/liter aqueous sol ution
13 RREa Kot o ROty s Beipekiak f Nabl athic Abtasuhthe fux of
ionj.c_nacr | ecu having a. wei ght - aver age
oGP s LR o, Dot 4hp FeshstiontaioNaE1 aer the lux
e am ge nmenbrane 30 having a rejection o
Oiéﬁ§3@%$%gpg%%nﬂﬂﬁliter aqueous sol ution of sodium
chl oride decreased to 88% and a flux of perneation of
1.2 mB(n2-d) under 1.2 MPa for 20 hours. The

i gon of NaC was 88% and the flux of perneation
E\E;gis]ﬁ%ég nB(nRd). Neither the rejection of NaC nor the

fl uxA 300mgPefereatiftuL RBRASSh of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 100,000 was passed through an aromatic polyamide membrane
having a rejection of NaCl in a 500 mg/liter aqueous solution of sodium
chloride decreased to 89% and a flux of permeation of 1.2 m3(m2-d) under
1.2 MPa for 20 hours. The rejection of NaCl was 92%, and the flux of
permeation was 1.1 m3(m2-d).

A 10 mg/liter aqueous sclution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 150,000 was passed through an aromatic polyamide membrane
having a rejection of NaCl in a 500 mg/liter aqueous solution of sodium
chloride decreased to 87% and a flux of permeation of 1.2 m3(m2-d) under
1.2 MPa for 20 hours. The rejection of NaCl was 94%, and the flux of
permeation was 1.1 m3(m2-d).

A 10 mg/liter aqueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average mblecular
weight of 1,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaCl in a 500 mg/liter aqueous solution of

sodium chloride decreased to 89% and a flux of permeation of 1.2 m3(m2-d)
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Exanple 5 A 10 ng/liter aqueous solution of sodium
pol ystyrenesul fonate, which was an anionic
macr onol ecul e, having a wei ght-average nol ecular 10
wei ght of 100, 000 was passed through an aronmatic
pol yam de nmenbrane having a rejection of NaCl in a 500
mg/liter aqueous solution of sodium chloride
decreased to 89% and a flux of perneation of 1.2
gﬁ(nﬂkg&[under 1.2 MPa for 20 hours. The rejection of
uraey 1iel Rpfar Ahboutre fTherajéctieofivall avas@8% L ahd the flux
(n2d).. 15 A 10 | iter aqueous sol ution of sodium
Otgg?%ﬁa;ﬁ‘@hﬁ@ﬁllf-bﬁ'a g%dMwhi ch was an ani oni c

macr ecul havi ng a wei ght -average nol ecul ar
wei g‘%tmibf mﬁé@@%@@q%ﬁ%u%fﬁ@b@dom hefosedivam polystrenesulfonate,
W@g%}/%m de nenbr.ane having.a rejection of Nad in a
P14 BPIUYE ST TRl enhaTingor Mnighi hversigdemolecular

AR Eegse 9% and a flux of perpeation of 1.2
W?ﬁﬁ?‘rﬁeg? 33&@‘@9%%{" W5 npasseg: JooRghr an TREORafie c pobrmide

S IR A e APt N G & s BTt aenias bution of

oAU A ANE bl B o 8 nfill il 3F pB Rl g 41 mBGm20)

macr onol ecul e, having a wei ght-av

unvdkirdh MPa P00, R WagHR %ﬁ%ﬁo&ﬁf@ﬂ@%ﬁ&gﬁ%ﬂ({: fhe, flux

pol yam de 25 nenbrane having a
of pefmegtiontvess AqueGGa29p] ution of sodium chloride
decreased to 89% and a flux of perneation of 1.2
n3(nm2d) 31 under 1.2 MPa for 20 hours. The rejection
of NaCl was 94% and the flux of perneation was 1.1
Comparadive Bxamplgbl i t er aqueous sol ution of sodi um
polysaérenesulfonate, whi ch was an ani oni c
macte

megliter agasouigsdutiehgiftsoditan apatimisedfatarwhich was
wei ght of 3, 000, 000 was, passed through an aronmatic

an 3noRie Aacromo ecule, having a weight-average molecular weight of
40,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter aquebus solution of sodium chloride
decreased to 89% and a flux of permeation of 1.3 m3(m2.d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 89%, énd the flux of permeation
was 1.3 m3(m2.d). Neither the rejection of NaCl nor the flux of permeation

changed.

Example 6

A 10 mg/liter aqueous solution of sodium dextransulfate, which was
an anionic macromolecule, having a weight-average molecular weight of
100,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride

decreased to 88% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa
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having a rejection of NaCl in a 500 ng/liter
gggggﬁgeso?utign of Jsodiumchloride decreased to 89%
and a flux of permeation of 1.1 nB(nR2-d) wunder 1.2
MPa for 20 hours. The rejection of NaC was 95% and
the flux of permeation was 1.0 nB(n2d). 10 _
Conpar ative Exanple 6 A 10 ng/liter aqueous solution
of sodi um dextransul fate, which was an anionic

havi ng a wei ght - average nol ecul ar

[
f%géﬂ}?‘%g Cui‘ge gorching Qfa@@@g waws dfghand thedhet bfpermeation
{rbrane having a 15 rejection of Nad in a
v‘g"(?oi/ﬁdp?(le ;{T& aqueous sol ution of sodium chloride
89% and a flux of perneation of 1.3

o naaT0 T B A tion SR dran Oslcanspilois oni was
W&W R AR i, £ rBghTR m%%fg%m“oﬁg@m weight of
SO0 a8 has OB MAEo1f An AR Boliaimi eﬁeﬁfh%énev%asvmg a

aqueous s
S SRS 0, 0B LA oo
dedrenséd co BEYY A @eﬂﬁﬁ@b@%eﬁﬁ\sho%guﬁg gﬁi”%@i@g g‘?ﬁ ?% MPa

NaCl in a 500 ng/liter aqueous s

d of ds 326, fti
Coobate, o e o KRS 2y o

Wﬂéﬂd&nﬂﬁn@éﬁ NaCl was 90% and the flux of perneation

was 1.1 nB(n2-d). A 10 ng/liter aqueous sol ution of

sodi 4 itensufuleatie soliticrhofemliuandesirefb€lfate, which was

macr.onpl ecul e, having a wei ght-average nol ecul ar
algv@ing(pﬂlcomacromolecule aving a weight-average molecular weight of
1,400,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride
decreased to 89% and a flux of permeation of 1.2 m3(m2-d) under a
pressure of operation of 1.2 MPa for 20 hours. The rejection of NaCl was

94%, and the flux of permeation was 1.0 m3(m2-d).

Comparative Example 7

A 10 mg/liter aqueous solution of sodium polyacrylate, which was
an anionic macromolecule, having a weight-average molecular weight of
50,000 .Was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride
decreased to 87% and a flux of permeation of 1.3 m3(m2-d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 89%, and the flux of permeation

was 1.2 m3(m2.d).
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5 500, 000 was passed through an aromatic pol yam de
menbrane having a rejection of NaCl in a 500 ng/liter
aqueous sol ution of sodiumchloride decreased to 88%
and a flux of perneation of 1.4 nB(n2d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 92% and the
flux of perneation was 1.2 nB(n2d). 10 A 10 ny/liter
aqueous sol ution of sodium dextransul fate, which was

Eﬁ%p&gi QTHi c macronol ecul e, having a wei ght - aver age
Glar wei ght of 1,400,000 was passed through an

aro t'ﬁ oh. am de nenbrane having a rejection of

NadCl 43 h éﬁg ChgAueees Sﬁgllé@‘h@f% mmaplptcrytateumvhich was
aﬁh olri de decr eggsefl t.,0 89% and ,ahfl ux of perneation of

PIRBGRAOmRIRER s, hayipgea spighbaverageamodeubar wedght of
...1he rejection of NaCl was .94% and

10R0D € B30l Thngieh RSO G B i Bmpanae iving a
FH¥ A hht £r. eous sol uti gn of, sadi um :
o yac?’;ﬁﬁgffg?%ﬁ?ﬁg Pb\égﬂﬂ% %\cﬁuee%so%ﬂlgaﬂﬁc?foﬁ‘é% (hloride
dEEHEL S £ YBYOhA BUPEBP pEBIEGHLA r1Ch W) 304090 5 Mpa

was passed through an aromati c pol yam

fobd@0 hguis. 'RieEdjb@bmPbf Na@ll whs @2@@%{;@9%}%& ggg% AP Eition

sol ution of sodiumchloride decrea
whi O nf3(pérdreat i on of 1.3 nB(nRd) under 1.2 MPa for
20 hours. The rejection of NaC was 89% and the flux

of périfemg/liter 2guomss dolAtivh( sL6)diud3 pekapatd, ®hldh was
nmg/liter aqueous solution of sodium polyacryl ate,
anfingeniganacemelacolei havarg amvleeghit everhgyimgledular weight of
&ﬁbg’ht -average nol ecul ar wei ght of 100,000 was passed
L 08 r# ampasssdethrough iapaataeatie pohemei deanenbrand having a
Lejecti of, NaCl _in a 500 ng/liter aqueous sol ution
Ifechjtlé)gd?ﬁﬁacéh Bt 2900 mg/liter aqueous solution of sodium chloride
decreased to 87% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 96%, and the flux of permeation
was 0.8 m3(m2-d).

A 10 mg/liter aqueous solution of sodium polyacrylate, which was
an anionic macromolecule, having a weight-average molecular weight of
6,000,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter aqueous solution of sodjum chloride
decreased to 89% and a flux of permeation of 1.3 m3(m2-d) under 1.2 MPa

for 20 hours. The rejection of NaCl was 95%, and the flux of permeation

was 1.2 m3(m2.d).

The results of Examples 5 to 7 and Comparative Example 5 to 7 are

shown in Table 4.
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decreased to 88% and a flux of perneation of 1.2
n3(n2d) under 1.2 MPa for 20 hours. The rejection of
NaCl was 92% and the flux of perneation was 1.0
n8(nm2-d). A 10 ng/liter aqueous solution of sodium

pol yacryl ate, which was 10 an ani oni c -macronvol ecul e,
havi ng a wei ght-average nol ecul ar wei ght of 1,000, 000
was passed through an aromati c pol yam de nenbrane
having a rejection of NaChblern a 500 ng/liter aqueous
solution of sodiumchloride decreased to 87% and a
flux of pernmeatjon of 1.2 nB(nRd) under 1.2 MPa for
20 hour s. Maframplerudet i S¥eidt NaCl  \igiecid®y  arfliux dfmefrhaskion
of perneation 15 wasaGr8genB( mM2-dNaCA40 ng/ | i(in@mm2-d)
aqueous sol ution of sodium palvacrylate, which was an
ani oni ¢ macronol ecul e, having a wei ght -aver age

nol ecul ar wei ght of ™RFOBr000bsiers pasfierd t hefoxegh amfter
aromatic pol yam de nerfi#ie haliedly a tr¢as] ecttiesti of treat-
NaCl in a 500 ng/liter aqueous™8Futi®atiof deffitum ment

3.n8 :' aer 1. \ a f' 20 uEs. e
Cﬁﬁ%ﬂ?}ééﬁo&ggégmgit@as Q%Wand ?%e fl uh% of pl&m‘sati on’
was 1.2 mg(mZd)." The results of Exanples 5 to 7 and

E-oRRRa at | \eikxaRl € 5 i@ oboare g£d5 sh in Tgble 4.
34 Table 4 I\l/hc?g?fol ecul e Wi ght - Rej egétginon F %x of 1.1

per meat i SHrenaRrEPae of 1R (9 8T nB/ n4d) 5 ABl ecul drl
before after before afdodlooowei ghd treajs- treab- treats

treat -
3,000,000 89 95 1.1 1.0
Comparative sodium dextran- 40,000 89 89 1.3 13
Example 6 sulfate

Example 6 sodium dextran- 100,000 88 90 1.2 1.1
sulfate 500,000 88 92 14 1.2
1,400,000 89 94 1.2 1.0
Comparative sodium 50,000 87 89 1.3 1.2

Example 7 polyacrylate
Example 7 sodium 100,000 88 92 1.2 1.0
polyacrylate 1,000,000 87 96 1.2 0.8
6,000,000 89 95 1.3 1.2

(The concentration of the aqueous solution of the macromolecule: 10 mg/liter; the time of

passing the solution: 20 hours)

As shown in Table 4, the rejection of NaCl with an aromatic
polyamide membrane having a rejection of NaCl decreased to 87 to 89%
increased to 90 to 96% by passing the aqueous solution of sodium

polystyrenesulfonate, sodium dextransulfate or sodium polyacrylate,
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ment nment nment nment 10 Conparative sodi um poly- 50, 000
88 88 1.2 1.2 Exanple 5 styrenesul fonate Exanple 5
sodi um pol y- 100,000 89 92 1.2 1.1 styrenesulfonate
150,000 87 94 1.2 1.1 1,000,000 89 94 1.2 1.0 15
3,000,000 89 95 1.1 1.0 Conparative sodi um dextran-
40,000 89 89 1.3 1.3 Exanple 6 sulfate Exanple 6
sodi um dextran- 100,000 88 90 1.2 1.1 20 sulfate
500,000 88 92 1.4 1.2 1,400,000 89 94 1.2 1.0
iohp 18t ARPDdO dhacmosmleode87 havig & WwaghfExeemige Holecular
polyacryl ate 25 Exanple 7 sodium 100,000 88 92 1.2 1.Q
Wﬁbg%%fjr Kyﬁ%@%o 9T GOERIBO0 B72198tar Weigls a\@rage nileclar Hight
3 1.2 (The conc?ntration of the aqueous sol ution of
Oﬁlﬂée ﬁﬁ&“&m%@en@ ectde tgnds te showhe areateroiffecs®f increasing

assi ng the.sol ut. 20 hours) As shown in Table 4,

G BeIeET IR B%P@rrh&ﬁ T, iR ea?ﬁsﬁr%ﬁaﬁffdi@m @X@ﬂ)ﬂﬁgmt‘ed@gl;lfsnate
- | ' [ foN ecreased to 0
S %ﬂ&e&%éé'ﬁg?ﬁa%Sjn?ﬁeé@%rﬁweB‘é%:q}g SR et sodtum

i ' . | yst es ona
PATREP IR RovBRrs WLER LRI bR Wlet of Bclothen, the
rejétitfi GnPRGIRADLE CORBS wifduiing bré&i qyetci'gﬁ/s%r? ®the flux of

nol ecul ar

permeation.  The rejection of NaCl showed no or only a small

improvement when the weight-average molecular weight of the anionic

macromolecule was 40,000 or 50,000.

Example 8

The treatment for increasing the rejection was conducted by
passing an aqueous solution containing 10 mg/liter of sodium polyacrylate
having a weight-average molecu_lar weight of 6,000,000, which was an
anionic macromolecule, and 500 meg/liter of sodium chloride through an
aromatic polyamide membrane having a rejection of NaCl in a 500
mg/liter aqueous solution of sodium chloride decreased to 89% and a flux
of permeation of 1.2 m3(m2-d) under 1.2 MPa for 20 hours. The changes
in the rejection of sodium chloride and the flux of permeation with time

are shown in Figure 1. The rejection of NaCl reached to 96% or greater

- and the flux of permeation became 1.1 m3(m2.d) after passing the aqueous

solution of sodium polyacrylate and sodium chloride for 20 hours.
Thereafter, pure water was passed through the membrane and, then, a
500 mg/liter aqueous solution of sodium chloride was passed through the

membrane for 100 hours or longer. The rejection of NaCl gradually
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wei ght of 100,000 or greater. A greater weight-average
nol ecul ar wei ght of the anionic nmacronol ecul e tends

to show a greater effect of increasing the rejection.

In particular, in the case of sodium

pol ystyrenesul fonate 5 having a wei ght-average

nmol ecul ar wei ght of 3,000,000 and sodi um polyacryl ate
havi ng a wei ght - average nol ecul ar wei ght of 6,000, 000,
the rejection increased to 95% w thout a great
derensed éo PR% alshougix nofchamer maathiediux Thpermeftsn ansdthund.
NaCl. showed no or only a small inprovenent when the
Tygsi shawmbatign cestregigoar wildi the effectt dshihitedwith the cationic

nacrogg%sfulg was 40,000 or 50,000. Exanple 8 The
MACEA » dPe BRI agrontrleedp exhilite dva ssnedhetuddceense in
b assi_ng _an,aqueous sol ution containing 10 ng/liter
thyy ﬂé@‘u?ﬁrﬂegm%@ PYER When Hhei aepcenieation veaseingeased 10
.ol _ecul ar,, wei ght of .6, 000, 00 whi.ch., was an _ i anionic
Y T STt 40i5eRgng the Hoctih apcHhayaeility arc
n . aromati c pol yam de nenbrane having a
Sﬁ%gtc?@%ﬁﬁﬁf NaCl in a 500 ng/liter aqueous solution
of sodium chl oride decreased to 89% and a flux of
perneation of 1.2 nB(nRd) under 1.2 MPa for 20 hours.

Edfeptdhgnges 20 in the rejection of sodiumchloride and
the flux of perneation with tinme are shown in Figure

1. Thige tRja@fitein®HofncNesdinkQRE ri%fbe%i%n%ﬁ‘%‘%%oﬁé&@# ?[élryamide

and the flux of perneation becane

mpadaiang éttebiting ol Slecialsylli Afjedtions i NETPO YAt by
and sodium chl oride for 20 hours. Thereafter, pure

pasaing anesyeass edlttivroof) Antdrdonkriaaim sledulet LD andadrous
500 no/liter aqueous solution of sodiumchloride was
sohiaen 6t arabiogic wheromelebnkeneutamssiv@ly.hour s or | onger.
The r% ection of Nall gradually 36
n aqueous solution containing 10 mgfliter of sodium
polyacrylate having a weight-average molecular weight of 6,000,000 and
500 mg/liter of sodium chloride was passed through an aromatic
polyamide membrane having a rejection of NaCl in a 500 mg/liter aqueous
solution of sodium chloride decreased to 87.5% under 1.2 MPa for 20 hours,
and the properties for passing pure water and a 500 mg/liter aqueous
solution of sodium chloride through the membrane were evaluated.
Thereafter, an aqueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weight of 3,500,000 and 500 mg/liter of
sodium chloride was passed under 1.2 MPa for 20 hours, and pure water
was passed. Then, a 500 mg/liter aqueous solution of sodium chloride
was passed for 100 hours or longer. Due to the operation of increasing

the rejectiop by the plurality of solutions, the rejection of NaCl exceeded

96%, and this value was maintained while the aqueous solution of NaCl
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decreased to 93% al t hough no change in the flux of
perneation was found. It is shown that, in conparison
with the effect exhibited with the cationic
macr onol ecul e, the ani oni c macronol ecul e exhi bited a
smal | er decrease in the flux of perneation even when
the concentration was increased 10 5 tines, and the
effect of increasing the rejection and the stability

are slightly inferior. Exanple 9 The treatnent for
Waﬁc]a%%ﬂn@rti‘/@ hejiet bir dongér an theok®t isceol Piatirde2 shbws a
menbr ane_ exhibiting a decreased rejection of Nad was
diagram esbilingpihestivnges of thousjestibntafoNa6l @anl the flux of
ani onj.c macronol ecul e and an aqueous solution of a

PEURPRHOR WHER FBR®| ecul e, successively. An aqueous

containin liter of sodium

| ut i 1 /

;g| ;LI ?@Pﬁ’f UL ﬁBe achﬁgg‘ﬁ?ﬂrlsé%r aly ehermmdenicamageomghlecule
0 0 and 5 /)it f . sodi hl ori d

g R R TR e Lt
NG Lei eChi Qi 00 It !

cIfittidtidselof CHled Lalord® TnalcfbuBottlel Uhal Lo Sliieain. was

e L U MR

coadi benfabilni SghiksL sy the %I%%@Qead’é%gﬁﬁ&%{ AL EL nionic

20 Thereafter, an aqueous sol ution contai nihg 1

magrdmoleculef apbthyy édtid@ivighAdmdlamileg a wei ght - aver age
nol ecul ar wei ght of 3,500,000 and 500 ng/liter of
sodi um chl ori de was passed under 1.2 MPa for 20 hours,

and pure water was passed. Then, a 500 nyg/liter
:Eﬁﬁnﬁguéosolution of sodiumchloride was passed for

100 hours or longer. Due to the operation of

i ncrelsi thgatsenh efor ejrareasimabythe heejpttionl way ebnducted by

sol utions, the rejection of NaC exceeded 96% and
PASRING 31 1a0eqEs sphititmphan asiphis mhercmpleculs mul uhi aueous

SOPIIti(!’O\II? %If a %thionic macromolecule, successively, through an aromatic
polyamide low pressure membrane having a rejection of NaCl in a 500
mg/liter aqueous solution of sodium chloride of 97% and a flux of
permeation of 0.9 m3(m2-d).

An aqueous solution containing 10 mg/liter of sodium polyacrylate
having a weight-average molecular weight of 6,000,000 and 500 mg/liter of
sodium chloride was passed under 1.2 MPa for 4 hours, and pure water
and a 500 mg/liter aqueous solution of sodium chloride were passed.
Thereafter, an aqueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weight of 3,500,000 and 500 mg/liter of
sodium chloride was passed under 1.2 MPa for 4 hours. Then, after pure
water was passed, a 500 mg/liter aqueous solution of sodium chloride was

passed.
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was passed for 100 hours or longer in the | ast step.
Figure 2 shows a diagramexhibiting the changes of
the rejection of NaCl and the flux of perneation with
time. In other words, the characteristics of the
anioni c macronol ecule 5 that the decrease in the flux
of perneation was snmall and the characteristics of
the cationic macronol ecul e that the rejection was
i ncr ;iﬁéed and stabi | gﬁx was exhi bited were both
obt ai*HEd FeI§REOR h & asy i apd dbal duxe of upetmeattohanaed 0.7
n% tzgﬁnal ternate adsorption of the anionic
ey | ecul e and the cationic macronol ecule. 10
Exanpl e 10 The treatnent for increasing the rejection
was conducted by passing an aqueous solution of an
E28h@1l g mecronol ecul e and an aqueous solution of a
catronic macronol ecul e, successively, through an
aro LC ag,d ressure nenpbrane havi a
rej g’g{l&? oﬁégfﬂ%% fﬂlrn‘i%l:%%&%%ei FEECH R SRS %Pagf’%’ﬁl by
Dsim® AR lhrd : 0 f romeation of
e oy o us% 5B S ARG et forRole B T58 e Raieous
salatibntefr a datimeit wizdehmesha A :
wei ght - aver age nol ecul ar %F’g%tﬁmgg&gﬂﬁ%oﬁg%g}éna&l dggmatic
palgamide lowf predfuso dhahEdhd hiafenASrdasied #E01 tnd 500
MPa for 4 hours, and pure water and a 500 ng/liter
mgdited uaqesiugt isohitidn sefdisudivch! hiogRIVRIEOBRS S8 a flux of
Thereafter, an_aqueous solution containing 1 ng/liter
Peé‘@%@!%@fr@f’an‘?’@ﬁq?né). havi ng a wei ght - average nol ecul ar
wei ght of 3,500, 000 and 500 ng/liter of sodium
chl oMt AdURAYS ﬁﬁ%‘lﬂ,‘ﬁl apreinm 1§magliser 4f sodinen pblgitrylate
h%tter vgu.r 25 water s . passed, a 500 mg/l i ter aqueous
Ao £ 0H 8ot avsRsimo adaywelght of 586300 and 500 mg/liter of

sodium chloride was passed under 0.75 MPa for 4 hours, and pure water

and a 500 mg/liter aqueous solution of sodium chloride were passed.
Thereafter, an aqueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weight of 3,500,000 and 500 mg/liter of
sodium chloride was passed under 0.75 MPa for 4 hours. Then, after
pure water passed, a 500 mg/litef aqueous solution of sodium chloride was
passed.

The rejection was 98%, and the flux of permeation was 0.7

m3(m2-d).

The results of Examples 10 and 11 are shown in Table 5.
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30

38 The rejection was 99% and the flux of perneation
was 0.7 nB(n2-d). Exanple 11 5 The treatnent for
i ncreasing the rejection was conducted by passing an
aqueous sol ution of an anionic nmacronol ecul e and an
aqueous solution of a cationic nmacronol ecul e,
successi vely, through an aromatic pol yam de | ow
pressure nenbrane having a rejection of NaCl in a 500
mg/liter aqueous sol utionTafle§odi um chloride of 94%
ion of 0.9 nB(nPd). An
aqueous sol uti on contai ning 10 [liter of sodium
pol yacryl at &"H&vi ng BRI ght - aver§echol edliraet naereghion
of 6,000, 000m45F 500 ngPfiter ofof Nedd(%Im chl or(imde2us
passed under 0.75 MPa for 4 hours, and pure water and
a 500 nog/liter aqueous solutiop of sodiumchloride
wer e passe&?ﬂTgﬂgheré?F?@P? an*defeouditenol utpisre after
containing 1 ng/liter(R&,&glvaﬁ Y ani @fdfe HE# g atreat
wei ght - aver age nol ecul‘ar “wei ght®8f 3, B8 000"Hid 508ent
pa|

ng/ 'l iter of — sodiumrchlioride—was—passed—under—6. 75—Ma

ExpgpleflOhour saropéh, aft er2 pure @Water pe&ssed, 0@ 500 0.7
ng/liter adblB¥biesol uti on of sodium chloride was
passed. ZGOWTHgs?“é‘f ection was 98% and the flux of
per meat i on €7 nB(nRd). The results of Exanples

ﬁ‘ﬂq 11 are shown in 'J;gbl e 5. 25 39 Table 5 Reverse

Q78f permBhtion 98

Ssur e Reir%%?ﬁlcon Fl u 0.9 0.7
polyamide

ultra-
low pressure
membrane

10
R

(An aqueous solution containing sodium polyacrylate having a weight-average molecular
weight of 6,000,000 and sodium chloride and an aqueous solution containing
polyvinylamidine having a weight-average molecular weight of 3,500,000 and sodium

chloride were passed successively.)

As shown in Table 5, the rejection of NaCl increased to 99% and
98% without marked decreases in the flux of permeation by passing the
aqueous solution of the anionic macromolecule and the aqueous solution of
the cationic macromolecule, successively, through the aromatic polyamide

membrane exhibiting the rejection of 97% and 94%, respectively.

Examplé 12

An aqueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weight of 3,500,000, 500 mg/liter of
sodium chloride and 1,000 mg/liter of isopropyl alcohol (IPA) was passed
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osnosis of of NaCl (9% (n8B/nR-d) 5 nmenbrane operation
before after before after treat- treat- treat- treat-
(MPa) nment nent nent nment 10 Exanple 10 aromatic 1.2

97 99 0.9 0.7 polyanide |ow pressure menbrane

Exanpl e 11 aromatic 0.75 94 98 0.9 0.7 15 pol yam de
ultra- low pressure menbrane 20 (An aqueous sol ution
cont ai ni ng sodi um pol yacryl ate having a wei ght-average
nol ecul ar wei ght of 6, 000,000 and sodi um chl ori de and
thaoughuan wrossltitt payacdde ansimiganp cﬁamnﬁxd ?éf]’é@ﬂi&? of NaCl of
having a wei ght-average nol ecul ar wei ght of 3,500, 000
8%%@@,%@4 waiectem of 104 ofe38% passe dqsucee sshutihnycontdmifs 500
shown in Table 5, the rejection of NaC increased to

exfi soggumnihlgside wvad Ke@OQ ang/bisarof Lsoptréyey1f dloshalf under
1 BEHR borit B ] Shmior icaqlos sassig pRicomabtr, thacs00
RS b SRS, G spdeSSShbet il SST 08, i
ol BB P e SR, B e e
evaluated. Thereafter, an aqueous solution containing 1 mg/liter of
sodium polystyrenesulfonate having a Weight'averége molecular weight of
3,000,000, 500 mg/liter of sodium chloride and 1,000 mg/liter of isopropyl
alcohol was passed under 1.2 MPa for 24 hours. Then, after pure water
was passed, a 500 mg/liter aqueous solution of sodium chloride and a
1,000 mg/liter aqueous solution of isopropyl alcohol were passed. Figure |
3 shows a diagram exhibiting the changes of the flux of permeation, the
rejection of NaCl and the rejection of IPA with time.

Due to the operation for increasing the rejection with the plurality
of aqueous solutions, the rejection of NaCl reached 99%, and the rejection
of IPA reached 73%. By passing the aqueous solution of the anionic
macromolecule after passing the aqueous solution of the cationic
macromolecule, the rejection of NaCl and the rejection of IPA could be
further increased by about 1% without decreasing the flux of permeation,
and the stability of the membrane treated for increasing the rejection

could be enhanced.
Example 13

Organic waste water containing 1 mg/liter of heptaethylene glycol

monododecyl ether, which was a surfactant of the alkyl ether type, was
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havi ng a wei ght -average nol ecul ar wei ght of 3,500, 000,
500 ng/liter of sodiumchloride and 1,000 ng/liter of

i sopropyl al cohol (I1PA) was passed 40 through an
aromati ¢ pol yam de nenbrane having a rejection of Nad

of 88%and a rejection of |IPA of 38%in an aqueous

sol ution containing 500 ng/liter of sodium chloride

and 1,000 ng/liter of isopropyl alcohol under 1.2 MPa
for 24 hours, and the properties for passing pure
pietedr undae ®0uessung/ bf taperatjoroufs 10MPh othietighogh Uhused
chloride and the 1,000 ng/liter aqueous solution of
arupats pholyamide omemmhismgh havengrembegetionerod NaCl in a 500
ey | uated. Thereafter, an aqueous sol ution containing
mg 1ﬁ’i;j’/’f | PREROGT sogidpnthologeey ehbwidd ofa®8%amdiag aftux of

wel ght - aver age npl gcydl ar wei ght of 3, 000, 000, 500
p‘i’%’g‘?‘?".‘wﬂ%‘} ot OO0 B OmzeH) &% i%d @gmirane deeatgdl foremegeasing the
I; opyl: 41 | cphol was passed under_ 1.2 MPa_for 24
o SRRl Ral IR of bR PR TR LS Geeidin) Snsagreiection of
- S0 i on of Lum chl oride and a ]
NEOL ShERrRHE SRR bR IR e Seden st conghose in
ExenelPassed. ok j.agram. exhi bitjing the
cha%ges o? glt %@%ﬁ%% %Eﬁ e?)\r('\r@ea%lgﬁ,%gt ‘f‘loélta}lé‘jngc{lbdg‘ghfter of
sokliniih 41914181 afdv; f | | e Lo.the
opera?:ing% (?gr increa%fg‘llé’]ngl t‘%{gérh gaédé{%%ége%#‘%@% Welghq of
6,002,080 41yd 500 S0 8bduin® Phior j ect f :
reached 99% and the ?ejection hg?mfg%fﬁggcééﬁkd%§%¥ﬁ§bon
copwimg 1hengltjveoust gRilytinglamidihbe WA § weight- verage
macronol ecul e after passing the aqueous sol uti o% 0?
melggulpat venght ofadraifhleeuhrnd 508 kRYBedr of S5diNaC! AR de
the rejection of IPA could be 20 further increased by
SugeRsSively, thironsht thie casesiargntatic flolyamidepanembrand, as the
band the stability of the nmenmbrane treated for
aboye - Rettgehexeedte thatothe crribetite weahalrreenselix a0p94% by

13 .. .
0x1dgat10n, and the change in the flux of permeation with time was
measured.

The result is shown in Figure 4. Although the membrane treated

“for increasing the rejection had a flux of permeation smaller than that of

the unused membrane in the initial period of passing water, the
membrane treated for increasing the rejection had a greater flux of
permeation due to the suppressed decrease in the flux of permeation after
24 hours. This result is considered to be obtained since dense portions of
the unused membrane were partially replaced with the macromolecule
used for the treatment for increasing the rejection, and the surface of the
membrane was covered with the hydrophilic ionic macromolecule to make
adsorption of nonionic surfactants of the contaminating substance

difficult.
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25 Organic waste water containing 1 ng/liter of
hept aet hyl ene gl ycol nonododecyl ether, which was a
surfactant of the al kyl ether type, was 41 passed
under a pressure of operation of 1.2 MPa through an
unused aromatic polyam de nmenbrane having a rejection
of NaCl in a 500 ng/liter aqueous sol ution of sodi um
chloride of 99% and a flux of perneation of 0.9
n8(n2d) or a nmenbrane treated for increasing the 5
rejection whi ch had a flux of perneation of 0.9

%@? nd a rejection of NaC increased to 98%in
acc ance with the sane procedures as those in

"ﬁ{h‘% &Qaﬁ%ﬂPﬂﬁ%&l hose e%%l%%a ;feé{? Lqﬁé@q %g;l)’](gl?‘lsur}hgg -based

ter sodiu

n\ﬁ/ﬁbgmfa%@{ﬁggl coﬁ‘lil@go % 6,000, 000 and 500
I um

ng/liter of or| an aqueous sol ution 10

cont A liedud Bl ot thﬁta@ﬁ’lln\év LHRMAL D8 AN A%y arylate

wei ght -average nol ecul ar MEIg

haying 4 ereight-s0sliage B hleenld8yecigHe B? 3% (YO %H& 24ah gﬁﬁer of

same aronmati c polyam de nenbrane

serbny ahioréde epds phased hBrawile et pe \f@ﬁ t
94% by oxi dation, and the@::hangenrlan tﬁgﬁ%baaﬁ&? ffitration

meathnsae; }mvmgtamajeatmrv\a&Naw 183500 Bb/1itdre sk solut
(ﬂovvn in Figure 4. Al though the merrg%ane trq(reat ed Olf jon of
sqdiureehipridetdesreaseddoi &t aad @ flukwf p@fmﬁ%'tmaiﬂ 8 m3(m2 d)

II;{ Ean that of the unused nenbrane in the

0 1‘@ Ailoy 2 }M@y nfunetweatert imed arSiO0r aiplitaread €sbus
od 0{1 |nc easala )glt‘gﬁ gj ection had a greater flux of 20

6% fiRaf L& PHde sWisse epasstdieandasa iayuehes f kalation
tion aft 24 h urs,, This result is
Cog%%%ﬁég‘agéng 8k Of ok iBd A idime d%@grﬁ)rm@l@mla@fwelgm of

3.5 lally replaced with the

00960 R BPIRNTE® o Rodin il Aiosimader d cirutesi g MPa
fof BCh&@IsCC AR w ARG FHE p%légé(ﬁ Shlind Ii])%operty for passing a 500
mg/liter aqueous sclution of sodium chloride was evaluated.

Thereafter, the passage of the agueous solution of sodium
polyacrylate and sodium chloride, the passage of pure water, the passage
of the aqueous solution of sodium chloride, the passage of the aqueous
solution of polyvinylamidine and sodium chloride and the passage of pure
water were repeated in accordance with the same procedures as those
conducted above and, then, a 500 mg/liter aqueous solution of sodium
chloride was passed for 50 hours.

The rejection of NaCl was 93% and the flux of permeation was 0.9
m3(m2d) after the first treatments with the aqueous solution of

polyacrylic acid and sodium chloride and the aqueous solution of

polyvinylamidine and sodium chloride. The rejection of NaCl was 96%

43



10

15

20

menbrane was covered with the hydrophilic ionic
macr onol ecul e to make 25 adsorption of nonionic
surfactants of the contam nating substance difficult.
42 Exanple 14 The treatnment for increasing the
rejection with a pol yani de-based nano filtration
menbr ane was conducted. 5 An aqueous sol ution
containing 10 ng/liter of sodium polyarylate having a

iﬁ%lht -aver.age nol ecul ar wei ght of 6,000,000 and 500
aﬁ'é‘/ et flvx of peswgntioncrine . dan Ha? Pasfer thdrsecuii treatments

el ﬁlim' de- bas%gan,ano tIi | tration menbrane having a
P‘g} & PEHEYYs Rt lonrpipddpacnydicl acié andgrediwm dbutle amd the
f odi,um chl.ori.de decreased to 85% and a fl ux of
oo B e Py Fhifineg G ansiu Shimie oM harejection
; r..and a 500 /liter ueous sol ution
A bk BT el doed et hineiiad arga baurs.

solution containing 1 ng/liter of polyvinylamdine
havi ng a nol ecul ar wei ght of 3,500,000 and 500

INDUSTRIARAPPH] WABENI Py de was passed under 0.5 MPa
“for 4 hours. Pure water was passed, and the property

for Jegs NenthieR sehard@bh usBlg Q%Ufe%gif%tejgrﬂ:{ehgpep%&lg ne

sodi um chl ori de was eval uated.” There

suwh ahe raqeblisatiol widbrale 808iH8vePe) Yanhyk E’iﬁgmﬁil&ne, the

sodi um chl oride, the passage of pure water, _
represoagel inofgaie cheptedytessohd bir@niefcosRHivhMs @198 water
the passage of the aqueous solution of
cago bpvinsrpasaddieasilanand ostifely @ltl thd decaish tdTetiRASKA0EF the
of pure 20 water were repeated in accordance with the
membgane oWahens sextgemieoslecrezondin t @b #hoyeanddihd Hevreszed
SOggng/Iitgr agueouys sol ution of sodium chloride was
releCtiopq e be nedrfgr rdj oo shmefbNaGingathe 3%eat dfor
. flux, of perneation was 0.9
1n&lggsmg the reﬁzcl[,mn W1t?1 a permeable membrane and in accordance
with the process for increasing the rejection with a permeable membrane
of the present invention. By using the permeable membrane and in
accordance with the process for the water treatment of the present
invention, not only inorganic electrolytes but also organic substances
soluble in water which are present in water can be effectively separated
while the rejection and the flux of permeation can be maintained at great

values for a long time.
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nB(nm2d) after the first treatnents with the aqueous
solution of 25 polyacrylic acid and sodi um chl ori de
and the aqueous solution of polyvinylanm dine and
sodi um chl oride. The rejection of NaC was 96% 43 and
the flux of perneation was 0.7 nB(nRd) after the
second treatnents wth the aqueous sol ution of
pol yacrylic acid and sodi um chl oride and the aqueous
sol ution of polyvinyl am dragyvegnd sodi um chl oride. The
rejection obtained after the two treatnents was
mai ntai ned for 50 hours. 5 I NDUSTRI AL APPLI CABILITY In
t he nmenbrane separation using a selective perneabl e
1. nebiagent feubicressiagnajection twigh hoperi@sib@meer@Bsade which
reverse osnosis nenbrane, the rejection of inorganic
CORIDEIReS oAt WG acgarleculeohpvingl e yodight-avérageahtsledlar
C be increased easily and safely at the | ocation of
wq1§’€t BﬁéOQ)f)O@ 98 STefteBr ane wi t hout extrenme decrease in
the flux, and the increased rejection can be
mai ntained for a long tine by using the agent for
9 inféeasin the .rejection with a peLneabIe menbr ane and
i nT 28 AP dOF 1RFTeasinpe ToeRtns Wh Anpetmsepbly mpembrane

hect i.on Mith pef neabl e menbrane .15 of the present

acv%o%ggx?& it%n .dngl)}nuii NG R0 p B efimeahlepmembrang is a nano
fili@s68h ] C f.or the water treatment of

t he p?gg%%tr %% ﬁstgﬁt%ygﬁscé cﬁs%:?o%g Weq“ﬁ’é?rbeani c

el ectrolytes but al so organic substances soluble in

wat er which are present in water can be effectively
3. SePhé adgsht WY lificldd8id ) R5ddcRm eht e

per.nea_t%n can be nai n%sai %éed at gr eatﬁ pé%ﬂég@fgegle%%lpr%ne
acdooding itoeCldith A, AvMBrein the ionic macromolecule is a cationic

macromolecule,

4. The agent for increasing rejection with a permeable membrane
according to Claim 3, wherein the cationic macromolecule has 3

heterocyclic ring.

5. The agent for increasing rejection with a permeable membrane
according to Claim 4, wherein the cationic macromolecule having a

heterocyclic ring is a polyvinylamidine or a derivative thereof.
6. The agent for increaéing rejection with a permeable membrane

according to Claim 1, wherein the ionic macromolecule is an anionic

macromolecule.
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1. An agent for increasing rejection with a perneable
menbrane which conprises an ionic macronol ecul e

havi ng a wei ght-average nol ecular 5 wei ght of 100, 000
or greater. 2. The agent for increasing rejection wth
a perneabl e nenbrane according to Caim1, wherein
the perneable nenbrane is a nano filtration nenbrane
or a reverse osnosis nenbrane. 10 3. The agent for

7.1 NqIRASIBAL ' Bk CfildrO4siNbt BeiBchEh "RHH & TRIN2B% mellﬁbé‘ane

according to Caim1, wherern the 1onic nacronolec

accordngajol OMitn OYBFhERh aHel Sniohic i i
8 i %a&ﬁ&% elE Yolyacrylic

increasing rejection with a perneable ne

acit opadleriydttreGhairsaf3, wherein the cationic
macr onol ecul e has a heterocyclic ring. 5. The agent
for increasing rejection with a perneabl e nenbrane 20
according to Claim4, wherein the cationic
8. madhenegent| for hinerenping hejeehian ywithe a ipegmieable membrane
pol yvinyl am di ne or a derivative thereof. 6. The agent
aceydingicridas Chrim ejct whereint h the peanienlsl enremtmateeule s
?c%or ding.to . Caim1l, wherein the ionic nmacronol ecul e
porxstgrenesilanic agd opgcdegimidvitherea 7. The agent for
increasing rejection with a perneabl e menbrane
according to Claim6, wherein the anionic

9. {nehBORESE! ¢6r TRePAIR ' Yeip ittt g DeBeab o mcrbpane
[ i m.6, .wh ' .

Aol TR T RERF el ERRE W Baff by PuflSinio e rlestion

coRprif®rdr dhdManid @1&Rkolyte or an organic compound soluble in

water.

10. A process for increasing rejection with a permeable membrane which
comprises treating the permeable membrane with the agent for increasing
rejection with a permeable membrane described in any one of Claims 1 to

9.

11. The process for increasing rejection with a permeable membrane
according to Claim 10, wherein the permeable membrane is treated a
plurality of times with the agent for increasing rejection with a permeable

membrane.
12. The process for increasing rejection with a permeable membrane

according to Claim 11, wherein the agent for increasing rejection with a

permeable membrane described in any one of Claims 3 to 5 and the agent
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9. The agent for increasing rejection with a perneable
menbrane 10 according to Caim1, which conprises a
tracer for confirmng the rejection conprising an

i norganic electrolyte or an organi c conmpound sol ubl e
in water. 10. A process for increasing rejection wth
a perneabl e nenbrane which 15 conprises treating the
per neabl e menbrane with the agent for increasing

forf Mj2644iAR réfdchiod WHHE Pk eIBINIRRHIASRCIdsBRBel In one

one of Clains 1 to 9. 11. The process for 1ncreasi

of Clpiens a0 Smichusedpdtemabbly. nenbrane 20 according to
Cl aim10, wherein the perneable nenbrane is treated a

plurality of times with the agent for increasing
rejection wwth a perneable nenbrane. 12. The process
13f orThenprecess rgr riaceetsing nejddtion metlireahleempabity anemb2ine
according to Claim11l, wherein the agent for
aceeigh 49 ripy epecefi Ghaims A0ato 3& mdadrein renhganeus solution
described in any one of Clains 3 to 5 and the agent
CompIYSHRE Fhp pgent foy Ipefassing reigption avige arpeabieable membeane

e 5350 o B BB T P B S Sct which
al%%%#@@hﬁ%& %%%g' rang 5 according to any one of

TR95f%n aqueous sol ution
conprising the agent for increasing rejection with a
per meabl e menbrane described in any one of Clains 1

to [ : I i) ich r meabl e
14,218 FrORREe o SHERUAING LR Wit Bl PR TR o
doRGIREAEd Bey' 6T ICARind ¢ r
SRS Sy SLEST AR ) By B! SRR T HEE pogecie

meutbised qres ﬁsﬁhbﬁble@@’ﬁﬂﬁﬁﬁeq{a@n? QL HRAREtIBRITRE aNRjection
_having sane rejection as a rejection
with an unused permeable membrane is treated with the agent for

increasing rejection with permeable membrane.

15. The process for increasing rejection with a permeable membrane
according to any one of Claims 10 to 13, wherein a permeable membrane
having a rejection decreased from a rejection with an unused permeable
membrane is treated with the agent for increasing rejection with

permeable membrane.
16. A permeable membrane which is treated in accordance with the.
process for increasing rejection with a permeable membrane described in

any one of Claims 10 to 15.

17. A process for water treatment which comprises using the permeable
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wi th an unused perneable nmenbrane is treated with the
agent for increasing rejection with perneable
menbrane. 15 15. The process for increasing rejection
with a perneabl e nenbrane according to any one of
Cains 10 to 13, wherein a perneabl e nenbrane having
a rejection decreased froma rejection wth an unused
pernmeable nenbrane is treated with the agent for

membraas degritejdaet CimMéh 20 perneabl e nenbrane. 16.
A perneabl e nenbrane which is treated in accordance
Wth the. process for increasing rejection with a
per meabl e menbrane described in any one of Clains 10
to 15. 25 17. A process for water treatnent which

conprises using the perneable 47 nenbrane descri bed
in Claim1l6. 48 .
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