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DESCRI PTI ON  AGENT FOR | NCREASI NG REJECTION W TH A
PERVEABLE MEMBRANE, PROCESS FOR | NCREASI NG THE
REJECTI ON, 5 PERVEABLE MEMBRANE AND PROCESS FOR WATER
TREATMENT TECHNI CAL FI ELD The present invention
relates to an agent for increasing the rejection

Wi th a perneabl e nenbrane, a process for increasing
the 10 rejection, a perneable nmenbrane and a process
for water treatnent. More particularly, the present

i nvention rel ates t DESCRIPTIONOr increasing the
rejection of inorganic electrolytes and organic
substances soluble in water in the nenbrane
separation using a selective perneabl e nenbrane .such
AGE o i
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menbrane, a 15 8r ocess for increasing the rejection
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j ecti Nere e nt..in accordance
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using the perneable nmenbrane. 20 BACKGROUND ART The".

rejection of inorganic electrolytes and organic
TECﬂHﬁ?,{ ELIf‘Ol uble in water with a selective
——‘pa—n'égnfr@—rrewbrane such as a nano filtration

meHar d; S IS egdecr d
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subst ances present in water and by ot%er causes, -an
rejectibnpac paesedbld msthbrahatand e e hrd Wbt VirOhtrh &8

treated water is 1 obtained. This decrease may take
Morepiarteulpdgutid predent igventiom gelaeed trlanfagehbCoiiRredsing

suddenly due to an accident. Wen this decrease takes .
the rpjegtion of indrganiyelectxblyteat andheorghnic sybathntdresoluble in

menbr ane be recovered fromthe ) ,
water in the membrane separation using a selective permeable membrane

such as a nano filtration menibrane 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 pefmeable

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 oxidaﬁve

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

and it becomes difficult that the required guality of the treated water is
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degraded condition wi thout separating the nenbrane
fromthe nodule to 5 which the nenbrane is disposed
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 exhibited
wi th an unused perneabl e nenbrane for a long tine
and repair processes for recovering the rejection
obtained. alhés decrohee may taderbplace gratiblly iduging déomepesidd of
rejection are devel oped. For exanple, as the process
the uge oragildendy dug t@ srpeeident pBWhesathie deeraasarfakes place,
.. .Which. rgfni subst ances_ havi ng ani oni c groups are
1t 1%&56‘%%1”?8& at the@bdlity g1 thei meniranscberggppeered from the
mepbranes..is treated with. an_aqueo sol ution of an
deg Bl o i BRRE FeD MR IR o AR Brat oo mpidgie o
. cationic 15 syrfactant ;i S ,propose Pat ent
whigh GecHicatficne b HERITAG SRR RERRTEr P Hopavery e
A s [ I hi-bi t.ed i
ok BNt G RALO T e AEHR TS TRREA DAL Byt

{ No Gisaaty! o Abota! detuitdrhbind. NErdlELRLANE HGEK the
by the usé, a process in which e reverse 0SnosSlI

rejebROR lcxhehited Rk G untked RIAGLINMdMBRRIRR 2 Ie time
treating a 20 nmenbrane such as pol yvi nyl nethyl

andetréeair pedoessery |forl ealpobriagd theokyjaction i withCiad peinididle
condition of a great concentration and then with the

membeatie exhibiting us Bycicased eepotidnt arendafeldpeiralFor example,
concentration is proposed (Patent Reference 2). As

as theprpeesedes reganamping/a sglectize pejrmeablgmaipibriane orawdhich

- the I ntenance of the ability of a sem perneable )
OY SRR IR aNGes) DAVIRG tARHARICH EERWRS ATA d#pastiedn a process in

whidh Fhe, befaBPle Memane fs Eaigb sl ohaptres itioncet an

o S SHE Rk BEFRERAE, Ay BRAREE' S cnion
. . t p

s Bl TP AR ReBrated 07 e A o g dor

maiffdineig tAeDroperties 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
0smosis membrane is brought into contact with an agent for treating a
membrane such as polyvinyl methyl ether, polyvinyl aleohol 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 mmproving 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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separation of solutes, a treatnent agent which
conprises a vinyl-based 5 polyner having an organic
group havi ng acetoxy group and term nal carboxyl
group as the side chain is proposed (Patent Reference
3). However, these processes and agents have
problens in that the increase in the rejectionis
possible only to a snall degree, the decrease in the
flux of perneation is great, and the increased
As thej sgdvitdor teeatitig s ybhiipeanthlle hOmbrant avlnel is Applied not
the process or the agent used for treating a
onlycetd ud oseedica¢mimpernmsitile anssmboane Xauip| Aso atpr anesmused
in which a portion of defect is coated with a liquid
semdppranedlle mawimgneoandtingpiovey perateativa nf the sodverrtdand
exhibiting the plasticizing effect, followed by
sepaxptinih of gohwess ar ireatment aeeat svhichpeapprises asvimd-based
effegtive process for regahring and recovering a .
Polygpey |DAYARE RN f YA TeRP t RRViREnBrFelieEy | gradr agd ferminal
nmodul e (Patent, Reference 5). However .. i ccor.dance
carliRR ExuE o B o i GBRiR o aropteed, KRl Rfence 9.
.ch L [ I [ .and _conplicated.
HOM@S‘ thalk BFOC%E%% 5;19('11 ea%elkllﬁg]hta%g I}ré)g?ﬁ]:?%gg tkgg Etﬁ% Increase

oper atrons’ such a g are

: feckiBh i e I ch.,

in (H500ccll ISR IRRE BRI N erdd BRI FRANL o lux

of RiMhdatiorfl¥s a%eﬁt, andagied ine AIHIEH S+d)8ctfort 118, oboghfﬁ@éntly
havi ng an al koxyl group, carboxyl "group and an

maialtiedcar bonyl group in the side chains is proposed
(Patent Reference 6). A nano filtration nenbrane

hawsnfpr dtie qrrbeekspmt thed hgéetased fer (r23atihgva bglalose acetate
nol ecul ar wei ght of 70,000 is reported (Non-Patent
merRbfanerfoe expmpla] ahptoghss e wiichbcd iportionh dilaf@fedtsis coated
..about 15% a rejection of Mg 2 of 90% 3 or -greater
with s digwineebsiange drengscompaiibdity witd the coeinhvape and
3% hours, and the

ex}’iﬁgﬁzgc I&E% eg%rﬁ%%fs’fggdg_ P%tasgli(gedi SigRedhng the dapned
surfiBBlib pIBpGiaH & M LARLGOL pRSLekS Y kP g Snd Tocovesing 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 MgCl, of 90%
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process for treating a reverse osnosis nmenbrane which
can maintain the 5 effect of decreasing the
concentration of solutes in water passed through the
menbrane for a long tinme and can separate boron which
Is not dissociated in a non-electrolytic organic
substance or in a neutral range wth a great
rejection, a process in which a pressure-resistant
vessel _in an apparatus for the nenbrane’separa%ion )
or %ab%rcwegbwlp Atr Pt 96 bsideVevan thecraientiomof Metls is
pol yam de skin |ayer and, thereafter, an aqueous
deceagisgeli in 384 aftezel % hogrs.nand dheamain gapse fonshe gdecrease is

brought [nto contact with the elenent, is proposed _
con%lrlswgto he the small molequlay elghbalaolpilylonpimine. As the
rocess, bromne is introduced to the surface of the

pro ) E‘l?até‘i"% at‘??éﬁ”%%??‘&@%‘si’ge ﬁEEaW madgtain the
T e e e
ol G, 1P 530" Chalf L A0 SEFE) A, o

. dis%%%:@@elhaé |-Gl cldFF 1§ Ok Bdhik NGIUEA RS bPIn'Y WduBral range

rane 1s conduct’ed at the place of the use

M N N R A T,

appRedriecfieehd Imdaflanesscbar£tibn AP Pplackeéd ivaibh Lot eehe Bsmosis
No. Showa 53(1978)-28083 (pages 1 and 2) [ Patent

elermehtriendeg3a papamesie Bhirenkydpphndattheredffirg eiqueous
No. Showa 50(1975)-140378 (page 1) 25 [Patent

soluidre p€ e dilogmsacmiaimagehrontpys ischroughtliaite coptaet with
No. Showa 55(1980) - 114306 (pages 1 and 2) 4 [Patent

the plemeshcts proppsgdrfatent Referonsp| Ve adnorccordancepwith this

oo S A bl 33453 o e
sur%\abcé i“sShc%Vé'amicaIIy modified. Since chlorine and bromine are used in
great concentr_afions, 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) o

{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 OpenANo.
Showa 55(1980)-114306 (pages 1 and 2)



55(1980) - 11048 (pages 1 and 2) [Patent Reference 7]
Japanese Patent Application Laid Open No. 2003-88730
(page 2) [ Non-Patent Reference 1] Urairi et al.,
Jour nal of Menbrane Science, 70(1992) 153-162.
DI SCLOSURE OF THE | NVENTI ON The present invention has
an [Pt WefRERYIST NpaRtlc 208RAt fAplicRIneaHiNIOPAE No. Showa
rejection with a perneabl e nenbrane whi ch can

56(1P@il h6E0d (pages il mod @ased rejection of inorganic

el egtraolytes a r gani c ,conpounds sol ubl.e jn er

£ ol BT  HerRG apHOTL AR (Aic) et T gihowe
55(1920)-UERI8Qpadeh @ aRBOPr ane Wi t hout extrene decrease in

the flux of perneation in the nenbrane separation

usilRyert Redgrencei T} e Japengse disitant renpbicaiiva bajd Open No. AeP88730
(pafijtrati on nmenbrane and a reverse osnbsis nenbrane, a

% 3cess for increasing the rejection which conprises

usifNgnPaenEREBiencal per Ueak! et NEYbIaReal Waif C Mepdrild tStience,

an_ increased rejection by the treatnent in
TO(E8bkdalee with the process, and a process for water

treat ment which conprises using the perneabl e

menbrane. As the result of intensive studies by the
DISPLERIRE ORVEE DNSENTI@Ehi eve the above aim it was

found that the rejection could be remarkably .

i ndhgaRiesenhynYonEgh jhagy an g OfSAPYIdNgeIh AgHE §RF tipcreasing the

. eQk . . -
wieGHEONR S RALON. Aodal i, EBF ARG YL S0 Soion o
inorghdib oletiraygs aat oanic easipounds tblebb if ater &br gplengreaicicasily and

and that this treatnment no% only recovered the |
safelpptdbs logpgnrplithe usegidhs mgmpEge PHthgwt GREgHE derraans in thesflux of

perrﬂé’a\ff.oﬁ Gn ﬁlg%ﬁﬁﬁﬁ%ﬁ@ gegﬁﬁjtigﬁ hélﬂ? ﬁ @&E&fvle?;plaﬁnéé%?e Rethb3hs Qué:h asa

I ncrease e rejection in e application to unuse
nang éiltne@io | eenteralr anies revEtse opmesemembiane.en piooess Hasinbeesing the

rejof ST PhLeE FOBIPFISE, BB AtbetonT i BAITICEHIC vesuratks WRich exhibits an
incrrer%sr@r% eSiSctiorby MHeltRARKEN in 8RGO hb pRodR&! TRAR! SRocess for

rane, wherein the process conprises treating a
watgrdreatadit svhivhrdompriseswsingtthé sergieitde megohbfanem t he gr oup

consi sting.of..a nano filtratjon . .
Ac’s f?le res%lt of intensive sIudles by thé present inventors to achieve the above

aim, 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



menbr ane nade of an aromatic pol yam de and a reverse

osnosi s nenbrane made of aromatic pol yam de with an

agent for increasing rejection with a perneabl e

menbrane which conprises a cationic macronol ecul e

havi ng a wei ght - average nol ecul ar wei ght of 100, 000
fluxopf gemreation,t B1datheb ths dreatment moa caly fecoteredreht reipesion in the

appR&itioh & pEREabla GhERFTENE haliBk @CddcRRAsM fe cﬁ(;heaﬂ?e?rtﬁ@ﬁ@ Kirt also
rane Acco rglgsapgto a second aspec e pres

th nt
ineri AR siEcirn i lieguiPa BPEsed efrablcem PR ghe presen

invdnti6@h&tbdel caapioted dase omlﬁdwkrtdvﬂedgeocess for | ncr easi ng
reject cord

bl e G nE T BRI L M oA 7ol Ay 4608t Ftp Sesing
rejeaamec’hﬂx tah perpreakle ninembzapnt W\dlerqm abi¢ desceas proopeisss firgating a

ngr{ mehfbf:k qﬁg&h \que‘f&t OfBL! RE %ré@'sé&sfsﬁ% BE E 'T]%?}Q Ifieftratiom

ane accorai ng, to the secon pec
membrmmaéﬁ of pp agemeic rtpwdeeAd ¢ reyeree sﬁr@%%hmembrane made of

arorhSEPS VAR AP WAt A 8gend ok lﬂ}e@g@rhtejefcﬁén WG £3FnBSble membrane
rekectlon W th, a perne rane whi ch conprise

chtopRyes 2 %WP@B@P@CW&@PW&% 8 Washry eragremg ygular weight of
100]030 agUgradtenei gédortofon IEO@urﬁﬁ@ aff thgrreahienne, () hbebwadeurtasing

rejeat‘f’onwfﬂ%){hg%% %ﬂ erh LOn with a perneabl e menbrane

ereln t he perneabl e nenbrane is
a risasordig to at Sevendessbecnheo preseteinserionopipyides a permeable

;Hﬁﬁ??é AARh i{ Rlad B a%&s%@;incé Qithf tH@ bﬁ@éﬁs"i@r ﬁlaaessqﬁg &jbc%ﬁ Qith a

per meabl e menbr.ane descri bed (1), . erein
penp%ﬁwecmﬁlab%WC@m%wﬁ%e %rSE%ﬁPFm éherf’é‘é"rn&ﬁ%l ecul e; (4)

Thea@griMg foos thiRCAPa&] 1Hg PrededE inventio Ihvﬂeperpmlad for water

descr.i bed.in erein the cati.onic
weafIRRY onDI L e s A Ao BN E PTG CBriRE Gl second
aspdeonf thadmveaseomg rej ection with a perneabl e nenbrane

desﬁ} {lﬁ?gﬂb&%ﬂm Ctpé!‘ﬁ&%&%'t HwEx'i‘t?on%ﬂBYlﬁéH ¢ macronol ecul e

rorng Is yvinyl am dine or a
(1) derArwaennt/@r meqaér@g rejgagipn m@ aa@fém@alfl@memﬁwe Sdiighgomprises an
ionik %a@ﬁinh&ébum ReRirg, zps@élgﬁaal%ll% Efﬁ{gll{cﬁﬁ?w@%ﬁ%ﬂ 10e®00 Br brbhter;

o) o e LM TR OTDl Sl L 8 S RELC o bt (1
whattih th@ pp@idabiebhembrnd ian @aske Sittrdtioa dnémbrafe or a reverse osmosis
membrane;

(3) The agent for increasing rejection 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 macromolecuie;

(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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wherei n the anionic macronol ecule is polyacrylic acid
or 6 a derivative thereof, (8) The agent for
increasing rejection with a perneabl e nenbrane
described in (6), wherein the anionic nacronol ecul e
is polystyrenesul fonic acid or a derivative thereof,
5 (9) The agent for increasing rejection with a
per neabl e menbrane described in (1), which conprises
~a tracer for confirmng the rejection conprising an
a derivatiyartheredfect rol yte or an organi ¢ conpound sol ubl e
in water; (10) A process for increasing rejection
(8) withk agpet fenbinerensibg areiection whithh ac papmiesble membrane
t he perneabl e nenbrane with the agent for

- treatin
descmwdelasﬁ%thhereé@tﬁh@rﬁwm magepmelesnle iwalystyeenesulfonic

..descrihed.in any gne of (1) to (9); (11) The process
acidoga derayative fRekedfection with a perneabl e nenbrane

(9) d&@gribed-i LlO} wher ei.n t he nmeabl e mepbrane | s
t L0t 8ECR° JPTriBCreaping stdpction it an PeHueablen memprane
Ljcreasi relection wth rmeabl e ..nmenbrape; (1
deschfigoR7 (B8 WG e Bfbrlicta BFUTHRD SuRTRILE FBF peigiion
) . . ot _
comfiRERIL 2R LHERARIT Bhckibite br BTEELRIS WnARGI Jofible in
watdescribed in any one of (3) to (5) and the agent for
20 increasing rejection with a perneabl e menbrane
(10) deacpidieds | for aiieroasing! rejebiioh Owith) adhBriesBle membrane
alternately; (13) The process for increasing
whidle jceniprisesvirehtiagp ehisrgrivireabbrnandrane seith e bpedn Yor
~one of (10) to (12), wherein an aqueous sol ution
increasipg irejectionhwitdy e perimrable onembrage desaihddin winfhose of
N pgrqeable menbr ane 25 described in any one of (1) to
(1) tp89)i s passed through a modul e in which a

(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 deseribed 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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per meabl e nmenbrane i s disposed; 7 (14) The process
for increasing rejection with a perneabl e nenbrane
described in any one of (10) to (13), wherein an
unused perneabl e nenbrane or a perneabl e nenbrane
havi ng sane rejection as a rejection wth an unused
per neabl e nenbrane is treated with the agent for 5
i ncreasing rejection with perneabl e nenbrane; (15)
The process for increasing rejection with a perneabl e
(14he Mheapeocede Sfor | inerkdsing mgjeetenotiitl @) permédRe, membrane
wherein a perneabl e menbrane  having a rejection
desgeibedabechriy omea of ef 1Rt tor{13),t Wwheneimn ase dupsede pabtweable
menbrane is treated with the agent for increasing
mepmbrane og permeahlo pembhrane davipg same; rejecsionsas a rejection
. perneabl e nmbrane, which js treated i n accordance
withi R Upased BeErgabls, membeang Ay repkrd ivpihwihe, agent for
er meabl.e nenbr.ane descyj bed i,n any one of (10) to

incfEpEiBE Eeifeqn ik Eﬁwsgéier*gr%ﬁeﬁ {reatrent which

i i ] 15. . '
(15 0 TRlee BEScqs B heaRBld Ritefion, RidfRA b RAR-FG mstibrane
desSH1BYG & %'n?;? Bﬁﬁa(%x hid)' td 93} h@h@g@ﬂggr%rg{!gaeoie mteﬁlbrane

rejection and the Tl ux on w

‘havihf® r&esiibs RcPhd Bofi a%@gﬁoﬁd t gﬁ;%@&g P&rmeable

change 'of the rejection of
meR®iriRat iPnerehtdd twith thegdWpend ﬁfi*O\i\ﬁcxéagit%Q @fBction with
exhi biting the change of the rejection of NaC, the
pernajablé imvmbfardd?’A and the flux of perneation with
time. Figure 4 shows a di agram exhi biting the change
(16bf A permieaklefmepbramatwimichwvist trepted in25cchranddSWwith the
PREFERRED EMBODI MENT TO CARRY OQUT THE
process for increasing rejection with a permeable membrane described in
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 OUT THE
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- an aggiepus sgfutiop pl _ 1R ange
periEiROR, PR P ITed (R e IAFER #Etbe: whlecular

8 I NVENTI ON The agent for increasing the rejection

Wi th 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-average nol ecul ar wei ght

of the ionic macronol ecule is 300,000 or greater and

nore preferably 1,000,000 or greater. Wen the
INVIENFHONaver age nol ecul ar wei ght of the ionic

macr onol ecul e is smaller than 100,000, it becones

di Thecagentifhnineegsingnihe rejectionwith al pelingealds anbmbrane

~with the perneable nenbrane with stability 10 and the

of @@aﬁr@e@asmmtm iCOMPRiSeSaPRe PO r macremglecnle hayidg a

there is the possibility_ that the rejection is not

weighfr avesagarmglachiaowedaht ph 10ROGY ex greatery, dntthenpresent
e 5 AL TR Bl e QOB RSRY of ne
toni FRAAIRRANR 1 "YBFTRL A8 Wttt i prsf SRR L0 000
or gfe gau! atypen %Bg%i@@%f%?gy@%%@% 8%9{%‘2 of the ionic

erence naterial of p sed on

ma &lﬁol%t&ﬂé RESm@ae? 'fﬁhﬁ%ﬁﬂ’,‘?}ﬂ@ﬂt%ﬂ%%oﬁa@@ gﬁfﬂﬂiul@t?ﬁtg?ﬁe ionic

nol ecul ar wei ght where the reference materia

macPOmpiidulé enadexitiéd wethohe Pépinedbleemerhbfane with stability
wei ght - aver age nol ecul ar weight is obtained in

and &heasteblec ad sirbhiohhe mhigtained &6t arlong timenadd Ghetd s the
ultracentrifugal method. 20 The agent for increasing

possibidity dhat tthe rejsictionaispeotnediicentiynbrcasssedof Inhkhe present

. present invention can be advantageously applied to

mvensing, the tweightya verageomateonlan weigheissebtainmkby analysis of
nmenbranes. .The nano filtration nenbrane to which the

g@ﬁ e macramelequde, injaceordange with the gel

Y BB 3 A5 R BB BN i
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 éermeaﬁon of particles having

diameters of about 2 nm or smaller and macromolecules. Examples of
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9 the structure of the nano filtrati on nenbrane
i ncl ude i norganic nenbranes such as ceramc
menbr anes and macronol ecul ar nenbranes such as
asynmetri c nmenbranes, conposite nenbranes and
electrically charged nenbranes. The reverse osnosis
menbrane is a separation 5 nenbrane for |iquids which
rejects perneation of solutes and allows perneation
of the solvent under application of a pressure
greater than the difference in the osnotic pressure
the‘beﬁ%ﬁ}é‘gﬁ“’%opgt,itgﬁs I’(ﬁné)poé]gaafd?% fpembrangr dude dperganic
hde. havi a great.er_concentration. Exanpl es of the
meHLi8p 0 Yl o8 S RRIE mABBFAe b i roteHiBet mmombranes
r.ane > : ric,.menbranes and i
suc o RO in ST A8t B30 HRREL i FREn B RS e PR hectaigall
haRsseaRk I ang .t Qu WU} : i pcreasing..
¢ a@ﬁe re%gg??g% o?%?heeﬁggggﬁ%ﬂgﬁggﬁg%gﬁ%%f %bﬁlﬁ%@@ﬁamﬂn
meinbeh HE eforNig 8RSt ch "R 8t ab@rﬁé&ﬁ%ﬁlsop BQHRE%. Cand allows
pol yam des, "al i phatic pol yam des an conposite
perfiia¢ionad{St Heasdve 9k AeS 8pPREMIEH 888 ABEsure greater than the
_cellulose-based 15 materials such as cellulose
diffacstcat i throogmbhiespramties ilajtweear solations QRpY3EH 48§ the
are preferable. The agent for increasing the
membjraue itorthef sidhehayingse greatev emvnicentragionbe ExpphpRe ¢the
any of unused perneabl e nenbranes and used perneabl e
revessRbPHRRYs mamhrsagl kchida meagranwlédular anémbranes such as
nmenbrane or .the reverse osnpsis nenbrane i s not
asyBUpetraq, | memprapgs (angl ommsiiepmeembrandse Byalples of the
i nclu tubul ar nbrane nodul es | ate and frane
ma r%f?&r"gﬁée R&H’Eﬁeé‘??‘? STATERG G @y fgpdnerepping the
- fl:her r dul es. ..The .i oni ¢c,.macr.onpl.ecul e. used
nﬂefggﬁtﬁgngggngﬂg%ggﬁH@nggpﬁgl?hgpppg?e&PF ewi Apidg-based
fRelNeallgn merbr ot t lyavention j s not
T par?icurggFjﬁ??ﬁ$$%dpggﬁéﬁgﬁgs %#p@%ﬁ;igﬁbrnnﬁes and
coniPREIte TRh AeH s | PEédT €0k ANART GoTRERRIR! 83 GR11ulose-based
ani oni ¢ macr onol ecul es and anphoteric
materials such 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 membranés. 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 }_51 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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10 macronol ecul es. Anong these nmacronol ecul es,
cationic macronol ecul es and ani oni ¢ macr onol ecul es
are preferable. As for the anphoteric rmacronol ecul e,
it is preferable that the anmount of one of the
cationic structural unit and the anionic structura
unit is greater than the anmount 5 of the other, and
the overall property of the nacronol ecule is not

e e b BT R e SR e
and. B PRTGCALE SaBOTRONPARe" SR B, s, i

| macrc%g%egﬁﬁé‘yi itsﬁcﬁq?%g?éﬂglgﬁtlﬁgcr gﬂé‘%‘?ﬂ&ﬂ& b9 oHiChr fie cationic

enel am ne conpounds suchas

structg%]f% gxgﬂlﬂg%lﬁﬁla 'Hﬂ@ﬁfc%ku&‘rirlg%dhﬁhﬁ)i]s%‘}gﬁer than the amount

am noet hy acry quaternary

of theASTRR HAHGHRNAKREE SrépRrASoCHIPAMRESMoRRUA ReHoDNeutral

addi ng quaternary amoni um group to pol ystyrene and
but cHRoReWREGHIBAN, Ng a heterocyclic ring such as

pol yvi nyl am di ne, 15 pol yvi nyl pyri di ne, pol ypyrrol

aBdapgllyyi ofy |thieazatienicCapatsnrolectiley iusgda in pkhe apidsgnt

of structures descri bed above may be used as the
mventwmn on¢ludenprimagt eguine. compoynids esecic g puiiapylamine,

conpounds having a _heterocyclic ring are preferable,
polyaliztamine, pokyacamlamide arnd pbitesqn, cfeep “amine compounds

Pol yvi nyl am di ne | s a cat.ionic nacronol ecul e havi ng
such { 8 sw%r@mndanequgmf@r@mm Nge nePRPORBAHY | ich1 ] as

n neral f la [ii to R4 represen dr.oge
poly@ifndtRsTuinoathil ' o Asiattln’ odve: mrv GROGHY Heiapeibyl
R4 -\ /)\ [ -CH2-C C\ [ C=N
methacrylate), quaternary ammonium compounds such as compounds

obtained by adding quaternary ammonium group to polystyrene and

compounds having a heterocyclic ring such as polyvinylamidine,
polyvinylpyridine, polypyrrol and polyvinyldiazole. Copolymers having a
plurality of structures described above may be used as the cationic
macromolecule. Among these compounds, compounds havingr 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], R! to R4

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

S ON S
—CH,—C C-
NS
C=N
!
N
7N
R*  R* =~ [1]

11
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251 N / \ R1 R2 [1] 11 The cationic macronol ecul e
havi ng the structural unit represented by general
formula [1] can be prepared by copol ynerizati on of
acrylonitrile or nmethacrylonitrile with
N-vi nyl carboxylic acid am de,
N-i sopropenyl carboxylic acid am de, N-vinylcarboxylic
acid imde or 5 Nisopropenyl carboxylic acid imde,
foll owed by hydrolysis of the obtained copolyner to
obThe rattenanimdicnenoldvele hiagingd the etrsichitsl tynit hraprddeated
pol yvi nyl am di ne prepared as descri bed above has
by @ggaeralgriotmuder i[lxﬁdcan-r bm auepared t by | eopelynheritatien of
car banmoyl group forned by hydrolysis of cyan group
acrylomitels my droihacrolonsidilsy waghr & -ynvdcasboxylic acid amide,

A ol B Al
R b ST e Ao
ol AT N B, 5 Ao
R T

ﬁ'onf; %téfﬂahﬁrﬁé QRefe likehRadEARbYY gs?éu% TR By cl)ngrdg?fysis of

a great effect of increasing the reject’
cyam@Akial} andSPaehe grotp iahaedilsy dxbkdliytadef NevinhtcdiBoLylic
of other macronol ecul es having a heterocyclic ring,
acidtdmidiennitt gr the tiktiianadditiobetd tley eanetirlay watio vepidignted
cationic functional group such as a primary am ne. 20
by Bgnersd dosonpti Bd. of Ahethmt coniveromtr prodwstyul @ cationic
having a wei ght-average nol ecul ar wei ght of 100, 000
macgpmelesylar, fprcatnnd hginadaetyaed sbyo @HEM’HH& Company

“DI.&EB% t ):/1' rtfaé)i[;te?égngxl'a%e arlnar r?{?%oeo%w garrl] a\ﬁ(ie ngsédh-e Since
nitrogen atom in the heterocyclic ring and nitrogen atom of the primary

amine in the polyvinylamidine has the cationie 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,r the density of cation can be increased by providing a

cationic functional group such as a primary amine.

By the adsorption of the -cationic rﬁacromolecule 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. Sinée, in general, the negative charge
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structure of a primary, secondary or tertiary am ne
or a quaternary ammoniumsalt in the structural unit
such as the polyvinylamdine, to the 25 surface of
t he perneabl e nmenbrane, the rejection of cationic
species in water can be effectively increased.
Since, in general, the negative charge 12 of the
surface of the perneable nenbrane is great and the
nol ecul ar weight of the cationic macronolecule is
of thy sarfacehef b pemmeabld enémbrans ds hpeat aridéhs unbheealar
.of the nenbrane with stability, and the rejection is
weighiic pE dbed calgpmice margomeleane cismgreatothec uhacrontiletuls is
the flux_of

adsog pddat %%%%ﬁggfd%gggieﬁag%gg&g@hﬂﬁm apfldhe rejection
is RRGABE . BHEn R PTG R AFRROIFERIEG GF B e gcellent,

| , | ¥ id and |
by xR BralSyT o5 B BB et nEiredy tap ereat

deg‘rggl fonic acid group such as pol ystyrenesul fonic acid,

-

xtransul furic acid and pol yvinyl sul fonic acid.

Cop oA HFRdS Jfa‘éhé‘gaﬁi&gé” MddrymBlodulle RV EN the Dresent

structures may be used as the anionic nmacronol ec

inveStibae iblddeni masfdrfoleBaRMP RaViAg! ¥atNs:81eBebipNistich  as
acid exhibits the strong anionic property, the

polyamgliematidc und pslyasisibiabedlid aidid easdimhaé®nddletdles having
permeabl e menbrane 15 wth stability to increase the

sulfores ecid groupraiich aisnmlysiyréenendfisdd ach), elekitemsulfiri@acid
long time and does not cause a great decrease in the

and polpvinyisublerieacidon Copelymers baving aoplurhbitp ef rhabilsove
menbr ane, posi-tive charges formng pairs with the

strucfuzas may be used gs she anienyc pragemolequle p aPinceudfonic agd

o RS R BE  A l h
TGO BB S B 0 v
with! %ﬁﬁf‘l&t éoofhcrease the rejection, maintains the increased rejection
for a Idng time and does not cause a great decrease in the flux of
pérmeation. |

VOn 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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- tempriatuge @

with the positive charge present on the surface of

t he nmenbrane and has a weight-average nol ecul ar

wei ght of 100,000 or greater, the bonded 25 condition
is maintained with nore stability, and the effect of
increasing the rejection of anionic species in water
can be exhibited. 13 Procedures of increasing the
rejection with a perneable nenbrane using a
macr onol ecul e have heretof ore been conduct ed.

Ho 5 _when. I I havi [ [
or SRATIrER o InCresgiRa Ly FEkeHBROr e Pasmaablenmembrane
. (i . ih ot . fioi ent
usifil b e AmBERERAN0 LRSS 5edi 0ot ducled. Homseroyhen
o e the i e . . _
@ mEpRbRTLd avihe AP I FARRGLS SNk hS hopiingf adsndpl is
used (e ¥WRE& offnckdisin® tHE NRjetfTMRER L ¢ Ef%&ofgigti&%tto the

difficult when the Vel ght-average nol ecular wel

decre@sd 90 tRO A ofIp Sdh & tiomd %@sﬁdﬁﬁ%ﬁﬁﬁ%h@fnc@%s@deé’ﬁd?ﬂon

~ tenperature of 40C or higher "is necessary. en a

is notesufichieg vlthehasDidotutitirod oBtinbslcBhNRth water at the
wei ght -average nol ecul ar wei ght, adsorption wth ?he

ordinenbr dempeakbeep| bewmst diffigultt @bh@hsethpor WieQdt-average
which cause the decrease in the rejection but also

: lmol%gul@g erighbrs i 160500 or repatmbraamk a trantinthe atfdieelewefted

increasi¥g the rejection is small relative to the
40nCtarehighex ismasessraat | dWheTmemacrembleeule has
Igag_ssibil'tythat tabjlity of the 15 adsorbed _
a chageg; bt hapsa staal rverediiavanage neleeularameighl evisbaption
. ight. \Wen . the rejection with a perneabl e nenbrane
with'Bh Mo biee kG oF epnglwl#p R aPegiopogrons Which e
| , X 0f perneatio
the BRCSEECTh TAE Rckin bhLBlsoct¥ e Bl thromecahrane

and YRELFRE oFRcRUSNte the E?jﬁi&g&ﬁ 38 'tsﬁga% Egleﬁ&ﬁ}gﬁf& gg».;” a9 rease

the present 1 nvention e Its

in they dhepbF lheemdbeiey. t YTHe {OtHd wﬁsﬁggc&a%f %%@ahgegf the

groups, and the flux of perneation not reased
adsdrbed cgnéniordiagneaffivient dheto the selIEsiH&fulaRicghitt, | S

great. It is necessary that the agent for increasing
thWhee]' ébe imjection 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 moleculai:
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/Jp=0.7 is

14
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do not cause a marked decrease in the flux of
perneation while the objects of increasing the
rejection and realizing stable adsorption of the 25
macronol ecul e with the nenbrane are achi eved.
Therefore, for deciding the macronol ecul e which can
be used, it. is preferable that J/Jp> 0.7 is 14
satlsfled wherein Jo represents the flux of
perneation through an unused nenbrane and J

satibB0d,5% BBein ) Srdprb¥e At tBE rff@?&f% g&rﬁgﬁt?&g Bidf an unused

menbrane after the treatnent I ncreasi ng
550, U TP T IS e
afte?l%tﬁ\éetréaﬁﬁm fdrofhc‘i‘@t?ﬁn?h;ﬁqu%&id on I—'Iéw&%}d Lll,ﬁé %gr%twn

proviso that the treate rane rsuse

for A IAE tB bbjabtibA Svidh faf ﬁ%ﬁmraﬂé nd @1‘3@ %&lnct?c[ 89\/\5[115 1:83ve

fromthat of the unused nenbrane, for exa

condibidn wleaCtHeobpatdtivaidanedddtbd rﬁith%d%éﬂ)ﬂi’é@tm tfbated
menbrane resistant to chlorine having a snal

membjaet iisnusal i creasethitrana grkditidggdEtorehd Mhdah!@ental
agent for increasing the rejection with a perneable
propeaties alvemo thah ef pthes emusedvisemloapes Her ieganmple, when the
. macronpl ecule may be used as a salt having a counter
rejeciaon vBtEnp| ranofilttasion membrang on «ouembranemesistant to
i nclude pol yvi nyl am di ne hydrochl ori de, sodi um
CMOEB}%/IA%‘F?E&‘%%“‘ ISHMNS 1g6Tanse te Mosignt deares. 15 The

AR By S

f th t
men?“%%?%;%ff e 3P RPN AEGPG RntRanbndyonesd
as al dalt B8 Cé RoGREEY Bal ma\%}éﬂas to@%hé %altchftnngg & cqypter ion

macr ono en wat onprising a

1nc11‘i@é”"9bl'5ﬁ11h xﬂ‘fdli'ﬁ'e lﬂ}ﬁrbé}{lbﬁdﬁa%&i‘ﬁ% Z)%glgfclrgﬁatg %’i‘hﬁeg(ﬁﬁgm

hrough a perneab € nmenbrane, the r¢gj
polyp’grrﬁﬁa@hlﬁong[t@nbr ane can be confirnmed with the passage

of the tine, and it can be decided whether the

t r Ehe rment ifsr conehsingdther rajéctinnwithiaderii@iblé R€embrane
of the present invention may comprise a tracer for confirming the i'ejection
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 ‘b.e
decided whether the treatment is continued or discontinued. When the
concentration of the tracer in the permeating water reaches the prescribed
ﬁalue, 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
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concentration of the tracer in the perneating water
reaches the prescribed value, it is decided that the
rejection with the perneabl e nenbrane 25 reached the
prescri bed value, and the treatnment for increasing
the rejection is conpleted. In accordance with this
process, the contact 15 between the aqueous sol ution
of the agent for increasing the rejection and the
per meabl e menbrane can be controlled at the necessary
and sufficient mninumtime, and the nornal
betwers bhe saueeuhspltwmel theatgentnfornereesingathdrejection and
resunmed i nmediately. When a plurality of treatnents
the pgrmsablecpemiragerdia be F@e&rpﬁﬁd atdhe negestaas angd sufficient
. ot her %gents for incr?asi'ng. the.rejection, the
mingmym, ties, 4pd the 2oREA! pgrRAtRn Usies the Rebrenblecwmemprane
4.t hout m ssing the suit e tinme_for.swtching the
can ohe "rsusmed Slmmslitiely  (Wohngy JUAFEIE) @l PsRyments for
: f -acer | I | ori de Exanpl es
mcrg ?Ei?'ﬁz&gar g‘gﬁ?t{%&&é oz{r%fr? ogcﬁ{ s g?‘?j gﬁéﬂgﬁ %i\%%’f geehtRl ra%“@ﬂﬁsmg
t 041 4 r 0 hd Lol f e
the {eARlam AT FUMERLT DI BREREER0R bd lechBuPlel SEAfuy

witBARSGi AN ERahitabEe BiRhsBRERItIRIHY BEoHSral B
1, 000 rlrg Iiterland nor e prefleraigilé; 30O tg‘%@’%o FExamples

of thg/inbi@inic |dlettrlye 0GRSE af othel NSceAShaGdehSodifhe ehidiide.
with a perneable nenbrane of the present invention,
Exanfdep e nihebbezamotmoansnis] sobhdtledn 45tev ubed he dgertacer
~ for increasing the rejection with a perneable
inclpderisenmepyt aldobopr ebert prefeeableothadi el cssmbntration of the
her ei nabove. The process for treating the perneable

tracgp ih MeHET iPasHRE Hraougbuthe permeahleadembraneia H0eto HAHO0
me/fifks s wep gefegabBasdbho AP BT oAUl © i n vy oh
T N R e R
e B0 R0 9950 o o SGERARR B e
witRORO hebRF fdr%&f‘é%?&"ﬁﬂ@ thBGefRtBalWAR 4 BeRAESER AbE8 rane of
the present invention disclosed hereinabove. The process for treating the
permeable membrane is not particularly limited. For exampie, an
aqueous solution containing the agent for increasing the rejection is
passed through a moduie 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 aqueous
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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t he perneabl e nenbrane is nounted to the nodul e or
whil e the perneable nenbrane is kept disposed in the
nodul e, the aqueous solution 25 containing the agent
for increasing the rejection may be prepared from
pure water, water passed through the perneabl e
menbrane or water for 16 the treatnment with the
per neabl e menbrane. Wen the aqueous sol ution
contai ning the agent for increasing the rejection’is
prepared wusing water for the treatnent with the
the phiegtmené wattbrive pPermeatlangembranche Véheet tlen agudous
time can be confirmed by measuring the rejection of 5
solutm CortAIReE §h80ﬁg%t‘i“‘né%1‘ iHCrepsingtide tejectitie is prepared
.treatnent. The agent far, .increasing the rejection
using, wajger E%f ihepieatmeR} apth &hﬁ rﬁeé”rftq"f’é’?%\/&%%ﬁb\?&ﬂe,tthé change

t he agueous

. reat nent . The,.pressute for. passin
in thl F T n P Rt RE OBEREICK bY eI g6 Fiection of
' ' rgne i.s t 10
the CEEREE AL, pAANADY WPRRREARISNE BETRIANS S, e s o
nerbBE L SIIRCEEQ0: ! 7 essure {or
et SRR P o Ol 3o BB HE 60T
treapicmgabl e nmenbrane or a pressure smaller than this
pressure. It is preferable that the concentration of
t h&hieqieSsurtBlol PRLRGULIR hiubdi@s S1ueRMScoIRhHIhE The agent
contai ning the agent for increasing 15 rejection Is
for Gné&ensing) the/ tdjeaiomnthroogk thefRratdabld membane is not
no/liter. When the concentration of the ionic
partacileslyolioutdde i’Bbe feddtorextthfor cBearinhg ithersejectiony tayShe
ossibility that it takes a long tine for the -

he
' Conilrféaé) rsrderothe nyepeurei fay pResing] the ivoater herthehireatment
. “concentration the ionic macronol ecul e exceeds 50
thro 211 ﬁg

| Br PCRSRRYSI (POWPTRAE G uBOBECSSHrYt swAlleo than this
T R TN T TR —
o R TR BASE0R entt05 5 EDhE
rejedtiéh 296'H tdf 80 mg/liter and more preferably 1 te 10 mg/liter. When
the concentration of the ionic macromolecule is smaller than 0.5 mg/liter,
there is the ﬁossibility that it takes a long time for the treatment of
increasing the rejectibn. When the concentration of the ionic
macromolecule exceeds 50 mg/liter, viscosity of the agueous solution
increases, and there is the possibility that resistance in paséing 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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increasing the rejection is 1 to 48 hours and nore
preferably 2 to 24 hours. Wen the concentration of
the ionic nmacronol ecule in the aqueous 25 solution is
increased, there is the possibility that the flux of
perneati on decreases seriously although the tine for
passing the solution can be 17 shortened. When the
treatnment for increasing the rejection with the
per meabl e menbrane i s conducted by di pping the
menbrane into a solution containing the agent for
shorfeniedasi ng the rejection, it is preferable that the

5 c\&%e%ation of I.he i oni ¢ cronpl ecule in the
aquedql W gerigRensiggnerpapng boe seyeriien with dhepesmeable
eferably 100 to 00Q. my/liter. It is preferable
MEHPLAIE h & 199 “8%3‘1 ﬁl@’dg’éﬁﬁﬁ ftﬁe pmegnbrangeq jpgo o dsolution
f I t 4 hqurs.. Whaen the dippi
confiRne BhE R8P b fodBa o Feiptieiy e maptEinbth thae the
k Teabe 128G ' iL,th 10 water .so.
oon %gctrgtﬁ%e | o#?c%%?%%& e gzlqnatﬁlﬁ i nqguegﬁlstﬁﬁ)zutéﬁ? %00 to
10,060 t RR/Tifee" FRAL I RoE Lt gyt ek papadsonibed 1§t ;
renveg%. In the p?ocgggﬁ?%$m$n??gagfdgﬁgﬂeg%ngcfiozt 19
preférhblea that ngebltine eMhangiffinkhes @ ¢8eif hoVEN WA more
t he perneabl e nenbrane can be ‘treated a plurality o
preferably Usitog 2hehagent sWien | thes elfpiiG tREatrBbSCIRRN been
15 with a perneabl e menbrane. By conducting a
comyllefed), it y pfeferaddde ribat $he grermerbieasémbrihe is washed with
rejection, the inprovenent in the rejection, the

water 19 thaty the ionigemiagromaleela epwatinie andhehsurface of the
substances _contam nating the

durability agains 1 ]
' Perﬁ’@ﬁ‘gfea??@%n@ew@hﬁ%bé@g adsarhed ps tembved. of

¢ el BoERBRDUAER olopoiHaRBPEIEL ] MheBeaHER N Ibes uBexmeablo
0834, e, 0Tl o S
treﬁnggfﬁrﬁrofl%ﬁééﬂl} éofﬁ%{)m%%e%sriggasl%regﬁ%%??%r gggreia%{}:ilé: the rejection
with a permeable membrane. By conducting a plurality of treatments for
increasing the rejection, the improvement in the rejection, the stability of
the increased rejection and the durébih'ty against substances
contaminating the membrane can be enhanced. In the plurality of
treatments, the same agent foi increasing the rejection with a permeabler
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 ten&s to cause hydrophobie
adsorption is covered, and adsorption of ct;ntaminating 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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menbrane, the aromatic portion which tends to cause
hydr ophobi ¢ adsorption is covered, and adsorption of
cont am nati ng substances can be 25 decreased. For
exanple, after the rejection is greatly increased by
adsorption of the ionic macronol ecul e having a :
greater nolecular weight, 18 the ionic nacronol ecul e
having a small er nol ecul ar weight is adsorbed wth
gaps where the ionic macr onol ecul e having a greater
nol ecul ar i s _not adsoqrbed, and the rejection
the agp1q, macomg ‘%l‘ﬁ c,bfaé’dggcﬁ |Sﬁ1% ligrsmoleombar weighi ss adsorbed

_ Wltgrefera | e that .t he wei C@vera e nol ecul ar wei ght

53 VB 916Nn e 1RBKD AR 884 eHEQ | hgjiaggRregraater molecular
o A g b v
madfg’ OTEE BraB e B 3R PRl TR LE Tileqt e Bt the
jonik hﬁa&fdrﬁ&lfebefé Wa‘izih P eLaRak! Gol ﬁv%?g]?i{q ét 1%000,000 to

present | nventl on, 'S pr efera

10,008, 0683b |26 d %mwgaﬂeadeiagé eﬁi(ﬁgaﬁé{r Ugjellgh 2N fa%”t jonic

for increasing the rejection conprising a cationl

macramodegile biaveng adnpdllao@ndledudir WREIRASI1089,0 Fro 1,000,000.
rej ection conprising an ani oni c nmacr onol etu

al Ter tat eprocedheforepmaehoimg ¢a8 bejettioh easas QYpéﬂiﬁeable
al ternate adsorption of the cationic macronol ecul
membanenof dhe ariesentinvadienuiteist prafemtjertiagthe permeable
nenbrane. Cations 15 such as Na+ and Ca2+ derived
membrReg ﬁ%r‘@f&ﬁm}i d1ve dtsing yesagentt Her viaterasimg thieheejection
treatnment is strongly rejected . in the |layer of the
CoOmpRSING, & CafOnIG FBREAetikler éntihénp@g¢llﬁ Ver dhexegeing the

e i S present. Mhen he ani oni ¢
rejoflidH Eoba Rl AP anignionnsromaleonls sltegraipho. CBkg peipetion

can BB%@L%%' ?& %kf%h%ﬁ#&%él@? g]dggm%Ch | f a‘f‘r’i g%é’ %rg%'lp%lmln%lecule

contribu

and aﬂieo R$uoifl dm%%?oﬁgle%ﬁié B i :p ﬁ:%gﬁgg 'ghel{lﬁga(l)r?{eg; épagpns

the result of strong Interact

sucH he Negtt h8A 1 CaZNBGHAIP |
e ani oni ¢ macr omol ecul e%ﬁ%‘?%gu& Bﬁec’tﬁﬁ%q{‘ thdSvater 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,

19



10

15

20

25

condition that these | ayers are absorbed in a
per neabl e nenbrane, the absorbed condition of these
| ayers is stabilized to suppress cleavage of 25 these
| ayers and the increased rejection is stabilized. By
the alternate adsorption of the cationic
macr onol ecul e and the anionic macronol ecule, 19 the
charge on the surface of the nenbrane does not becone
extrenely positive or negative, and the adsorption
| ayers can be stabiljzed while the hydrophilic

the ﬁﬁaﬁ%‘% PP the guriacaioecthe mambranee daers mopthicopmef extremely

o B SRR O e v
S T e
on RSB o T 08yl o el o
nosPEETSAPRERIRILIANE 12100 LIRS “S)SFAAR e o

supp®8sedinused pernmeabl e nenbrane or the perneabl e
menbrane having the sanme rejection as that of the
untthed ppecawgalibe IRGRRANR UHNIrdifRiorA98%th f 2T permeable
increasing the rejection, the rejection is inc easeg,

- memganehef deer peesent ninvimtidiixcof per AFsltd NN 4 $hi%ed

can be supﬁ;essed. 15 The process for .increasing the

permegldet membirane aopen npabtheablenhembeand hAeing edeNtsame
. invention can be applied to a perneable nenbrane

reeqiian By ‘datedlethd omugedreersechlile onetrhatnef Bletrentingdthe

g;ineable_ﬂgnbra e. The rejection can be increased by
unuged, BeFmGablee myyBPERaS | Hatrineameablsy imemArane rlengng the

rejection with. t agent for 20 increasing the
samg e’%eéec%t}%’n asy thF%ﬁbPeuﬁ%fgﬁ?%ﬁteaﬁg%irﬁ@mbﬁ@ne using the
epect | -ncr ed.in. acgordance with.the proces
agerdtP R WA LG BRE BRiCRion? COY hRNGGRY tmninatoafil 5] the
decrease in the flux of permeation with time can be suppressed.

The process for increasing the rejection with a permeable

membrane of the present invention can be applied to é permeable

- membrane having a rejection decreased from that of the unused

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 i s kept at the nodul e used for the treatnent

for increasing the rejection or after the nenbrane

is detached fromthe above nodul e and 25 nounted to

anot her nodul e. When the perneabl e nenbrane det ached

fromnmodule Ais nounted to nodule B, used for the

treatnment for 20 increasing the rejection in nodule

B, detached from nodule B and then nounted to nodul e

C, nodules A, B and C may be the sanme with or
. different fromeach other. Wen the rejection is
Incregsith tleel rpigcting @i ppidwde Bit detashed dromnmotlutti Boand then

the permeabl e nmenmbrane is conducted in place of 5 the
moygferatq é%o‘g‘*len@u ﬁﬁ?‘i@leﬁhéj gerarsh i anaeher B same with or
d}fnod%kg B an assi magﬁr through nodule B. The = |
ieremtiirom; echfthefpe 8@% T ECXREHBR AR engreasdeby ithe dipping,

. Wi.t h i ncreasi

the PEEBLORTRE giting t&%ﬁﬁ%&lﬁé’%ﬁﬁéﬂ%ﬁ%ﬂe b cqr}”fﬁwltse?(i sepace of
the JPUFIHORG BRZ AT Nkl FAGRbee R niTeR B and

paskifle8ehic @t hdb &8 Shod @Bt he rejection with the unused
perneabl e nenbrane 1's required and systens for

LT G AepNERIch VRLRE toRmWilA thEBDEELE Ed:00d th dbcBrdance
per neabl e nenbrane decreased to a value snaller an
witlh thé pabcdsiefori IORA siie ERe 28]cetidB PIANE pbPmbSERVEEEhrane

In the process of the present 15 invenPion, t he '
of thequiesentrinvéotionhis aqual pantioflatlpelitrieat. edE¥@heles Bf the
systenms for treating waste water is satisfied since
apphpatiprjiselidenwiaten arsteasein byhichea rajistiopt freatef thiwe the

. igQnic macronol ecul e. Moreover, the adsorption of
rejegtion JRthdiengnysask parmesbley membranots remmited andesyistems
an be su p¥ essed, .and a [lux of perneation greater

o |
for ?‘ﬁ%ﬂ#’?%a agte oVatGtarly YEmshs ithe r seleetion 2withe br peraseable

mer i Sy QL 5, IR AR PR ALY e
pertIBAB1eS REGbEEAS | ¥ Weblvered. In the process of the present
invention, the requirement for the quality of the treated water 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 ﬁltraﬁon

membranes and reverse osmosis membranes can be obtained.

EXAMPLES

The present invention will be described more speciﬁcallyr 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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reference to exanples in the foll ow ng. However, the
present inventionis 25 not limted to the exanples.
I n Exanpl es and Conparative Exanples, the rejection
and the flux 21 of perneation were obtained in
accordance with the follow ng nethods. (1) Rejection
of sodium chloride The electric conductivities of
water for the treatnent, water passed through a
menbrane and concentrated water were neasured, and
the 5 rejection was calculated in accordance with
of pemBeaiden avraPhsaingd inceordarte with(the following methods.
{1-(2xelectric conductivity of water passed through
@ né?:’&FHHE)Of}SOd’(”éP ¢5ide conduct i vity of water for
treatment + electric .conductivity of concentrated
m@?n{l@%{fo@o ciyytips Pgﬁ‘ﬁt% fogt theslgpatipont, avatekalassed
_ pection (9% = - (2xTOC val.ue of water passe
thropBht i htatne abd {eShRAt Rl Satir are roParared: mork the
odti Wat ar 100 15 The .
reree 5%@&@5# ?lgg&% ﬂl[‘é g%&g%bgg alc oﬁ%‘% @&E@v %teqélaplf)ﬂat
t hEoje&Qod (dput i on of other conponents including the
ioni'c macronol ecule to the TOC value was small (for
exanfi-€@xdbetHc Ahddctiviy JIQFadd pisOd thaRRHOR%IN
al cohol ). Wien the TCC corrponentﬂ%t her than isor})frggs?/
al cohol {(dlecteteeconidertivityesiwamr g tidagene + t he
rejection can be obtained nore accurately 20 by
el i mi nating thetmontmdietivion obéorideatizasi Gvater)} X100
macronol ecule to the TOC value fromthe val ue of
(2) (Reection 0éiswbropylealcelol treat nent + TOC val ue of
concentra oed water) in the above equation. recovery
( oferecty hE of treated water /

{1-(2xTOC value of water passed through membrane) /
(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 1sopropyl
alcohol). When the TOC éomponent other than isopropyl alcohol is the
ionic macromolecule alone, the rejection can be obtained more accurétely
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 (mgfliter) =

TOC value of ionic macromolecule added to water for
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anmount of water for treatnent) x100 25 contribution
of ionic macronolecule to TOC value (ng/liter) _ TOC
val ue of ionic macronol ecul e added to water for 22
treat ment x(1+100/ (100 - recovery)} (3) Flux of
perneati on Water passed through a nenbrane was
collected for 1 hour, and the flux of perneation was
cal cul ated in accordance with the following 5
equation: flux of perneation (nB/(n2-d)) _ anmount of

wat er passed through nbrane /- (area of

nmenbr anext | netr%atre%mgiﬂgw?l%“mmm} ve Example 1
( )Agio nP/I i ter ,agueous sol ution of polyvinyl alcohol
3) WiV gt BermeatpR- aver age nol ecul ar wei ght of 22, 000

wa ssed through an aromatic pol yam de nenbrane
e REFESF trete dudimePop oBe P RS wolgpiédotarel drour, and
ion of 1.2 MPa for 20 hours. The fl ux. of .
the B 88 bntensiops i sl B st (Rpas ¥ihots following
equgggggd) or smaller, and the rejection of NaCl in a
: mg/liter aqueous sol ution of sodiumchloride

| NEhBasSEsbrtdRMPOUBIMm29PYe- The rej ection of NaCl
decreased to 95% a tgrigﬁyhours and 94% after 96

hours. hesudtef war®e pURE8IHr S NBISnEARAYCt ed  usi ng

a1l ng/liter aqueous solution of polyvinyl alcohol,

t he rej ectdren offm@@bNagdxiiner sastidcaphy to 94%
al t hough the flux of perneation was 0.7 nB(nRd).

Conparative Exanple 2 A 1 ng/liter aqueous solution

of pol yethyl ene glycol having a 25 weight-average
Comparsgivedbxamipdhl of 7, 100 was passed through an

A 10 mgfliter aqueous solution of polyviny! alcohol having a

weight-average molecular weight of 22,000 was passed tﬂrough 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(m2d) to 0.6 m3(m2-d) or smaller, and the rejection
of NaCl in a 500 mg/liter agqueous 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 alcohol, the rejection of

NaCl increased only to 94% although the flux of permeation was (.7

m3(m2.d).

Comparative Example 2
A 1 mgfliter aqueous solution of polyethylene glycol having a
welght-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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aromati c pol yam de nenbrane under a pressure of
operation of 1.2 MPa 23 for 20 hours. The flux of
perneati on decreased from1l.1 n8(n2-d) to 0.4
n8(n2-d) or smaller, and the rejection of NaC in a
500 ng/liter aqueous solution of sodiumchloride
decreased from99%to 98% It was found that it is
difficult to use a pol yethyl ene glycol having a
wei ght - average 5 nol ecul ar wei ght of 7,100 coul d not
e used as the agent for increasing the rejection

for £0nhennsh e Fhe flugtofparmantican daereased fromp del impHuvodhto 0.4
ecreased. . Conpayative Example 3 A1 ng/liter
m3‘§ﬂ%@§ 0% soilgy, @ﬁ%galepaw%ﬁlﬂwékaﬁl e 2 0 exefliter aqueous
0 cati onj.c_macromol ecul e, hayi ng a wei hi,. average
solfifof i Sitifit GhICSERe St onp oD bt s found
r: ty. ni de rang havin r.ej ectiqn, of
thaf TR R B T BVE ARASE LBl heinbre spiBbinverage
Ige : of r peat i on
mo i g5 TeRTP R o] i R RBE AL S e
jedcBlofGlih { 0 8ej L pn
Fe e gt S hOSojlithn Sob ALARAL L
pol yet hyl enei m ne, which was a cationic
macr onol ecul e, having a wei ght -average nol ecul ar
CompagtivoExaipl@@0 was passed through an aromatic
pol yam de menbrane having a rejection of NaCl in a
500\ dgmg/liter aqueous sebitwin of pflysidlamwishiher Wheckvas a
decreased to 88% and a flux of perneation of 1.3
catigpiqrenagrogralesule, havbng & owedththanersge Thelacajac twapght of

f NaCl was 92% and the flux of perneation was 1.0
1'0:‘?%)( Wasgpassede theguedy ppragsmeaide fodyamidrmenbeame having a

rejegﬁgﬁgﬂr}?§a@5in%g$§¢ 3{15 J gg@%nﬁﬁgfgs fﬁ%ﬁ!ﬁ%?ﬁé?lﬁ%&é?ﬂel (Elflgride
decBNERYD S YR ik SABARERoNBE TS MR md &5 HddD 2 MPa
for 20 hours. The rejection of NaCl was 90%, and the flux of permeation
was 1.1 m3(m2-d). |

A 1 mg/liter 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 aquéous solution of sodium chloride
decreased to 88% and a flux of'permeationr of 1.3 m3(m2-d) under 1.2 MPa
for 20 hours. The rejecﬁion of NaCl was 92%, and the flux of permeétion
was 1.0 m3(m2d). The rejection decreased to 90% after passing the

agqueous solution of sodium chloride for 24 hours.

Comparative Example 4

A 1 mglliter aqueous solution of chitosan, which was a cationic
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macr onol ecul e, havi ng a wei ght -average nol ecul ar

wei ght of 16,000 was passed through an aromatic

pol yam de menbrane having a rejection of NaCl 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. 5 The rejection
- of NaCl was 89% and the flux of perneation was 1.1

n8(n2-d). A1 ng/liter aqueous solution of chitosan,

mhicﬂ¥%§§ a cationic _macronol ecul e, havin

: a
mackng hageen Ml ghER vk gghmolcugay @@@ghgtasf 1p069ewtas
t h ti ' havi
pasl AR o SO R A P hagiat e iecton o
ol uti of di um chl ori;de. decreased t 88% and a
Na Gl 00, el Rberhssauhenid Gt Guehlonds wpgensrd to
Q0 j.ecti 919 d,. t
s 040t of T 8186 Lol S5 0RO MBS T Pt M g,
The LrefBéidd & SAUA0URsS Y T 084 AheC BB R el R5a R 1.1
cationic nmacronol ecul e, having a wel ght-average "

m3(mBldgcul ar wei ght of 160, 000 was passed through an
aromati ¢ pol yam de nmenbrane having a rejection of

NaL11i meditedOaq@édud eohAMIE 0O RIsHhl Whith #adi ¥Mationic
chlori de decreased to 20 88% and a flux of per neat 1 on

macofmoleRule (idy aimddghtlatediiPa holecBluirh@dight of TBB000 was
rejection of- NaCl was 94% and-the flux of perneation

passgdsthrogghn@g raromaticr pelyreen et meminfanNabhvisgsa rejection of
mai ntai ned at 94% after passing the -aqueous sol ution

NaCjpanga $0Ummeliter; aeudons Sution o, sodsuExanlpride2detrdased to
o.M/ Jiter agueous sol ution ol.yvi nyl pyridi ne, which
5% 0l & i Srmnon Gombb oy ket saden b MPa for 20 hours.

wei ght - aver nol ec r wejght qf 160, 000 was
The prgéegcgd)rt ﬁ?oﬁgﬁl aff 2&r L%t i acndp%ﬁ?’?aﬂfl&eo WgAEI0Ra Wasg 1.0
m3Gf2.d).

Example 1

A 1 mg/liter aqueous solution of chitosan, which was a cationic
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 NéCl 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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rejection of NaCl in a 500 ng/liter aqueous sol ution

of sodium chloride decreased to 88% and a flux of

perneation of 1.2 nB(n2-d) under 1.2 MPa 5 for 20

hours. The rejection of NaC was 93% and the flux of

pernmeation was 1.0 nB(nR.d). The results of Exanples

1 and 2 and Conparative Exanples 3 and 4 are shown

in Table 1. 10 Table 1 Macronol ecul e Wi ght -

Rej ection Flux of perneation average of Nadl (%

.(nBInRil) 15 npl ecul ar before after before after
catiqpas gmacrqraaleculs; chaving @qweighaveragenmoleprlageweight of

160,550 it nfigtent Boiaehe SR Gu a5 PGy apnigegmembrane having a
: i ye.chi 6,000 88 89 1.2 1.1 le. 4.
rejecgbgh N it # 50 é’lg‘g}]%?ﬁn?i)‘il‘éeofsc?ﬂjlllg‘gﬁn(’flé@(@% chipride
. | yvi - 516 - 88,93
decr?éﬁ?:.ld é)y%i‘% gr?d of %r&[%a 1}6&1% 1 .? @%@10% uggﬁ by 15'2 ﬁ/IPa

ine € concentration 0

- for RPhHLON 18l HOETBE LOTE GLYLE osbe Wi Kheud BepdibliEation

passi'ng the sol ution: hour’
was 1aPLB(h2.dhe rejection of NaCl increased by 2 to 4%
and 26 the flux of perneation decreased by 0.2 to
0.3 nmB(nR2-d) when

The results of Examples 1 and 2 and Comparative Examples 3 and

4 are shown in Table 1.

Table 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 mgfliter; the time of

passing the solution: 20 hours)

As shown in Table 1, the rejection of NaCl increased by 2 to 4% and
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pol yet hyl enei m ne havi ng a wei ght-average nol ecul ar
wei ght of 10,000 or 75,000 was used- The rejection
of NaCl increased by 1 to 3% and the flux of
pereati on decreased by 0.1 to 0.2 nB(nR-d) when
chitosan having a 5 wei ght-average nol ecul ar wei ght
of 16,000 or 80,000 was used. The rejection of NaC

i ncreased by 5% or greater and the flux of perneation
decreased by 0.2 to 0.3 nB(nR-d) when chitosan or

pol yvi nyl pyridine having a wei ght-average nol ecul ar
thewe‘!iléﬁt ‘%f Pepmeptionwateceased ipen0-% ot e@ By | miGifidhe when
hayi a wei ght -aver age .nol ecul ar i ght of 75,000 10
polydibyiendmipRipins & VorEt A Yeieee aulpeniosavaishoobd GO0 or
agueo ol ut.i on of l,um chl ori. de, was passed
75 D00 SR T e P of Matiferenstl Heohs 2 anqsbe fux
j ' [ - r.ae ecul ar, wei ght of
of e 3T 2B AeR WLl U8B PRl e Bt tRed having
Yo OUS; i | hl ori de  wa
weidht oGP, TBaloR AR WIIEE: U 80000 SOBUHIE WY g e
jsehiotnof NRICT erefdachy @ i Lngn§ Hee BLE G o1
O S aB 1 ey tr o e ind ﬁg‘reet?é’?% hgRition
decrejsedt bon0® eoenlBamcHthdy) wisdd GHiRRafab YH1Gvin (l)%yridine
macronol ecul e having a nol ecul ar wei ght of 100, g or
havingat eveigROafxagel moleckldr Mefibht ©f 1BOURED Sv=50hd. O"When
~of polyvinylam dine, which was a cationic '
polyrtbylensivwine d1avingi mgveightiayetagy endgeulan| weighd! of 75,000
wei ght of 3,500,000 was passed through an aromatic
was)disgdnithe rRInehiemofhNaGlgdecreps¢d dpi 80%ofwaCithe magueous
1500 I1iter uequs sol ution of sodium chloride 25
solfion of sediurg oddoride gvas Presedoforpd henrs aftesfthe. treatment.

ng-d) .undey. 1.2 a. for 20 _hours. The rejection
o %’g'-‘(tf'\%%r )%eéﬂ 3%1%)8% AViRE A Welght perasammelsculay weight of

TR G N L
aqueous solution of sodium chloride was passed for 96 hours after the
treatment. It is shown that the effect of increaéing the rejection ami thé
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 mgfliter agueous solution of sodium chloride
decreased to 86% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa

for 20 hjours. The rejection of NaCl was 96%, and the flux of permeation
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A 10 ng/liter aqueous sol ution of polyvinylamdine,
whi ch was a cationic macronol ecul e, having a

wei ght - aver age nol ecul ar wei ght of 5 3,500,000 was
passed through an aromatic pol yam de nenbrane havi ng
arejection of NaCl in a 500 ng/liter aqueous

sol ution of sodiumchloride decreased to 86% and a
flux of perneation of 1.3 nB(nm2-d) under 1.2 MPa for
20 hours. The rejection of NaC was 96% and the flux

p %tlon was 0.6 nB(nR.d). The rejection of
Wasr\ﬁél SEAY n?‘bpn@d{eqmmo Neftll ey maintammedivdtinatability

ft Th |t f Ex le 3
andéﬂ@\&? i a?gél ey 1 %%‘b‘l‘ré 2e15rseégn02n?r at| gng:J ec?rgn _
FI t f
sofuifo g@gﬁ?@%‘%@?@dﬁ%&%%pé@ Sappdind. whedh swas a
i b, b 0 BN  PO B" il o

358 g A U B0 B v
rejelXQH OF RaCINaWY Hob E?é?h@exza%ﬁ&‘é.lé' Sél%fohoﬁg %I‘)dlw chlonde

i ncreased from 86%to 969 passi ng

decrdaked 63694 aﬁﬂ)ﬁ/ﬂﬁ)t'(ﬁ"ﬁe%ﬁ%tﬁﬁi%ﬁﬂ 33m3GREQF ﬁhﬂ@i& '10;9 MPa
of 1 ng/liter or 10 ng/liter, was naintained

for 20 biuks.t yThe @ejebtiodiof Nl ehands ahhe rthé%ﬁubap érxh@atlon
bot h cases of the concentration- It is shown

wast 6 mdfm2ekceThentejertfoncof dlaClnwaeanhigaidel ﬁ&j:lﬁt‘stamﬂhty

and
and did not change after 120 hours.

The results of Example 3 are shown in Table 2.

Table 2
Concentration - Rejection Flux of permeation
of of NaCl (%) (m3fm2-d)
agqueous solution before after before after
of treat- treat- treat- treat-
polyvinylamidine ment ment ment ment
(mgliter)
Example 3 H 86 96 1.2 0.8
10 86 96 13 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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stability than those obtained by using pol yvinyl

al cohol in Conparative . Exanple 1 coul d be obtained
al t hough the cationic nmacronol ecul e having 5 a

wei ght - aver age nol ecul ar wei ght of 1, 000, 000 or
greater showed a greater decrease in the flux of
perneation than that of the polyner having a

wei ght - aver age nol ecul ar wei ght of the order of

100, 000. Exanple 4 10 A 0.2 ng/liter aqueous sol ution

and i Bt SR PG f%ﬁhawé%ég thorengirration It
is R baL oy O%rg%gmﬁﬁ%ﬁ@ fcf @ff 3@3?%%1%&' thacroation and
Stal?fie)g}]eased Ose c,tao an%d %lf }li%f;?%g? f "l‘]fl%énlﬁ o ofioﬁﬂparah"e
Exa'"ﬁgf)% @)}uﬂcﬁb %mlagzetlgﬁ&%élp 'f;hgg?aggicﬁ@gg}gﬂg%gfeﬂlﬁvmg
a wii Hi?'a%rag% %n&f@élhl'atre{fve @¥S1 ﬁ@blﬂ)td()oﬁr %re%?gli' Wowed a

pol'ystyrenesul fonate, I ch wds ah ani
c AR AR AR U he Yk B9 anweaabﬁ [
BT el ght of 3,000, 000 vas passedttﬁgrﬁggggogghé;wﬁ%ﬁer having
awexgnumedagamamwaamlgnwom@oﬁd@meﬁuogroam‘ Nadl in a
500 ng/liter aqueous solution of sodiumchloride
decreased to 84% and a flux of perneation of 1.4
n8(nm2-d) under 1.2 MPa for 20 hours. The rejection
ExagplRg) " was 92% and the flux of pernmeation was 1.1
n3(n2-d). A .10 ng/liter a ueous sol ution of sodi um

poly &9 wedifert awagans sobitign of sediumn pelysprenesulfonate,
hlggcronnlecule havi n E’ ht - aver age nol ecul ar
WIIGR Yt ana%OBb‘om@GBD ?}Piifég?@aitlﬁ FoWgteiraaragamelecular
rrbrane hal r.ejection of NaCl_ in
weidf VB S R00 0 S RO S el S50 irmatia opplyamide
ion of 1.
merlGROGFRA S Feit Ol f floroel e BB Ratoul fention of
sodiNaPchasd dddbreatih 10848 #Xd 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 rejé"ction of NaCl in a 500 mg/liter aqueous solution of
sodium chloride decreased to 84% and a flux of permeaﬁon of 1.4 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 agqueous 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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of pernmeation was 1.0 nmB(nR.d). 5 The results of
Exanple 4 are shown in Table 3. Table 3

- Concentration of Rejection Flux of perneation 10
aqueous solution of Nal (% (nB/nR2.d) of before
after before after sodiumpoly- treat- treat- treat-
treat- styrenesul fonate nent ment nment nent 15
(ng/liter) Exanple 4 0.2 84 88 1.3 1.1 1 84 92 1.4
1.1 10 84 94 1.4 1.0 20 (The wei ght-average
nol ecu] ar. wei ght: 3, 000, 000; the tinme of passing the

mengrang bavinge rejeghien oANa(lgwn pAO Tagilisezaquenus solution of

sodiygh gt 84@2'29%;q”§1&2?1£ euffPonl BirmiiamoRg méézé D

wnd3P My Gir 2 BRBFE S SothGAT BT Nt Gugn % Gk

' di um | St yreqn uI fonate 30 which was an
ofp%%n% lgnﬁggotéﬁP @% , having a wei ght-average

mh‘ﬁ%%@ﬁus%m P 1-90&90 n A3$£9. through an
e re ol

aromati c having a rejection of
NaCl in a 500 rrg/l iter aqueous sol uti on of sodium

chl oride decreased to 8&%,and a flux of perneation of
1.2 nB(n2-d) under 1.2 MPa for 20 hours. The
rejection of Nad was 88% and the Tlux of

permeati on V@gcdntZatmBenRd) . Nei kfjatioh he I Bju@et h@meRtion

NaCl nor theyghbdd% solution of NaCl (%) (m3/m2-d)
7 of before after before - after
sodium poly- treat- treat- treat- treat-
styrenesulfonate ment ment ment ment
(mg/liter)

Example 4 0.2 84 88 1.3 1.1

1 . 84 92 1.4 1.1

10 84 94 14 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 mgfliter 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 molecﬁlar

weight of 50,000 was passed through an aromatic polyamide membrane
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5 of perneation changed. Exanple 5 A 10 ng/liter
aqueous sol ution of sodi um pol ystyrenesul f onat e,
whi ch was an ani oni ¢ nacronol ecul e, having a
wei ght - average nol ecul ar 10 wei ght of 100, 000 was
passed through an aromatic pol yam de nenbrane havi ng
a rejection of NaCl in a 500 ng/liter aqueous
solution of sodium chloride decreased to 89% and a
flux of perneation of 1.2 nB(n2-d) under 1.2 MPa for
20 hours. The rejection of NaC was 92% and the flux
havang 4 seigelaen of Maé! in1a FOOmmediter1®yyeo1s sajntivherf sodium
aguequs sol ytio f sodi um pol ystyrenesul fonat e,
chlqple eqreasas) tafitshaecha duhel BeTmestinn el de? a3(m?d) under

Laht - rage nolecul ar . wei 150, 000 was
1.2 JEB8 ke UF e an TP creatatioTh o it L neiibioanad e g of
_ ' i f ' O ng/liter.
porfiflotk8. LM . n Srther BBk rbisEliot ) N6 nnm the flux
I ion of 1.2 nB(nk-d nder 20 1.2 MPa
Ofp%%rﬁégg%ﬁgglrag%a%e rejection ((Jf Na)CI uvvas 94% and the
flux of perneation was 1.1 nB(nR2d). A 10 ng/liter
aqueous sol ution of sodi um pol ystyrenesul fonate,

Exadiplehs was an ani oni ¢ macronol ecul e, having a
wel ght - aver age. nol ecul ar wei ght of 1,000, 000 was

pagselD thgditgh auaemebiutijqplofagédian? RS ulfonate,
having a rejection of Nad in a 500 ng/liter aqueous
whish|was an aﬁionﬁodiaammblmuﬂ@l&ﬁ&ngea%ﬁgﬁmaﬁﬁ%g@nﬂo&cular
flux of perneation of 1.2 nB(nR-d) 31 under 1.2 MPa
weight 0p A0AQNswaFrassed dbrough ain Awdhatiapobtpidenthenhierane
flux of pernmeation was 1.1 nB(nR-d). A 10 ng/liter
havipg dotajeddruof dNe6t s a Pl pefliter ypaieeua|sobwtare of sodium

e e T S SO s B o
1.2 Mﬁget%rtiﬂ %%gps.arﬁ‘ﬁé %’g%citﬁ)npg% Wa%ldvevas 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 moiecular

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 molecular
weight of 1,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaCl in a 500 mg/liter agueous solution of

sodium chloride decreased to 89% and a flux of permeation of 1.2 m3(m2-d)
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menbrane having a rejection of NaC in a 500 ng/liter
aqueous solution of sodiumchloride decreased to 89%
and a flux of pernmeation of 1.1 nB(nR2-d) wunder 1.2
MPa for 20 hours. The rejection of NaC was 95% and
the flux of perneation was 1.0 n8(nR2d). 10
Conparative Exanple 6 A 10 ng/liter aqueous sol ution
of sodi um dextransul fate, which was an anionic
macr onol ecul e, havi ng a wei ght -average nol ecul ar
wei ght of 40,000 was_passed through an aromatic
undgp L M]%i%fqm%ﬂ)haﬁég-ha']?ﬁ% geigction jof jbgdﬂli was O1%\aqd e Aux
500 ng/liter_ aqu Ugp sol uti on of sodium chloride
of pefang %’éa"%sol-é@’c?gﬁdd%\ flux of perneation of 1.3

IR e AR
N W I L
weiUEQUSs BObROWBL SOULU SEXLIANSHL T ater, W ch s

an ani onl ¢ macr ond e, havin

menE int) ko, of ROCOOR 100805 | NN M o

aromati c pol yam nme
sodibiaCthlofide &QPeaad td S9%AHER YRS 11119&1 Kht6 HUMB(m2.

chloride decreased to 88% gnd agl;ﬁg%x ot%ne(?png'%tqlﬂg(nm d
undef 12 BBBfor20howrderTHe 2ejdlion 32 Na@1 whs B9 Snd ThE flux
- rejection of NaCO was 90% and the flux of perneation
of pavagestidn waEiR0 a3 (wR-d)0 ny/liter aqueous sol ution of

sodi um dextransul fate, which was an anionic

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

wei ght Qf 5 500,000 was passed through an aromatic

Comparative dxarePlsréine having a

A 10 mg/liter aqueous solution of sodium dextransulfate, which was
an anionic macromolecule, 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(m2d). Neither the rejection of NaCl nor the flux of permeation

changed.

Example 6

A 10 mg/liter agqueous 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/]iter 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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rejection of NaCl in a 500 ng/liter aqueous sol ution
of sodium chloride decreased to 88% and a flux of
perneation of 1.4 nB(n2-d) under 1.2 MPa for 20
hours. The rejection of NaC was 92% and the flux of
pernmeation was 1.2 nB(nR-d). 10 A 10 ng/liter
aqueous sol ution of sodium dextransul fate, which was
an ani oni ¢ nmacronol ecul e, having a wei ght -aver age

nol ecul ar wei ght of 1,400,000 was passed through an

tic pgl yan de nme e having a _rejection of
for kv a%gwofedﬁ‘?tﬂ‘?ft 8 WS G8hAndahoflusoel RePMeation
Wacﬁlgrb@ez ecreased to 89%and a flux of permneation
o 1" WS- d) under a 15 pressure of operation of

L Moo RS LT B ESHE wi
] ' s luti
on SRRSO Aol WAL SRR S o

gineka G - Lesylar . .
5007800 ¥ ﬁﬁégeﬂ tHIUER% R a%hexgﬂ%ch?%%ﬁﬁﬁe %eﬁﬁalfﬁ%% having a

wei ght o 50, 000 was pass an aroma

rejqeeloyant 0e TR LAHO0 hAYIREr & quedls ol R ﬁ\?oql'%ﬂ‘ cBloride
500 ng/liter aqueous sol ution of sodlun1éﬁlor| e

dectensed ane8B% el Yofandofp éitisatibn RETE M 3RI2-Of udd& 1.2 MPa
n3(nm2-d) under 1.2 MPa for 20 hours. The rejection

for @0 ags. withes®foctmmdof Nea(lllwixs 62%emetid flax oF peddfeation
1.2 ngégﬂ-d). 33 Exanple 7 A 10 ng/liter aqueous -

was bi2mPgn?d). sodi um pol yacryl ate, which was an
ani oni.c nmacronol ecul e, a wei ght - aver age

mol‘edQime’lter grueems Sqldgi?w ¢ swsiupadegdaniulfaigh wirich was
an Rt paltgmb ngiie: Pap vif AoBEENOTTRER ToplceblmRIEht of
LGP0 PG o BB i
rejelfibfClf RACY ia B0 90488 afohl Solditdn U RETRAOM e
decreased to 89% and a flux of permeation of 1.2 m3(m2-d) un&er 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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was 1.0 nB(nRd). A 10 ng/liter aqueous solution of
sodi um pol yacryl ate, which was 10 an anionic
macr onol ecul e, havi ng a wei ght -average nol ecul ar
wei ght of 1,000,000 was passed through an aromatic
pol yam de nmenbrane having a rejection of Nal in a
500 ng/liter aqueous solution of sodiumchloride
decreased to 87% and a flux of perneation of 1.2
n8(n2-d) under 1.2 MPa for 20 hours. The rejection
of ﬂ%§1 was 96% and the flux of perneation 15 was
]ﬂm@ng (m2d). A 10 ng/liter aqueous solution of sodium

lf%/ ﬂ_g) éxg?\&eah%\éllgq%&s\gg@uﬁﬁae Lo 1{1%:%%3 a%'gglla%g uLv%mh was

an gn??o%?% %@9 g e g]tvgrr&g? Iuglf“}e tﬁéxo@ggtgiﬁ Clgg%@éfar Weight of

100 U4 BR300 4l SR RUUML S} P30 avin o

re;e@ﬁ()ﬁﬂoidN a'@ldﬁf alsdo gﬁéﬂltgg @QOPQ LéE)futlJl? %frs%d?&]&ll ride
of e

NaCl was 95% erneati on

decrB¥sa@d).-8sPhandes tﬂd_xs TR EHEbE 3
ecCon‘par ative Exanpl e Opl]t;% 7 are %gg gsﬁlo&ﬁaﬁ ul'% ﬁr 1'% MPa

for 2@ htaivke ThbhejoetidhesiiNa Cl&rgND2%RaindCiHeoNux of Yerfeation
perneation average of NaC NO (rrB/er d) 5 nol écul ar

wasobPond(ma#-tbr before after weight treat- treat-

treat- treat- nment nent nent nment 10 Conparative

sodi df waljter 501 0ouss®lgtion. of sodiumEpalyaiceylate, which was

styrenesul fonate
an anionic macromolecule, having a weight-average molecular weight of
1,000,000 was passed through an aromatic polyamide membrane having a
;ejection 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 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 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 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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Exanpl e 5 sodi um poly- 100,000 89 92 1.2 1.1
styrenesul fonate 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

sul fate 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 Conparative sodium 50,000 87 89 1.3 1.2
Exanpl e 7 polyacrylate 25 Exanple 7 sodi um 100, 000 88
92 1.2 1.0 polyacryl at él'abled00, 000 87 96 1.2 0.8
6,000,000.89 95 1.3 1.2 (The concentration of the
aqueous _sol ution of the macronol ecule: 10 ng/liter;
the ti mMasromolgusassWVeaghtt he sol Bepdien 20 Ebwobpermeation
shown in Table 4, taveraggecti onf BECINHL Wi t h(eifim2-d)
aromatic pol yam de nmenbrane_having a rejection of
NaCl decreased to 87 to 89% .increased to 90 to 96%
by passing the aqueB@S8# ut i o U um Bgore after
pol yst yrenesul f onat e¥88i um ¥t r ateaf f at B sodradin
pol yacryl ate, 35 which are aff%hi c Tér onBieBtul egment

avVv O e Tl=averajde D Ul Wet 0 O UU

ComPlra@tEal Blainnfy@y-cat er syt - ayer age ggol ecuj ar wei ghy
Exa2lpid 6 AReARuBol@er onolecul e tends to show a greater
efpf ect of increasing the rejection. In particular,

Exarhple 5he Camfum0holpodi urnopoby st yrenesul fggnat e Hahavi ng ja

meight-%veragﬁ n?Iec%jgr meigh,iof BEPOO,OOO and
sodi um SFEPPHEP Gt e REIPhg a Hei ght PAver agh? 1.1
nol ecul ar wei ght of 1®0@063 000,84 he 94 12 1.0
' 3,000,000 89 95 11 1.0
Comparative  sodium dextran- 40,000 89 89 1.3 | 1.3
Exzample 6 sulfate
Example 6 sodium dextran- 106,000 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 08

6,000,000 89 95 13 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

polystyrenesulionate, sodium dextransulfate or sodium polyacrylate,
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rejection increased to 95% w thout a great decrease

in the flux of perneation. The rejection of NaCl

showed no or only a snmall inprovenent when the

wei ght - aver age nol ecul ar wei ght of the anionic 10

macr onol ecul e was 40, 000 or 50, 000. Exanple 8 The

treatnment for increasing the rejection was conducted

by passing an aqueous sol ution containing 10

ng/liter of sodium polyacrylate 15 having a

wei ght - aver age nol ecul ar wei ght of 6, 000, 000, which
whighsagh aaMeRisi Bassemelrsiidey| baviagd a5we1gig/auarage afolecular

%E ?31 chl oride through an aromatic pol yam de
wel A& 00 Rreaters) e‘étgweeteefwmhrz avaragenolecular weight

/1i.ter ueous, SO odi um chl ori de
of thE aniguic g ree%eanif Lo sBiwi Breler ifeet of inoreasing
the TRSRKig o tHCrehe ot Bt e @2113%12%913“%&(33;8@&01%@
havBff T Moclibuthictebt Molfifal SRl of g’rgﬁe 0 38 epdium
pobfdcgﬂaagge%ﬁ;slﬂggl ut onggl?ﬁé d&l m%g%yacr g@gﬁﬁw the

rejegtidhUinGBhesd Ao 9B 2QifRNESa of: Q@E%]é:%{se B&'rzﬁaeg@)ﬂ of

was passed through the merrbrane and

permghltioher &heorgeddiut bHNNAICTS GHiotwiadc T ddey a small
passed t hrough the nenbrane for 100 hours or onger.

impTreementotheon the Waightgvatage |nioledbladeseraacst the W3bnic
al though no change in the flux of permeation was
macrgmedecule wass4@ A0 t19:000.i n conparison with the
effect exhibited with the cationic nacronol ecul e,
t he anionic nmacronol ecul e exhibited a smaller

decrease in the flux of perneation even when the
Ex E‘ﬁ@ﬁtration was increased 10 5 tines, and the

R, R R ek S S ol a0, he LB LY
passing an aqueous solution containing 10 mg/liter ef sodium polyacrylate
having a weight-average molecu_lar weight of 6,000,000, which was an
ai_lionic macromolecule, and 500 mgfliter 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 ehange's

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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The treatnment for increasing the rejection of an
aromati c polyam de 10 nenbrane exhibiting a
decreased rejection of NaC was conducted by passing
an aqueous sol ution of an ani onic macronol ecul e and
an aqueous solution of a cationic nmacronol ecul e,
successi vely. An aqueous solution containing 10
ng/liter of sodium polyacrylate having a
wei ght - aver age nol ecul ar wei ght of 6,000,000 and 15
500 ng/liter of sodiumchloride was passed through an
decrmroedttt @ 3o hithriigh nrechrrgeeinhthd flyx af pepmention wds found.
_NaCl in_a 500 ng/liter aqueous solution of sodium
It iscshown dbaticer carparisen gb%la wdiect exhibided woth th@ cationic
hours, _and the properties for passing pure water and.
MAaCoBGLeGHP tiheeamamre@%r%ele&ﬂl%wlabltgacﬂ smalar de¢rease in

E’ﬂjﬁou h the menbrane were eval uated. 20 Thereafter,
the g of ReFMAR ieé’ﬁnc‘\gﬁ‘ﬁé‘i hFORCoRfFRIIPR Wap increased 10
. pol yvinyl am.di ne. .havi ng a ht - aver a | ecul ar
timiS; T4 "W G0 S6 00K mB o OB sk o bty are

[
: ' was passed under 1.2 MPa for 20 hours, and
Sllg%ﬂ#’gﬁf\;\é/a}?{)erf was passed. Then, a 500 ng/liter aqueous

solution of sodiumchloride was passed for 100 hours

or longer. Due to the operation of increasing 25 the
Exabflegt i on by the plurality of solutions, the

rejection of NaCl exceeded 96% and this value was

maMhieatiroetn i for ihbeeaadme okis rajettibh 0P agfarbafdiic poiy¥asde
passed for 100 hours or longer in the |ast step.
menkbrpuree exhifiting a deiregsain rejduitiont ofi NAOE vehargedudabd by
the rejection of NaCl and the flux of perneation
pasgipgan ageeouhsgulbion gforn spiehe rchenoautleculstambkanfaquireus
anionic macronol ecule 5 that the decrease in the
soluiopyofyr cpldpmsanpeomplecwlenpucegasivelle characteristics
of the cationic cronol ecul e that the rejection was
At mel

i ncréls efdAFRISst SRty ReRtaRHIDi 1€d tegot ¢f  sodium
Y E R LI R R T pT
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 mgfliter aqueous
solution of sodium chloride through the membrane were evaluatéd.
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 rejection by the plurality of solutions, the rejection of NaCl exceeded

96%, and this value was maintained while the aqﬁeous solution of Na(Cl
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macr onol 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
ani oni ¢ macr onol ecul e and an aqueous solution of a
cationi c macronol ecul e, successively, through an
aromati c 15 pol yam de | ow pressure nenbrane having a
rejection of NaCl in a 500 ng/liter aqueous sol ution
of sodiumchloride of 97% and a flux of perneation
of 0.9 nB(nRd). An aqueous sol ution containing 10

WaSn@MﬁedeforolO@,&mm Polgpeer yinathe lagtvétey. a Figure 2 shows a
vef age no ght of 6,000,000 and 500

ecul ar wei
dla%fl? EBbIEE B §gépﬂﬁ$ ORI 1Be! Hicdian phNal andethelflax of
é ours, and pure water and a 500 ng/liter
pen&&ﬁ'é‘8ﬂ§v Biteon of SOdI um chl ori de were passed.

TEEEARLErcoffk SMCORE, Sobu gowggﬁea' Jistdg anhromolecule
o8 5 SR, B 0,
charHtehis3éd &Jf PHE €cARoNR! %a%%o@é&gg den %ﬂgsg%] tglgrwas

aqueous sol ution of sodiumc e was a

dheed £hé etalIliia Ok [ Rt
lncro 7 ﬁ%( ne-d). %@E%nm elb%%agp érk%eﬁ‘{t%é)? rgrle]%tg fud by

couliinbe ehathe hdanepechy dhevalteeRAth 6d86rYon RESAI Andbhic
aqueous sol ution of an anionic nmacronolecul e and an

macaemetagule anflwhe eatowhianmcaromola-ul@cr onol ecul e,
successively, through an aromatic polyam de | ow
pressure nenbrane having a rejection of NaCl in a 500

/I|ter aqueous sol ution of sodium chloride of 94%

Exag.“}ae 30f | ux of

The treatment for increrasiug the rejection was conducted by
passing an aqueous solution of an anionic macromélecule and an aqueous
solution of a cationic macromolecule, succéssively, 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-aﬁerage 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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10 perneation of 0.9 nB(nR.d). An aqueous sol ution
containing 10 ng/liter of sodium polyacrylate having
a wei ght - average nol ecul ar wei ght of 6,000,000 and
500 ng/liter of sodiumchloride was passed under
0.75 MPa for 4 hours, and pure water and a 500
nmg/liter aqueous solution of sodiumchloride were
passed. 15 Thereafter, an aqueous sol uti on contai ni ng
1 ng/liter of polyvinylamdine having a ,
meuﬁgt-ayerage nol ecul ar wei ght of 3,500,000 and 500
- ng/ Ve erelemion gurenPEM, orhde thasflpss of dpamumrtidh Aoas 0.7
3@%% or 4 hours. Then, after pure water passed, a
m dhg/liter aqueous sol ution of sodium chloride was
passed. 20 The rejection was 98% and the flux of
perneation was 0.7 nB(nR d). The results of Exanples
Exég Ep 11 are shown in Table 5.. 25 39 Table 5
eber pressure Rejection Flux of perneation
0s ] . O / d) 5. nenbrane operatign
be?@%%qg %ggg%g?%$e{a]Fé?§w¥B@§t?QFEESP-“?Feﬁggaumma by
_ . R e 1
pastiihn agNGoks SHRLGOT BF o fritioBE hatbbybRIBleCnd o aqpepus
solUBRID 0NE ca YA heackdn B, Gulbelsively, Wirfugh Un’ aromatic

polyamide low pressure membrane having a rejection of NaCl in a 500

mg/liter aqueous solution of sodium chloride of 94% and a flux of
permeation of 0.9 m3(m2-d).

An aqueous solution con_taiﬁing 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 uﬁder 0.75 MPa for 4 hours, and pure water
and a 500 mg/liter agqueous 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;0{)0 and 500 mg/liter of
sodium chloride was passed under 0.75 MPa for 4 hours. Then, after
pure water passed, a 500 mgl]itef 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

15 polyam de ultra- |ow pressure nenbrane 20 (An
aqueous sol ution containing sodi um pol yacryl ate
havi ng a wei ght -average nol ecul ar wei ght of
6, 000, 000 and sodi um chl ori de and an aqueous sol ution
contai ning polyvinylamdine having a wei ght-average

~ nmol ecul ar wei ght of 3,500,000 and sodi um chloride
wer e passed successively.) 25 As shown in Table 5,
the rejection of NaCl increased to 99% and 98%
wi t hout marked decreaseslabte & he fl ux of perneation by
passing the _aqueous solution of the anionic
macr onol ecul e and t he aqueous solution of the
cationi c rREFFEPDI ec BFESWEyccessRettipn t hr Glgtpf permeation
aromat i ¢ pehysisi de nerfbr ane exhNbCt(®arg t he f(ejmeédl on
of 97% and 94% respectively. 30 Exanmple 12 An
aqueous solution containing 1 ng/liter of

pol yvi nylBpkEAR  haRerAliPma wetelfit - avalicage haftrecul apfter
wei ght of 3,500, 000, ]9 ng/ | P€81  oftreakodi tHttichl ortrend
and 1,000 ng/liter o opr opW’ntal cdﬁ‘?ﬂt (1 Bt was ment

N A Ao aV¥a!

Jd c U 230 UuUuyj d c U [JU VC Ci 10 C
Examplyilfg a mejresici on of 18aCl of 988% ard® a repecti on oof

| PA of 38%¢hiamiden aqueous sol ution containi ng 500

mg/ | i t er logfPresieum chl ori de and 1, 000 ng/liter of

i sopropy|memi¥apdl under 1.2 MPa for 24 hours, and
- x%}gle ]Properti es. for passing pure water, the 500 5
xape il ter & is sol utfdn of sBHi um Kl ori d&%and t K&’
1, 000 ng/F%28Y?° aqueous sol ution of isopropyl alcohol
t hr ough {herfigun]grane were evaluated. Thereafter, an

.containing 1 ng/liter of sodium

aqueous SQIT] I?en
pol ystyr enesuftonate havi ng a wei ght - aver age

_nolecular weight of =

(An aqueous solution containing sodium polyacrylateé having a weight-average molecular
weight of 6,000,000 and sodium chloride and an agueous 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 mgfliter of polyviﬁylamidine
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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3,000, 000, 500 ng/liter of sodiumchloride and 1, 000
mg/liter of isopropyl 10 al cohol was passed under 1.2
MPa for 24 hours. Then, after pure water was passed,
a 500 ng/liter aqueous solution of sodiumchloride
and a 1,000 ng/liter aqueous solution of isopropyl
al cohol were passed. Figure 3 shows a diagram
exhi biting the changes of the flux of perneation, the
rejection of NaCl and the rejection of IPAwth tine.
15 Due to the operation for increasing the rejection
throygh aphargmnatialnolyamide amprebrane bautrigpastejédtivn of NaCl of
Jejection of NaCl reached 99% and the rejection of
88% padr 2 zeiestionavh I ey op 3884 iy amhaquepisosad utioh ubondainghg 500
/i‘.ge api oni c qﬁgr, nol ecul e after passing the aqueous
melager, ot n rdeiasn d,000amedhisrefuiseprapyé alcohol under
LEGH | of NaCl d the rejection of |IPA could be
1.2 YEPY ot i Drs; andadhenyransstios for RpsHBEwD ey ates: Abe 500
he f f roeatign, ..and the .stabili 0 e
mg/ir%gererrb r%ﬂizeé 0?1 Pe (t%él&mino ro(%i e ﬁ%)go’fla‘é pagl e%:li)‘/‘? 0{1065 omgdliter
n . gani c sp,e wat er.
aqu?%%?a%}%iuﬁlgﬂl 0%%]@?} %féﬁg%p lagpﬁ%%?ehbq yugfbrane were
evalihedod Lper j S A f Ay, . the .
al kyl esﬁie/elrretsf/tgg’, a&m?ﬁ%fﬁ%asé@gg&%n g(g{}t%éﬁlpn%fes}“s lﬁl%/hg?r of

sodiv@e palysdirdifesufolRie hAyRHUOA v@éigHE‘H_%@gage%%m:& weight of
pol yani de menbrane having a rejection of I'n-a

3,0080800, 50 i @liteaqeaiuso bhloriie 9hd SIO0HO! mrght&f 688 aBtopyl
99% and a flux of perneation of 0.9 n3(nk.d) or a

alcohehirasrpassed avmderf 12 MRx fas2adoure. SThehesfbP Hurlivedter
had a flux of perneation of 0.9 nB(n2-d) and a

was, ppgfed; gn 500 medliter agneesedoluti®B8ufi svdacmorheite and a

ith the same procedures as those in Exanple 10 by

1.009mg s Aqueqys sidution of iispprepst aloshalwide mpsbed.er Figfure
AL M N RN R B T
rejetibPbf N6 A AL RIS Sn SPHPA R time. |

- Due to the operation for increasing the rejection with the plurality
of agueous solutions, the rejection of NaCl reached 99%, and the rejection
of IPA reached 73%. By passing the agueous solution of the anionic
macromolecule after passing the aqueous solution of the eationic
macromolecule, the rejection of NaCl and the rejection of IPA could be
farther 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

monododecy] ether, which was a surfactant of the alkyl ether type, was
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10 containing 1 ng/liter of polyvinylam dine having a
wei ght - average nol ecul ar wei ght of 3,500,000 and 500
ng/liter of sodiumchloride successively through the
same aromati c pol yam de nenbrane as the above
menbr ane except that the rejection was decreased to
94% by oxidation,, and the change in the flux of
perneation with tine was 15 neasured. The result is
shown in Figure 4. Although the nenbrane treated for
i ncreasing the rejection had a_flux of perneation
pas%e:&al Tt R RTOPHAKC 6’% operatighuged-hevibaatlerdught ha unused
titi al. per.i.od of passing water, the, nenprane

arompg Bﬁly%mldfangfeéﬁ_ Y4 tYIRg; dcryertitmela Npldatiera 500
o s PR 98, 5 SIS BB ALK, o

. ' ' b ined sij d .
PR, QP UL o B AL B S

rejeti$ 3A66h ‘H.faglra & r%@itﬁ&f‘bf().&ﬂ?l?@lﬁ?-%aﬁt&ﬁteq,])éejection of

treat nent I ncre sllngt e rejec

NaGluhéaege@fto DR iﬂ@%ﬁﬁﬁc&?’\@ﬁt}f&Y@éﬁge ‘@iéb%éflggs as those in

hydrophilic ionic macronol ecule to na sorption

Exanfplaord &y passinbaahangtedis sbRiti eaMAAHNA0 me/liter of
substance difficult. 42 Exanple 14 The treatnen or

sodiiincr pelyanrylatee hejiegt | onwalight-avakyamsechiage GreiBRDO of
filtration nenbrane was conducted. 5 An aqueous

6,0084100: pnd 2Yhmaghiteny of Godipihi ¢ldoride modliammapabyas Bbhiteon
havi ng a wei ght -average nol ecul ar wei ght of 6, 000, 000

contgpyngod rgeflitesr obf polywylaruting i hievings apassight-average
t hrough a_.pol yam _de- based nano filtration nenbrane

mOk}?éB@%gW%l&th 8 t%"aéﬁO&OQ\l@@d i 900; metitay/ of wedivmueblaride

succS°|‘Ut1i on of SQ i um chl ori de decreased to 85% and a
FrUXE o n}ﬂ’e"r‘}%’at §nSHPeq ARG Pelyaryde npembyamenpg the

abovfeo En(%gbpf%g Se'xcgﬂf %hva\l@t ﬁ{e 6:lt%;fjec 10?10%)vag“:’/dle(ln:te%rse(il qt%e%lilﬂc‘/o by
oxidation, 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 peried of passing water, the
membrane treated for increasing the rejection ilad 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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solution of sodiumchloride were passed, and an
aqueous solution containing 1 ng/liter of

pol yvi nyl am di ne havi ng a nol ecul ar wei ght of
3,500,000 and 500 ng/liter of sodiumchloride was
passed under 0.5 MPa for 4 hours. Pure water was
passed, and the property for passing a 500 15
ng/liter aqueous solution of sodium chloride was

eval uated. Thereafter, the passage of the aqueous

sol ution of sodium polyacrylate and sodi um chl ori de,
t he passage of pure water, the passage of the

| sol ution of sodiumchloride, the passage of
_ Exat%gél%gg%eous sol uti on of polyvinylam di ne and sodi um

hinar | _ f 0 wat € .
oot E%oPRCal 1y RERRAGHE Ind e ReliRe i Bca abgnide-based
nanb*}ﬂ%ﬁaﬁ&pﬁ%g{ﬁt,%ea%%%gﬁaqcte hen, a 500 ng/liter
t sodium

aqueous solution o chlori de was passed for

50 AP ulgmeold i td i 39 the 1 ux
of per ﬁeggi O%O\I/\I/gjsl&g.dg%an%?% n?]?tee% ?/%%P . bolyarylate

havingeatwaight-avetdkd Holasaeyeisnl otd 000 mgliter of
pol yacrylic acait% and sodi umlgﬁdl ori’de 298 at%r?ief)%%gle%ﬂdger of

sodiswh uthloridef wps|passayt| gifodizhea arsly ssddphedd e filF6ion
rejection of Nal was 96% 43 and the flux of
mempbranembiavingiasecionDEiPad) iraf OO 1 BRitsL8§NREous solution of
treatments. with the aqueous sol-ution of polyacrylic
sodiyan ghlogilesdenrensedtoBbtieanda flive of perrmeatios of 0t3 AI%(RE-4)
d ol(gginlg%j agi di ne. and sodi um chloride- The rejection
undgp 219% 20t heurso Rvreamintar sindas 500 nhgllited dqpreous
solu 1O hogrs. 5 I NDUSTRlI AL APPLI CABILLI TY. I n the nenbrane
OFarCdt POAUR Fglonides| wers \RAssednean] eamentimens wlution
fak L trati menbrane and a reverse QSnNDSI S
continihe Belieh ' & p @B TTIAB Ao PRI SomiobeBny pesght of
3,508 hPhEaN ble i water 10 can be
i hcr easeg5 Ogasg y aﬁ%ogﬁléﬁlyc@tor VD PAFTShUBLet Qb MPa
for 438ué. tP8re water was passed, and the property for passing a 500
mgfliter aqueous solution of sodium chloride was evaluated.
Thereafter, the passage of the aqueous 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 (.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%
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menbrane wi t hout extreme decrease in the flux, and
the increased rejection can be nmaintained for a | ong
time by using the agent for increasing the rejection
with a perneabl e nenbrane and in accordance wth the
process for increasing the rejection with a perneabl e
menbrane 15 of the present invention. By using the
per neabl e menbrane and in accordance with the
process for the water treatnment of the present

and B L A e cents
i 2 S B G s Sl
s B I 3 50RO R e g i
on SR AES B5 L ER SaBeor

the group consisting of a nano filtration nmenbrane
made of an aromatic pol yam de and a reverse osnosi s

- INDESTRIAG, AR JOARIIGTRL i ¢ pol yanmide with an agent for

increasing rejection with a perneable nenbrane which

coimrtheasembeaié eh Lrathll OSHRIcEC Bélectivy hbBEmBaNR I HBbrane
aver age nol ecul ar wei ght of 100,000 or greater to

sucladsgr bana fAtraiivhane ndfravlkeeandre mov arze, osaidid hemedane, the
_increasing rejection with the perneabl e menbrane. 2.
rejegtipn of anergagic plectrodptien prdeprgatriio nomipphnds peluldabh evater
nbrane according to Claim 1, wherein the nenbrane
can ke figereased: paglepnd tsafely ageie leatiomcobddiengse of the
. rejection,with a perneabl e nenbrane which conprises
me%%%ﬁ o‘?ﬁﬁtb()%cf‘r%ﬁ%fgsc PEreRss| Hy Rendiugntandideaducreased
- ecul ar; wei ght, of 000 or greater to adsorb on
re]eﬁénsﬁarl% R %gnitﬁbnedgrgﬁ%r% ng3timg, Ypr"@b‘é%ﬁ‘f’oﬁg‘?nt for
S aYo: ' Treject| it r nreabl e menbr.ane
incr b AGEE T Rl EHER IR L' AekalabiC TRERMERAR 290 C accordance
with hé Bebedst &8 ehk b v fqs
e ner gasi ng rej eplt%%l_%ﬁ{gcma%e%%epéé@&wg%%%ﬁ% mFpRRane
of tBONPrdseRe aveatibAN! 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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macr onol ecul e havi ng a wei ght - average nol ecul ar

wei ght of 100,000 or greater and the agent for
increasing rejection with a 45 perneabl e nmenbr ane

whi ch conprises an ani oni c macronol ecul e having a

wei ght - average nol ecul ar wei ght of 100, 000 or
greater. 4. The process(gg%p% creasing rejection with
a perneabl e nenbrane acc ' % to any one of Cains
| to 3, wherein the process conprises providing a
nodule fitted with a perneable menbrane which is

1. tf’ﬁo%gsfs% ﬁl[:l%ﬂguh%?eé&{tﬁﬂ %?érﬁfe'aﬂg n%fm‘tfi‘aﬂba Werein the process

tration aromat i c po yamde an

conff48s é@atfﬁS'i‘})%hﬁedﬁéTﬁfeﬁ%?aﬂéﬁﬂﬁc}Pfs selRERIBhEhE Protd dorSisting

nd passifg an aqueous sol ution containing an agent

of d Rdno filfefi@aMchBrire] Madd SMunMrbiadc pelyamiiel @drerbEss esmosis
whi ch conprises a cationic nacronolecul e having a

menBiagh A &f agendri ol ynaide waithght ageht 40 0n@eBidhregacghn with a
the nodule. 5. The process according to anyone of

per@eahlasndniiraned whivhecanprisen aucalioes pesromalsiele vy arvecight-
or a perneabl e menbrane having sanme rejection as_a

averagiemleenlanividighinof JAOHEE greeieaighite arsprbr amen jsyrface of the
treated with the agent for |ncr@$3|ng rejectjon with

mebragaddberebingttasing reipctioBrERBF ecTRIBlcRE IPeh | s

treated in accordance with the process for
increasing rejection with a perneable nenbrane

2 BSFRATSH  PSRh RS b Sl faFURE i
SR ﬁf%%;s?gugsh%ﬁg%@%'a@c L1 ol TR

a pE IR I Em gﬁ'ﬂe§ Mlbﬁi@%&%xﬁ&l@&tﬁe having a weight-
ecule haV|ng

nacr ono wel ght - average 5 nol ecul ar

aveﬁfgegﬁble@ﬁlaﬂ- Q%lé}ﬁooﬂ) 10GOER . IGreePl0 8858 bArthe surface of the
i ncreasi ng t

membrane.

3. The process for increasing rejection with a permeable membrane according to
Claim 2, wherein the membrane is further treated aliernately with the agent for
increasing rejection with a permeable membrane which comprises a cationic
macromolecule having a weight-average molecular weight of 100,000 or greater and

the agent for increasing rejection with a
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rejection with a perneabl e menbrane whi ch conpri ses
treating a perneable nenbrane with the agent; a
per neabl e menbrane which is treated in accordance
with the process; and a process for water treatnent
whi ch conprises usi ng the perneabl e nenbrane are

pe@g?bg%‘%?egih Bélwﬁlchnc%m]p%sgt{] Sn Jhove. ﬁggrr(])}ﬂgle%ﬂle' ﬂhcvfr?gag %1ght-

organic € ectro ytes an

ave?%%%?#?%féar%%&%?%?lb@OW&f reftBf) be mai nt ai ned for a

arid sa at the location of the
use of the nenbrane MAthout extrene decrease in the
flux of perneation in the nenbrane separation using

4, "I%esﬁb&;%ﬁ fQrEnBB4INRARY @110R AN fesrt@bleaerAbiaad Bccording to any
I'tration 15 nenbrane and a reverse osnpsi s
onemh@mse] 1oAY, wherein the process comprises providing a module fitted with a
permeable membrane which is selected from the group consisting of a nano filtration
membrane made of aromatic polyamide and a reverse osmosis membrane made of
aromatic polyamide and passing an aqueous solution containing an agent for
increasing rejection with a permeable membrane which comprises a cationic

macromolecule having a weight-average molecular weight of 100,000 through the

module .

5. The process according to anyone of Claims 1 to 4, wherein an unused permeable
membrane or a permeable membrane having same rejection as a rejection with an
unused permeable membrane is treated with the agent for increasing rejection with

permeable membrane.
6. A permeable membrane which is treated in accordance with the process for
increasing rejection with a permeable membrane described in any one of Claims 1 to

5.

7. A process for water treatment which comprises using the permeable membrane

described in Claim 6.
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ABSTRACT

An agent for increasing the rejection with a permeable membrane
which comprises an ionic macromolecule having a weight-average
molecular weight of 100,000 or greater; a process for increasing the
rejection with a permeable membrane which comprises treating a
permeable membrane with the agent; a permeable membrane which is
treated in aocordauce with the process; and a process for water treatment
which comprises using the permeable membrane are disclosed. By using
the above agent, an increased rejection of inorganic electrolytes and
organic compounds soluble in water can be maintained for a long time
easily and safely at the location of the use of the membrane without
extreme decrease in the fiux of permeation in the membrane separation
using a selective permeable membrane such as a nano filtration

membrane and a reverse osmosis membrane.
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