DESCRIPTION AGENT FOR INCREASING REJECTION WITH A PERMEABLE MEMBRANE,
PROCESS FOR INCREASING THE REJECTION, PERMEABLE MEMBRANE AND PROCESS FOR
WATER TREATMENT TECHNICAL FIELD The present invention relates to an agent for
increasing the rejection with a permeable membrane, a process for increasing the 10 rejection, a
permeable membrane and a process for water treatment. More particularly, the present invention
relates to an agent for increasing the rejection of inorganic electrolytes and organic substances soluble
in water in the membrane separation using a%géi%m@aable membrane such as a nano filtration
membrane and a reverse osmosis membrane, a 15 process for increasing the rejection using the
agent, a permeable membrane having a rejection increased by the treatment in accordance with the
process and a process for water treatment using the permeable membrane 20 BACKGROUND ART

The rejection of inorgeAier EleEPeh S B ST AheeNSBILBR e B B elective
permeable membran@ﬁgﬁmaﬁgéggg@ QM Q-7

e \ﬁ%%? | brane
decreases due to degradation of the macromolecu 1a %%Igﬁe e e%%?t%%%@%?% substances
and reductive SUPSIRMES BicheMEN BRENENA NP diRED CRER FOR AMATCRMEFN T HNTat the

required quality of the treated water is obtained. This decrease may take place gradually during a long
period of the use or suddenly due to an accident. When this decrease takes place, it is required that
the ability of the %% ngﬁgggred from the degraded condition without separating the
membrane from the module 10 5 which the membrane is disposed and, where possible, the recovery
be achieved while the dpesationsehitreatirgthasupplied wateris egptimuéd. incikasagsfybihe above
requirement, processes for maintaining the_rejection exhibited with an unused permeable membrane

for a long time afERSHAR pFEERs&edFEPIRERNerETHE @Rt RIS 3 pEtindaBIR FtPR dibrane
exhibiting aydecreasedsreiection are davelonad, EHCXARPIL 3G PIACesa DY tedshaiaing a
selective permeable membrane on which organic substances having anionic groups are deposited, a
process in whichferpeunmsablexiyebbbraresis trestedivithrdn tag e cus saalutidor chereasmyghoteric
surfactant having a quaternary amino group Qr a cationic 15 surfactant is proposed (Patent Reference
1). As the proces&XorRgiitah ‘ﬂ?@%}?ef%%%tﬁ%éﬂ@ 8%%%%%%% i tetfin the

unused condition for;g:ongimeAnskisRoussing the reisslion ofisalisovithihe, Rlemhians.decreased by

the use, a process in which the reverse osmosis membrane is brought'into contact with an agent for
treating a such as a napo filtration membrane and & reverse osmosis membrane, #

15 process for increasing the rejection using the agent, a permeable
membrane having a rejection increased by the treatment in accordance
with the process and a process for water treatment using the permeable

memhbrane.

20 BACKGROUND ART

The rejection of inorganic electrolytes and orgenic substances
soluble in water with a selective permeable membrane such as a nano
filtration membrane and a reverse osmosis membrane decreases due to
degraddtion of the macromolecular msaterial by the effect of oxdative

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

and it becomes difficult that the required guality of the treated water iz



20 membrane such as polyvinyl methyl ether, polyvinyl alcohel and polyacrylic acid in.the condition of
a great concentration and then with the agent continuously in the condition of a small concentration is
proposed (Patent Reference 2). As the process for improving the rejecting ability and the maintenance
of the ability of a semipermeable membrane, a 25 treatment process in which an auxiliary polymer
having acetyl group is added to a semipeinieable membrane is proposed (Patent Reference 3). As the

agent for treatin&@ﬁgg&.pe@&agé%ﬁgggg%ﬁgggl@r%ﬁ%g% %?én &r}% r}o g%%eﬁ%) a‘?}t%)r(r?:(i}Lc())((ieirmeabIe

membrane but also to an unused semiperm proves per the solvent

and separation ehsolstes; adddaﬂyeﬂ&agsﬁwh&@ﬂi@@iﬂprim\ﬂﬂwmgs@'%@g‘ﬂi@ying an
organic group having acetoxy group and terminal carboxyl group as the side chain is proposed (Patent
Reference 3). HEWEVEFIH e aBHITR GEnth & apelomambenereverednbeasthin the
rejection is possile.only tg, all degree, iease in the flux of permeation is, great, and the
increased rejectiorl%g?s not su%%tgntly 10 mai%%gji!rgliga(}ﬁ%%g %%?%%r%?gcegglgﬁﬁﬁglg%g{ﬁ sed for

treating a célluloshiakethte menthrane fodesmmpleatdrosbssd vkl pRstisn-ef&efast is coated
with a liquid subst%r#é:e having compatibility with the membrane and exhibiting the plasticizing effect,

followed by smot et F’n@%f*i@%qg%%ﬁ&%&%%@éﬁ?écﬂ@éepﬁé@%ﬂm&épamng and
recovering a small defegf m;g}}aq%tggaggrpgﬁg%{%?n%f:%e %nveﬁ%%efégatent E&eferen%ﬁé), However,

in accordance with this process, the material of the m can be troated s limited, and
complicated operejtorissechihstheatiith ane remsisddb Asribetagentionenhaieingisepasation of 20
solutes which shows a small decrease ir% the permeability of water and is durable, an agent comprising
a vinyl polymer ﬁé\ﬂsr@@é‘ﬁ’élkBWeéﬁ?ﬁp, RarBeRTT8® Shel isiantesy caibbngl grosupsabise side
chains is prgposgd fRalan Balerance §)abenana il Qm&eﬂpfmﬁ%@g 300bed.

polyethyleiaeimine 25 having a molecular weight of 70,000 Is reporte on- a?grﬁxﬁ%lr%hce 1).
Although the rejestithe airiNaed fisr alegundb9ipg weieltiotinf MgEbakit Wiminkharcaiekisigbtained at a
pH of 4. However, the rejection of MgC12 is decreased by 3% after 15 hours, and the main cause for

the decrease is COREISEHTE-ARIH. BAVA S ATECHS RETGRECRERIERAAARINTNBT e thdBrocess for
treating a VEVerS%EﬁEQ§§ﬁEﬁM§m%&W@&@%m an aqueous solution of an

'amphoﬁe‘ric surfactant having a quaternary amino group or a cationic
15  surfactant is proposed (Patent Reference 1). As the process for
maintaining the properties of a reverse osmosis membrane exhibited in
the unused condition for a long time and recovering the rejection of salts
with the membrane decreased by the use, a process in which the reverse
osmosis membrane is brought into contact with an agent for treafing a
20 membrane such as polyvinyl methyl ether, polyvinyl alcohol and
polyacrylic acid in the condition of a great concentration and then with the
-agent continuously in the condition of a small concentration is proposed
{Patent Reference 2). As fthe process for improving the rejecting ability
and the maintenance of the ability of a semipermeable mombrane, a
25  freatment process in which an auxiliary polymer having acetyl group is

added to a semipermeable membrane is proposed (Patent Reference %).



5 effect of decreasing the concentration of solutes in water passed through the membrane for a long
time and can separate boron which is not dissociated in a non-electrolytic organic substance or in a
neutral range with a great rejection, a process in which a pressure-resistant vessel in an apparatus for
the membrane separation is packed with a reverse osmosis 10 element having a polyamide skin layer
and, thereafter, an aqueous solution of free chlorine containing bromine is brought into contact with the
element, is proposed (Patent Reference 7) In accordance with this process, bromine is introduced to

the surface of tH fEMBRIEOR FPHINE FrEpRREmATRl PrBbias: Shek thimmitedmbbromine are
used in 15 gre nteati it | at care be taken for the control of the
epnaentialighss ! B AgsERENNINLRAAIBALGE S be taken (o 2

reaction conditions and also for the satety. Therefore, 1t'is e oper&azﬁoﬁ%??ﬁcreasing the

rejection with a semiperanenisicandusiedat thel piaga-ofdhegiseeation dPaRNEReIPRERGRI1] Japanese
Patent Application Laid Open No. 20 Showa 57(1982)-119804 (page 1) [Patent Reference 2}

Japanese PateREPATERARIGH Bt GHeh NE2BRGHAE8R0 PHoBoRs At Wy bbasedPatent
Reference 31 Jgg@@ggp gm%%li&aémcL%%é%g%gﬁgﬁlggg 0 1%%?};—%% 367%8 5%%%%;31)

95[Patent Reference 4} Japanese Patent App pen NoO. 06 (pages

1 and 2) [Pateht:Réferenge SkJapaneske Rateht ApplinaiiosddiPepen NmisShewa 3).
56(1981)-67504 (pages 1 and 2) [Patent Reference 6] Japanese Patent Application Laid Open No.
Showa 55(19835{%[%21%‘(& 88 PIRAEFSYS AD{passhtREpYEIEOTE I ih d5atPRe Armgsieation Laid

Open No. 200388#30r78688)is pdNan:F {:&@ﬁ?ﬂf%% aif et Al Journal of Membrane
Science, 70(1992) 153-162. 10 DISCLOSURE OF THE INV T%b%gﬁaéﬁrr%%ep%sgﬁrﬁl\l%rf%ntion has an

object of providied zeragahicior incgeasin g.tide tizjectiorewsiiria pgsoiable membdaeiwhich can
maintain thl% increasegd.re' ction of inorganic electrolytes and organic compounds soluble in water for a
long time easilyng'ﬁﬂf1 4fef§*at the location of the use 15 of the membrane without extreme decrease in

the flux of permeation jthe- W&%&s@p%@;@&@i%@%Jeﬁ%\é%iﬁgrggeqmogég&g esuchasa
0

nano filtration membrane and a reverse osmosis membrane, a process for increasing the rejection
which comprisesngsiigane, dgerexarmpplen eableorsmbrarisskhichy estihihitsfadefacteasad: tefection by the

reatment in 2 r ith r n r for water treatment which compri
reament in 20 geggrdaneg with (e progegs, AN & proceas for water yeatment which comprises

using the perme‘gb € Mentr ‘

exhibiting the plasticizing effect, followed by smoothing the formed

15 purface is proposed as the effective process for repairing and recovering a

small defect found after the membrane is set at a module (Patent

Reference 5). However, in accordance with this process, the material of

the membrane which can be treated is limited, and complicated operations

such as heating are reguired. As the agent for enhancing separation of

20 solutes which shows a small decrease in the permesbility 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 nane fiiration membrane having adsorbed polyethyleneimine

25 having a molecular weight of 70,000 is reported (Non-Patent Reference 1).
Although the rejection of NaCl is about 15%, a rejection of MgCly of 80%



As the result of intensive studies by the present inventors to achieve the above object, it was found
that the rejection could be remarkably increased by treating a permeable membrane with an 25
aqueous solution of an ionic macromolecule having a weight-average molecular weight of 100,000 or
greater without a great decrease in the flux of permeation, and that this treatment not only recovered
the rejection in the application to permeable membranes having a decreased rejection after the use

but also increaseg! %%é@éf@qtmmﬁsaa@p%mmumﬁ@%&@@)%ﬂ@'@é}é@ﬁﬁﬁa&mﬁéﬁ esent
C

invention has been 5 completed based on the knowledge. The present invention provides: (1) An

agent for increasiagresieationy \8ih afperTeabers)emarane WS cARNYIEasHRa igRisdagacramolecule
having a weight-average molecular weight of 100,000 or greater; 10 (2) The agent for increasing
rejection with a FoRfsBR Hehoran eraelanplarwen Follsbicos nelvpthmlensiminembhari@ds a nano
filtration membr r ver smosis membrane:. (3) The agent for increasing, rejection with a
permeable mem rar%gge%ér%lgge%% ’r v&’r?é‘?*eﬁr?st e %ﬁiéarzﬁ%%ﬁ)arzr%lgéﬂcé €% JAhY T@%S%’e

macromolecsle; &lthefopent ieiiacteasingereinetitinnith R REED eabla: e RRiane gassrhed in (3),
wherein the cationic macromolecule has a heterocyclic ring;  (5) The agent for increasing rejection
with a permeabléRfefiBrabrang descinieas @ewkrrbifane wRicnie nhaersmslichicihawig a

heterocyclic ring j§aRolyin r;_gigl%%% é%iéh& 1@&{%}%%@%56%{1&69&5@&6 agent for increasing rejection

- & ne
with a permeable membrane described e lonic macromcﬁlecuf%a IS an anionic

macromolecule; 26 j: Bresageiidivinereasingy ticalitniviihecpesmenhememirang @essribed in
(6), wherein the anionic macromolecule js polyacrylic acid or
apparatus for the membrane separation is packed with a reverse osmosis
10 element havi_ng a polyamide skin layer and, thereafter, an aqueous
solution of free chlorine containing bromine is brought into contact with
the element, is propcsed (Patent Reference 7). In accordance with this
process, bromine is introduced to the surface of the membrane, and the
surface is chemically modified. Since chlorine and bromine are used in
15 great concentrations, it is necessary that a great care be taken for the
control of the reaction conditions and also for the.safety‘ Therefore, it is
difficult that the operation of increasing the rejection with a membrane is
conducied at the place of the use.
[Patent Reference 1] Japanese Patent Application Laid Open No.
20 Showa 57(1982)-119804 (page 1)

{Patent Reforence 2] Japanese Patent Application Laid Open No.
Shows 53(1978)-28083 (pages 1 and 2)

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

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



a derivative thereof, (8) The agent for increasing rejection with a permeable membrane described in
(6), wherein the anionic macromolecule is polystyrenesulfonic acid or a derivative thereof, 5 (9) The
agent for increasing rejection with a permeable membrane described in (1), which comprises a tracer
for confirming the rejection comprising an inorganic electrolyte or an organic compound soluble in
water; (10) A process for increasing rejection with a permeable membrane 10 which comprises
treating the permeable membrane with the agent for increasing rejection with a permeable membrane
described in any one dP@tpts (B3f<¢tdancEhdl prdepssdse iBerasingmsiieatian Lithda(permdable
membrane d scribeg in (10), wherein the permeahle membrane is treated a plurality 15 of times
with the agent f%‘(‘f’f’e @ﬁéﬁée@?f@%ﬁﬁgﬁ%ézr e membrane; (12) The process for increasing
rejection with a permeghleJnerbrane degerib %&Q,%%igkgﬁqim%f%i'g%%%ﬁqgor‘ejection with
a permeable membrane described in any one of (3) to (5) and the agent for 20 incréasing rejection
with a permeabl8hoembidhetgescibimany baad6) to (8) are used alternately; (13) The process
for increasing rejection.\with a permeable en#brane described in any one of (10) to (12), wherein an
aqueous sofution comrpk) |§Fﬁ&t’(ﬁ'§e 8Hf:f’op1nc EREPEF e e BiBRWHPPR AT &BHE (BRTb AP 25
described in any,00¢-06£Ehie 6Qki8passed through a module in which a permeable membrane is
disposed; (14) The process for increasing rejection with a permeable membrane described in any one
of (10) to (13), whereidMpruRasentp&iefeapieemBmbiarsor atpeimehhlermembideehearirg same
rejection as a reg%ign Wi %%%Zrlf%q_ rmeable membrane is treated with the agent for 5 increasing
rejection with permea%?é mé}m & (f The process for increasing rejection with a permeable
membrane described in any one of (10) to (13), wherein a permeable membrane having a rejection
decreased from a rejection with an un able membrane is treated with the agent for

used perme:
increasing 8jecti¥iS i SN BE QEFREEMEION

The present invention has an object of providing sn agent for
increasing the rejed:ion with 2 permeabls membrane which can maintain
the increased rejection of imorganic elecirvolytes and organic compounds
soluble in water for a loﬁg time casily and safely at the location of the uge

15 of the membrane without extreme decreasse in the flux of permeation in
the membrane separation using a selective permeable membrane such as
a nano filtration membrane and a reverse osmosis membrane, a process
for increesing the rejection which comprises using the agent, a permsable
membrane which exhibits an Increased rejection by the treatment in

20  sccordance with the process, and a process for water treatment which
comprises using the permesble membrane.

As the result of intensive studies by the present inventors to
achieve the above object, it was found that the rejection could be
remarkably increased by treating & permeable membrane with an

25 aquecus solution of an ionic macromoclecule having & weight-average

molecular weight of 100,000 or greater without a great decrease in the



(16) A permeable membrane which is treated in accordance with 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 15 membrane described in (16). BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 shows a diagram exhibiting the change of the
rejection of NaC1 and the flux of permeation with time. Figure 2 shows a diagram 20 exhibiting the
change of the rejection of Neel and the flux of permeation with time. Figure 3 shows a diagram

exhibiting the chafife ¥ (PRIPRSECHEH oPRACEThe R CHSRERADA &% tARIURSPERI#Re AN with time.
Pigure 4 shows adgaramnadibing he ahanas.etiiefix ol BeEneRlon Wl UNg LHEMOST

PREFERRED EMBODIMENT TO CARRY OUT THE INVENT e agent for Increasing the
rejection with a pefmeahiaftamhienedfdbeiprcsent srvdniienepmposas ahciapisiimassarnolecule
having a weight-average molecular weight of 100,000 or greater. In the present 5 invention, it is
preferable that tHERHEGht RRFEFREE A oRREHIEF tRSEht of tRE iTeskTHcrSRTSIREAR i$30068 or greater

and more prgfera&%&lg%g,gggegr&{%@h\é@m&e weight-average molecular weight of the ionic

macromolecule is smaller than 100,000, it becomes difficult that the ionic macromolecule is adsorbed
with the permeable mefheaneswittt stabilityoh@amddbs stable adsorption is maintained for a long time,
and there is the p si‘%lfi;y that the rejection is nat sufficiently increased. In the present invention, the

weight-average molectiaPRaty APl BHaAIRRPETHRRIZ A ReTRsable SRR &Rk
macromolecule inaggeIdancs, withihegelassmeation chyamatodanhi: tallwed by salgulation of the

molecular 15 weight expressed as that of the reference material of polyethylené oxide based on the
obtained chromategrahi.ohldie, 8tige efsagreat molecular weight where the reference material of

polyethylene oxidg.s available, the weight-average molecular weight is obtained in accordance
with the Iighi@ @)ring?r%%tﬁga%r 5 Jﬁﬁggﬁm%ﬁﬂmﬂ%Tﬁe DEEREABI S nBERG Y fhe rejection

with a permeable qugspieane:0f the wresen! inventioh.canheadvanianequsly,anplieddo aapo filtration
membranes and reverse osmosis membranes. The nano filtration membrane to which the agent for
increasing the rejeetiohnshh orperereableosmasir anendithegpresent invention is applied is a separation
(3) The agent for increasing rejection with a permeable membrane
described in (1), wherein the iomic macromolecule is a cationic
15 macromolecule;

(4) The agent for increasing rejection with s permeable membrane

described in (3), wherein the cationic macromoleculs has a heterocyclic
ring;
(8) The agent for increasing rejection with a permeable membrane‘ |
20  described in (4), wherein the cationic macromolecule having a heterocyclic
ring is a polyvinylamidine or a derivative thersofi
(6) The agent for increasing rejection with a permesable membrane
described in (1), wherein the ionic macromolecule is an anionic
macromolecuie;

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

described in (6), wherein the anionic macromolecule is polyacrylic acid or



25 membrane for liquids which rejects permeation of particles having diameters of about 2 lam or
smaller and macromolecules. Examples of the structure of the nano filtration membrane include
inorganic membranes such as ceramic membranes and macromolecular membranes such as
asymmetric membranes, composite membranes and electrically charged membranes. The reverse
osmosis membrane is a separation membrane for liquids which rejects permeation of solutes and
allows permeation of the solvent under application of a pressure greater than the difference in the
osmotic pressure fefivetrstiatiesfs disposed via the membrane to the side having a greater
concentration. E@ mples of the reverse osmosis membrane include macrornolecular membranes such

as 10 asymmetri®me Rl AT IRFESRG SIRISRIHE . Bidmplasomerblnampaivane permeable
membrane to wt&jg }%@ aggnkfo j Si tg% 'g ion of the present invention is agplied include
amide-based mate%a sesu%%qag' %ﬁ% IC %yamé%s%%%ﬁéﬁg%%@%%nsﬁgq 3%3‘%%%%pos%cmaterials
based on these palyamidés-ardieeltllesadased 15 materials such as cellulose acetate. Among these
materials, aromzitic polyamides are preferable. The agent for increasing the rejection of the present

invention cah be %)ppli tPERY oM IBEERpEIRe ABIRSHE M TFaHe staRe TR eRbie rmeEdisae mbranes.
The module of the, napa filyati rgﬁm}?[ S hs; reverse, osmasi mhrang is not particularly
limited. 20 Examples of the m?c?l]hle include tl%gular merﬁ%rane?gr’rgoﬁl%%%%e aﬁd?ﬁa%r%%o%embrane
modules, spiral remixiaineg naditesgandchollarfilyes e nshranemadglespdtedosiguliaciamolecule
used for the agent for increasing the rejection with a permeable membrane of the present invention is
not 25 particularW%?ﬁted. Examples of the ionic macromolecule include cationic macromolecules,
anionic macromqlﬁguleg_ aiﬁ% @E@@&E%&d&@&%’“ﬂ%ﬁ%ﬁ %mg n%t%%§&g§%§£o%g§%g§§e cationic
macromolecules and anionic macromolecules are preferable. Al for the amphoteric macromolecule, it
is preferabledthatthéchneompirifes nigred tine datio perstnsdiiwamitianddheiahighic stratufat unit is
greater than the amount 5 of the other, gnd the overa(ll property of the macromolecule is not neutral but

cationic or anioni@CreAE R TRIEEE S HE b o RRF TSR S BBt HE e BERF TS P rES @iA8hfbn include
primary amine cggipgugys such as polyvinylamine, polyallylamine, polyacrylamide and chitosan,
secondary amine compounds 10 such as polyethyleneimine, tertiary amine compounds such as
poly(dimethylamiridéthflbacpatedsafict poigtcisiat iamitizat witheth aeryteted J« uateshasp@mmonium
compounds such.as coqmpou obtained by addin ternary, ammanium grqup to polystyrene and
compounds havir‘%%gél3 % éEr%)Icl:gg % THPEER %%eﬁ)gﬁ}%\%%%ﬁ]f& iﬁ@ﬁdﬁ/@?ﬁﬁ?ﬁ%ﬁim IB6ipyrrol and
polyvinyldiagole. gopehunessiaving aphralitsofsicnciuies deserhsd abaye maybabspd as the
cationic macromolecule. Among these compounds, compounds having a heterocyclic ring are
preferable, and pﬁl?ﬁhﬁé}ﬁidine is more preferable.

(12} The process for increasing rejection with a permesble membrane

described in (11), wherein the agent for increasing rejection with a

permeable membrane described in any one of {3) to (5) and the agent for
20  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 ome of (10) to {12), wherein an agueous solution

eomprising the agent for increasing rejection with a permeable membrane
25  described in any one of (1) to {9) is passed through & module in which &

permeable membrane is disposed;

-~



Polyvinylamidine is a cationic macromolecule having the structural 20 unit shown by general formula [ll
In general formula [ii, R1 to R4 represent hydrogen atom or an alkyl group such as methyl group.
RsCH2R4 / \/ -CH2-CC- / 250=N/ R'Rs[1] The cationic macromolecule having the
structural unit represented by general formula [1] rgn be prepared by copolymerization of acrylonitrile
or methacrylonitrile with N-vinylcarboxylic acid amide, N-isopropenylcarboxylic acid amide,
N-vinylcarboxylic acid imide or 5 Nisopropenylcarboxylic acid imide, followed by hydrolysis of the
obtained copolyrtiegito Dhtaipraramising.kbeseis thgRessibiityihatibanoiyinylamiding prepared as
described above has cyano group derived from acrylonitrile or the like, carbarnoyl group formed by
hydrolysis of cya%sgfbéﬂsiam.miﬁmgr@ﬁp@&}né@ 6% Ry drobpsimof av-viytearb astimddblcid amide
unit or the like in&%%%ggﬁg tlI]e st{relglctur%llgniter%%resengd by general f.ormulaéll. As the commercial
product, a cationic macromoleculat Toceutant manuractured iy DI NIFEIR EB A FEIRFBRAFLOC (a
registered trade wagk) K Q05 -daRdedsdlSineenRitage Ao dherhateraeylicfinggnd nitrogen
atom of the primary 15 amine in the polyvinylamirijne has the cationic property, the density of cation is
great, and aJredtEMREBEIRIRSESIA GRS W@?@{é}@fﬁé@ﬁ@h@%ﬁecies in water is exhibited. In the case

of other macrom ules having a heterocyclic ring, the density.of cation ca ?e increased by
? e.ﬁl %ess % iy éé:easm rejeclion YX %JB{} tﬁ%rgldesgob Sti gﬁﬁgf%ﬁ%rteaﬂ onic

providing a cationic unctlgng]’f%roup Suchas a prifary amine. p)
macromolecule hésingised eif hingveragemilesular (taightel109,00G,orareater whieh axhibits the

strong cationic property, for example, a macromolecule having the structure of a primary, secondary or
tertiary amine or gatf@g%ﬁqg@ectian decreased from a rejection with an unused permeable

membrane is treated with the agent for incressing rejeciion with

10 permeable membrane;

(16) A permeable membrane which is treated in accordance with the

process for increasing rejection with a permeable membrane described in

any one of (10) t¢ (15); and |

(17) A process for water ‘s:réat;ment which comprises using the permeable

15  membrane describe& in (18).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagram exhibifing the change of the rejection of

NaCl and the flux of permeation with time. Figure 2 shows a diagram

20  exhibiting the change of the rejection of NaCl and the flux of permeation
with time. Figure 3 shows a dimgram exhibiting the change of the
rejection of Nall, the rejection of IPA and the flux of permeation with

time. Figure 4 shows a diagram exhibiting the change of the fiux of

permeation with fime,

[
A

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE




ammonium salt in the structural unit such as the polyvinylamidine, to the 25 surface of the permeable
membrane, the rejection of cationic species in water can be effectively increased. Since, in general,
the negative charge of the surface of the permeable membrane is great and the molecular weight of
the cationic macromolecule is great, the macromolecule is adsorbed to the surface of the membrane
with stability, and the rejection is increased. Since the cationic macromolecule exhibits an excellent 5
hydrophilic propbWERETX of permeation is not decreased to a great degree. Examples of the
anionic macromolecule used in the present invention include macromolecules having carboxyl group
such as polyacrylic aciharrepbiyier insEppriagidhnaaiessiompiibure pervieable membivancid group
such as polysty sulfonic acid, dextransuLfuric acid and polyvinyhmlfonic,acid. Copolymers having
a plurality of thé%%%\?e %{F&gﬁie’?‘rﬁ%ﬂﬁg uEEFREHTE a%n’i%’#aéﬁ%%‘&ﬁ}%‘? fhcBAYRENiR acid
group in polystyeRgsi9eia geidBIHIE- ReSIERNG A IOTRBIBE Rl Magrpplenia i adsorbed
to the surface of the permeable membrane 15 with stability to increase the rejection, maintains the
increased fejectiorefuieniorgdinrefansblledbabtbaseigigrantedagrearddmthe- fluxighpethgeation.

On the surface of the permeabllz%membrane, ositive charges forming pairs with the negative charges

are also presert HEHEIRA? %’ﬁrég&@%%%%ﬁﬁé%ﬁa% Ps%?&&ﬁ"@_%f iA-Ri&BKanes
having a dec.' qﬁedg{%@@rgn %@QS@@TQ@& %13%%;&@ t?gﬁf\ergl e _bond. X |ss§)§: ted. Therefore,

X ar wel 0
when the anionic macromolecule has interaction w positive charge pr%sen?o e ¥liface of the

membrane andinasmmelgbiiavierage matidar voRgoof £06.000.64 aieaten:terfonded gr. condition

is maintained with more stability, and the effect of increasing the rejection of anionic species in water

can be exhibite#:2praBrtaraieoR fdeerhed Watijtetoperitealjementiieane mbitinetabiig:a

macromolﬁs:ule haa/%her tofore aeen %onducted.. However, when a macromolecule having_no ionic
and the gi? sQrp

property stich as polvinyI ale Q5 HEEHEES 'é@?e%é%ﬁé“?@je%ﬁén%%%t’é gient

"
cohorl’is

relative to the Sylagreaseyinibe fiex b pgserationardiahlityeiibenaeased ndtioey:
invention, the weight-average molecular weight is obtained by analysis of

an agueous solution of the ionic macromolecule in accordance with the gel

permeation chromatography, followed by calculation of the molecular

15 weight expressed as that of the reference material of polyethylene oxide

based on the obtained chromatogram. In the range of a great molecular

weight where the reference material of polyethyiene oxide is not available,

the weight-average molecular weight is obtained in accordance with the

Iight scattering method or the ultracentrifugal method.

20 The.agent for increasing the rejection with a permesable membrane
of the present invention can be advantageousiy applied to nano fltration
membranes and reverse osmosis membranes. The nano Hltration
membrane to which the agemt for increasing the rejection with =
permeable membrane of the present invention is applied is a separation

23

membrane for liquids which rejects permeation of particles having

diameters of about 2 nm or smaller and macromolecules. Examples of



is not sufficient, either. Dissolution of polyvinyl alcohol into water at the ordinary temperature becomes
difficult when the weight-average molecular weight is 100,000 or greater, and a treatment at an
elevated temperature of 40C or higher is necessary. When a macromolecule has 10 a charge but has
a small weight-average molecular weight, adsorption with the membrane takes place not only at
coarse portions which cause the decrease in the rejection but also at dense portions of the membrane,

and the effect qfijncregsing,ihe rejection i all é%ative to the decrease . in the flux of permeation.
There is the possibility that stabiﬁlgy o#%ge% adsorbe EOndif e RaAR i ckBh e Al

molecular weighteWhemtheseiocta m&ﬂﬁhﬁ&ﬁf@iﬁﬁ?&@@ﬁl@&%&é&%ﬁ%ﬁﬁp | yyinyl
alcohol or polyethylene glycol, the flux of permeation decreases to a great degree. The ionic
macromoleculeS#§8d#8r aEragsrior inerebiing thecajgutisiteohitkenresent inuenskaexbiis the
excellent 20 hydglogghig%pro eétg due to the presence-of charged grou&rs, and the flux of permeation is
not decreased {8 & gt tIBS%} whélt tREYTIEc ORREIG NS g REan st i neceerartivat the
agent for increag) jection: do: ot 3 ase in the flux of permeatjon while the
objects of :ﬁ:crgaﬁslﬂ%ﬁ?r?eﬁ %e%gi%&%ggregﬁ?ﬁgzgﬁﬁﬁ%%&? St 2%0%15%?0% With the
membrane are petieveto hérdiersoTosoenititg thephastesRoleeulerudUGRCER DEHSeD S,
preferable that J1J0-0.7 .

erence in the osmotic pressure between solutions disposed via the

membrane to the side having a greater concentration. Examples of the

reverse osmosis membrane include macromolecular membranes such as
1‘0 asymmetric membranes and composite membranes. Examples of the
material of the permeable membrane to which the agent for increasing the
rejection of the present invenftion is applied include amide-based
materials such as aromatic polyamides, aliphatic polyamides and
composite materials based on these polyamides and cellulose-based

15 materials such as cellulose acetate. Among these materials, aromatic

poiyamides are preferable. The agent for increasing the rejection of the

present invention can be applied to any of unused permeable membranes

and used permeable membranes. The module of the nano filtration

membrane or the reverse osmosis membrane is not particularly imited.

20 Examples of the module include tubular membrane modules, plate and

frame membrane modules, spiral membrane modules and hollow fiber
membrane modules.

The ionic macromolecule used for the agent for increasing the

rejection with a permeable membrane of the present invention is not

25  particularly limited. Examples of the iomic macromoleculs mclude

catlonic macromolecules, anionic macromolecules and amphoteric

10



satisfied, wherein Jo represents the flux of permeation through an unused membrane and J represents
the flux of permeation through the membrane after the treatment for increasing the rejection. However,
the operation for increasing the rejection with a membrane is not restricted by the above condition
when the operation is conducted with proviso that the treated membrane is used as a membrane
exhibiting different fundamental properties from that of the unused membrane, for example, when the
rejection with BacresfitesidasmeMBIonsg bhesmmnpramolesisiemt catibidrinearaomgleas rejection
is increased to a.great degree. 10 In tlie?:ﬁ%ent for incregsing the reée%cti n with a permeable membrane

of the presenﬁﬁ@eﬁ’ﬂﬁﬁ,_ e?&ﬁfirﬂﬁe_% .Efécﬁl’éem% .%r a'gs afthabty m&ﬁ@%n.
Examples of U, splihdega caualeplarlnida poly iy alalding YeTgsbIoRdg.Sdipolyacrylate

. 4
and sodium polystyrenesulforiate. 15The agent for increasing the rejection with a permeable

membrane of ghpuptesabinve airh ey siiniy s wctines) {aicapfirene i sejehiomeempyising an
inorganic electrog;e or an organic substance soluble in water in combination with the ionic .

macromofecule thpathesicrndibagngraky azeparicopibifetiorentomnletodtcimaotonsatxalle is

passed 20 thri?,llfh%h ag%ermeable membrane, the rejection with the permeable membrane can be
confirmed wit ecﬁ %8@5%%9, and it can be decided whether the treatment is continued or

discontinued, When thgGanggptratiopf thedracer AR ARINRAIRI YRle [aghes e pugscribed

value, it is decided that the rejection with the permeable membrane 25 reached the prescribed value,
and the treatmawveioioicreasing ¢h e rajeetio et ptetesohm dccorddin eas Wikl yhisprandss, the

contact polyaliylamine, polyacrylamide and chitosan, secondary amine compounds
10 such as polvethyleneimine, tertiary amine compounds such as
poly(dimethylaminoethyl acryviate) and  poly(dimethylaminoethy!
methacrylate), quaternary ammonium compounds such as compounds
obtained by adding guaternary ammonium group to polystyrene and
compounds having s bheterocyclic ring such as polyvinylamidine,

15  polyvinylpyridine, polypyrrol and polyvinyldiazole. Copolymers having a
plurality of structures described above may be used as the cationic
macromolecule. Among these compounds, compounds having a
heterocyclic ring are preferable, and polyvinylamidine is more preferabie.
Polyvinylamidine is & cationic macromoliecule having the structural

20  unit shown by general formuia [1]. In gemeral formuia [1], R! to B¢

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

25 5

)

=
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between the aqueous solution of the agent for increasing the rejection and the permeable membrane
can be controlled at the necessary and sufficient minimum time, and the normal operation using the
permeable membrane can be resumed immediately. When a plurality of treatments for increasing the
rejection are conducted using other agents for increasing the rejection, the plurality of treatment can
be conducted efficiently without missing the suitable time for switching the operation. Examples of the

norganic electrolyte uukag iitagerdRolhcle sod um ohlode, ExamRles Slihe ipAc saPoLnd
e tha

soluble in water used as the tracer 10 include isopropy! alcohol. It is prefera the concentration

of the tracer in Witegpassalg florooglathélpercamableememépaneds 190 epRpmaasiiEbanmore
preferably 300 to 700 mg/liter. In the process far increasing the rejection with a permeable membrane
of the present irRFENEM p@FmEH%ﬁéWﬁ%%@s FaskedN vinvhcarbaguic f@ciicreaidg, the

rejection with age le membyrane.of the esent invention disclosed kigreina_ ove. The process for
treating the permega%%%g (fr%eir%ar?eg ?s?%%f pgﬁ%ular y flir?ﬁteq& Fore ﬁ%ﬁfﬁfg] h 3{5’ ol 8iutBn

containing the aeltoieropsiRciRBdRAITeRalioMmisRaTEAIbIRAUIN Byardlyigdnivle e Aermeable

membrane is disposed, 20 or the permeable membrane may be dipped into an aqueous solution
containing the aepRRiioRiTcrEasiiyaire rieciondinben tiherp asusiso|utissibalitsintigithemgent for
increasing the rejectian is passed after the permeable membrane is mounted to the madule or while
the permeable rﬁlg d5E&es ﬁﬁ%?@&ﬂﬁ&ﬁ% SHRAOEDPS O AATETRE the

agent for increagigyhe.eiREiom By RRPTRRAH FRBRIYe HAIE: WRISL P3SPas {oNen i
permeable membrane or water for

cyano group and amino group formed by hydrolysis of N-vinyicarboxylic

10 acid amide unit or the like in addition to the structural unit represented

by general formula [1l. As the commercial product, a cationic

macromolecular flocculant manufactured by DIA-NITRIX Company

“DIAFLOC (a registered trade mark) KP7000" can be used. Since

nitrogen atom in the heterocyclic ring and nitrogen atom of the primary

15  amine in the polyvinylamidine has the cationic property, the density of
cation is great, and a great effect of increasing the rejection of cationic
gpecies in water is exhibited. In the case of other macromolecules baving
a heterocyclic ring, the density of cation can be increased by providing a
cationic functional group such as a primary amine.

20 By the adsorption of the cationic macromolecule having &
weight-average molecular weight of 100,000 or greater which exhibits the
strong catiomic property, for example, a macromolecule having the
structure of a primary, secondary or tertiary amine or a guaternary
ammonium sait in the structural unit such as the polyvinyiamiciine, to the

25 surface of the permeable membrane, the rejéction of cationic species in

water can be effectively increased. Since, in general, the negative charge

12



the treatment with the permeable membrane. When the aqueous solution containing the agent for
increasing the rejection is prepared using water for the treatment with the permeable membrane, the
change in the rejection with time can be confirmed by measuring the rejection of 5 the components
contained in the water for the treatment. The agent for increasing the rejection may be kept being
injected into the water for the treatment. The pressure for passing the agueous solution containing

the agent for insfeaminguifadeiestion thomaB4bRPaEIRRRIESIAANR i5 AG! A0 PArSiEar)y limited.

The treatment for increasing the rejection may be conducted under the pressure for passing the water
for the treatmemaigblighf tibepeabwatie megrmaredeoniepriesgeasmelier thanrdlisosesiuire It is

preferable thatgiig%c ncentration of the iopic macromolecule in the agqueous solution containing the
agent for incre ?%8%%&8@%%&%%%@%&@%@%@3@& agd Ghagrieetigrhen the
concentration gfthe ipnic macremolecyle i t . /liter, there, is the possibility that it
takes a long time for the treatment of ig%%ezcsgi?gg{éﬁé t%?gggg%%ﬁ%%theeg%%%%gn tiGhS lonic

macromoleculensreatsin0 prepiiiay, viseo ditobthpaaueatss ol tigh 2feegases.and-tagte is the
possibility that resistance in passing the solution through the permeable membrane increases. It is

preferable that #e8TRAe for passing the aqueous solution containing the agent for increasing the
rejection is 1 to 48 ho%gﬁdlysorefp%eﬁerag%Z to 24 hours. When the concentration of the ionic
macromolecule in the Ag0eous 95%ol SN AT ST REROIE THEE n JE86i it th BReh RESEEF

permeation deGiepsesaeriossh@thavah.thedime for pmgth%%%%%g C%QOQI% S gg&:ned.
r

When the treatment for increasing the rejection with the permeable membranie is'con uctegsby dipping
the membrane Mb'atswﬁmomhbrﬂaidir}gﬂl}mmghatfghmcmw@maﬁ@mﬁalébﬁﬁefgamg that the
5 concentyation of, the.ioni¢ macromolecule in the aqueous solution is 50 to 10,000 mg/liter and more

preferably 100 SPE9B15 A @R WRSHitera R irripFrngsid foniscasishidgseransuldiiuacithd more

preferably 6 to ipping tre has been completed, it.is preferable that the
permeable merr%;%lrg%egls Waisa%%@(\?vﬁ%pﬁél vgvateregg‘éﬁé%lﬁ%si%r%m cér)o?rl&f@ifh% Pgn%ﬁ]i?‘l 8h the
surface of the perreshiesemibanauitheuikeing adsambaddsdamnayed. 18;he Ragsss fgxincreasing

the rejection with a permeable membrane of the present invention, the permeable membrane can be

treated a plurali§F Sk sUsF IEReaydimitopmd reabilyth thepirtior bhiviticapepmsabihe

memhrane. By %)Qgr%%g%guﬁ)elugg“gdgg)% ee%{n}:eonﬁlgorsurface of the permeable membrane

15  with stability to increase the rejection, maintains the increased rejection
for a long time and does not cause s great decrease in the fluy of
permeation,

On the surface of the permeable membrane, positive charges
forming pairs with the negative charges are also present. In particular,

20  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 pesitive charge present on the surface of the membrane and has
a weight-average molecular weight of 100,000 or greater, the bonded

25  condition is maintained with more stability, and the effect of increasing

the rejection of anionic species in water can be exhibited.

13



increasing the rejection, the improvement in the rejection, the stability of the increased rejection and
the durability against substances contaminating the membrane can be enhanced. In the plurality of
treatments, the same agent for increasing the rejection with a permeable 90 membrane may be used
repeatedly, or different agents for increasing the rejection with a permeable membrane may be used
successively. By the adsorption of the ionic macromolecule to an aromatic polyamide membrane, the
aromatic portion which tends to cause hydrophobic adsorption is covered, and adsorption of

contaminating substandés:catuye26f decreasedd-thexafepteoniteitine reieeionik saatlyinareased
by adsorption of the ionic macromglecule havin\%a greater molecular weight, the ionic macromolecule

having a smaller HittécRI R 3FERIReleate raxe RirFeyafara herntsendmctathcrétovievate Whdng a

greater moleculaév@iq:%' sarbed. and the rejection can be further in reaseg in this manner. It
is preferable that the weig{%t-;g\%é&r%g%l?nvé‘fiegclﬁgr weight S e icﬁﬁerfnﬁérm ARG aigreater

molecular weightiset, 068:068ete. 198000060 nanchtheseighi-ayerage maiecular weight of the ionic

macromolecule having a smaller molecular weight is 100,000 to 1,000,000. In the process for
increasing the refsties sitn 4l fnsabio erasmisrare, childespadsbng iof ehtidncitissprefesatiadhat the

permeable 10 membrane js treated by using.an agent for increasing_the rejection comprising a cationic
macromolecule alﬁong% E ?&%I §rng%ﬂjr@s%gfé{3f?8n%ccﬁ*ﬁb%ﬁ§1aﬂ%@h i FRER ESRTOM Clle

alternately. The rgjggtigp.ca | d er orption of the cationic macromolecule
ancandgocieased Buihmal RorRYion of the 5

and the anionic macromolecule to the permeable membrane Cations 15 stich a¥ RIE“ARYB2£E derived

from inorganic elestiolytésrintbzmater I00{0OUreatment is:Stongly rejesieddn-the layer Rt the gationic
macromolecule where the positive cbarge alone is present. When a layer of the anionic
macromolecule iSRG MelI40E opTnaiehas ik nesersmtTecUiE asthe pairr eacketayier has

individually ?Qntrigu[ﬁ%{%&thﬁm has a small weight-average molecular weight, adsorption
with the membrane takes place not only at coarse portions which cause

the decrease in the rejection but also at dense portions of the membrane,

and the effect of increasing the rejection is small relative to the decrease

in the flux of permeation. There is the possibility that stability of the

15 adsorbed condition is insufficient due to the small molecular weight.

When the rejection with a permeable membrane is mproved by

using polyvinyl alcchol 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

20 hydrophilic property due to the presence of charged groups, and the flux of
permeation is not decreased to a great degree even when the molecular
weight is great. ' It is necessary that the agent for increasing the rejection
do not cause a marked decrease in the flux of permeation while the objects
of increasing the rejection and realizing stable adsorption of the

25

macromolecule with the membrane are achieved. Therefore, for deciding

the macromolecule which can be used, it is preferable that J/dp20.7 1s

14



20 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 25 these layers and the
increased rejection is stabilized. By the alternate adsorption of the cationic macromolecule and the

anionic macromolecule, the charge on the surface of.the membrane does not become extremely
e S R TR S PEERAERCHYREBAR: BRoERy is

positive or neg%%ve, and the adsorption Fayers ¢an be' Sta

e o el AR Al pUbsiaN SR SN RAIG G MeBEne GO B2 Shpprgsced and

the decrease in't perme ue to the contaminating substances €an ssed.

The process fosivsrapsingdheniciecion mitfeanaemgablecmeriianepiibedhrasenbiventian can be
applied to an unused permeable membrane or a permeable membrane having the same 10 rejection

as that of the uffrsaxsasieabkemeirtiiansy B) aoatmghhenmisedtpestatsé hyethbrahever the
permeable,membrg&e havirg}? thg%ame rejection as that of the unused permeable membrane using

the agent for inZPBAS e T RS nORREA BRI A8 PROABRES S B Eh PHRY ga Ak Hs thesatsdof
permeation Witk i €803 SRRKES SR BEIRRES Sl EIEasIag R Kelerlipn.uil g permeable

membrane of the present invention can be applied to a perme ane having a rejection
decreased fronptioabefite frousethperofetivle membianeeihe-sejection eandpgincrensed ¢k treating
the permeable membrane having a decreased rejection with the agent for 20 increasing the rejection.
The permeabletfi8RHIBNE Khvih oo JESREHP I RRASE ARE cedréamemitatse 1osiatastofehe
present inventi%%lcag %ehuased whil?l;gﬁ membrane is kegt at (%::.e module éésed for the treatment for

ection % Ferie 5803 8Gle and 25 mounted to

increasing the reje%lflgn Orafer thé membrane 1 detathed 1o

another muglule. Whenghe: Rermgalle memiians datachadiramyapadyle £is mountediig mpdule B,

used for the treatment for increasing the rejection in module B, detached from module B and then
mounted to modatendrarsdafaha BeandiCaveyberthélsanewitn axrdiffelect: feomaabb atwer. When

the rejection is increagfdg)y the dipping, the operﬁtion of dipping the permeable membrane is
conducted in plﬁéeaosf t having a counter io0m. xamples of the salt having a counter 10n

include polyvinylamidine hydrochloride, sodinm polyacrylate and sodium
polystyrenesulfonate.

15 The agent for increasing the rejection with a permeable membrane
of the present invention may comprise a tracer for confirming the rejection
comprising an inorganic electrolyte or an organic substance soluble in
water in combination with the iomi¢c macromolecule. When water
comprising a tracer in combination with the ionic macromolecule is passed

20 through & permeable membrane, the rejection with the permeable
membrane can be confirmed with the passage of the time, and it can be
decided whether the treatment is continued or discontinued. When the
concentration of the tracer in the permeating water reaches the prescribed
value, it is decided that the rejection with the permeable membrane

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

rejection 1s completed. In accordance with this process, the contact



5 the operation of mounting the permeable membrane to module B and passing water through module
B. The application of the permeable membrane treated in accordance with the process for
increasing the rejection with a permeable membrane of the present invention is not particularly limited.
Examples of the 10 application include water systems in which a rejection greater than the rejection
with the unused permeable membrane is required and systems for treating waste water in which the
rejection with a permeable membrane decreased to a value smaller than that of the unused permeable

membrane is reggupeas IANERQRESSRLREIOISAN L3 dnvertian Has seauirmantiorthe, gyality of

the treated water in systems for treating waste water is satisfied since the rejection’is increased by the
adsorption of thehiememecroln alecnteraveremv dre thenddstiatian tHecaptaminaing duhadess in water

for the treatment can be suppressed, and a flux of permeation greater than that of ordinary nano
filtration 20 meriBIAHELEN RS A8 $8fH BOERAEMBLIHIChHBED BhaRaTPmakispnegbrane The

present invention will;be cribed more ifically with reference to.examples in the following.
However, the pr%s%nﬁ%v%%%%%?s Zénﬁgﬁslc%%%eé %b thﬁg%%wp?esyﬁlﬁr&%p?gstgﬁat&iﬁarﬂﬁ%r tive

Examples, the rejestasiagdiiiie fijxcabpesnediom waredobained i acerssdance it dheigliowing
methods. (1) Rejection of sodium chloride The electric conductivities of water for the treatment, water
passed througha HReshene drd pbatalittated egatment nreasredcamdubied refbcimrtivas

calculated in accordance with.the followin uation: rejection, (%) = {1-(2xelectric cqQnductivity of water
passed through anem%‘%%%ﬁsf’@%ﬁﬁ CS&}B%@%WSF&é&%&ﬁ@gtﬁ@rﬁwrmm Examglesric

corecivy o encasenyale Jodsh s s e il
Examples of the organic compound soluble in water used as the tracer
10 include isopropyl al‘cohol‘ It 1s preferable that the concentration of the
tracer in water passing through the permeable membrane is 100 to 1,000

mg/liter -and_ more preferably 300 to 700 mg/liter.
in the process for increasing -the rejection with a permeable
membrane of the present invention, the permeable membrane is treated
15 with the agent for increasing the rejection with a permeable membrane of
the present invention disclosed hereinabove. The process for treating the
permeable membrane is not particularly limited. For exzample, an
agqueous solution containming the agent for increasing the rejection is
passed through a module in which the permeable membrane is disposed,
20 or the permeable membrane may be dipped into an agueous solution
containing the agent for increasing the rejection. When the agueous
solution containing the agent for increasing the rejection is passed after
the permeable membrane is mounted to the module or while the
permeable membrane is kept disposed in the module, the agueous solution

25  containing the agent for increasing the rejection may be prepared from

pure water, water passed through the permeable membrane or water for

16



TOO value of concentrated water)} x100 15The concentration of isopropyl alcohol was set so that the
contribution of other components including the ionic macromolecule to the TOO value was small (for
example, about 2% of the TOO value of isopropyl alcohol). When the TOO component other than
isopropyl alcohol is the ionic macromolecule alone, the rejection can be obtained more accurately 20
by eliminating the contribution of the ionic macromolecule to the TOO value from the value of (TOO
value of water for treatment + TOO value of concentrated water) in the above equation. recovery (%) =

(amount of treateg walgr4 gopuniefvatgr f nt) x100 25contribytion of ionic macromolecule
to TOO value (mgl/liter) = TOO value of??r%ic%%%%% ecdfe SHIER 0 walePfar (1315101

{1+100/(100 - resohetriyy) (rdtapndipetineatiant foNaigERA%RM tmgug%@cw%a}qg%%seﬁonected

for 1 hour, and the flux of permeation was calculated in accordance with the following edquation: flux of

permeation (m3/HE2R)Y atedrfutho biraenpasseitththsg hanmmiliin enkalna o maebrangstime of

collection) 10 Com%%reative xam%llf%&lzt A 10 g/liter queous solution of polyvinyl alcohol having a
; )

weight-average molecufar weight HB6 GAR REGhamaRsHER thraraigetinarnbrane

having a degreasgd RisglianHAJEs ARIBSUR ehOREEANIONGS LR MPa for 20 hoyts. The flu). of

permeation _ reent
mcreasing the rejection may be kept being injected into the water for the

treatment.
The pressure for passing the aquéous solution coniaining the agent
for increasing the rejection through the permeable membrane is not
10 particularly Limited. The treatment for Increasing the rejection may be
conducted under the pfessure for passing the water for the treatrﬁent.
through the permeable membrane or a pressure smaller than this
pressure. it 1s preferable that the concentration of the ionic
macromolecule in the aqueous solution containing the agent for increasing
15 rejection is 0.5 to 50 meg/liter and more preferably 1 to 10 mg/liter. When
the concentration of the ionic macromolecule is smaller than 0.5 mg/hter,
there is the possibility that it takes a long time for the treatment of
increasing the rejection. When the concentration of the jonic
macromolecule exceeds 50 mg/liter, viscosity of the agueous solution
20  increases, and there is the possibility that resistance in passing the
solution through the permeable membrane increases. It is preferable
that the time for passing the agqueous solution contaimning the agent for

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

When the concentration of the iomic macromolecule in the aqueous

b
L

solution is increased, there is the possibility that the flux of permeation

decreases sericusly although the time for passing the solution can be
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15 decreased from L2 in3(m2.d) to 0.6 m3(na2d) or smaller, and the rejection of NaC1 in a 500
mg/liter aqueous solution of sodium chloride increased from 86% to 96%. The rejection of NaG1
decreased to 95% after 24 hours and 94% after 96 hours. When the same procedures were conducted
using a 1 mg/liter agueous solution of polyvinyl alcohol, the rejection of 20 NaC1 increased only to
94% although the flux of permeation was 0.7 m3(m2.d). Comparative Example 2 A 1 mg/liter aqueous
solution of polyethylene glycol having a 25 weight-average molecular weight of 7,100 was passed
through an aromatig,palyginide membrane under a pressure of operation of 1.2 MPa for 20 hours.
The flux of permeation decreased from 1.1 m3(n22d) to 0.4 m3(m2-d) or smaller, and the rejection of

NaC1 in a 500 mo/iter Affieatshaoluiamaliotiumshladssdacteasec . 3o 38 Layas found
ight ot /,

that it is difficult to use a polyethylene glycol having a weight-average 5 molecular w 00
could not be useduinheazgerisfopdndrectsitg bive rijertiog sthce thefibeahpetmeation andde
rejection both decr%atsed. Col%%arative xample 3 A 1 mg/liter aqueous solution of polyethyleneimine,

which was a 10 cRlORIC AT &gﬁﬂfel?%aWﬁlje&Wéﬁj & EsgRpTolcifaP oEagRblst thadOthovas
passed through a3, atamai:RalADIRe BIE BapR NG, Sieion ot NaCL In,a 800 maliie!
nd a

aqueous solution of sodium chloride decreased to 88% a ux o Sgrmea it &tic.’g M3 ?8) under
1.2 MPa for 20 hddr$i0themeféiction oh Mabwaseterabilthedtuxef Reuneatigpibwas 111 nig(m2.d).
A 1 mgl/liter aqueous solytion of polyethyleneimine, which was a cationic macromolecule, having a
weight-average niSIREIRR GetgRt of e, S0 Sv piss cdippinghianZremaiic polysmigednemobsane
having a rejectionof N in a 500 mg/liter aque solutign of sodium chloride 20 decreased to 88%
and a flux of perrrr?eation 0 1.§ nfé)(m Lgd)hgr‘fég'r 1. fof-20 ﬁi‘Rﬁé‘.‘ﬁ“hF?@@E‘ﬁ@ﬁ oPRACENAS 92%,

and the flux of pesmeationdvas 1Opre(raBiciihedaiostion desteased19.90% after passing the
aqueous solution of sodium chloride for 24 hours. 25 Comparative Example 4
water so that the ionic macromolecule remaining on the surface of the
permeable membrane without being adsorbed is removed.

In the process for increasing the rejection with a permeable
membrane of the present invention, the permeable membrane can be
treated a plurality of times using the agents for mcreasing the rejection

15  with a permeable membrane. By conducting & plurality of treatments for
increasing the rejection, the improvement in the rejection, the stability of
the increased rejection and the durability against substances

contaminating the membrane can be enhanced. In the plurality of
treatments, the same agent for increasing the rejecﬁon with a permeable
20 membrane may be used repeatedly, or different agents for increasing the
rejection with 2 permeable membrane may be used successively. By the
adsorption of the iomic macromolecule to an aromatic polyamide
membrane, the aromatic portion which tends to cause hydrophobic
adsorption is covered, and adsorption of cdntaminating substances can be

decreased. For example, after the rejection is greatly increased by

adsorption of the ionic macromolecule having a greater molecular weight,

18



A 1 mg/liter aqueous solution of chitosan, which was a cationic macromolecule, having a
weight-average molecular weight of 16,000 was passed through an aromatic polyamide memhrane
having a rejection of NaC1 in a 500 mg/liter aqueous solution of sodium chloride decreased to 88%
and a flux of permeation of 1.2 na3(m2-d) under 1.2 MPa for 20 hours. 5 The rejection of NaC1 was
89%, and the flux of permeation was 1.1 m3(nald). A 1 mg/liter aqueous solution of chitosan, which
was a cationic macromolecule, having a weight-average molecular weight of 80,000 was passed

through an aronsaticipaiyasnice saestiuaneianing a reigalion of 10.NaG1 %Gefi%‘%oiéng/ i%%%““&‘eous

solution of sodium chloride decreased to 88% and a flux of permeation of 1.2’ m3(m2.c Gnder 1.2
MPa for 20 houRithh@&asiecudrets NRC iavds 9186ramblbedlox hiparmeatigawes dleaaz.d). 15
Example 1 A 1.mg/liter aque§us solution, of chitosan, which was a cationic macromolecule, having

a weight-averag® A5 AW &GHe BB HageIasERRRisugR AWrahemnirpatpaniidembrane

having a rejectiqR n{,NaC1{p; [ olution of sodium chloride decreased. to 20 88%
and a flux of pe%%eation' ofif.gg r%%%%ggggu%r?c?eg?ﬁgﬁ%#% 368ﬁ%g?sx.nﬁieec f&?ﬂ?ﬁ%‘ﬁ? EBsyas

94%, and tife fluxmicperaeation ysade Lamagma dyrEhedte] sesiRabNagd asmainieineg @t 94% after
passing the aqueous solution of sodium chloride for 96 hours. cationic macromolecule, having a

weight-average MR veightortheo, sooshiepasasd trmumighwararemigic polyathide mrimbrane

having a rejection of N in.a 500 ma/liter aqueous solutjon of sodium chloride decreased to 88%
and a flux of pe%%%éf?c%%g? i@em ‘r}nlﬁ%ﬁ} ﬁﬁl(fgref.ﬂ@r%g@%r‘ﬁﬁlﬁ%@. HO ki PONEEL was

93%, and the flux of permegiioNWagd0 M3(HeDasin halréesygj%&fi@(agpﬁk?s land2 %%dle

Comparative Examples 3 and 4 are shown in Table 1. 10 Table 1 MacromolecuIea\/\/‘té?gx"lgﬁ1 ejectionFlux
of permeation ave¢agerdMaci (b6)pr8sextdnvention, it is preferable that the permeable

10  membrane is treated by using an agent for increasing the rejection
comprising a cationic macromolecule and an agent for increasing the
rejection comprising an anionic macromolecule aiternately. The rejection
can be increased by the alternate adsorption of the cationic macromolecule
and the anionic macromolecule to the permeabie membrane. Cations
15 such as Na* and Ca?" derived from inorganic electrolytes in the water for
the treatment is strongly rejected irn 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
macromolecuie as the pair, each layer ndividually contributes to the
20 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 lavers are absorbed in a permeable membrane, the
absorbed conditien of these layers is stabilized to suppress cleavage of

25 these layers and the increased rejection is stabilized. By the alternate

adsorption of the cationic macromolecule and the anionic macromolecule.



15 molecularbeforeafterbeforeafter weighttreat-treat-treat-treat- mentmentmentment
20Comparativepolyethylene-10,00088901.31.1 Example 3imine75,00088921.31.0
Comparativechitosan16,00088891.21.1 Example 480,00088911.21.0 Example
1chitosan160,00088941.20.9 25Example 2polyvinyl-160,00088931.21.0 pyridine (The concentration of
the aqueous solution of the macromolecule: 1 mg/liter; the time of passing the solution: 20 hours) 30
As shown in Table 1, the rejection of NaC1 increased by 2 to 4% and the flux of permeation

d?igegggd by 0¢hto har¥s (bRl whemeolyethiengining Layinda WRIoHaaNalads melgc/ar weight
(6] , or

positive or negative, and the adsorption layers can be stabilized while the

hydrophilic property is maintained. Thus, the adsorption of substances

contaminating the membrane can be suppressed, and the decrease in the

flux of permeation due to the contaminating substances can be
suppressed.

The process for increasing the rejection with a permeable

. membrane of the present invention can be applied to an unused

permeable membrane or a permeable membrane having the same

10 rejection as that of the unused permeable membrane. By treating the

unused permeable membrane or the permeable membrane baving the
same rejection as that of the unused permeable menibmne using the
agent for increasing the rejection, the rejection is increased, and the
decrease in the fiux of permeation with time can be suppressed.

15 The process for increasing the rejection with a permeable

membrane of the present invention can be applied to a permeable

membrane having a rejection decreased from that of the wunused

permeable membrane. The rejection can be increased by treating the

permeable membrane having a decreased rejection with the agent for

20  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 1s kept at the module used for the treatment for increasing the

rejection or after the membrane is detached from the above module and

25 mounted to another module. When the permeable membrane detached

from module A is mounted to module B, used for the treatment for

20



75,000 was used. The rejection of NaC1 increased by 1 to 3% and the flux of permeation decreased
by 0.1 to 0.2 m3(m2.c0 when chitosan having a 5 weight-average molecular weight of 16,000 or
80,000 was used. The rejection of NaC1 increased by 5% or greater and the flux of permeation
decreased by 0.2 to 0.3 m3(m2-c1) when chitosan or polyvinylpyridine having a weight-average
molecular weight of 160,000 was used. When polyethyleneimine having a weight-average molecular
weight of 75,000 10 was used, the rejection of NaC1 decreased to 90% when the aqueous solution of
sodium chloride r erdbg . ' Rpsan,having a
weight-average ir%g%gﬁ@ v(\?glgg rﬁ%&%%ﬁo%% was usgﬁhﬂé%%gé%%:}%%;%ﬁ%{ e%?gt 4% when
the aqueous solutimmsédotiumoehideids, wam padsedifo PG afies the Khireatmenkithissshown
that the effect of increasing the rejection and the stability in the treatment for increasing the rejection

are enhanced byHsNEHh&eRi6ARN4BM o XCheR AR i shisIa dsl Ancve RpedopY 0BG pimgeater.

20 Example 3 0 operation of dipping the permeable membrane is conducted in place of

S the operation of mounting the permeable membrane to module B and
passing water through module B.

The application of the permeable membrane treated in accordance

with the process for increasing the rejection with a permeable membrane

of the present invention is not particularly limited. Examples of the

10  application include water systems in which a rejection greater than the
rejection with the unused permeable membrane is reguired and systems
for treating waste water in which the rejection with a permeabie
membrane decreased to a value smaller than that of the uwnused
permeable membrane is recovered. In the process of the present

15

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 fiux of permeation greater than that of ordinary nano filtration

20 membranes and reverse osmosis membranes can be obtained.

EXAMPLES

The present invention will be described more specifically with

reference to examples in the foliowing. However, the present invention is

25  not limited to the examples.

In Examples and Comparative Examples, the rejection and the flux



A 1 mgl/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 NaC1 in a 500 mg/liter agueous solution of sodium chloride 25 decreased to 86%
and a flux of permeation of 1.2 ni3(m2d) under 1.2 MPa for 20 hours. The rejection of NaC1 was 96%,
and the flux of permeation was 0.8 m3(1124). The rejection of NaC1 was maintained with stability and
did not change after 120 hours. A 10 mg/liter aqueous solution of polyvinylarnidine, which was a

cationic macroanl g ing a.weight-average molecular weight,of ,500,000 was passed
through an aroma?c po ?/gﬁld\é§eqv mem grg%lél %\}#18" Y %?ié:%ﬂg?‘l WihLhe ogdﬁmﬂﬁ}é?‘%ueous

solution of sodiu) chRujdecdecreasashkim 883pAad a flux of permeation of 1.3 m3(na2d) under 1.2 MPa
for 20 hours. The rejection of NaC1 was 96%, and the flux of permeation was 0.6 m3(m2-d). The

rejection of NaC1 was WhérelénsdoritndradsiititiEe aficvdidendbethegeaftend) heuss. Jhasasults of

Example 3 are shown in Table 2. Table 2 ConcentrationRejectionFlux of permeation ofof NaC1l
(%)(m3/m2-cp }Aﬁé’&@sglJ'HSm}é’?%‘f?aﬁé‘r%e‘fBP&ﬁffé?%?ﬁ‘éaWﬁ“&%-ﬁ"@éﬁt@&ﬁSWﬁd, and the

3 rejection was calculated in accordance with the following equation:
rejection (%) =
{1-(2xelectric conductivity of water passed through membrane) /
{electric conductivity of water for treatment +

electric conductivity of concentrated water)! X100
10  (2) Rejection of isopropyl alcohol | |
rejection (%) =
{1-(2xTOC value of water passed through membrane) /
(TOC value of water for treatment +
TOC value of concentrated water)} X100
15 The concentration of isopropy! 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 180propyl
alcohol). When the TOC component other than isopropy!l alcchol is the
ionmic macromolecule alone, the rejection can be obtained more accurately
20 by ehiminating 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
25 contribution of ionic macromolecule to TOC value (mg/fliter) =

TOC value of ionic macromolecule added to water for

22



polyvinylamiclinementmentmentment (mgiiiter) 25 Example 3 186961.20._8 1086961.30.6 (The_
weight-average molecular weight 3,500,000: the time of passing the S(_)Iutlon: 20 hours) As shown in
Table 2, the rejection of NaC1 increased from 86% to 30 96% .by passing t_he aqueous solut!qn of
plyvinylamidine having a concentration of 1 mg/liter or 10 mg/liter, was maintained with stability

treatmentx{1+100/(100 - recovery)}

(8) Flux of permeation

Water passed through a membrane was collected for 1 hour, and

the flux of permeation was calculated in accordance with the following

L

eguation:
fiux of permeation (m3/(m?2.d)) =

amount of water passed through membrane /

(area of membranextime of collection)

10 Comparative Example 1

A 10 meglliter aqueous solution of polyvinyl alcohol having a
weight-average molecular weight of 22,000 was passed through an
aromatic polyamide membrane having a decreased rejection under a

pressure of operation of 1.2 MPa for 20 hours. The flux of permeation

15 decreased from 1.2 m3(m2d) to 0.6 m3(m2d) or smaller, and the rejection

of NaCl in a 500 mgfliter agueous solution of sodium chloride increased

from 88% 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 meg/liter aqueous solution of polyvinyl alcohol, the rejection of

20 NaCl increased only to 94% although the flux of permeation was 0.7

m3(m2.d).

Comparative Example 2

A 1 megfliter agueous solution of polyethylene glycol having a

25 weightaverage molecular weight of 7,100 was passed through an

aromatic polyamide membrane under a pressure of operation of 1.2 MPs
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and did not change after 120 hours in both cases of the concentration. It is shown that the more
excellent effect of increasing the rejection and stability than those obtained by using polyvinyl alcohol
in Comparative Example 1 could be obtained although the cationic macromolecule having 5 a
weight-average molecular weight of 1,000.000 or greater showed a greater decrease in the flux of
permeation than that of the polymer having a weight-average molecular weight of the order of 100,000.
Example 4 10A 0.2 mg/liter agueous solution of sodium polystyrenesillfonate, which was an anionic

macromolecule,ﬁqvmﬁgwgghﬁ%e@&g o %95!@ \ﬁggrﬁe%‘rgg%%,%go Wiggﬁﬁgg%%gﬁ gp

aromatic polyamide membrane having a rejection o na mg?ﬁ?e

sodium chloride gfraasbchiosi4atiandeafrhefl ReERaBHOBFONA G MBWM3dd AHpder 4.2, MRa for 20

hours. The rejection of NaC1 was 88%, and the flux of permeation was 1.1 m3(m2-d). A 1 mgl/liter
aqueous solutio@}srnust Foigire nbinnidaatscnthsiedvasoan A9niong@ciombiestde, foavidg a

weight-average molecular wejght of 3,000,000 was passed through an aromatic polyamide 20
membrane havirl%1 3%&3%&%%&% iH?S@@ﬁ%ﬁ?&iﬁ’&%cﬁ}g%lm SodTGaF eFdYRI&Becreased

S ana & luxekeaimeaional & nATRA e MR OHEO Y cTgreieclon gl act

was 92%, and the flux of permeation was 1.1 m3(m2-d). A 10 mg/liter agueous softtion ofsotium

polystyrenesnlfomafestisnvhinte whs Ananfomemeactimnaectihayingiseightaeraganolecular
weight of 3,000,000 was passed through an aromatic polyaraide membrane having a rejection of
NaC1 in a 500 mg/liter aqueous solution of sodium chloride decreased to 84% and a flux of

permeation of 1. : .2 MRa for 20 hours. The rejection of NaC1 was 94%, and the flux
. 2

of permeation was 1 e results of Example 4 are shown in Table 3. Tables

Concentration ofRejectianflux @tipermealion adugavssobtioRaf NG OAWANZD: ih was &
10 cationic macromolecule, having a weight-average molecular weight of
10,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 megfliter agueous solution of sodium chloride
decreased to 88% and a fiux of permeation of 1.8 m3m2-d) under 1.2 MPa
for 20 hours. The rejection of Nall was 90%, and the flux of permesation
15 was L1 m3(m24).

Al mgfliter' agueous solution of polyethyleneimine, which was a
catiome 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 meg/liter aqueous solution of sodium chloride

20  decreased to 88% and a flux of permeation of 1.3 m3(m2-d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 92%, and the flux of permeation

was 1.0 m3(m2-d), The rejection decreased to 90% after passing the
agueous solution of sodium chloride for 24 hours.
25  Comparative Example 4

A 1 mgfliter aqueous sclution of chitosan, which was a cationic
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ofbeforeafterbeforeafter sodium poly-treat-treat-treat-treat- styrenesulfonatementmentmentment
(mg/liter) Example 40.28488L31.1 184921.41.1 1084941.41.0 20 (The Weightl-average molecu!ar .
weight: 3,000,000 the time of passing the solution: 20 hours) As shown in Table 3, the rejectllon
of NaC1 increased when the 0.2 25mg/Liter solution, the 1 mg/liter solution or the 10 mg/liter solutl_on
of sodium polystyrenesulfonate was passed. Comparative Example 5 A 10 mg_/Liter aqueous solution
of sodium polystyrenesulfonate, 30 which was an anionic macromolecule, having a weight-average

molecular weidf 2k 66 ARAES REsAR ANtALgh AR ALpmANc ARG MEmbran hRYing.a rejection

of NaC1 in a 500 mg/liter aqueous solution of sodium ch crease o and a flux of
permeation of hass@{mRrdnghdan l2dh Pacqra2Pdnids. ThabiestiomatMaCl vas8RWw.@nd the

flux of permeation was 1.2 m3(m2-d). Neither the rejection of NaC1 nor the flux
NaCl 1n a 500 meg/fliter aqueous solution of sodium chioride decreased to
88% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa for 20 hours.
5 The rejection of NaCl was 83%, and the flux of permeation was 1.1
m3(m2.d).

A 1 mglliter agqueous solution of chitosan, which was a cationic
macromolecule, having a weight-average molecular weight of 80,000 was
passed through an aromatic polyamide membrane having a rejection of

10 NaCl in a 500 mg/liter agueous 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 NaCll was 91%, and the flux of permeation was 1.0

m3(m2-d).

15 Example 1

A 1 mefliter agueous solution of chitosan, which was & cationic
macromolecule, having a weight-average molecular weight of 169,000 was
passed through an aromatic polvamide membrane having a rejection of
NaCl in a 500 meg/liter aqueous solution of sodium chioride decreased to

20 88% and a flux of permeation of 1.2 m3(mZ-d) under 1.2 MPa for 20 hours.
The rejection of NaCl was 94%, and the flux of permeation was 0.9

m3(m2-d). The rejection of NaCl was maintained at 94% after passing the

agueous solution of sodium chloride for 96 hours.

25  Example 2

A 1 mg/liter aqueous solution of polyvinylpyridine, which was &

b
o



5 of permeation changed. Example 5 A 10 mgl/liter aqueous solution of sodium
polystyrenesulLfonate, which was an anionic macromolecuk, having a weight-average molecular 10
weight of 100,000 was passed through an aromatic polyamide membrane having a rejection of NaC1l
in a 500 mg/liter aqueous solution of sodium chloride decreased to 89% and a flux of permeation of
1.2 3323(na2.d) under 1.2 MPa for 20 hours. The rejection of NaC1 was 92%, and the flux of
permeation was 1.1 ra3(m2d). 15A 10 mg/liter aqueous solution of sodium polystyrenesolfonate.,
which was an apigigiginasiRmsiesdeBaving myeighbaysrasyaalseulabweight- ofkafiR0Q mvas
passed through an aromatic polyamide membrane having a rejection of NaC1 in a 500 mg/Liter
aqueous solutidsoesbdisas ghiesde dbrraatediodTit atid adlpanfidermeatiorant 1h2maMm2-d)
under 20 1.2 MPa for 20 hours. The rejection of NaC1 was 94%, and the flux of permeation was 1.1

m3(m2-d). A 1FHRFAZE HuBEf Saution S LM AYSPETSpIRARRe ol ARIT RS AR OFHISNIC
macromoleculehiaving. g woeiggsﬁa%s@g%@g's&g@&eef%gg&’99&%@&%@0@ RAssed fhj% an

aromatic polyamide 25 membrane having a rejection o in‘a mg/liter aqueous on of
sodium chlgridefteptenseddo 8PBe aagkarfbix 6f PertleatansHd, M3 ¢RIy UNUSE e M for 20
hours. The rejection of NaC1 was 94%, and the flux of permeation was 1.1 m3(m2d). A 10 mg/liter
aqueous solutidfigst kéhm%pai#%-tyrenesulfonate, which was an anionic macromolecule, having a
weight-average molecular 5 weight of 3,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaC1 in a 500 mg/liter agueous solution of sodium chloride decreased
to 89% and a flux of permeatianaf ¢ od)under 3.2 MPeJarAQ hquEsEIimieeionef NaCl
was 95%, and the flux of permeation was 1.0 m3(m2c1). 10

4 are shown in Table 1.

10
Table 1
Macromaoiecule Weight- Rejection Fiux of permeation
average of NaCl (%) {m3/m2-d)
15
molecular beifore after before after
weight treat- treat: treat- treat-
ment ment ment ment
20  Comparative  polyethylene- 10.000 88 a0 1.3 1.1
Example 3 imine 75,000 88 g2 1.3 10
Comparative chitosan 16,000 88 89 I W
Example 4 80,000 88 81 1.2 1.0
Example 1 chitosan 160,000 88 G4 1.2 0.8
25  Example 2 polyvinyl- 180,000 88 . 93 1.2 1.0
pyridine
{The concentration of the aqueous solution of the macromoleculs: 1 meg/fliter; the time of
passing the solution: 20 hours)
30

As shown in Table 1, the rejection of NaCl increased by 2 to 4% and
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Comparative Example 6 A 10 mg/liter aqueous solution of sodium dextransulLfate, which was an
anionic macromolecule, having a weight-average molecular weight of 40,000 was passed through an
aromatic polyamide membrane having a 15 rejection of NaC1 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 NaC1 was 89%, and the flux of permeation was 1.3 m3(m2.d). Neither the
rejection of NaC1 nor the flux of permeation changed. 20 Example 6 A 10 mg/Liter agueous solution of
sodium dextranSyyfat iIchrw. iQnic omolecule, ing a weight-aver, malecular
weight of 100,0(\'?([)&!J éva??s%gsqeg?j t r%%%‘??g{r? %rogh%%&&ﬁﬁr% eﬁgm%?arﬁ‘#a\’fﬁ%/’g%% reﬁéﬁ&n of
NaC1 in a 500 ngflitetiaghesnin hohlanaksodiepkhiovde.decreasediin %@%ﬂ%@ é@ 8 o
permeation of 1.2 m3(m2d) under 1.2 MPa for 20 hours. The rejection of NaCl was 90%, and the flux
of permeation wd$£40annsed. Thelveiaghicer effivedUbiscdine dbsotitnBeexiansitfaie, which

was an anionic macromolecule, having a weight-average molecylar weight of 5 500,000 was passed
through an aromatic %%Iﬁl%an%%axel %?ﬁ%%&ﬁivﬁgﬁg aYOre{?égtiBhé%Plklg?dﬁﬁ% E@GWit}é&maus

solution of sodiumeshloridodasieaseshin 8% angia fyx ofPsayeay 4 m3(mz.dy under 1.2 MPa
for 20 hours. The rejection of I%fCl was 92%, an% the flux o’fsggrn%;%gz;évoasvﬁ?ﬁ matin2.dy.2f0A 10

mg/liter aqueousrsisiation of shidilinidexsransl batd %hichonas.an ARIDRIEMREIPYIEEHIS, HaYINg a
weight-average golecular weight of 1,400 000%25 passed through an aromatic polyamide membrane .
having a rejectioR%FREREY iR 506 ﬁf@/ﬁ’t@’r Fiieetidsofkien ofissoiam civlopidle viegrgnasd

and a flux of perﬁgéﬂpéﬁ ofd -d) under. a 15 pressure of pperation of 1.2 MPa for 20 hours.
The rejection of NaC1 was 92%/%11 gfr%%ﬁ%‘)%?u% c(J:'i‘l %Cerrﬁgaﬁ’c?ﬁ%sofé Qﬂ%ﬁd‘ﬁ used. When

polyethyleneimine having a weight-average molecular weight of 75,000

10 was used, the rejection of NaCl decreased to 30% when the aqueous
solution of sodium chloride was passed for 24 hours after the treatment.
In contrast, when chitosan having a weight-average molecular weight of
160,000 was used, the rejection of NaCl was kept at 94% when the
agueous solution of sodium chloride was passed for 96 hours after the
15 treatment. It is shown that the effect of ncreasing the rejection and the
stability in the treatment for increasing the rejection are enhanced by

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

greater.

20  Example 3

A 1 mgfliter aqueous solution of polyvinylamidine, \ﬁrhich was a
cationic macromolecule, having a welght-average molecular weight of
3,500,000 was passed through an aromatic poiyamide membrane having a
rejection of NaCl in a 500 mefliter agueous solution of sodium chioride

25 decreased to 86% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa

for 20 hours. The rejection of NaCl was 96%, and the fiux of permeation



Comparative Example 7 A 10 mg/liter aqueous solution of sodium polyacrylate, which was 20 an
anionic macromolecule, having a weight-average molecular weight of 50,000 was passed through an
aromatic polyamide membrane having a rejection of NaC1 in a 500 mg/liter agueous solution of
sodium chloride decreased to 87% and a flux of permeation of 1.3 m3(m2d) under 1.2 1111Pa for 20
hours. The rejection of NaC1 was 89%, and the flux of permeation 25 was 1.2 m3(m2.(0. Example 7
A 10 mg/liter aqueous solution of sodium polyacrylate, which was an anionic macromolecule, having a
weight-average %?@W{gﬁt f 1%00% was é)ftﬁ(&&t@@lﬁh an aromatic polyamide memprane
having a 5 rejection of NaC1 in a 500 mg?li el agueous sofut SORRERRT TR SFatalito 88%
and a flux of permaatitid ebi chidt@afprnderdsgPa for 20 hours. The rejection of NaC1 was 92%,
and the flux of permeation was 1.0 na3(m2.d). A 10 mg/Liter aqueous solution of sodium polyacrylate,
which was 10 an anionié m&crogiblsuuleg hewityg solusight-of eralyeimpleasidmyeightich 1v00 900 was
passed through an aromatic polyamide membrane having a rejection of NaC1 in a 500 mg/liter
aqueous solutioncgflgé’dﬁjﬁ?gﬁYgﬁba a % PooHRIER RS g rRRlsHler 1 weraRnTd)

under 1.2 MBa f |ECH %,.and the flux of permeation 15was 0.8
PERRPIRIN (A s R e

macromolecule, reyeoganwsighit-alaiage Stdleaigatieeightieba OQ0i1aeRWaT Ragsashthigughan
aromatic polyamide membrane having a reé(lection of NaC1 in a 500 mg/liter aqueous solution of

sodium chloride ZiPeRageadee &5 Boandrm Amusiareraneatiosné il Bmmddidpudeer 122N for 20
hours. The rejecti C1 was95%. and the flux ermeatjon was 1.2 m3(mz2.d). ~The
results of Exampl%e%g'l g Et}(’)\ig) and c@%%g?gﬁ%ﬁgg%&% @fﬁé"és%%iﬁh%ﬁ\%wé RerRgRean

was 0.6 m3(m?d). The rejection of NaCl was maintained with stability

10 and did not change after 120 hours.

The results of Example 3 are shown in Table 2.

Table 2
15 Concentration Rejection Flux of permeation
of of NaCl (%) (m8m2-d)

agueous solution before after befors after
. af treat- treat- treat trest-
20 polyvinylamidine ment ment ment ment

{mg/liter)
Example 3 -1 86 96 1.2 0.8
10 8% 96 1.3 0.8

25

{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
30 96% by passing the agueous solution of plyvinylamidine having a

concentration of 1 mg/liter or 10 mg/fliter, was maintained with stability
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and did not change after 120 hours in both cases of the concentration. It
is shown that the more excellent effect of increasing the rejection and
stability than those obtained by using polyvinyl alco'izol in Comparative
Example 1 could be obtained although the cationic macromolecule having
a weight-average molecular weight of 1,000,000 or greater showed a

greater decrease in the flux of permeation than that of the polvmer having

& weight-average molecular weight of the order of 100,000,

Exzample 4

A 0.2 mg/liter agueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 3,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaCl in a 500 mg/liter agueous solution of
sodium chioride decreased to 84% and a flux of permeation of 1.3 m¥m2-d)
under 1.2 MPa for 20 hours. The rejection of NaCl was 8&8%, and the filux
of permeation was 1.1 m3(m2-d), |

A 1 mep/liter agueous solutiorn of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weignt-average molecular
weight of §,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaCl in a 500 mgfliter aguecus solution of

sodium chioride decreased to 84% and a flux of permeation 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 agueous solution of sodivm 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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membrane having a rejection of NaCl in a 500 mg/liter agueous solution of
sodium chloride decreased to 84% and a flux of permeation of 1.4 m3(m2-.d)

under 1.2 MPa for 20 hours. The rejection of NaCl was 94%, and the flux

of permeation was 1.0 m3(m2-d).

The results of Example 4 are shown in Table 3.

Table 8
Concentration of Rejection Flux of permeation
agueous solution of NaCl (%) (m3/m?2-d)
of before after before after
sodium poly- treat- freat treat- treatr
styrenesulionate ment  ment ment ment
{mg/hiter)

Exzample 4 G.2 84 88 1.3 1.1

1 . B4 a2 1.4 1.1

10 B4 94 1.4 1.0

(The weight-average molecular weight' 8,000,000, the time of passing the solution: 20

“houre)

As shown in Table 8, the rejection of NaCl increased when the 0.2
mgfliter solution, the 1 mg/liter solution or the 10 meg/liter solution of

sodium polystyrenesulfonate was passed.

Comparative Example

A 10 mgfliter agueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular

weight of 50,000 was passed through an aromatic polyamide membrane
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weight treat- ment treat- ment treat- ment treat- ment 10 Comparative Example 5 sodium poly-
styrenesulfonate 50,000 88

10

20

having a rejection of NaCl in a 500 mg/liter agueous solution of sodium
chioride decreased to 88% and & flux of permeation of 1.2 m3(m2-d) under
1.2 MPsa for 20 hours. The rejection of NaCl was 88%, and the flux of

permeation was 1.2 m3(m2-d). Neither the rejection of NaCl nor the flux

of permeation changed.

Example 5

A 10 mgfliter aqueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 100,000 was passed through an aromatic polyamide membrane
having a rejection of NaCl in a 500 meg/liter agueous solution of sodium
chloride decreased to 89% and a fiux of permeation of 1.2 m3(m2d) under
1.2 MPsa for 20 hours. The rejection of NaCl was 92%, and the ﬂu:x of
permeation was 1.1 m3(m2-d).

A 10 mgfliter agueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 150,000 was passed through an aromatic polyamide membrane
baving a rejection of NaCl in a 500 megfliter agueous solution of sodium
chloride decreased to 87% and a flux of permeation of 1.2 m¥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 meg/fliter agueous solution of

sodium chloride decreased to 89% and a fiux of permeation of 1.2 m3(m2d)
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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 agueous solution of sodium polystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
weight of 8,000,000 was passed through an aromatic pelyamide
membrane having a rejection of NaCl in a 500 meg/liter agueous solution of
sodium chloride decreased to 89% and a flux of permeation of 1.1 m3(m?2-d)

under 1.2 MPa for 20 hours. The rejection of NaCl was 85%, and the flux

of permeation was 1.0 m3(m2.d).

Comparative Example 6

A 10 mgfliter aqueous solution of sodinm dextransulfate, which was
an anionic macremolecule, 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 aquecus solution of sodium chloride
decreased to 89% and a fiux of permeation of 1.3 m3(m2-d) under 1.9 MPa
for 20 hours. The rejection of NaCl was B9%, é.nd the fiux of permeation

was 1.8 m3(m2.d). Neither the rejection of NaCl nor the flux of permeation

changed.

Example 6

A 10 mg/liter agueous solution of sodium dextransulfate, which was
an anionic mécromolecule, having a weight-average molecular weight of
100,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter agqueous 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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for 20 hours. The rejection of NaCl was 90%, and the flux of permeation
was 1.1 m¥(m2-d).

A 10 mg/liter agueous solution of sodium dextransulfate, which was
an anionic macromolecule, having a weight-average molecular weight of
500,000 was passed through an aromatic polyamide membrane baving a
rejection of NaCl in a 500 mg/liter agueous solution of sodium chloride
decreased to 88% and a flux of permeation of 1.4 m3(m2.d) under 1.2 MPa
for 20 houre. The rejection of NaCl was 92%, and the flux of permeation
was 1.2 m3(m2.d),

A 10 mgfliter agueous solution of sodium dextransulfate, which was
an anionic macromolecule, having a weight-average molecular weaight of
1,400,000 was passed through an aromatic polyamide membrane baving a
rejection of NaCl in a 500 mgfliter aqueous solution of sodium clxhloride
decreased to 89% and a flux of permeation of 1.2 m3(m2d) under a

pressure of operation of 1.2 MPa for 20 hours. The rejection of NaCl was

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

Comparative Example 7

A 10 mgfliter agueous solution of sodium polyacrylate, which was
an amionic macromolecule, having a weight-average molecular weight of
50,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in 2 500 mg/liter agqueous solution of sodium chloride
decreased to 87% and a fiux of permeation of 1.8 m3(m2-d) under 1.2 MPa

for 20 hours. The rejection of Nall was 89%, and the flux of permeation

was 1.2 m3(m2.4).



1.0 Comparative Example 6 sodium dextran- sulfate 40,000 89 89 1.3 1.3 Example 6 sodium
dextran- 100,000 88 90

Example 7

A 10 mg/liter aqueous solution of sodium polyacrylate, which was
an amonic macromolecule, having a weight-average molecular weight of
100,000 was passed through an aromatic polyamide membrane having a

5  rejection of NaCl in a 500 mg/liter agueous sclution of sodium chloride
decreased to 88% and a flux of permeation of 1.2 m3(m2.4) under 1.2 MPa
for 20 hours. The rejection of NaCl was 92%, and the flux of permeation
was 1.0 m3(m?2d).

A 10 mg/liter agueous solution of sodium polvacrylate, which was

10 an amonic macromalecule, 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 mgfliter agueous solution of sodium chloride
decreased to 87% and a flux of permeation of 1.2 m3(m2-.d) under 1.2 MPs
for 20 hours. The rejection of NaCl was 96%, and the fiux of permeation

15 was 0.8 m3(m2.d).

A 10 mg/liter agueous solution of sodium polyacrylate, which was
an anionic macromolecule, having a weight-average molecular weight of
6,000,000 was passed through an arcmatic polyamide membrane having a
rejection of Nall in a 500 mgfliter agueous solution of sodium chloride

20 decreased to 89% and a fiux of permeation of 1.3 m3(m2-d) under 1.2 MPa

for 20 hours. The rejection of NaCl was 85%, and the fiux of permeation

was 1.2 m3(m24d).

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

25  shown in Table 4.
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Table 4
Macromoiecule Weighst- Rejection Hlux of permeation
average of NaCl (%} (m3/m2-d)
molecular before after pefore after
weight treat- treat- treat- treat-
ment ment ment ment
Comparative sodium poly- 50,000 88 88 1.2 1.2
Example § styrenesulionate
Example § sodium poly- 100,000 89 92 1.2 11
styrenesulfonate 150,000 87 o4 1.2 1.1
1,000,000 89 94 1.2 1.0
3,000,000 89 95 1.1 1.0
Comparative sodium dextran- 40,000 89 89 1.3 1.8
Example 6 sulfate
Exzample § sodium dextran: 100,000 88 80 1.2 11
sulfate 500,000 88 g2 1.4 1.2
1,400,000 89 - B4 1.2 1.0
Comparative sodium 50,000 87 B9 1.3 1.2
Example 7 polyacrylate
Example 7 sodium 100,000 88 92 1.2 1.0
polyacrylate 1,000,000 87 96 1.2 0.8
6,000,000 85 95 1.3 1.2

(The concentration of the agueous solution of the macromolecule’ 10 mgfliter; the time of
passing the solution: 20 hours)

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

polystyrenesulfonate, sodium dextransulfate or sodium polyacrylate,



1.0 Comparative Example 7 sodium polyacrylate 50,000 87 89 1.3 1.2 25 Example 7 sodium 100,000
88 92

which are amionic macromolecules, having a weight-average molecular
weight of 100,000 or greater. A greater weight-average molecular weight
of the anionic macromolecule tends to show a greater effect of increasing
the rejection. ' In particular, in the case of sodium polystyrenesulfonate
having a weight-average molecular weight of 3,000,000 and sodium
polyacrylate having a weight-average molecular weight of 6,000,000, the
rejection increased to 895% without a great decrease in the flux of
permeation.  The rejection of NaCl showed no or only a small

improvement when the weight-average molecular weight of the anionic

10 macromolecule was 40,000 or 50,000.

Example 8

The treatment for increé_sing the rejection was conducted by

passing an aqueous solution containing 10 mg/liter of sodium polyacrylate

15 having a weight-average molecular weight of 6,000,000, which was an
anionic macromolecule, and 500 mg/fliter of sodium chloride through an
aromatic polyamide membrane having a rejection of Nall in a 500
meg/liter aqueous solution of sodium chloride decreased to 89% and a fiux
of permeation of 1.2 m3(m2-d) under 1.2 MPa for 20 hours. The changes
20 | in the reject'mn- of sodium chloride and the flux of permeation with time
are shown 1n Figure 1. The rejection of NaCl reached to 96% or greater
and the flux of permeation became 1.1 m3(m?2-d) after passing the agueous
solution of sodium polyacrviate and sodium chloride for 20 hours.
Thereafter, pure water was passed through the membrane and, then, a
25 500 mgfliter aqueous solution of sodium chioride was passed through the

membrane for 100 hours or longer. The rejection .of NaCl gradually
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decreased to 93% although no change in the flux of permeation W.as found.
It 1s shown that, in comparison with the effect exhibited with the cationic
macromolecule, the anionic macromolecule exhibited a smaller decrease in
the flux of permeation even when the concentration was increased 10

times, and the effect of increasing the rejection and the stability are

shghtly inferior.

Example 9

The treatment for increasing the rejection of an aromatic polyamide
membrane exhibiting a decreased rejection of NaCl was conducted by
passing an aqueous solution of an anjonic macromolecule and an agueous
solution of a cationic macromolecule, successively,

An agueous solution comtaining 10 mgfliter of sodium
polyacrylate having a weight-average molecular weight of 6,000,000 and
500 mg/hiter of sodium chloride was passed through an aromatic
polyamide membrane having a rejection of NaCl in a 500 mg/fiiter agueous
solution of sodium chioride decreased to 87.5% wunder 1.2 MPa for 20 hours,
and the properties for passing pure water and a 500 mg/liter agueous
solution of sodium chloride through the membrane were evaluated
Thereafter, an agueous solution containing 1 mgfliter of polyvinylamidine
having a weight-average molecular weight of 3,500,000 and 500 megfliter of

sodium chloride was passed under 1.2 MPa for 20 hours, and pure water

was passed. Then, a 500 mg/liter agueous solution of sodium chloride

was passed for 100 hours or longer. Due to the operation of mncreasing

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

96%, and this value was maintained while the aqueous solution of NaCl



1.2 (The concentration of the aqueous solution of the macromolecule: 10 mgl/liter; the time of 30
passing the solution: 20 hours) As shown in Table 4, the rejection of NaC1 with an aromatic
polyamide membrane having a rejection of NaC1 decreased to 87 to 89% increased to 90 to 96% by
passing the aqueous solution of sodium 35 polystyrenesulfonate, sodium dextran.solfate or sodium
polyacrylate, which are anionic macromolecules, having a weight-average molecular weight of
100,000 or greater. A greater weight-average molecular weight of the anionic macromolecule tends to
show a greaterwHecpafdadréasingdieowiectipriolipparisule ildietase oFsadiN® shows a
polystyrenesnifonate 5 having a weight-average molecular weight of 3,000,000 and sodium
polyacrylate ha@ﬁ&me@mlgﬁkfé%éhﬁdrbm?@v@@hh@f B:B0010000iHeaCjeatich therédasedto 95%
without a great decreas{:e in th% flux of permeation. The rejection of NaC1 showed no or only a small
improvement wheén the \}\?éjrg‘m- Se molecular weight of the anionic 10 macromolecule was 40,000

or 50,000. Example 8 i featryestior Me@&é&a&@r{sﬁgi% Was caldueied, R¥%RassIng. a0

agueous solution containing 10 mg/liter of sodium polyacrylate
5 that the decrease in the flux of permeation was small and the

characteristics of the cationic macromolecule that the rejection was
increased and stability was exhibited were both obtained, and the stability
could be further enmhanced by the alternate adsorption of f:he anionic
macromolecule and the cationic macromolecule.
| 10 |
Exampie 10
The treatment for increasing the rejection was conducted by
passing an agueous solution of an anionic macroméiecule and an agueous
solution: of a cationic macromolecule, successively, through an aromatic
15 polyamide low pressure membrane having a rejection of NaCl in a 500
mg/liter agueous solution of sodium chloride of 97% and & fiux of
permeation of 0.9 m3(m2.d).
An aqueous solution containing 10 megfliter of sodium polyacrylate
having & weight-average molecular weight of 6,000,000 and 500 mg/iiter of
206 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 agueous solution containing 1 mefliter of polyvinylamidine
having a weight-average molecular weight of 3,500,000 and 500 meg/liter of
sodium chloride was passed under 1.2 MPa for 4 hours. Then, after pure

25 - water was passed, a 500 mg/liter agueous solution of sodium chloride was

passed.
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15 having a weight-average molecular weight of 6,000,000, which was an anionic macromolecule, and
500 mg/liter of sodium chloride through an aromatic polyamide membrane having a rejection of NaC1
in a 500 mg/Liter aqueous solution of sodium chloride decreased to 89% and a flux of permeation of
1.2 m3(m2d) under 1.2 MPa for 20 hours. The changes 20 in the rejection of sodium chloride and the
fin of permeation with time are shown in Figure 1. The rejection of NaC1 reached to 96% or greater
and the flux of permeation became 1.1 ni3(m2-d) after passing the aqueous solution of sodium
polyacrylate and sodiufhibshggigsfiom2 onesurS S¥herenflert it rdwaterf wpsmpasstidithreugh the
membrane and, then, 2 25 500 mg/liter aqueous solution of sodium chloride was passed through the
membrane for 189 HBuf or longer. The rejection of Mel gradually decreased to 93% although no
change in the flux of permeation was found. It is shown that, in comparison with the effect exhibited
with the cationic macromolecule, the anionic macromolecule exhibited a smaller decrease in the flux of
permeation everfwipgipibd toncentration was increased 10 5 times, and the effect of increasing the
rejection and the stability are slightly inferior. Example 9 The treatment for increasing the

rejection of &in aromatic BSly SPARIGRER I dpib i t5¢imEIn§he deeieciien rejesticnoi 4G Was

conducted by . . .
passing an agueous solution of an anionic macromolecule and an agueous

solution of a cationic macromolecule, successively, through an aromatic
~ polyamide low pressure membrane having a rejection of NﬁCi m a 500
mg/liter agqueous solution of sodium chloride of 94% and a flux of

10 permeation of 0.9 m3{(m2.q).

An aqueous solution containing 10 mg/liter of sodium polyacrylate
having a weight-average molecular weight of §,000,000 and 500 meg/liter of
sodium chloride was passed under 0.75 MPa for 4 hours, and pure water
and a 500 megfliter agueous solution of sodium chloride were passed.

15 Thereafter, an agueous solution containing 1 me/liter of polyvinylamidine
having a weight-average molecular weight of 3,500,000 and 500 meg/hter of
sodium chloride was passed under (.75 MPa for 4 hours. Then, after
pure water passed, a 500 mg/liter agueous solution of sodium chloride was

passed.

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

m3¥Hm2.d).

The results of Examples 10 and 11 are shown in Tabie 5.
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passing an aqueous solution of an anionic macromolecule and an aqueous solution of a cationic
macromolecule, successively. An aqueous solution containing 10 mg/liter of sodium polyacrylate
having a weight-average molecular weight of 6,000,000 and 15 500 mg/liter of sodium chloride was
passed through an aromatic polyamide membrane having a rejection of NaC1 in a 500 mg/liter
aqueous solution of sodium chloride decreased to 87,5% under 1.2 MPa for 20 hours, and the
properties for passing pure water and a 500 mg/lit€agueous solution of sodium chloride through the
membrane were evaluated. 20 Thereafter, an aqueous solution containing 1 mg/liter of
polyvinylarnidine having a Weig%tfg\verage molecular weight of 3,500,000 and 500 mg/liter of sodium
chloride was passed under 1.2 MBEor 20 hBIFE"Ahd pure WALEF Was pasSSd: FREFSEEOD mg/liter
aqueous solution of sodium chi8Fa&as passetf for 100 hotir&@friflger. Due B H#R Gperation of
increasing®25 the rejection by the plurality of solutions, therejection-of-NaGt-exceeded-96%, and this
value was maintained while the;agueeus soliga:afiNaCl.was passed for {0Q;bours gglanger in the
last step. Figure 2 shows a diagram exhibiting the changes-aitthe rejegtion afdaCl ang:fae flux of
permeation with time. In other words, the char@Eavistics ofréve aniomixmacrommleculersethat the
decrease in the-flux-ef-permeation-was-small-and-the-characteristics of the cationic macromolecule
that the réfectidGxavasdrifreasedamndigtability waszexhibited $vere botheobtainady and thexstability could
be further enhanced by the alt@fgeidésorption of the anionic macromolecule and the cationic
macromolecule. 10 Example 1% P*e$HE treatment for increasing the rejection was conducted by
passing an aqueous solution of'ah anionic macromolecule and an agueous solution of a cationic
macromoleculegsygegssively, thrghigh.an aromgdig 15 polyggpide lowgpressurg nembrape having a
rejection @NaCl1 in a 500 mg/lgagaspdeous solution of sodium chloride of 97% and a flux of
permeation of 0.9 m3(m2-cl). wim-aqueous solution containing 10 mg/liter of sodium polyacrylate
having a weight-average molelemarssitht of 6,000,000 and 500 mg/liter of 20 sodium chloride was
passed under 1.2 MPa for 4 hoBf&3ABEpure water and a 500 mg/liter aqueous solution of sodium
chloride were passed. Thereafter, an agueous solution containing 1 mg/liter of polyvinylamidine having
a weight-ayerage molecular weight of 3,500,000 and 500 mg/liter of sodium chloride was passed
under 1.2MPa foP A9RE0E STHEA™ SAEPIHHTE PAMABITRE pehaying s0ve g e sgmelsed®Iution of

sodium chloridevwigBtpass€d00,000 and sodium chloride and an aqueous solution containing

polyvinylamidine having a weight-average molecular weight of 3,600,000 and sodium

chioride were passed successively.)

25 As shown in Table &, the rejection of NaCl increased to 99% and
98% without marked decreases in the flux of permeation by passing the
agueous solution of the anionic macromolecule and the agueous solution of
the cationic macromolecule, successively, through the aromatic polyamide
membrane exhibiting the rejection of 87% and 94%, respectively.

30
Exampl_é 12
An aqueous solution containing 1 mgfliter of polyvinylamidine
having a weight-average molecular weight of 2,500,000, 500 mgfliter of

sodium chloride and 1,000 mg/liter of isopropyl alcohol (IPA) was passed
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The rejection was 99%, and the flux of permeation was 0.7 ms(na2-d). Example 11 5The treatment for
increasing the rejection was conducted by passing an aqueous solution of an anionic macromolecule
and an aqueous solution of a cationic macromolecule, successively, through an aromatic polyamide
low pressure membrane having a rejection of NaC1 in a 500 mg/liter aqueous solution of sodium
chloride of 94% and a flux of 10 permeation of 0.9 m3(m2-d). An aqueous solution containing 10
mag/liter of sodium polyacrylate having a weight-average molecular weight of 6,000,000 and 500
mg/liter of sodilikrentdiae waspastenindondsy sudRbiemt Hormand pjsetwatertang @150 mg/liter

aqueous squti%(pf sodium chloride \g\/ﬁi a%f/%dbm Thereafter, an aciue_ous solution containing 1
mag/liter of polyV> r{f/l% hERETAHPS {SaPah dmnBR AP gl BE BB CoWBORng $60 mg/liter

of sodium chiodlg s RSSeAkAIER AL IRMERICT AdIPUIS, EheD piler pure.viater pasecd, 2 500

mg./Liter.aqueous solution of sodium chloride was passe erejec Tt altfE flux of
permeation wad @ MF3(f. @)% Hoaresulisl ftexproples: i 796 34318 SHAWD Patabled. 2poTable 5

ReversepressureRejectionFlux of permeation osmosisofof NaC1(%)(oasiniz-d)

membranedper@fHbdtoraeaBersidlarign of sodium chloride and the 1,000 mgfiiter
agueous solution of isopropyl alcohol through the membrane were
evaluated. Thereafter, an agueous solution containing 1 mg/hter of
sodium polystyrenesulfonate having a weight-average molecular weight of

3,000,000, 500 mg/liter of sodium chloride and 1,000 mg/liter of isopropyl

10 alcohol was passed under 1.2 MPa for 24 hours. Then, after pure water

was passed, a 500 mg/liter agueous solution of sodium chioride and a
1,000 mgfliter aqueous solution of isopropyl alcohel were passed. Figure |

3 shows a diagram exhibiting the changes of the frux of permeation, the
rejection of NaCl and the rejection of IPA with time.

15 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 agqueous solution of the anionic
macromolecule after passing the agueous solution of the cationic
macromolecule, the rejection of NaCl and the rejection of IPA could be
20 further increased by about 1% without decreasing the flux of permeatior,

and the stability of the membrane treated for increasing the rejection

could be enhanced.

Exampie 13

253 Organic waste water containing 1 me/fliter of heptaethylene glycol

monododecyl ether, which was a surfactant of the alkyl ether type, was
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treat-treat-treat-treat- (MPa)mentmentmeritmerit 10Example 10aromatic polyamide low pressure _
membrane Example 11aromatic 15polyamide ultra- low pressure mem.brane 20(An aqueous so_lutlon
containing sodium polyacrylate having a weight-average moIecuIar weight pf 6,000,000 and sodium
chloride and an aqueous solution containing polyvinylamiciine having a Welght-ave_rage molecular
weight of 3,500,000 and sodium chloride were passed successively.) 25As shown in Table 5, t_he
rejection of NaCl increased to 99% and 98% without marked decreases in the flux. of permeation py
passing the aqRASEES AT o tRESEFBRIC i aepenidiseulefaidid Bquébosesplution whtiedationic

SSi atic polyamide membrane exhibiting the rejection of
macromoleculeﬁgl%%%% Ive(;}/i?ég?gg hxg]e%n%rgar%e %%V%lg a re;gectmn ()f NaCl ?_n a 5J{)0
97% and 94%, réspectively: .

meg/liter agueous solution of sodium chloride of 99% and a flux of

permeation of 0.9 m3(m2d) or & membrane treated for increasing the

> rejection which had a flux of permeation of 0.9 m3(m2-d) and a rejection of

* NaCl increased to 98% 1n accordance with the same procedures as those in

Example 10 by passing an agueocus solution containing 10 meg/liter of

sodium polyacrylate having s weight-average molecular welght of

6,000,000 and 500 mg/liter of sodium chloride and an agueous solution

10 contaiming 1 mgfliter of polyvinylamidine having a weight-average

molecular weight of 3,500,000 and 500 mgfiiter of sodium chloride

successively through the same aromatic polyamide membrane as the

above membrane except that the rejection was decreased to 94% by

oxidation, and the change in the flux of permeation with time was
15  measured.

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

“for incfeasing the rejection had & flux of permeation smaller than that of

the unused membrane in the initial period of passing water, the

membrane treated for increasing the rejection bad a greater flux of

20  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

25

adsorption of noniomic surfactants of the contaminating substance
difficult.

42



30 Example 12 An aqueous solution containing 1 mg/liter of polyvinylamichne 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 through an aromatic polyaraide membrane having a rejection of
NaC1 of 88% and a rejection of IPA of 38% in an aqueous solution containing 500 mg/liter of sodium
chloride and 1,000 mg/liter of isopropyl alcohol under 1.2 M-Pa for 24 hours, and the properties for
passing pure water, the 500 5 mg/liter aqueous solution of sodium chloride and the 1,000 mg/liter
aqueous solution of isopropyl alcohol through the membrane were evaluated. Thereafter, an aqueous
solution containWlEgr of sodium polystyrenesnlfonate having a weight-average molecular
weight of 3,000,000, 500 mg/liter of sodium chloride and 1,000 mg/liter of isopropyl 10 alcohol was
passed under 1.2 MP&lfae %ﬁdmuién'ﬂiaﬁ,iﬁﬁ@ééﬁi@%@fr@j%%%&k?é%%l?&éﬂfﬁt@%’e%us
solution of sodium chloride and a 1,000 mg/liter aqueous solution of isopropyl alcohol were passed.
Figure 3 shows ReRadrixneenimems breeh srresoaidhetidx of permeation, the rejection of NaC1 and

the rejectiog; of IPA Witggme. 15Due tg}i@e operation for increasing the rejection with the plurality of
aqueous sdlutions, the TajSCHor of NEET 1A FEt dsyRa i iree/dieation setiwmenelivdviass. By

passing the aq@%?qm%&tgee@:ygg&mwg}%g te_l&eé @ﬁiﬂﬂﬁ)the §§Q ous solution of the

cationic macromolecule, the rejection of NaC1 and the rejection ¢f [PA colfid Tortteriitreased
by about 1% witsslivaecrbhsiipthedfiup atpetmaatophandibe atabiliymakie membrans figated for

increasing the rejection could be enhanced. Example 13 250rganic waste water containing 1 mg/liter
of heptaethylen FRERATOAEY Iemse R NGAS arsarffanesitee audethaniymmnes
passed under agygessure,q ration of L2 MPa through an unuged aromatic polyamide membrane
having a rejection of NaCerw‘r%%L %%%%%%egﬁﬁteeér 5%1%0‘03%§|&?§H’bf’§88wm%&e FogutiErda flux of
permeatiohtof OB n28!) IiEm riembang treatedb {ardngreasing the,5 5%%%%‘4“ had a flux of

permeation of 0.9 m3_(m2>.(g%nand a rejection of NaC1 increased to 98% in acco ance With the same
procedures as tRSHEIATE xeim prsiionby Palosidg awarplepassalutiandoatainiegduan gdigitafsodium

polyacrylate ha\ggﬁta wei hilaverﬁ%e mﬁci)gl;cu ar weight of 6,000,000 and 500 mg/liter of sodium
S50 %ottt %o ﬁ’]‘i‘i&j‘m ABI SgViRdaramiple tlaingree igbigt average

chloride and an aqueous

aromaic polyamiae ombrens seiie Shove i i S B Rt e e 1
94% by oxidatioferahditherehalfigerénwiaediuwat persedtiemwith4irpewasy for passing a 500
15 meg/liter aqueous solution of sodium chloride was evaluated.

Thereafter, the passage of the agueous solution of sodium
polyacrylate and sodium chloride, the passage of pure water, the passage
of the agueous solution of sodium chioride, the pasgsage of the agueous
solution of polyvinylamidine and sodium chloride and the passage of pure

20  water were repeated in accordance with the same procedures as those
conducted above and, then, a 500 meglliter aqgueous solution of sodium
chioride was passed for 50 hours.

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

25 polyacrylic acid and sodium chloride and the agueous solution of

polyvinylamidine and sodium chloride. The rejection of NaCl was 98%
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15 measured. The result is shown in Figure 4. Although the membrane treated for increasing the
rejection had a flux of permeation smaller than that of the unused membrane in the initial period of
passing water, the membrane treated for increasing the rejection had a greater flux of 20 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 us d%cl)r e treatment far. increasi the:g 'ef' n, and the surface of the membrane
was covered wit%ﬁ & V rgéhﬂ%%%er#égflorvﬁgﬁe%e% rﬁ%kgggfg%&f) iBPFBRAJTRMSHHactants of
gj%ﬁtion with a

the contaminatiRgi ki RHaReR: s Wh FEIAMNS 4 acrsiRe &@&tg}?&‘%‘&iﬂﬁrﬁﬁf&@?&@% ]

polyamide-based nano filtration membrane was conducted. 5An aqueous solution containing 10

mg/liter of sodiuagpetyasydatetiavinf riyeightavediye nak codivae igibeid.000ROHa6RR0 my/liter
of sodium chloridg was passed through a polyamide-based nano filtration membrane having a
rejection of NaCAPRIPSHRHIHRE FH0568 IBrMch RS daRIRtamstderialrbassel to 85% and a flux of
permeationof 1.3 m3(m2.d) 10 under 0.5 MPa for 20 hours. Pure water and a 500 mg/liter aqueous
solution of sodium chloride were passed, and an aqueous solution containing 1 mg/liter of
polyvbaylamidinENRVISTRMdleaBRL MR QI BI500,000 and 500 mg/liter of sodium chloride was
passed under 0.5 MPa for 4 hours. Pure water was passed, and the property for passing a 500 15
mg/liter aqueous solutiéh SReSERIFPTRRS iBRPATRIEVRINatEG. 2 selBhEreafterpiheliiasaagshofthe
aqueous solution of.sodium %(L)g}/%%{%te and sodium chlorjde, the passage of pure water, the passage
|

of the aqueous SMCR 35 4 BARD i H-THRE PARES RN thEYGtE008RBRIGSRGRPERRANYRENIdine
and sodium chlosige-aneh the ipas cafwwﬁ)gqmw@fgla;ﬁﬁe&t& &%ﬁ&gf’fgﬁl%ﬁg with the same
iter

procedures as those conducted above and, then, a 500 mg agueous so ution of sodium chloride

was passeltffor 58houes ifitwe ssjettieoasifNafd waskB3%aanthehedixof permeatiapwas G
in3(m2-d) after the first treatments with the aqueous solution of 25 polyacrylic acid and sodium
chloride and the%&ﬁé?a{%%m&%‘f:p@m%ﬁn#&ﬁ@aﬁa daditihe cherideiThethsjettioreatddaCl was

0, . . . .
96% rejection can be maintained for a long time by using the agent for

increasing the rejection with a permeable membrane and in accordance
with the process for increasing the rejection with a permeable membrane
15 of the present invention. By using the permeable membrane and in
accordance with the process for the water treatment of the present
invention, not only inorganic electrolytes but aiso organic substances
soluble in water which are present in water can be effectively separated

while the rejection and the fiux of permeation car be maintained at great

20 values for a long time.
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and the flux of permeation was 0.7 xn3(m2-d) after the second treatments with the aqueous solution of
polyacrylic acid and sodium chloride and the aqueous solution of polyvinylamidine and sodium
chloride. The rejection obtained after the two treatments was maintained for 50 hours. 5 INDUSTRIAL
APPLICABILITY In the membrane separation using a selective permeable membrane such as a
nano filtration membrane and a reverse osmosis membrane, the rejection of inorganic electrolytes and
organic corfipdlids soluble in water 10 can be increased easily and safely at the location of the use of
the membrane without extreme decrease in the flux, and the increased rejection can be maintained for

a long fime py using the agentfor lneraasing, the teieclinn vith A Armeatie membragsand in

accordance with the process for increasing the rejection with a permeable membrane 15 of the present
invention. ByHeingsthe pesmeabieroemBeanse radhiy acoriganseanddz thp Resss/irhewater
treatment of the present invention, not only inorganic electrolytes but also organic substances soluble
in water whicin 2 pse sesd ey wattersbanteciefie ativelysepardte ts whilenibeicajemtiomaleditiee flux of
permeation can be maintained at great 20 values for a long time. CLAIMS 1. The agent for increasing
rejection witth&ipésrmeabymeaetmifonicwhidipcampilgdvehiiail. macromolecule having a
weight-average molecular weight of 100,000 or greater, wherein the ionic macromolecule is an anionic
macromolecule which is a polystyrenesulfonic acid or a derivative thereof. 2. The agent for increasing
rejection with a p(—;irgeable I51}5}(%mbrane accor.diqg to cg%\i%n 1 Wheg?én[%g%germeable .éam(grane isa

. . e increasing reiectiion wi erme ane accord| S .
nano filtratibh me ?aﬁ% 8 Fev%rse (6] SIS mem rang. @ ,E process tor mcreasmg?rejectlon with a

permeable @ﬂﬁmHr%ﬁeﬁ@m&rgee?ﬁ%wmgmes@srn%amﬁrgﬂsm@nw@m rRQERIfor

increasing rejection with a per e membrane described in any one of Claim 1. 4. The process for
increasing rgigeiign withsrmeable membrane according to Claim 3, wherein the permeable
membrane is treated a plurality of times with the agent for increasing rejection with a permeable
membrane. 5. The process for increasing rejection with a permeable membrane according to Claim 4,
wherein the agent for increasing rejection with a permeable membrane according to Claim 1 is used.
6. The procéss forAncreashsy fejeitiBRamieg o pieatabMinEmPREREENE o PR8Ny of Claims 3
to 5, wherein an agueous solution comprising the agent for increasing rejection with _a(giermeable

membrane SREEABES iFeiahine AermeIRie LBaRYEUGH AMHBE AaS AR dre e BRI LEHE Rembrane is

disposed. with a permeable membrane described in any one of Claim 1.

4. The process for increasing rejection with a permeable membrane according
to Claim 3, wherein the permeable membrane is treated a plurality of times with the

agenti for increasing rejection with a permeable membrane.
5. The process for increasing rejection with a permeable membrane according

to Claim 4, wherein the agent for increasing rejection with a permeable membrane

according to Claim 1 is used.
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7. The process for increasing rejection with a permeable membrane according to any one of Claims 3
to 6, 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. 8. The process for increasing rejection with a permeable membrane according
to any one 6f Clairfise3 i éesslferancapeng eapleionewitr anpcharemiy ca mejebiianedecreateyl from a
rejection with an unused permeable membrane is treated with the agent for increasing rejection with
permeable Hdbie ofdCIaPpEerfhEablehrigibrah @ers S el igadchutisha dheart fre process for
increasing rejection with a permeable membrane described in any one of Claims 3 to 8. 10. A process

for water tréAtFRERNA FRFCLOMBHIL APESRRPIE DEMPLafrRaA e WBLR ¥ IS PRERFE. Abstract
AGENT FOR INCREASING REJECTION WITH A PERMEAB BRANE, PROCESS FOR
INCREAS| Oﬁ‘gﬂz_aé’l%" éeﬁ’d’lﬁ%f M@Eé#\[”ﬁ@%ﬁgﬂ@%@gmwss FOR WATER
TREATMENT  An agent for increasing the rejection with a permeable membrane which comprises
an ionic macromolecule having a weight average 5 molecyllar weight of 100,000 or greater; a process
for increasing the rejectiotevilia perneshicrarembranendpbreenisisesnteatiagacpaiimgable
membrane with the agent; a permeable membrane which is treated in accordance with the process;
and a procdss doy waiter ofeBtavest &Hizhbcomfgrisies asingthedermeadiiemaenpeate ade disclosed. By
using 10 the above agent, an increased rejection of inorganic electrolytes and organic compounds

soluble in wRREP@RIDHMREIRTANTd FFE IGRIEMESISSER] afftl ShfePattRe WERIRh SiRetise of the
membrane without extreme decrease,in the flux of permeation,in the membrane se&grati nwing a

selective pdifiESARS BHBIIRE S Ush EEEIPHa N it AR oA I MhHPSHRPERE 4 FSAIRE $4Mosis
membrane.dgrlrgegnﬂe membrane.

8. The process for increasing rejection with a permeable membrane according
to any one of Claims 3 fo 8, wherein a permeable membrane having a rejection
decreased from a rejection with an unused permeable membrane is treated with the

agent for increasing rejection with permeable membrane.
g. A permeable membrane which is treated in accordance with the process for
increasing reiection with a permeable membrane described in any one of Claims 3 to

8.

10. A process for water treatment which comprises -using the permeable

membrane described in Claim 9.

48



10

15

Abstract

AGENT FOR INCREASING REJECTION WITH A PERMEABLE
MEMBERANE, PROCESSE FOR INCREASING THE REJECTION,
PERMEABLE MEMBRANE AND PROCESS FOR WATER TREATMENT

An agent for increasing the rejection with a permeable membrane
which comprises an iomic macromolecule having & weight-average
molecular weight of 100,000 or greater; a process for increasing the
rejection with a permesble membrane which comprises treating a
permeable membrane with the agent! & permeable membrane which is
treated in accordance with the process; and a process for water treatment
which comprises using the permeable membrane are disclosed. By using
the above agemt, an increased rejection of imorgamic electrolytes and
crganic 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 flux of permeation in the membrane separation

uging a selective permeable membrane such as a2 nano filtration

membrane and 2 reverse osmosis membrane.

{FIG. 1)
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