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DESCRIPTION AGENT FOR INCREASING REJECTION WITH A
PERMEABLE MEMBRANE, PROCESS FOR INCREASING THE
REJECTION, 5 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. Mm e present invention
relates to an agent for increasing the rejection of inorganic electrolytes
and organic substances soluble in water in the membrane separation
USi”QRGE'N@W@E@IN%@FN@REJE@PIWW@M}I@WABLE
membrane and a reverse osmosis membrane, a 15 process for increasing
EHHBRAYENSBGOEIDEORINE RBATNGE THEDBIBSETION,

A
|ncr asedb the treatment in acco atﬁgi ith the rocess and a process
A st SR AL NT

ART The rejection of inorganic electrolytes and organic substances

soluble in water with a selective permeable membrane such as a nano
filTE@CHE NETILgaml a reverse osmosis membrane decreases due to
degradation of the macromolecular material by the effect of oxidative 25
substandelearrreeeRictievembinan el drsetn imwataeand foy olnereasing the

dit difficylt that th d lit treated
B B RIS R AR pdcd Gt o G SR e

PaEgekabiheU$R QhSHERE e AMe-i0naN ARAI0ENEWBEE RIS dRMISAY8eatment.

takes place, itis required that the ability of the membrane be recovered
frdviptleeparticularly, the present invention relates to an agent for increasing

the rejection of inorganic electrolytes and organic substances solubie in
water in the membrane separation using a selective permeable membrane
such as a nano filtration mem'i)rane and a reverse osmosis membrane, a
process for increasing the rejection using the agent, a permeable
membrane having a rejection increased by the treatment in accordance

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

membrane.

BACEGROUND ART

The reiection of inorganic electrolytes and organic substances
soluble in water with a selective permeable membrane such as a nano
filtration membrane and a reverse osmosis membrane decreases due to
degradation of the macromolecﬁlar material by the effect of oxidative
substances and reductive substances present in water and by other causes,

and it becomes difficult that the required quality of the treated water is
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degraded condition without separating the membrane from the module to
5 which the membrane is disposed and, where possible, the recovery be
achieved while the operation of treating the supplied water is continued.
To satisfy the above requirement, processes for maintaining the rejection
e%wibi,ted with an unused permeable membrane for a long time and repair
Y

tamed: rol g SRR sh&vaTckaion Rltse radveadbid wingenibngrperiod of
exhibjti reasedrejection are developed., For example, as the
e e e D TLRE ABia e S aopckes place
O{gaBIGSHIBHAN AR DB IARIA CHITeHRS AEISRARIETL 3LURGEST i@r?m the

which the permeable membranes is treated with an aqueous solution o
afegragpdteriditidacwithhuvingpapiatesnidry aminbgrosfrordatianidule to
15 %ﬁac ant is prgposed_(Pgignt Rgerence I)éAS the process for

m nﬁh‘ﬁ e BB e 4 ALSRARE P B4In JERET R AR aitlea dhiBitEeERvery be
t d.ponditi ' ering the rejection of salts
e o A o L e R Tl
osmosisImesatirfpetiseorobght intgeneiacwithamagrn! for 5aalNeMma% the
membrane such as polyvinyl methyl ether, polyvinyl alcohol and

pERSCRAR %ﬁaﬁ?ﬁﬁﬂﬁi%&%%m@m@fmm@&wm@mmmmm time
aggﬁt %%g%@ouxs.l inSthSe %grndition of a small concentration is proposed
(Patent Referehce 2) As the process o8 mteviFg TRedR ety AviRgrmeable
aRsbie Al IR0} a0l 3 RRIRRIANSIRADIANS A Bample,
treatment process in which an auxiliary polymer having acétyl group is ’

ad@ddedacsensifermeabternéimpranelisqiiopqeaduRaientdafbreneesd) which

2 As the ageg%for treating a semipermeable membrane which is applied .
nSEEF 163 Eﬁﬂq?én#ﬁéﬂﬂ%aﬁl%‘?ﬁ&nSF&A@%U%&S@%%%%%@MC&SS in

SQPRRSIMRADIS MABNARSABCIMA BYBSBRENSAIRN.M the solventand, o
amphoteric surfactant having a quaternary amino group or a cationic
surfactant is proposed (Patent Reference 1). As the process for
maintaining the properties of a reverse csmosis membrane exhibited in
the unused condition for a long time and recovering the rejection of salts
with the membrane decreased by the use, a process in which the reverse
osmosis membrane is brought into contact with an agent for treating a
membrane such as polyvinyl methyl ether, polyvinyl alcohol and
polyacrylic acid in the condition of a great concentration and then with the
agent continuously in the condition of a small concentration is proposed
(Patent Reference 2). As the process for improving the rejecting ability
and the maintenance of the ability of a semipermeable membrane, a
treatment process in which an auxiliary polymer having acetyl group is

added to a semipermeable membrane is proposed (Patent Reference 3).
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separation of solutes, a treatment agent which comprises a vinyl-based 5
polymer having an organic group having acetoxy group and terminal

carboxyl group as the side chain is proposed (Patent Reference 3).

However, these processes and agents have problems in that the increase

in the rejection is possible only to a small degree, the decrease in the flux
dipthmegtinn fergtesd tand:ie inpeased bijeatnnlisne saifigientipsled not
majntained. As for the process or the agent used for treating a cellulose
S0 mBmBPaAe, SeRdRaFmRable prarembrangich paleon tof defecuisused
coated_ with aJiquid substance having compatibility with the, membrane
e AR Py Srionng feerafaRigend
supacatmRrepasadis the RHRehapagess IHRRAREMILLLEVAIA%G A sed
small defect found after the membrane is set at a module (Patent
pelsraatelBvingwene priganicogianpe bt ths qrekess, gheumadedalefminal
tr{%g]e rane which can be_geatﬁd Is limited, and complicated operations

ST R egﬁﬁﬁpar@ereg!iﬁre%‘, Rs theagetit %FW@C?%@@B&MW 3.
bl hieh oW Bl AReIEaaR I I PYMERBIL o WaleHang 5, ..
durable, an agent’comprising a vinyl polymer gvmg an aﬁ?oxy?group,
carlsheytgjretipand poaitdxyadbony grasl ildhe:sideERIA%ISe in the flux
proposed (Patent Reference 6). A nano filtration membrane having

s Btrzae abRR Ay ETeminand s thevinrreastdc rriesitighiofme, 00efiiently

re aoi%?l . Nean-Patent Reference 1). Although the rejection of NaCl is
abou 0, a rejection of MgCI2 of 90% 3 or greater is obtained at a pH

of 4. However, 1he peisalianefiMoGais &%ﬁ%?%%%%@%@ﬁ&%@w&m
and the main cause for the decrease is considered to be the small
nmmbmei@m et auipkthyaneicaiseiAsthich a portion of defect is coated
with a liquid substance having 'compati‘?nﬂity with the membrane and
exhibiting the plasticizing effect, f@iio&ed by smoothing the formed
surface is proposed as the effective process for repairing and recovering a
small defect found after the membrane is set at a module (Patent
Reference 5). However, in accordance with this process, the material of
the membrane which can be treated is limited, and complicated operations
such as heating are required. As the agent for enhancing separation of
solutes which shows a small decrease in the permeability of water and is
durable, an agent comprising a vinyl polymer having an alkozyl group,
carboxyl group and an alkoxycarbonyl group in the side chains is proposed
(Patent Reference 6).
A nano filtration membrane having adsorbed polyethyleneimine

baving a molecular weight of 70,000 is reported (Non-Patent Reference 1).
Although the rejection of NaCl is about 15%, a rejection of MgCls of 90%
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process for treating a reverse osmosis membrane which can maintain the
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
ra%ge with a gregt rejet%ci)on, a process in which a pressure-resistant

ve

ETRRIGT B BRrate forte ﬂﬁrﬁgrﬁne Elowpaesn thp aeiestinnod MeCly is
reyerse osmaqsis 10 element having a po ide skin layer and, _
R DY RS 0K BT LREh PR CRBIRAGANE e decrease is
br [ j ' P renge 7).
e T e e e P B TELERNE o che

themersbfanareatitiges suifere isahesiisaly mbeifiedwhinge Ghlofentain the
and promine are used in 15 great concentrations, it is necessary that a

grédeeh o Betsrasis: the CowpaterinarefcudiEsniniviaempagdseddhrough
th f refore, it is, difficult that the operation of increasing the, . .
re}gekgét’jilo%%vlﬁﬁ a rr%emgrgnelqggcbgﬁﬁ&ctaé}a%t #\‘3 p$§8&%%%e§8§%¥[ﬂ§@m 15 not

Refasensetdll Japanasa-BRERLHRR Gl A6 RRemMNO 028 SHMWR tral range
57(1982)-119804 (page 1) [Patent Reference 21 Japanese Patent

Applidatiosrealropentoa BhwesSe(YeRBC 8088 dparesckianan?)vessel in an
[Patent R(ﬁfer%}g 31 Japanese Patent Application Laid Open No. Showa
078 %

50{E9755- A8 AERE PR e BT BAP td SoBRuRESe osmosis
Arilieadan kaigiopen Noiyahane 3po8ALL14 08 (RARSSdeNd Al aoueous
ow

[Patent Reference 51 Japanese Patent Application Laid Open 5

5640081916 TEc@pabbsrinanchA}d RateptiRelerence 8lrdapanaseaiabhct with
Apt%ie(e: %t]i.grgl!égig gpgpoygs'ed (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
great concentrations, it is necessary that a great care be taken for the
control of the reaction conditions and also for the.safety. Therefore, it is
difficult that the operation of increasing the rejection with a membrane is

conducted at the place of the use.
[Patent Reference 1] Japanese Patent Application Laid Open No.

Showe 57(1982)-119804 (page 1)

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

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

[Patent Reference 4] Japanese Patent Application Laid Open No.
Showa 55(1980)-114306 (pages 1 and 2)
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Showa 55(1980)-11048 (pages 1 and 2) 5 [Patent Reference 71 Japanese
Patent Application Laid Open No. 2003-88730 (page 2) [Non-Patent
Reference 11 Urairi et al., Journal of Membrane Science, 70(1992)

153-162. 10 DISCLOSURE OF THE INVENTION The present invention

has an object of providing an agent for increasing the rejection with a
ermeapie, AN RARENDICBLAB MARIAR MRAGagsSRRIRE PR open No.
inorganic electrolytes and organic compounds solu |n Wa ora Io
tummmm@%a&t{mmumme use 15 of the membrane

without extreme decrease in the flux of permeation in the membrane

separatlh?ﬁé%ﬂig%eﬁ%ﬂ@@ﬁﬁe%erm%@eﬁmﬁ“eénphwmménui Open No.
f| tion evers s membrane, a process for
mcﬁéasm%bet‘ﬁé? ? @%Mﬁ?gﬁ%o Bﬁ' using the agent, a permeable
membrafye; whicrarbibits @ IncirRaRah LRI estonRYAR gﬁ&%imfﬁa{&?@pen No.

accordance with the process, and a process for water treatment which

c&@@?r@é’é’aﬁlﬁ@m@ermeable membrane. As the result of intensive
studieslﬁ the resent ventors to_achieve the above object; it was found

that the reJ8RiLAMEBYI e?@ﬁ%k& ly H@@é&e@tb%ﬁedﬁh@%@%&%ﬁaﬂe
memhanew, us solution of an ionic macromqlecule having

a Welgrgtgavegggg 15"fecu ar weight of 100,000 or greater without a great
decrease in the 5 flux of permeation and that this treatment not only

recovere

ﬂ

feJeCt'On'f‘ﬂth?; eps% at{xolgégt&)%u%d perme%?(le%tmg{:n gi%@fingh%n agent for
present invention
increasing the rejection with a permeable membrane which can maintain
the increased rejection of inorganic electrolytes and organic compounds
soluble mn water for a ioxig time easily and safely at the location of the use
of the membrane without extreme decrease in the flux of permeation in
the membrane separation using a selective permeable membrane such as
a nanc filtration membrane and a reverse osmosis membrane, a process
for increasing the rejection which comprises using the agent, a permeable
membrane which exhibits an increased rejection by the treatment in
accordance with the procees, and a process for water treatment which
comprises using the permeable membrane.
As the result of intensive studies by the present inventors to
achieve the above object, it was found that the rejection could be
remarkably increased by treating a permeable membrane with an

aqueocus solution of an ionic macromolecule having a weight-average

molecular weight of 100,000 or greater without a great decrease in the
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5 completed based on the knowledge. The present invention provides: (1)
An agent for increasing rejection with a permeable membrane which
comprises an ionic macromolecule having a weight-average molecular
weight of 100,000 or greater; 10 (2) The agent for increasing rejection with
a permeable membrane described in (1), wherein the permeable

mérbrafepeaaniliiralioh e HNRe FhIBMNECIRMESIS recovered the
membrane; (3) The agent for increasing rejection with a permeable
mEpAeREAR desbabreplqationHersisrine i mavrbmales e ving catlesicased

15 macromolgcule; (4) The agent for increasing rejection wjth a o
e S Beéﬁﬂimféﬁ%ﬁﬁgr A%k the application to
MagiamelegdehasA CIRIaYElRHANg; (ﬁ)@ep%ggﬁémmg%%ﬂﬁg has been
rejection with a permeable membrane 20 described in (4), wherein the
catmmipletadrbavel: calehakingwitdperocyclic ring is a polyvinylamidine or

a derivative thereof, (6) The agent for increasing rejection with a
permeablEl EFiSeRHelRERNBR PRYYeHherein the ionic macromolecule

is ar}jﬁpg: agom lecule; 25 (7) The agent for increasing rejection :
with a perme%%e%%%n Crrgr?gl Sch cé:a %?ﬁ?hwﬁéjr%{ﬁnt%%g%ﬂ#% rane which
magiemaiReuleds Reliaahdsrasidieruic Hanvalve therald8) dhe:a96Miecular
for increasing rejection with a permeable membrane described in (6),
whersghire dRRhnaceopadiatule is polystyrenesulfonic acid or a
def'%ativf thereof . . . .
he "agent for increasing rejection with a permeable membrane
described in (1), wherein the permeable membrane is a nano filtration
membrane or & reverse osmosis membrane;
(8 The agent for increasing rejection with s permeable membrane
described in (1), wherein the ionic macromolecule is a cationic
macromolecule;
(4) The agent for increasing rejection with & permeable membrane
described in (3), wherein the cationic macromolecule has a heterocyclic
ring;
(6) The agent for increasing rejection with a permeable membrane
described in (4), wherein the cationic macromolecule having a heterocyclic
ring is a polyvinylamidine or a derivative thereof;
(6) The agent for increasing rejection with a permeable membrane
described in (1), wherein the ionic macromolecule is an anionic
macromolecule;

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

described in {(6), wherein the anionic macromolecule is polyacrylic acid or
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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.
inc&%r&g.@e' tiggo\gith a permeable r_nemb_ran_e des_cribed in any one of
(f) to (9); (1I) The process for increasing rejection with a permeable

ngmbrepe desatbag inﬁé@aﬂﬁﬁreﬂ@jé%isﬁrmﬁéﬁl%mé&ﬁés membrane
treated a plurality 15 of times with the agent for increasing rejection Wl%ﬁ a
péesdine mdfibmherdi } i e patesstarinodasiig iejpoligsiyvihasulfonic
permeable membrane described in (11), wherein the agent for increasing

ré1et4iBh SWARTE Harn EaBrEFHembrane described in any one of (3) to (5)

apsl th e inc Ing:Leiecti ith a_ peymeable membrane
dg%crite)e[e%gi n%é é;/ﬂgzn(%ed?)f %%%%g%r%g%l"é%ﬁﬁtevrﬁ%a elfa}; a%%% erogé%@brane
faddsaritreingnréibetinhisihcanesieable mambrane daseHReinBeY e tion
of (10) to (12), wherein an aqueous solution comprising the agent for
ineFENIHANS | S&iGRIWER LD dleriablBtth ambran e 2B diss cobmebimdnyanble in
of 1%9}9 (9) is passed through a module in which a permeable mémbrane

is (ﬁspo’sed; 7 (14) The process for increasing rejection with a permeable

MEmprane 1Hgsssbad-NiARY AR (LB 413w R eIR AN e mbrane

permeable membrane or a permeable membrane having same rejection

asvdidiectimpmstis direstusediberpeahtealemiiandiateatethwitie thgent for
agent for, oL .
%ﬁcreasmg rejection with a permeable membrane described in any one of

(1) to (9);

(11) The process for increasing rejection with a permeable membrane

described in (10), wherein the permeabile mgmbran% is treated a plurality

of times with the agent for increasing rejection with a permeable

membrane;

(12) The process for increasing rejection with a permeable membrane

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

permeable membrane described in any one of (3) to (5) and the agent for
| increasing rejection with a permeable membrane described in any one of

(6) to (8) are used alternately;

(18) The process for increasing rejection with a permeable membrane

described in any ome of (10) to (12), wherein an agueous solution

comprising the agent for increasing rejection with a permeable membrane

described in any one of (1) to (9) is passed through a module in which a

permeable membrane is disposed;

~3



5 increasing rejection with permeable membrane; (15) 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 unused permeable membrane is
treated with the agent for increasing rejection with 10 permeable

mﬁ%ﬁra@@fe(m @ gsertr&e%glﬁ‘ ergelrgbrane which is treated in acc ;dance

with the PrOcBSaTor incre g Tejaetion ith R PetfednPs THEABIS frembrane
defggiRaskid anvaeRe Sh416F [0I@P)ianch6h7) @h%&%@ﬁsaﬁorlmﬁ%éd permeable
treatment which comprises using the permeable 15 membrane descri el(ril
inKiSHBRIEFDE SERIPTHRNRFE BN B RAWHY GSndattie dishows @ rejection
diagram exhibiting the change, of the rejection of NaCl and the flux of

peFiGatfih WS PRgBRE DI BYLbanRraf pelatlomthithenagat for

ofthe.Lel I rmeation with time. Figure 3
shows g%%%)r%eg %(%%bﬁﬁgg #IE}% %Bg% %‘i? e%lr.gfleeétion of NaCl, the
rejagionTHdPprengdhi>fl b efpeimeatigaith Wig RopedsIVSRembrane
diagram exhibiting the change of the flux of permeation with time. 25 THE
MESSEPREdF ERRED eMBODIMENT 63 AR« THéET@able membrane

INVENTION_The agent for increasing the rejection wijth a permeable
mEABaR 2 TS %res%ﬁﬁﬁ%%ﬁgﬁaégn?pﬁ?&ggﬂ%% AR FRBReCRermeable

haﬂiemrﬁﬁégh&-a%%aasﬁmaiﬁlw'%we@géﬂ{ 180. 0800 QI e%ei%é@%n with

present 5 invention, it is preferable that the weight-average molec

10 waighpefable membrane;

15

20

(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 treatment which comprises using the permeable

mentbrane described in (16).

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

permeation with fime.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
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ionic macromolecule is 300,000 or greater and more preferably 1,000,000
or greater. When the 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 membrane with stability
10 and the stable adsorption is maintained for a long time, and there is the

m@@m{ﬁaﬁhe rejection is not sufficiently increased. In the present
IAvVention, eight-average molecular weight is obtained by analysis of

an aquePhs agdsioROitbRAR MR QERIASHIS WAL OHRRCE W 8nbrane
gel permeation chromatography, followed by calculation of the molecular

1% wWidighpesgrabseyestinat cbthprsisenre maieriatafpalydteylinédaving a
oxide l%gsed on the obtajned chrgmatqgram. In the range of a great

OB TAE VRAB R TRPTEraH e FRrssdt o il PR oBFefiEn e laxithe i resent

nakRvaiah!et ,@?N&f‘é%ﬁ@\ﬁ@g %HB%%%%-W&%E%S]%@L” %.r"%reigha; of the

accordance with the light scattering met ort tracentrifuga

metticdnd0rthergah for300reasing thecmectioniwiibra RRETaalIR 1,000,000
membrane of the present invention can be advantageously applied to
nShofRAEN nYeReBraihes Hrightercerasmonsientiraneigitheohaie ionic

filtcati rane to which.the incteasing the. fgjection with a , |
o A - b i che onic
2maaerarbeuler 1 WRIE W RIE IR O PHBMIONOLRBIEIEHNAING stability

diameters of about 2 nm or smaller and macromolecules. Examples of 9
tHeEngirihaustablerrdseuryditr At on muatabredefinchdenigdiganicind there is the

B ST TR —

eleRiRgbh Sy Q@Qéﬂ%ﬁ&&é-ﬁ@ﬁéﬁ!ﬂ%&%ﬁ@?ﬁ%‘%@% &8 Balysis of

separation 5 membrane for liquids which rejects permeation of sotutés

ang alipwsus solution of the ionic macromolecule in accordance with the gel
permeation chromatography, followed by calculation of thé molecular
weight expressed as that of the reference material of polyethylene oxide
based on the obtained chromatogram. In the range of a great molecular
weight where the reference material of polyethylene oxide is not available,
the weight-average molecular weight is obtained in accordance with the
light scattering method or the ultracentrifugal method.

The agent for increasing the rejection with & permeable membrane
of the present invention can be advantageously applied to nano filtration
membranes and reverse osmosis membranes. The nano filtration
membrane to which the agent for increasing the rejection with s
permeable membrane of the present invention is applied is a geparation
membrane for liguids which rejects permeatibn of particles having

diameters of about 2 nm or smaller and macromolecules, Examples of
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permeation of the solvent under application of a pressure greater than the
difference 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
10 asymmetric membranes and composite membranes. Examples of the
material of the permeable membrane to which the agent for increasing the

rdjpetiatnidheoresentinventian isfippliedinclydaapide-basedide inorganic
materials such as_aromatic polyamides, aliphatic polyamides and
CcORSIRRIRN R I 5 L8 BhCt e bbRaesidasland cainlgsedasardefbranes

nﬁjgﬂa%sgsch 18s ¢ 11lllélosg a%%gagg. Among these materials, aromatic )
polyamides are preferable. The agant OFIRCGELSIfiaeTaRetigH6r thectrically

PEREHEVaniancaLhe applied0a8y f4RHsRd peiRsaRle membranes ..

and used permeable membranes. The module of the nano filtration P

or fhe layeide osmdcsiseembrareisaiaariculaliytianiiaci 2R iows
Examples .of the module include tubular membrane modules, plate and
erﬁFéﬁ% Wﬁ?ﬁi}ﬁ e S BRAPMBRIDISAE AT B R B vase sl BV fitRey than the

meimBrene.medules. Jhadpnicnagigoelle used for e agent for

increasing the rejection with a permeable membrané oFlt?féSp gg?ﬁed via the

inwentibnasaat Zbepaiteuiaridignieg:damamplas-ahihgdppic Examples of the
macromolecule include cationic macromolecules, anionic macromolecules

aff&RT5h SEERRSIE0RAIERTMBe B BAA mMoagrthoséembom meeduieses such as

caat' I cromolecules and anionic macromolecuyles are preferable. As
for %%gn%gﬁgtﬁgm%bg%%%o?gc%Ig?ﬁlgoﬁr%?erﬁ}ﬂ e amotiesiane! the

the amount5 of (s piher A e Do, e aea e the
istgaedieanrapf the present invention is applied include amide-based
materials such as aromatic polvamides, aliphatic polyamides and
composite materials based on these polyamides and cellulose-based
materials such as cellulose acetate. Among these materials, aromatic
polyamides are preferable. The agent for increasing the rejection of the
present invention can be applied to any of unused permeable membranes
and used permeable membranes. The module of the nano filtration
membrane or the reverse osmosis membrane is .not particularly limited.
Examples of the module include tubular membrane modules, plate and
frame membrane modules, spiral membrane modules and hollow &ber
membrane modules.
The ionic macromolecule used for the agent for increasing the
rejection with a permeable membrane of the present invention is not

particularly Limited. Examples of the ionic macromolecule include

catiomic macromolecules, anionic macromolecules and amphoteric

16
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but cationic or anionic. Examples of the cationic macromolecule used in
the present invention include primary amine compounds such as polyvinyl
e, polyallylamine, polyacrylamide and chitosan, secondary amine
compounds 10 such as polyethyleneimine, tertiary amine compounds
such as poly(dimethylaminoethyl acrylate) and poly(dimethylaminoethyl

MR ¥ Bl dU AR A AR A L AN RRAAESSUGH: A5:63RRURIS e cules

obtained by adding quaternary ammonium group to polystyrene an
snthpeniunddaviagramelesadyclieringpsatiradieolyviaylatmidities 1dmphoteric
polyvinylpyridine, polypyrrol and polyvinyldiazole. Copolymers having a
Plaransoestiiptule s PIeied shbhatnidiehemesmbothensawdnibe cationic

FSBUS L A08 BRI A BN R B oot

BotndaBYdINGIIS RLBUME RGP P HENAVIRIIRS RIEHEURL A0t ra]

shown by general formula [1]. In general formula [i], P1 to R4 represent
bydregieoratons enssnatkyl group such as methyl group. Rs CH2 R
-CH2-CC_NC=N 251 NN RIR2...[1~ 11 The cationic
macrorfSeEtRdeRahg e SriBtal Mceprolestdy used in the present

invention include primary amine compounds such as polyvinylamine,
polyallylamine, polyacrylamide and chitosan, secondary amine compounds
such as polyethyleneimine, tertiary amine compounds such as
poly{dimethylaminoethyl  acrylate) and  poly(dimethylaminoethyl
methacrylate), quaternary ammonium compounds such as compounds
obtained by adding gquaternary ammomium group to polystyreme and
compounds having a heterocyclic ring such as polyvinylamidine,
polyvinylpyridine, polypyrrol and polyvinyldiazole. Copolymers having a
plurality of structures described above may be used as the cationic
macromolecule. Among these compounds, compounds having a
heterocyclic ring are preferable, and polyvinylamidine is more preferable.

Polyvinylamidine is a cationic macromolecule having the structural

unit shown by general formula {1]. In general formula [1l, B! to R4

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

- [1]

11



10

15

20

25

by general formula [1] can be prepared by copolymerization of
acrylonitrile or methacrylonitrile with N-vinylcarboxylic acid amide,
N-isopropenylcarboxylic acid amide, N-vinylcarboxylic acid imide or 5
N-isopropenylcarboxylic acid imide, followed by hydrolysis of the obtained
copolymer to obtain an amidine. There is the possibility that the
polyvinylamidine prepared as described above has cyan group derived

from acrylBRIFIEYRhBREEORMesHE haNing fdimetragtuyalosistspresented
cyano n ing greyp farmed by hydrolysis of N-vinylcarboxylic .

1 aci(%agrﬁ?e u%f?gr e Iigjl‘;l incg&dit%)en & ﬁ@*’g{?ﬁt Iu‘fﬂgp REERRReD of
by.gefletiIuNER [&iet%%ﬂmaﬁ@amm%ﬁ@cwwmgync acid amide,
macromolecular flocculant manufactured by DIA-NITRIX Company -
"DYalEpoORenBgrtbray iiadeddarkpkBy 00D cary bmrisexdyISineeid imide or
nitrogen atom in the heterocycljc.ring and nitrogen atom of the primary 15
e K i R SR LT o -
Caé!ﬁi_bl?ﬁ&%a%cﬁ%éa%e_%f@ﬁﬁﬂiﬁ%?rea’?ﬂ%&“% e’&fe“or‘o%‘;fpaxﬁ D'Chat the
species in water is exhibited. In the case of other macromolecules aving

a pelgranytlimiidigcthereensiy abcationtanibeloereased dPaROVEIAG Herived
cationic functional group such as a primary amine. 20 By the adsorption of

thE BB G IRETBfoRic BReniitimg s hearage fateed|dywaighrobfsis of
10 r greater which exhibits the str cationic, property,_for ,
oo SRS R et B PR SR e taviengponviic
or detiogynaeinehey & HIRIARANY: ARMABHBS R LEPRSIHAIUWR M resented
such as the polyvinylamidine, to the 25 surface of the permeable

mé&mbzersiie ojuotda of Eationisspisies donwaterdn peceffectively cationic

increased. i‘lfn?ﬁ in %ener l, the negative charge 12 of the surface of the
peTMEABRATEMBrand 965 anreRGiuGsfar by DIA'NITRIX Company

“DIATLOC (2 registered trade mark) KP7000” can be used. Since
nitrogen atom in the heterocyclic nng and nitrogen atom of the primary
amine in the polyvinylamidine has the cationic property, the density of
cation 1s great, and & great effect of imcreasing the rejection of cationic
species 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.

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

water can be effectively increased. Since, in general, the negative charge
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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 property, the flux of permeation is not decreased to a great
degree. Examples of the anionic macromolecule used in the present

[ tion includ romolecules having carboxyl group such as
R RS Bt B RSCTRAER i B RARRals Bic s Havingalgoular

Swilom GO UR, BUHRASRAY WA fonic aci d. transulfuric acid, .
andggﬁyﬁlsulfonicgﬁ%. Copo(?ymersgﬁ%gvir% f{)‘%g?ah%é 5t tRadpRdecule is

strisivbed mashbesustbeofthanienehrasromie Gtifhilincesidfanic-asidtion
group in polystyrenesulfonic acid exhibits the strong anionic property, the
e iSHROrbbY wafienigriatecsphelpanincapld piemameadslent

& cHBAf

i ity to increase the rejectign, maintains the increased rejection
:‘%lr}'b g% g timé ang éstﬁﬁgt%éﬁs%?a%@faa %ﬁﬂ%ﬁ%‘i’ﬁﬁ?@?d to a great
pésgeation. On the surface of the permeable membrane, positive charges
forming pairs with the negative charges are also present. In particulgr, 20
the preséremplaheqgfositive ehawgecis significanlcouiee nobednes hakingresent
decreased rejection such as membranes in which the amide bond is
dﬁ%‘é’@&g"%‘a. %’P}%Pé%re{’%ﬁﬁé?]“i‘ﬁ eshisHic Remmotashrshs SRtactivIch  as

Wibiae-per Nadnale BERSRILANIN R TR 0 e e Faving

acrpmaole
a weight-average molecular weight o or grea%r, theB

centiition iscidagriaipeskisiiameist wiebittc e dhR offeg! abiNcLaasing s id

rejection of anionic species in water can be exhibited. 13 Procgdures of
irfraRly e lepdfaris whtla pernelibkensehvrine a plurality of the above

structures may be used as the anionic macromolecule. Since sulfonic acid
group in polystyrenesulfonic acid exhibits the strong anionic property, the
macromolecule is adsorbed to the surface of the permeable membrane
with stability to increase the rejection, maintains the increased rejection
for a long time and does not cause s great decrease in the flux of
pérmeation.

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

the rejection of anionic species in water can be exhibited.
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using a macromolecule have heretofore been conducted. However, when
a macromolecule having no ionic property such as polyvinyl alcohol is
used, the effect of increasing the rejection is not sufficient relative to the 5
decrease in the flux of permeation, and stability of the increased condition
is not sufficient, either. Dissolution of polyvinyl alcohol into water at the
ordinary temperature becomes difficult when the weight-average
molecul ight.} ; r,.ar treatment at an elevated
tempera%ﬁg%ga%% %?%ﬁ%%%%ﬁ%?é%%%%ﬂgnwﬁﬁ&Po‘*n%%%%%eﬁ\is Rygmbrane

lasmrhargadbhadashdiaveijiramsagcynoleeHipd Weight, FUKPERUON when
with the membrane takes place not only at coarse portions which cause

tHe SerrEaReipriHe rbRsingn Dutiarls prereetportchsasf tywinybraishol is
a éﬁe &Ifeechgfc {ng{easiré%the r%{?ction is small relative to the decrease
S

IBRTeRRNE (B A e Bt trelagve to the

in the flux of permeation. There i

adserkadocandition s i@ﬁBﬁQ%ﬁH&ﬁ,tﬁﬁlﬁe&ﬂﬂﬁ@%?%H@%Hé%%%?ﬁgcondition

When the rejection with a permeable membrane is‘improve

pasywisy buffutel oreptipethyRissqlytioln thé by ofperalesion HeckRASeS ¢ the
to a great de%ree. The ionic macromolecule used for the agent for

inQFEARY thiCTRRRARINST tHRepraReht ifNEitIdl eilaes tHaiexcereghbaverage
hydeebicpaperty i BCSSRCe elhohaiged roups and e s e

of permeation is'not decreased to a'great degree Bver Whe e

mizecodantweight £08tRat Hilsheecesaarsthatthe S9RBL QM INGISESIAGNE. has

rejection do not cause a marked decrease in the flux of permeation while

th GRS BRindeadinguerdlrajecabh-ameneadizinglstabie adsizhtiondorption
th@%% acrorgl%lgcule gﬂ the {nembr ne are achieved. Therefore, for

deci

ing the macromolsetfe AT &I Pl f9asreReahrhathich cause
J/dhid *Redreabd natislieshuhasaindOLRRIe3eRE eI 8f PEMERNON 1 rane.

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

of increasing the rejection and realizing stable adsorption of the

macromelecule with the membrane are achieved. Thersfore, for deciding

the macromolecule which can be used, it is preferable that didg=0.7 1s
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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 5
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

repedtifiedyivbananalfliaiananemitia s afrperaiatie KeassiMH AN unused
chlorine having a small rejection is increased to a great degree. 10 In the

agenhioninereadidg #peaejactchavitha gepnanbleionerhbsand ehthfembrane
present invention, the ionic macromolecule may be used as a salt having
al5ehidve dRe tbmAR deToMpte ainEathy xelastingr ioHomeNade the operation

a
Palyyemidoe budaehions, spdum pehacuisle Ard SodUmL 1 v

tyrenesu e. agent for increasing the rejéec
pesmeiRihie RBRIERE RLRIBIESSHIANRRIER RMLCHMMIRE B IRACRE Peated
confirming the rejection comprising an inorganic electrolyte or an organic
sterabrenso|iblatedvateran sembinatien exidhitiatisenidifiecromdiesdianental
When water comprising a_tracer in combination with the ionic
n%r&%?ﬁgﬁ%tﬁﬁof? ptfé%tetﬁ?fz RSt eC SRARUBIR e AR r 4%a R Rle, When the
rejerien iy he Q%@@%@tx@ﬁm@@ﬁ%ﬁg ONURE MDD o sistant to
passage of the time, and it can be decided whether the treatment is
cohiintied hadisgoatinuell rWheriolés cancentation HLhetraserda the
permeating water reaches the prescribed value, it is decided that the
rejectionititise pepRkalie resrbraHRE Sthearchaig e prestiibed vatumeable

a%%e %%gr%@g@%for}ggge Siﬂf th& ;:lej%gio&inslcc%lnc%le(}ed. In @ccorda%ceeuse N

with thid process hé Fontact 15 hatieSh the B RRE BRI S R

agen: farliNERABING WELIRIBCION akamples of the salt having a counter ion
include polyvinylamidine hydrochloride, sodium polyacrylate and sodium
polystyrenesulfonate.

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 ionic macromolecule. When water
comprising a tracer in combination with the ionic macromolecule is passed
through a permeable membrane, the rejection with the permesable
membrane can be confirmed with the passage of the time, and it can be
decided whether the treatment is continued or discontinued. When the
concentration of the tracer in the permeating water reaches the prescribed
value, it is decided that the rejection with the permeable membrane
reached the prescribed value, and the treatment for increasing the

rejection is completed. In accordance with this process, the contact
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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 5 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.

amples of the inorganic electrolyte used as the tracer include sodium
Eﬁ@‘ﬁ’&? BEUIS170 HIAR Ol bR REFRI oK RS TRARRE theckries BiRn and

Ueaepkbdncive inopipRrhalcehdhelLinRIBiRiae (atiBe soncenAian

of the™ tracer In water passing through permeable membrane IS 00" %-1 clent

1 060i wnghiterae damarehpratetally 00101 600usRbitehe R dbs PEOTE S brane
increasing the rejection with a permeable membrane of the present

inbRRtie, tFReparAteaaRénbrbine isWaged a1 Plvivalite soferfréatments for

increasing the rejection with a permeable membrane of the present . )
O A A e B O SH oSS B (UHEA PR BelhclEeasing

MeRRbrRe:t3dI0t BREIGHIFMIItEH. FFoL eXANPIe3N 1R] %@ﬂﬂﬁéﬁ%l&'tigﬁcienﬂy

containing the agent for increasing the rejection is passed through a

metthe i whishithdbesngable tembfonevsdibposete 2P erdhion.  Examples
p?ér%n able membrane may_ be dipped into an aqueous solution containin

the a

i T FERGSHE I FefecliS. BhéRne BefTedRaludsisRifum chloride.
coniapipghe AgR0dprligteasingdie eiealon S RaReRd ABL NS e tracer

permea le membrane Is mounted to t eorw € permea

mamhideeiéskagilisgeshelin theineguRrHisaquaeuhsollieBmdation of the
containing the agent for increasing the rejection may be prepared from

pURAGRIIeR Water Ressdngifoiriethshsepnsaisieitembraheoevattddoto 1,000

16 15 ieeiment vt therpermeaple mepfyane  When the aqueos

In the process for increasing the rejection with a permeable
membrane of the present invention, the permeable membrane is treated
with the agent for increasing the rejection with a permeable membrane of
the present invention disclosed hereinabove. The process for treating the
permeable membrane i1s not particularly limited. For xample, an
aqueous solution containing the agent for increasing the rejection is
passed through a module in which the permeable membrane is disposed,
or the permeable membrane may be dipped intoc 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 aqueous solution
containing the agent for increasing the rejection may be prepared from

pure water, water passed through the permeable membrane or water for
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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 aqueous solution containing the

agent for increasing the rejection through the permeable membrane is not

10 BartEaRRERitBAt hEhee RpTE ablen eeisihtpthe rejdbliem nife bequeous
co ted under.the pressure for passing the water for the treatment
e O TR e 3PS Pheating dfer it 1 prepased

permea

prasavew Hdsrferable dhakibe congeniiation gl dheio ﬂin%ml?rane, the change

macromolecule in the aqueous solution containing the agent for increasing

15%ejbetitnidstins wish mgytiteanrie: mondipretel dlylyoh saskO-ng/ties Y@L of
the, concentration of the ionic macromolecule is smaller than 0.5 mg/liter,

th&P8 MR PRSBIRGPHTR Gl S IR o Tornd apasmestit of The agent for
'n%ﬁ%w&g%@%@%ﬁ@{ %Qg&ﬁ%? gﬁ@ %té%ll%g{ﬁgggg&o% g g%?uwmofor the

macromolecule exceeds 50 m viscosli € aqueou
increasasrand there is the possibility that resistance in passing the
solution through the permeable membrane increases. It is preferable that

the time foRpRESHIGIRIGDastREdhticeevaniolutioragentdoxing the agent

ingreasing the rejection is. 1 to 48 hours and more preferably 2 to 24 _
o R a0 R R HEcrOLTEIEEE | FAHE BERRRoS 20t

o) e SN s
shermehieded under the pressure for passing the water for the treatment
- through the permeable membrane or a pressure smaller than this
pressure. it 1s preferable that the concentration of the ionic
macromelecule in the aqueous solution containing the agent for mecreasing
rejection is 0.5 to 50 mg/liter and more preferably 1 to 10 mg/liter. When
the concentration of the ionic macromolecule is smaller than 0.5 mgfliter,
there is the possibility that it takes a long time for the treatment of
increasing the rejection. When the concentration of the ionic
macromolecule exceeds 50 mg/liter, viscosity of the agueous solution
increases, and there is the possibility that resistance in paséing the
solution through the permeable membrane increases. It is preferable
that the time for passing the agueous solution containing the agent for
increasing the rejection is 1 to 48 hours and more preferabiy 2 to 24 hours.
When the concentration of the ionic macromolecule in the agueous

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

decreases seriously although the time for passing the solution can be

17



When the treatment for increasing the rejection with the permeable
membrane is conducted by dipping the membrane into a solution
containing the agent for increasing the rejection, it is preferable that the S
concentration of the ionic macromolecule in the agueous solution is 50 to
10,000 mg/liter and more preferably 100 to 5,000 mg/liter. It is preferable
that the time of the dipping is 2 to 48 hours and more preferably 6 to 24
hours. When the dipping treatment has been completed, it is preferable
théchtﬁ’@?ﬁﬁ%eable membrane is washed with 10 water so that the ionic

macromo{ﬁ‘gle rgmglz_iegingx}on t&s surface of the permeable membrane

without belms R8RSR IR G0 dRTIRSIH ERE T rIRGRICHR A5ig the Permeable
rejgcdiomwiia aipermgatianembrane of the present invention, the .
permeable membrane can ‘be ?r}fate% ia %%ratl?ﬂg 0 wr%l\éra%%glg#é} aferfigtution
forcectersing the regeatiofod Bovidnei pRrolIRABIGINSHDANR BXEAARUCHGt the
a plurality of treatments for increasing the rejection, the improvement in

S th&PEREGHSANMR elabiRyBtiaHeIcErmeles et dhand teedusailiion is 50 to

agayj ontaminating the membr can he enhanced. In ‘
theﬁgét?aﬁtijt?% tgreegg)tn%éﬁs, 16 same gé‘%ﬁp oriﬁgreg%in?ﬂﬁg repediber. It is

withrefpeshleable:POcmenahranemaybeiussrhiengatedly, ardiffersnt
agents for increasing the rejection with a permeable membrane may
us@efareblsieioB R theharsorptitVhefithéhenid ppnigmalestteote aRas been

argmatic polyamide membrane, the aromatic portion which tends to
e B KA, PAACERERn (et R FH SGoBABIPBPae fo washed with
10 COQ&ﬁ@@f‘%Enﬂ;%lﬂb&&@“ﬁﬁﬁ&%ﬂ@&&icﬂg&{%sf?ﬁu@{neﬁ(a@g'%%?ﬁé%f%%e of the

rejection is greatly increased by adsorption of thé ionic"macromo
hagienyee ghdateemblemsawwhight bdid ghedspit adagremplreide having a
smaller molecular weight is adsorbed

In the process for increasing the rejection with a permeable

%Ield maore

membrane of the present invention, the permeable membrane can be
treated a plurality of times using the agents for increasing the rejection
15 with a permeable membrane. By conducting a plurality of treatments for
increasing the rejection, the improvement in the rejection, the stability of
the increased rejection and the durability against substances
contaminating the membrane can be enhanced. In the plurality of
treatments, the same agent for increasing the rejection with a permeable
20 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 cdntaminating substances can be
25 decreased. For example, after the rejection is greatly increased by

adsorption of the ionic macromolecule having a greater molecular weight
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with gaps where the ionic macromolecule having a greater molecular
weight is not adsorbed, and the rejection can be further increased in this
manner. It is preferable that the weight-average molecular weight of the 5
ionic macromolecule having a greater molecular weight is 1,000,000 to
10,000,000, and the weight-average molecular weight of the ionic
macromolecule having a smaller molecular weight is 100,000 to
1,000,000. In the process for increasing the rejection with a permeable

mERTHIAAY R praeleqtisy BATENE itisSHraldeabi dhestiine verigbalile atBorbed
mg;ﬂg[a i ated hy using.an agent for, increasing the rejection
compnsi%g ag cationic %éacrlgmgle%l%%rgﬁ}do g%cggeejﬂg’%r%a%?ﬁ@tﬁfé molecular

rejpelightenisamabanionia MAcRasye aliesnaiely, INeISISSION in this

can be increased by the alternate adsorption of the cationic
maeesnete cult ispaafrrario fivindoromolsatieverthe: paokeable weight of the
membrane. Cations 15 such as Na+ and Ca2 derived from inorganic

el 2R RRTFOMEIRALS BRYIRE ik AFRaheTs BHOREH ajateithin thell9P9:000 to
ofSepogatanis, maOBRleCHIs HbsrE e ROSNE Chiarge dlone s present

When a layer of the anionic macromolectule is ormedon e%aye

cationicomaleroiwlesuiegs hedhir, @atbdayer eividually wpobibes 4eo,000.
the 20 rejection of cations and anions, and the rejection is increased.

MoreovertRadRfie PESEHSST Soforigmieasiaidn reweriacthenayetbf thepermeable
cation| romelecule and.the layer of the anioni¢c macromolecule
exﬁ%%}ﬁw%% %@géﬁic})nr?ﬁgﬁhjéns‘éeé%ﬁg% dfe BoRER & inkigp permeable
mamhinarideisahsosbed aandiionofdhesslayerais SIARIZEAI0 he rejection
suppress cleavage of 25 these layers and the increased rejection is
StAGMRES B tife sitbinmite mdsorptidacofithexadticnic areeroelefideatthy the
the anignic macromalecule, 19 the charge on the surface of the

memBF: Wg&g&m&%lggc%glgggﬁmgpmmolecule alternately. The rejection

can be increased by the alternate adsorption of the cationic macromolecule
and the anionic macromolecule to the permeable membrane. Cations
such as Na* and Ca2* derived from inorganic electrolytes in the water for
the treatment is strongly rejected in the layer of the cationic
macromolecule where the positive charge alone is present. When a laver
of the anionic macromolecule is formed on the layer of the cationic
macromolecule as the pair, each layer individually contributes to the
rejection of cations and anions, and the rejection is increased. Moreover,
as the result of strong interaction between the layer of the cationic
macromolecule and the layer of the anionic macromolecule exhibited in a
condition that these layers are absorbed in a permeable membrane, the
absorbed condition of these layers is stabilized to suppress cieavage of

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

adsorption of the cationic macromolecule and the anionic macromolecule,
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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
5 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

rej@etERAIERR Jhd SURRSE A cthfe AbRIHhE R atwe sBydtehdimmtheextromely
u ermeable.membr or the permeable membrane having the _
e B B e TP B ARt while the
agRAtrsHTcEepRInE e K iRcliRR alhe dCIeqHPR:ISNCTEASE ﬁ‘%g %Ee bstances
decrease in the flux of permeation with time can be suppressed. ﬁlﬁe
prevesnivadhmeddingibnivjiestormwitfeaspppresidd, medintankefdhee in the
prgsent invention can be applied to a permeable membrane having a
re%&ior?%e@%ﬁ%%ﬁ’ﬁ’am %ﬁ’ﬁt ofthe DR uHP (oerinasine mearistaneeThean  be
re;%mmpe increased by treating the permeable membrane having a
decreased rejection with, the agent for 20 increasing the rejection. The
permealiFhmeproese hfussindsheckaisetion Hicreased by acerdance With: e apie
the process of the present invention can be used while the membrane is
kepeRkrannoalId reaTerant tidsemsintordatrebsinguthledejéotiomorunused

after th mbrane is detached from the ahove module and 25 mounted
tobzegg?h%earrﬂ?%o&ﬁ?@e%ﬁgﬁ the pBrrfSaBtE %3%%‘?@%&%@@%8% the same

mesfeleribrs ABaped Lo Rode B ausediprdbe tiea r _
increasing the rejection in module B,ﬁdetached from%ﬁg'B?ﬁ’d t‘fﬁeeanmng the

unused permeable membrane or the permeable membrane having the
same rejection as that of the unused permeable membrane using the
agent for increasing the rejection, the rejection is mcreased, and the
decrease in the flux of permeation with time can be suppressed.

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

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

from module A is mounted to module B, used for the treatment for
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mounted to module C, modules A, B and C may be the same with or
different from each other. When the rejection is increased by the dipping,
the operation of dipping the permeable membrane is conducted in place of
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

pERGEERAD SR deieciinBIdR dngiide Byplietarethénsme wedaleyReamd then
[ Jlé%l'% eadr%i}e%tligg lgreqﬁer époa uﬁg}es 7 jeﬁtion ﬁllt@ the ur;tlgse%%?rmeable

membrane is required and Systems for treating wadtewater iRwRftAGh 1t or
r&t@ﬁ&@@ﬂﬂi&om&@amr.mew&r@m@maeeé?ééﬁgﬁqsam@&%m%kﬁEﬁ'éaé]gpping,

that of the unused permeable membrane is recovered. In. the process o
thidhprepera ticnipiainonnthshe peromehi somia brmiityiottheltreatédn place of
W%%‘er in s¥s ems for treatir}r%wa te water is satisfied since the rejection is

Ea8RATR e CLITEBIEHS! HRE iRGEREARSmBIeEEaRorkovRpdime B and
adsrntNAl SORLAIBRTRG, §WpstRNCes in water for the treatment can be

suppressed, and a flux of permeation greater than that of ordinary nano

filtration Tienapmiicanes asfdtiey ereenosaidsisuBeibPsianes- b B8n accordance
obtained. EXAMPLES The present invention will be described more

sPEHRcHIy Rrftepsr&rABeTeas B Shes TRIARS N Wty s Heweeelh thenembrane

preset invgnti%n Is_ 25 not limited to the exa @s. In Ex mpﬁisé and

Compara vgslgxgmnﬁffeesrftthoen réjseclﬁ%gljw gﬁﬁ%ﬁ@% Zlf%lftﬁ rméaiffRiEseof the

obipisleshiicacenstaae amiitbthe follavdng raathads, (LReiSCURALr than the

sodium chloride
rejection with the unused permeable membrane is required and systems
for treating waste water in which the rejection with a permeable
membrane decreased to & value smaller than that of the unused
permeable membrane is recovered. In the process of the present
invention, the requirement for the quality of the treated water in systems
for treating waste water is satisfied since the rejection is increased by the
adsorption of the ionic macromolecule. Moreover, the adsorption of
contaminating substances in water for the treatment can be suppressed,

and a flux of permeation greater than that of ordinary nano filtration

membranes and reverse osmosis membranes can be ochtained.

EXAMPLES

The present invention will be described maore specifically with
reference to examples in the following. However, the present invention is

not limited to the examples.

In Examples and Comparative Examples, the rejection and the flux
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The electric conductivities of water for the treatment, water passed
through a membrane and concentrated water were measured, and the 5
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
nirBraRey iom erealbtadiediordorardameenyit il 06 falloernfg methods.

concenirated. water)} x100 15 The, concentration of isopropyl alcohol was
sg?gor#@fa EO%B%%%&% 18F&F components including the ionic

macromeige e piicoh Qe e 2 SR aTRle. Ahout 240!

the TOC value of isopropyl alcohol). When component c‘)i{ll}%erlr passed

thehrisggiropyhadeshied e tae domia reacramelesueoalenesethe SRIREHN 63N the
be gbtajined more accurately 20 by eliminating the contribution of the ionic
MEREGHBRe R fE ?&Wﬁ@é@&ﬁ@#@ﬁ%é@&u@h@f@b@m eqQeitieiter

for treatrpg’-/r&g-i %}%yglue of concentrated water) in the above equation.
recovery (%) = (amount of treated water / amount of water for treatment)

x100 25 cofiwiarigacefionimtearomngeswWa torHRAGHa Ve iNgN S mbrane) /
TOC value of ionic macromolecule added to water for 22
treatmentx{1+1GI¢a0E cranshvaliy)ty(8f Rukeof foerrestioant +

electric conductivity of concentrated water)} X100

(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
The concentration of isopropyl alcobol was set so that the
contribution of other components including the ionic macromolecule to the
TOC value was small (for example, about 2% of the TOC value of 1sopropyl
alcohol). When the TOC component other than 1sopropyl alcohol is the
lonic macromolecule alone, the rejection can be obtained more accurately
by eliminating the contribution of the ionic macromolecule to the TOC
vaiue from the value of (TOC value of water for treatment + TOC value of
concentrated water) in the above eguation.
recovery (%) = (amount of treated water /
amount of water for treatment) X100
“contribution of ionic macromolecule to TOC value (mgfliter) =

TOC value of 1onic macromolecule added to water for
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Water passed through a membrane was collected for 1 hour, and the flux
of permeation was calculated in accordance with the following 5 equation:
flux of permeation (m3/(m2d)) _ amount of water passed through
membrane 1 (area of membranextime of collection) 10 Comparative
Example 1 A 10 mg/liter aqueous solution of polyvinyl alcohol having a
weight-average molecular weight of 22,000 was passed through an
aromatic polyamide membrane having a decreased rejection under a
pressure of operation Beazmemtiar 20B6L0S Thetwens permeation 15
d?ﬁeﬁfd fro%n%él.z m3(m2d) to 0.6 m3(m2d) or smaller, and the rejection
of RaCl - SoRFATRRECHqueous solution of sodium chloride increased

from 86%1p. 969 ag&%f@ﬂﬁﬁﬂ%’%% %@)@&r&gs‘ggstoc&ﬁ/&gge 024%h léj)qlsr and

and 94% after 96 hours. When the same procedures weré con Uct

using &dmyflperaguenis selutienalipebying altehehdhe wistianofdfbwing
NaCl increased only to 94% although the flux of permeation was 0.7
m3WAPEComparative Example 2 A 1 mglliter aqueous solution of

polyethyﬁ%g ﬁ%;égg}!ﬁq%\&r}gna( n21§/g/1\]/1e2%2§ average molecular weight of 7,100
was passed through an aromatic polyamide membrane under a pressure

of operation of b8 2% fak2Q hesus. (Ehe fuk afnarmeation

decreased from 1.1 m3(m2d) to 0.4 m3(m2-d) or smaller, and the
rejection of NaCl tazeB0d metiteraguetus sbledlbectibaodium chloride
decreased from 99% to 98%. It was found that it is difficult to use a
polyethylene glycol having a weight-average

Comparative Example 1

A 10 mgfliter aqueous solution of polyvinyl alcohol having a
weight-average molecular weight of 22.000 was passed t?ﬁrough an
aromatic polyamide membrane having a decreased rejection under g
pressure of operation of 1.2 MPa for 20 hours. The flux of permeation
decreased from 1.2 m3%m2d) to 0.6 m3(m2-d) or smaller, and the rejection
of NaCl in a 500 mg/fliter agueous solution of sodium chioride increased
from 86% to 96%. The rejection of NaCl decreased to 95% after 24 hours
and 94% after 96 hours. When the same precedures were conducted
using a 1 mg/liter agueous solution of polyvinyl alcohol, the rejection of

NaCl increased only to 94% although the flux of permeation was 0.7
m3(m2d). |

Comparative Example 2

A 1 mefliter agueous solution of polyethylene glycol having a
weight-average molecular weight of 7,100 was passed through an

aromatic polyamide membrane under a pressure of operation of 1.2 MPa
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the rejection since the flux of permeation and the rejection both
decreased. Comparative Example 3 A 1 mg/liter aqueous solution of
polyethyleneimine, which was a 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
mg/liter aqueous solution of sodium chloride decreased to 88% and a flux

of BEfleBaBRcsor ThenBunntiparmentionvirsreased frounsl TheAéedno 0.4

of lavas 90%, gnd the flux of permeation s1.1m3(m2.d). Al
A S o s G e B 00 caeAer aqueons
masTatnsiecdlao RAWRNAWRIEN tRverAds IalsEUlabyeighbal, 75000 was. .

passed through an aromatic polyamide membrane having a rejection 0
Nalrinia sociffipider mquseus poliytohyibsadiipechibsice: 20:0ae Rt sverage
to 88% and a flux of permeation of 1.3 m3(m2d) under 1.2 MPa for 20
nRSTHET JHEEA B KO W18 4 Brchrelimacibe e doerinones Gie the

m3acety Thg Leiectinn d 0% after passing the aqueous
solu%igon of sodium chloride8 ?ﬁ?ﬁ%@é iy %cﬁrlheg}éerjaet?%eo%;é’ Léeﬁrg\afed.
mg/liter aqueous solution of chitosan, which was a cationic 24

macromolecule, having a weight-average molecular weight of 16,000 was
paseEmPaBNR B amtatc polyamide membrane having a rejection of

NacCl in a,5Q0 magjliter agueous solutian of spdium chlgride decreased to
88% an?%ﬂ 1 %ﬁ%‘r’n‘bsf i"g nst) H%W%WP&%%ZWWSW% a

uX &f perme
Er-)n g(ﬁrﬁg%;ecﬂﬁﬂ&ﬁgﬁgc‘dﬁ? %i@@%th%é@hgjﬁwggti&%ﬂ&ﬁ%tl 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 flux of permeation of 1.3 m3(m?d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 90%, and the flux of permeation
was 1.1 m3(m2.d).
| A 1 mg/liter agueous solution of polyethyleneimine, which was a
cationic macromolecule, having a weight-average molecular weight of
75,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter agueous solution of sodium chloride
decreased to 88% and a flux of permeation of 1.3 m3(m2.d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 92%, and the flux of permeation
was 1.0 m3(m2.d). The rejection decreased toc 90% after passing the

aqueous solution of sodium chloride for 24 hours.

Comparative Example 4

A 1 mgfliter agueous solution of chitosan, which was a cationic

24



10

15

20

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 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(m2d) under 1.2 MPa for 20 hours.
The rejection of NaC1 was 91%, and the flux of permeation was 1.0
m3(m2d). 15 Example 1 A 1 mg/liter aqueous solution of chitosan, which

WESSTRR IR B RATIRE I BRYIATE S8 gheleravageweisbe i Mgt was
0 0Q was ,passed throygh an aromatic polyamide membrane having

R S A R AR, e o Boti e mogBion of
detzensed {0580 §8¥maRd aJuofPesmediPR Okda? B3 (A H0 R Judsed to

MPa for 20 hours. The rejection of NaCl was 94%, and the flux of
pé&ffieaticraviisx0od pedtmatin:T bé Identtimsfdl aGiend 19 diairfer 20 hours.

94% after passing t ueous solution of sodium chloride for 96 hours.
ST BATE DA DS o N DhodyomAbyFRIR AR as 11

wassay 2 cationic macromolecule, having a weight-average molecular
weight of 160,000 was passed through an aromatic polyamide membrane

having aArdjentpfiiteiNaghéowsSo0mplites BebaRks SOMIAROTERMIUMa tionic
chloride decreased to 88% and a flux of permeation of 1.2 m3(m2d)

uRBRFTPBQiAsHS rhentng arav aiak rejseriageooC s 98ishand 815000 was
on was 1.0 m3 mZigy. The result§5$f Exargple,s | and 2 and

fl rmeati

B, s R Wb aieloR TP aRRe e BRvine  xeebion of
NaCl in a 500 mg/liter agueous solution of sodium chloride decreased to
88% and a flux of permeation of 1.2 m3{m?2.d) under 1.2 MPa for 20 hours.

The rejection of Nall was 981%, and the flux of permeation was 1.0

m3(m2.d).

Example 1

A 1 mg/liter aqueous solution of chitosan, which was 2 cationic
macromolecule, having a weight-average molecular weight of 160,000 was
passed through an aromatic polvamide membrane having a rejection of
NaCl in a 500 meg/liter agueous solution of sodium chioride decreased to
88% and a flux of permeation of 1.2 m3(m2d) under 1.2 MPa for 20 hours.
The rejection of Na(l was 94%, and the flux of permeation was 0.9
m3m2d). The rejection of NaCl was maintained at 94% after passing the

agueous solution of sodium chloride for 96 hours.

Example 2

A 1 mgfliter agueous solution of polyvinylpyridine, which was a



10 Table 1 Macromolecule Weight- Rejection Flux of permeation average
of NaCl (%) (m3/m2d) 15 molecular before after before after weight treat-

treat- treat, treat- ment ment ment ment 20 Comparative polyethylene-

10,000 88 90 1.3 1.1 Example 3 imine 75,000 88 92 1.3 1.0 Comparative
chitosan 16,000 88 89 1.2 1.1 Example 4 80,000 88 91 1.2 1.0 Example

1 chitosan 160,000 88 94 1.2 0.9 25 Example 2 polyvinyl- 160,000 88 93

1.2 1.0 pyridine (The concentration of the aqueous solution of the

ma&eidrhate cuheromigfitate thbaimeofapassigh it srgtioma@hidars vddight of

As_shown in Table 1, the rejection of NaCl increased by 2 to 4% and 26
he TUEUBP R SRS LELTAALD B9 GBS Oy Frimbrane having o

A T T

of dermeatdnd®guasad byfluk tof @&r-maatide) shen ehigsddhaviagkal® MPa
weight-average molecular weight of 16,000 or 80,000 was used. The

5 rejéRXidH SIONBE| indre asderhipBonio afdavens 9@ theamk Bt dinesfipermeation
de%rr%%sEg g}/apmzz;g)p.3 m3(m2d) when chitosan or polyvinylpyridine

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

4 are shown in Table 1.

10
Table 1
Macromolecule Weight- Rejectién Flux of permeation
average of NaCl (%) {m3/m2-Q
15
molecular before 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 1.0
Comparative chitosan 16,000 88 89 1.2 1.1
Example 4 80,000 88 01 1.2 1.0
Example 1 chitosan 160,000 88 a4 1.2 0.8
25 TExample 2 polyvinyl- 180,000 88 . 93 1.2 1.0
pyridine
(The concentration of the agueous solution of the macromolecule 1 megfliter; 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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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 NaCl decreased to 90% when the aqueous

solution of sodium chloride was passed for 24 hours after the treatment.

In contrast, when chitosan having a weight-average molecular weight of

160,000 was used, the rejection of Mad was kept at 94% when the

agueous solution of sodium chloride was passed for 96 _hou.rs after the 15

treHih et isofhaprmeatine eflecrersadredsingtie mje@hlen &iﬁbﬂ%d) when

ity |n the treatment for increasing the rejection are enhanced by

PR Reiectie KRBT GUBH E00 8006901 o
r 3 i ion of.polyyi iding,

ch a6 & et e e N R B Bt gpe fux

W@émmw@w@ﬁmﬂa@ﬁsbwmaﬂgﬁ.anxﬁﬁ(m&&@t m%nﬂgﬁosan having a
membé??r%e having a rgéection of NaCl in a 500 mg/liter aqueous solution

of SEURMY BRAAEE 2B YEEHBEH 2286 0P ArtEOMix of fihPeationofised. The

m?ﬂé;ﬂ@c n . for 20;hows. The rejection of NaCl,was 96%, _
and he%lh% gfp &%&%ﬁ%ﬁo&r\eaﬁﬁ?ﬁ é%’ n%(ﬁﬁ%ﬁ?srﬁé‘ﬁ{e? iGN Rermeation
wademmiataidebywipstabiity ana(gid.aptghangepfier 120, Ogar%(éi]%}glpyridine
mg/liter aqueous solution of polyvinylamidine, which was a cationic

m e%m%q15301ng@rweignn@mﬂagem@|mmw W@Jﬁi ﬁiﬁig When
3,50Q.0 as passed thraugh an aromatic po yamide mem 2 hay
a ?2 ﬁ%%%?ﬂ?galﬁ]ea%’ AitEeRREsvS SRt B bcsdatmashtidd 75,000

degraasedde, 86% aRshacflin gk pﬁ*maﬁggr%%gaﬁagggﬁ%% qﬁv[Eeeéf ]tﬁe agueous

MPa for 20 hours. The rejection of NaCl was
pehiadtion of sodium chloride was passed for 24 hours after the treatment.

In contrast, when chitosan having a weight-average molecular weight of
160,000 was used, the rejection of NaCl was kept at 94% when the
aqueous solution of sodium chloride was passed for 96 hours afte}; the
treatment. 1t is shown that the effect of increasing the rejection and the
stability in the treatment for increasing the rejection are enhanced by

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

greater.

Example 3

A 1 mgfliter aqueous solution of polyvinylamidine, which was a
cationic macromolecule, having a weight-average molecular weight of
3,600,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mgfiter agueous solution of sodium chloride
decreased to 86% and a flux of permeation of 1.2 m3(m2d) under 1.2 MPa

for 20 hpurs. The rejection of NaCl was 96%, and the flux of permeation
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was 0.6 m3(m2.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 (%) (m3/m2-d) aqueous solution before after before after of treat-

treat- treat- treat- 20 polyvinylamidine ment ment ment ment (mg/liter)
Example 3 1 86 96 1.2 0.8 1086 96 1.3 0.6 25 (The weight-average
molecular weight: 3,500,000; the time of passing the solution: 20 hours)
ATERANVE m a2, tRheepegtoriaf NAMN A easediam 6¥itern 6ability

y the queou solution of plyvinylamidine having a
&gc%r“?ﬁ%%ﬁ? ﬁ%&’&%ﬂ&ﬁﬁer was maintained with stability 28
and did Qgtf@qﬂ &@g}e éggot&%u m@ #bncr ngg} §.on ntrati ncﬁt was &

is shown that the more excellent e ect 0 Be rejecPoh an

steditlity:tbam thesmohiained bywisingapoksiplit alcehokdn LemPalaivVReight of
Exam le 1 could be obtained although the cationic macromolecule having

%M&@@ﬁ%%&ﬂ%@mm@a@ﬂmréambm daving a

reater decr the flu er ation than that he m havm
gre e eiaﬁFa& é(% R etteﬁ1 S ANROMS 5 p y oride

aw |gc}11i Average molachlar welght
decreased to 86% and a flux of permeation of 1.3 m3(m2-d} under 1.2 MPa

for 20 hours. The rejection of NaCl was 96%, and the flux of permeation
was 0.6 m3(m%d}. The rejection of NaCl was maintained with stability
and did not change after 120 hours.

The results of Example 3 are shown in Table 2.

Table 2
Concentration Rejection Flux of permeation
of of NaCl (%) {m3/m2-d)
aqueous solution before after before after
of treat- treat- treat- treat-
polyvinylamidine ment ment ment ment
(mg/liter)
Example 3 i 88 98 1.2 0.8
10 86 96 1.3 0.6

(The weight-average molecular weight: 8,500,000; the time of passing the solution! 20
hours)

As shown in Table 2, the rejection of Na(l increased from 86% to
96% by passing the agueous solution of plyvinylamidine having a

concentration of 1 mgfliter or 10 mg/liter, was maintained with stability
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10 A 0.2 mg/liter aqueous solution of sodium polystyrenesulfonate, which
was an anionic macromolecule, having a weight-average molecular
weight of 3,000,000 was passed through an aromatic polyamide
membrane having a rejection of NaCi in a 500 mg/liter aqueous solution of
sodium chloride decreased to 84% and a flux of permeation of 1.3
m3(m2-d) 15 under 1.2 MPa for 20 hours. The rejection of NaCl was 88%,

and the flux of permeation was 1.1 m3(m2d). A 1 mg/liter aqueous
ﬁ%ﬁl@f%?ﬁ%%ﬁ%ﬁ@@uh@ﬁﬁ%@nmeﬁ sossmplamiemiencentration. It

mACIAMRIRCH haying. g weight fierademolecular weigh of 2,090,000

was passed through an aromatic polyamide ST fgFglection and

reiesbiontof thaG! inssbbragAier BauRgYs SokieRof Sediwm ghleri i
decreased to 84% and a flux of pﬁeatio% of 1.4 m%f(mZd) under 1#%%&1.&&%
MBagarze Aoweldrhe rbjeoion oflNlutishashe2o4tianittheafibomaliecule having

permeatign was 1.1 mB%PZd A 10 mg/liter aqpléeous solution of sodium
pSlyStyrertifhiide, @ WHEER GO HHAGBM e careatavimiawed a

welghirayerage [B0'GC v maIgLRL-3:000;00Q.4vas iﬁxaasfslﬁg é?eﬁ%l; ga%gr having

aromatic polyamide 29 membrane having a rejection o |
mg/iteigruaoersagolntinie aflsodivipthidritle degseaserhip @49 and a flux
of permeation of 1.4 m3(m2d) under 1.2 MPa for 20 hours. The rejection
of NaCl was 94%, and the flux of permeation was 1.0 m3(m2d). 5 The
regﬂé 1%)gfmple 4 are shown in Table 3. Table 3 Concentration of
Rejection Flux of permeation 10 aqueous solution of NaCl No) (m3/m2-d)

of beforegfgrbaierEriehgueous 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 megfliter agueous solution of
sodium chloride decreased to 84% and a flux of permeation of 1.3 m3(m2-d)
under 1.2 MPa for 20 hours. The rejection of NaCl was 88%, and the flux
of permeation was 1.1 m3(m2-d).

- A 1 mgfliter 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 chloride decreased to 84% and a flux of permeation of 1.4 m3(m2-4)
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 megfliter 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

28



10

15

20

23

30

sodium poly- treat- treat- treat- treat- styrenesulfonate ment ment ment
ment 15 (mg/liter) Example 40.284881.31.1 184921.41.1 108494
1.4 1.0 20 (The weight-average molecular weight: 3,000,000; the time of
passing the solution: 20 hours) As shown in Table 3, the rejection of
NaC1 increased when the 0.2 25 mag/liter solution, the 1 mg/liter solution
or the 10 mg/liter solution of sodium polystyrenesulfonate was passed.
Comparative Example 5 A 10 mg/liter aqueous solution of sodium

pEIp SRS DISHRES. B0aRARE d¥ads dnienfd hmedieteumeonsasabision of

weight-average.malecular i f 50,00Q.was passed through.an

TR PR A E B0 A TSR B KA b )
mgdiier aqugens RAlwlipnAlRodigRe ¢Bleras deerRaRera 88%029%:8 IHX flux
of permeation of 1.2 m3(m2-d) under 1.2 MPa for 20 hours. The rejection
obRlpSimeati88%; zantl the Homx*ed) permeation. was 1.2 m3(m2d). Neither

the rejection of NaCl nar the flux 5 of permeation changed. Example 5 A

10 mg/littRageRsks SbRkBRBISt A FBORTStyRed@ifionate, which was

an anionic macromolecule, having a weight-average molecular 10 weight

of 100,000 was passed through an asgpjatic polyamide membrane having
a rejection of NaCl in a 500 mg/liter aqueous solution of sodium

Concentration of Hejection Flux of permeation
agueous solution of NaCl (%) (m8/m2-d)
of before after before after
sodium poly- treat- treat- freat- treat
styrenesulfonate ment ment ment ment
(mgliter)

Example 4 8.2 84 88 1.3 1.1

1 84 92 1.4 1.1

10 84 94 1.4 1.0

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

hours)

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

sodium polystyrenesulfonate was passed.

Comparative Exampie 5

A 10 megfliter agueous sclution 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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chloride decreased to 89% and a flux of permeation of 1.2 m3(m2d) under

1.2 MPa for 20 hours. The rejection of NaCl was 92%, and the flux of
permeation was 1.1 m3(m2d). 15 A 10 mg/liter aqueous 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 having a rejection of NaCl in a

500 mg/liter aqueous solution of sodium chloride decreased to 87% and a
fluxesnpermastiorionl of Na@hid) artle 208/ MPafosdAd halitsichef sodium

rejection,of NaCl was 94%, and the flux of permeation was 1.1 m3(m2d).
Aﬁ%wﬁéggwi@oﬁﬁ%r@&%ﬁ% ﬁgmmake‘% L eﬁe% under
was ol G ec g | rage melecular.

e B B N s BReai the fux of

meemandibavingsalrejestin el NaCldith SOCHPHISHAsHISPUS I UION Bfe fius
sodjum chloride decreased to 89% and a flux of permeation of 1.2
mﬁfﬁQW%tméhﬁ%MPa for 20 hours. The rejection of NaCl was 94%,

and the flux of permeation was 1.1 m3(m2d). A 10 mg/liter aqueous

solution of sodium polystyrenesulfonate, which was an anionic

ma@xemelecrle, having a weight-average molecular 5 weight of

3,000,000 was passed through an aromatic polyamide membrane having

a rejectioft ol llag g5 otneiiteraduenus séluietioh speliyssyebigsislafonate,
decreased to 89% and a flux of permeation of 1.1 m3(m2d) under 1.2

Mﬁ’g% 0BT 2PARYS SLAChPBYNE 6 R 50E anwerehiiiavemge molecular

peﬁ@?@i‘@ﬂi"‘ﬂﬁﬂ@@@@% %@ss]e% %ﬁ%ﬁtg% %%glrpxg@c(ipolyamide membrane
having a rejection of NaCl in a 500 megfliter agueous solution of sodium
chioride decreased to 89% and a flux of permeation of 1.2 m3(m2-d) under
1.2 MPa for 20 hours. The rejection of Na(ll was 92%, and the flux of
permeation was 1.1 m3(m2.d).

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

A 10 mg/liter agueous solution of sodium polystyrenesulfonate,
which was an anjonic 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/liter aqueous solution of

sodium chloride decreased to 89% and a fiux of permeation of 1.2 m3(m2-d)
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A 10 mg/liter aqueous solution of sodium dextransulfate, which was an
anionic macromolecule, having a weight-average molecular weight of

40,000 was passed through an aromatic polyamide membrane having a

15 rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride
decreased to 89% and a flux of permeation of 1.3 m3(m2-d) under 1.2

MPa for 20 hours. The rejection of NaCl was 89%, and the flux of

permeation was 1.3 m3(m2d). Neither the rejection of NaCl nor the flux of
pufrdentiol Mfanted20 b ExamplEle: Adetighitel Na@Houaspitioamt the flux

sodium dextransulfate, Whig v%?qﬁ an anionic macromolecule, having a
iFERRALR M@f‘é&cﬂa‘?‘l\/\%’g #of 100,000 was passed through an

aromatic ide: avj rejectign of NaC1 in a 500
mg/liter ﬁ‘gﬁ%@% %g‘}%%n oﬁsg§ |ur\rQ15(':%I€i§§e éz%gr)egégxend ® /g'éerﬁpg%gpate,
ofyierhertionsaf drdond( My omadesculMPayidd f@ﬁ?&é’ﬁ’é"fﬁafe—{:ﬁge molecular

rejection of NaCl was 90%, and the flux of permeation was 1.1 m3(m2d).
AVIRLERY/liteF ad RULEUDILTES ofssitin désergbulfate, wiichatias polyamide

ani%ni macr moleculef hav'n(gna Wﬁﬁg}-aver e moé(acular weightof 5
500°000 Was passet ?hr%?ueﬁﬁl ah A cHdfyanide @%ﬁﬁ@%ﬁﬁ%‘&mn of
rejgation ehRsdde 200 4paklitenanyseus aalktien of sadiyny eioride s 2 4
decreased to 88% and a flux of permeation of 1.4 m3(m2d) under 1.2

MPdsori20 MResforifrbjection GiiNaCierama29%Narti wedlo8%fl and the flux

permeation was 1.2 m3(m2-d),, 10 A 10 mg/liter aqueous solution of
ﬁé’%ﬁ?‘&‘@ﬁ?%m&é-%m%ﬁm%@gan anionic macromolecule, having a

weight-average molecular weight of

Comparative Example 6

A 10 mgfliter agueous solution of sodium dextransulfate, which was
an anionic macromolecule, having a weight-average molecular weight of
40,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mgp/liter aquebus solution of sodium chloride
decreased to 89% and 2 flux of permeation of 1.3 m3¥m?2-d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 89%, énd the flux of permeation

was 1.3 m3(m?-d). Neither the rejection of NaCl nor the flux of permeation

changed.

Example 6

A 10 mgfliter agueous solution of sodium dextransulfate, which was
an anionic macromolecule, having a weight-average molecular weight of
100,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter agueous 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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1,400,000 was passed through an aromatic polyamide membrane having
a rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride
decreased to 89% and a flux of permeation of 1.2 m3(m2d) under a 15
pressure of operation of 1.2 MPa for 20 hours. The rejection of NaCl was
94%, and the flux of permeation was 1.0 m3(m2-d). Comparative Example
7 A 10 mg/liter aqueous solution of sodium polyacrylate, which was 20 an
anjonic macromolecule, having a weight-average molecular weight of

50908 WA BEssdRenFSiRAtian AfoNridt payShide mrshilvafathafipgmneation

rejection,of Mac} in a 500 mg/liter aqueous solution of sodium chloride
decreaseldn%o%lioo and a flux of permeation of 1.3 m3(m2d) under 1.2

MPa for £Q Oesggiddiespiretianeliiat] %ﬁ?&h%ﬁ@gﬂmfte, which was

permeation 25 was 1.2 m3(m2-d). 33 Example 7 A 10 mg/liter aqueous
sotnigmsisodianpuipderylete haniol waw cgianionicagaaiaheetiieyeight of

hayj eight-average molecular weight of 100,000 was passed .
tha%{ggﬂ%éﬁ: g&rﬁ’&ﬁé RAFARE AR ORA RS RIS D SR anembr areChaving a

@ 20pamulter aquep s solstien gtasdinm ghloride gieareased 0 8834 a0g. g

a flux of permeation of 1.2 m3(mZ2Zd) under a for 20'hodu

rejéetion afd\la@8va2A2%, fhid 16 81k 05 HRINGRIIN Y885 10 B3EE2Y)s MPa
A 10 mg/liter aqueous solution of sodium polyacrylate, which was 10 an

aniBhié olEBgIEcinsling aivSrfht-aas SR meled tibe Wleigiuf ofermeation
1,(&95980109 W agsed through an aromatic polyamide membrane having
a rejection of NaCl'in a 500 mgl/liter aqueous solution of sodium chloride

ﬁ/le;reaseﬂ i@ 843naad aflibeal ReImeAI Y %B&i%ﬂ]mmﬂﬂt%;%vhich was
a

an amonic macromolecule, having a welght-average molecular weight of
1,400,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 megl/liter aqueous solution of sodium éhloride
decreased to 89% and a flux of permeation of 1.2 m8(m2d) under a

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

94%, and the flux of permeation was 1.0 m3(m2.4).

Comparative Example 7

A 10 mgfliter aqueous solution of sodium polyacrylate, which was
an anionic macromolecule, having a weight-average molecular weight of
50,000 was passed through an aromatic polyamide membrane baving a
rejection of NaCl in a 500 mgfliter agqueous solution of sodium chloride
decreased to 87% and a flux of permeation of 1.3 m3(m2-d) under 1.2 MPa

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

was 1.2 m3(m2.q).
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for 20 hours. The rejection of NaCl was 96%, and the flux of permeation
15 was 0.8 m3(m2d). A 10 mg/liter aqueous solution of sodium
polyacrylate, which was -an anionic macromolecule, having a
weight-average molecular weight of 6,000,000 was passed through an
aromatic polyamide membrane having a rejection of NaCl in a 500
mg/liter aqueous solution of sodium chloride 20 decreased to 89% and a

flyx of permeation of 1.3 m3(m2.d) under 1.2 MPa for 20 hours. The
ré%ﬁil&lfe{&fmi\lam was 95%, and the flux of permeation was 1.2 m3(m2-d).

Th t t] 5 to.7 are_25
Chowm S s i R 2R B which was
permealionicareragemdald (Y) tay m2a:ioleslasbaiip aller weight of

before after weight treat- treat- treat- treat- ment ment ment ment 10

cé%@%immwédmm@%@m@im.zomidl@ membrane having a
R REE SRS S et St o
3,006:0RQ:-8%.98d54 4 S IMRARHUerSedIIIhARX3N:30,.000) 8980, Bo MPa

1.3 Example 6 sulfate
for 20 hours. The rejection of NaCl was 92%, and the flux of permeation

was 1.0 m3(m2d).

A 10 mg/liter agueous solution of sodium polyacrylate, which was
an anionic macromolecule, having a weight-average molecular weight of
1,000,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter agueous solution of sodium chloride
decreased to 87% and a flux of permeation of 1.2 m3(m2-d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 96%, and the flux of permeation
was 0.8 m3¥(m2.d).

A 10 mgfliter agueous solution of sodium polyacrylate, which was
an anionic macromolecule, having a weight-average molecular weight of
6,000,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter agueous solution of sodium chloride
decreased to 83% and a flux of permeation of 1.3 m3(m2.d) under 1.2 MPa

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

was 1.2 m3(m2-d).

The resuits of Examples 5 to 7 and Comparative Kxample b to 7 are

shown in Tabie 4.
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Example 6 sodium dextran- 100,000 88 90 1.2 1.1 20 sulfate 500,000 88
921.41.2 1,400,000 89 94 1.2 1.0 Comparative sodium 50,000 87 89 1.3
1.2 Example 7 polyacrylate 25 Example 7 sodium 100,000 88 92 L2 1.0
polyacrylate 1,000,000 87 96 1.2 0.8 6,000,000 89 95 1.3 1.2 (The
concentration of the aqueous solution of the macromolecule: 10 mg/liter;
the time of 30 passing the solution: 20 hours) As shown in Table 4, the
rejectlon of NaCl with an aromatlc p&%‘dmfde membrane havmg a

.. I

passmg the aq%e%%%{ﬂgn o{,@squw_m 35 polyfé%renesuIforﬂ;tjeK 0§od|um

pérmeation

dextransulfate or sodium polyacrylate 35 whic pjonic
A Erage mola 886"

macromolecules, having a weight-average molecular welght of 1
or greater. A greater weight-average molecular wéight of theé anionic
macromolecule tends to show ageeater effebtiofdncredging thefrejectionafter
In particular, in the case of sodiUtaiEdflystyrefiestiifon4tess havirpa treat-
weight-average molecular weight of 3,000, OG’Geahd sdHﬁ% polFE/%‘Erylate ment

mmdﬁee%%ommqm}a great gegxgase in gbe qux cg‘g permeggon The; o
rejéctomefiNa&lshevwddnae or only a small improvement when the

weight-average molecular weight of the anionic 10 macromolecule was
45"BB0R¢ 50,006°EREHAPE 8 The tetthent fdi¥increasifg the réjéction 1.1

was conductedstyenesulfonate 150,000 87 94 1.2 1.1

1,000,000 89 94 1.2 1.0

3,000,000 89 a5 1.1 1.0

Comparative godium dexiran- 40,000 89 89 1.3 1.3

Example 6 sulfate

Example 6 sodium dextran- 100,000 88 80 1.2 1.1

sulfate 500,000 88 92 14 1.2

1,400,000 89 94 1.2 1.0

Comparative sodium 50,000 B7 89 1.3 1.2
Example 7 polyacrylate

Example 7 sodium 100,000 88 g2 1.2 1.0

polyacrylate 1,000,000 a7 9% 1.2 0.8

6,000,000 &8 85 1.3 1.2

{The concentration of the agueous solution of the macromolecule’ 10 mpfliter; the time of

passing the solution: 20 hours)

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

polystyrenesulfonate, sodium dextransulfate or sodium polyacrylate,
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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/liter of sodium chloride through an
aromatic polyamide membrane having a rejection of NaCl in a 500
mg/liter aqueous solution of sodium chloride decreased to 89% and a flux
of permeation of 1.2 m3(m2-d) under 1.2 MPa for 20 hours. The changes

2014 e rejection of sodium chlpride and, the.flux of permeation with tim
L B BT 88 Aol A0 U Bpblecular
aﬂ@i@ﬁﬁ‘wmqqatm%@t@émqam%ﬁéﬁ%%&%ﬁ@%@?&gw%ﬂi@m&r weight
aqueous solution of sodium polyacrylate and sodium chloride for 20

hefirthe Theieaiton purensitenlvae pdssea shrough preamemniffecteofnigdicreasing
th%‘l, a 25 500 mg/liter agueogus solution of sodium chloride was passed

3R FF AR MembPaRBTAF 466 nBhrs6r feri T B CREN BhNBRysulfonate
Igvialy 20 0epRRRAIgRhAINANAR N RO IINR ard sodium

permeation was found. It 18 shown that, in confparison W

exhubjitad-yiithetha cationiorsighromalesale dhe-RuRI GEIREIO TORONE 000, the
exhibited a smaller decrease in the flux of permeation even when the
cORIRGHRRIOHASE 796 clis BP0 SHiiheasrany theeetfedeofdneredsingiibe flux of

‘rejecti nd the stability are, .slightly. inferiqr. Example 9 The treatment for
iné%gg%gl%% rejgfj}gn %‘?"g{ﬁt’a@r{)gmgﬁcr%%?a{mi O Bmétbdneonly & small

exhiinendacreasad taiecienat NIk uas Gondugisd BeiBassINoAR anionic

aqueous solution of an anionic macromolecule and an agueous solution
ofraasavonidatialerorael461180sucb8s8iMely. An aqueous solution

containing 10 mg/liter of sodium polyacrylate having a weight-average
molecular weight of 6,000,000 and

Example 8

l"}.‘he treatment for increasing the rejection was conducted by
passing an agueous solution containing 10 mgfliter of sodium polyacrylate
having a weight-average molecular weight of 6,000,000, which was an
antonic macromolecule, and 500 mg/liter of sodium chloride through an
aromatic polyamide membrane having a rejection of NaCl in a 500
meg/liter agueous solution of sodium chleride decreased to 89% and = flux
of permeation of 1.2 m3(m?-d) under 1.2 MPa for 20 hours. The changes
| in the rejection- of sodium chloride and the flux of permeation with time
are shown in Figure 1. The rejection of Na(Cl reached to 96% or greater
and the flux of permeation became 1.1 m3(m2.d) after passing the agueous
solution of sodium polyacrylate and sodium chioride for 20 hours,
Thereafter, pure water was passed through the membrane and, then, a
500 meg/liter aqueous solution of sodium chloride was passed through the

membrane for 100 hours or longer. The rejection of Na(l gradually
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15 500 mg/liter of sodium chloride was passed through an aromatic
polyamide membrane having a rejection of NaCl in a 500 mg/liter aqueous
solution of sodium chloride decreased to 87.5% under 1.2 MPa for 20
hours, and the properties for passing pure water and a 500 mg/liter
aqueous solution of sodium chloride through the membrane were
evaluated. 20 Thereafter, an aqueous solution containing 1 mg/liter of
polyvinylamidine having a weight-average molecular weight of 3,500,000

ARFEFF RISt AdbhRREMBsEenER Patbedlusdfrermemiorowas found.

e Wwater was_passed. .Then, a 5Q0 mg/liter. eous solution .
o oD RR Ml b L RRBIEISE T o
ORRIGUNACNEHICEC BRI G i Hhe selectinibivetiie PRIalRLafSQMUORS 488 case in

rejection of NaCl exceeded 96%, and this value was maintained while the
athredlsxs ol feroenEch 3VevaFiessdhhforctfOendrasion ongeriincthased 10

last step. Fi%u ZE%OWS dia%ram. exhihiting the changes of the
&GN BRNABS P AR RRFREATON WRIPGHIE |ARnshGra g are
Charagigristics;gf the anionic macromolecule 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 enhanced
by-#3ierRate adsorption of the anionic macromolecule and the cationic

macro ecule. 10 Ex le 10 The treatment for increasing the rejectjon |
s o e L R T (Y Sl mict

Maeiamelaeu b aikh R A01eRUF AU ORI Ri631I8RINNAr MOIeEHIfucted by

successively, through an aromatic
passing an agueous solution of an anionic macromolecule and an aqueous

solution of a cationic macromolecule, successively.

An aqueous solution containing 10 mgliter of sodium
polyacrylate having a weight-average molecular weight of 6,000,000 and
500 meg/liter of sodium chloride was passed through an aromatic
polyamide membrane having a rejection of NaCl in a 500 mg/liter agueous
solution of sodium chloride decreased to 87.5% under 1.2 MPa for 20 hours,
and the properties for passing pure water and a 500 mg/liter agueous
solution of sodium chloride  through the membrane were evaluated.
Thereafter, an aqueous solution containing 1 mg/fliter of polyvinvlamidine
having a weight-average molecular weight of 3,500,000 and 500 mg/hiter of
sodium chioride was passed under 1.2 MPa for 20 hours, and pure water
was passed. Then, a 500 megfliter aqueous solution of sodium chloride
was passed for 100 hours or longer. Due to the operation of increasing
the rejecﬁio;i by the plurality of solutions, the rejection of NaCl exceeded

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



10

15

20

25 -

15 polyamide low pressure membrane having a rejection of NaCl in a 500
mg/liter aqueous solution of sodium chloride of 97% and a flux of
permeation of 0.9 m3(m2.d). An aqueous solution containing 10 mg/liter of
sodium polyacrylate having a weight-average molecular weight of
6,000,000 and 500 mg/liter of 20 sodium chloride was passed under 1.2
MPa for 4 hours, and pure water and a 500 mg/liter aqueous solution of
spdium chlo i(%g W %%sggd. Tpereafter, aﬁ%a ueous solutjon containjng
‘a

| gTliter of polyvinylammame Paviieswily oS RRole iR etgPRes a
3500900 apdi 5RRAierah sadiupp Eﬁ@r@?e\éﬁéﬁ)%%sﬁ%%g%rdltﬁe flux of

MPa for 4 hours. Then, after pure 25 water was passed, a mg/liter
apesoasiotutinbbofiseelium chloride was passed. 38 The rejection was
99%, and the flux of permeation was 0.7 m3(m2-d). Example 11 5 The

treatme fQFWre“dgﬁﬁié‘th@?gf@&i’EﬁFW%SE%dQétéh%MQanlaﬁr@mlecule
AEOUHROIIAR.AlA" AIORE MAGOMRIeE AC AN AAEOUS BTN the

. rme E ..S5In
of a cationic macromolecule, successwelyfpt?wrouﬁ SN aromatic

pohsamideriswcpresuranestivane havingd srieation @iNa@lina20on was
mg/liter aqueous solution of sodium chloride of 94% and a flux of 10

pErFTeatenh vrd Salifpajasrabiited seintidodoobiiaingd G niytitesodbility
sodi olyacrylate havin eight-average molecylar weight of o
D s SR St e oMU ABals AR dRaer Gbvs amionic
MRadeidoloui® and BHECWALSL ARG &SRR Mgditer aqueous solution of

sodium chloride were passed. 15 Thereafter, an aqueous solution
containing 1 mg/liter of polyvinylamidine

Example 10

The treatmént for increasing the rejection was conducted by
passing an agueous solution of an anionic macromﬁlecule and an aguecus
solution of a cationic macromolecule, succéssiveiy, through an aromatic
polyamide low pressure membrane having a rejection of NaCl in a 500
mg/liter aqueous solution of sodium chloride of 97% and a flux of
permeation of 0.9 m3(m?2.d).

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

water was passed, a 500 mg/liter aqueous solution of sodium chloride was

passed.
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having a weight-average molecular weight of 3,500,000 and 500 mg/liter
of sodium chloride was passed under 0.75 MPa for 4 hours. Then, after
pure water passed, a 500 mg/liter aqueous solution of sodium chloride
was passed. 20 The rejection was 98%, and the flux of permeation was
0.7 m3(m2d). The results of Examples 10 and 11 are shown in Table 5.
25 39 Table 5 Reverse pressure Rejection Flux of permeation osmosis of

of NaCl () _(m3im2d) 5 membgape operation before affer before after
treat- trqui?-)%re}%‘;{‘)tl‘et(r:%elzgl}tr-1 (Mﬁg)b@e/r?t mge% mggaet & £b BEmsRtYg: was 0.7

arpiBge.-4)2 97 99 0.9 0.7 polyamide low pressure membrane Example
11 aromatic 0.75 94 98 0.9 0.7 15 polyamide ultra- low pressure
membrane 20 (An aqueous solution containing sodium polyacrylate

haying a weight-average molecular weight of 6,000,000 and sodium
c%m%\l{r\édﬂn agueous solution containing

The treatment for increasing the rejection was conducted by
passing an aguecus solution of an anionic macromolecule and an agueous
sclution of a cationic macromolecule, successively, through an aromatic

 polyamide low pressure membrane having a rejection of NlaCi i a 500
mgfliter aqueous solution of sodium chloride of 94% and a flux of
permeation of 0.9 m3(m2.d).

An aqueous solution containing 10 meg/liter of sodium polyacrylate
having a weight-average molecular weight of 6,000,000 and 500 mg/liter of
sodium chloride was passed under 0.75 MPa for 4 hours, and puré water
and a 500 mg/liter aqueous solution of sodium chioride were passed.
Thereafter, an aqueous solution containing 1 meg/liter of polyvinyiamidine
having a weight-average molecular weight of 3,500,000 and 500 mg/liter of
sodium chloride was passed under (.75 MPa for 4 hours. Then, after
pure water passed, a 500 mg/liter aquecus solution of sodium chloride was

passed.

The rejection was 98%, and the flux of permeation was (.7

m3m2d).

The results of Examples 10 and 11 are shown in Tabie 5.
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polyvinylamidine having a weight-average molecular weight of 3,500,000

and sodium chloride were passed successively.) 25 As shown in Table 5,
the rejection of NaCl increased to 99% and 98% without marked

decreases in the flux of permeation by passing the aqueous solution of

the anionic macromolecule and the aqueous solution of the cationic
macromolecule, successively, through the aromatic polyamide membrane
exhibiting the rejection of 97% and 9 %}?éspectively. 30 Example 12 An
agueous sotutioncontaining-t-mgftiter-of potyvinylamidine—having-a———
weight-average mpigepslar weight-af:3:500,000,100Q:mg/liter qfh&qg%eam

chloride and 1,00Qng/liter of isopgepy! alcohol {14 ugs passed 4Q .. 4
through an aromatic polyamide membrane having a rejection of NaCl of

88% and a rejection of IPA of 38% in an agueous solution containing 500
mg/liter of sodiurPeRisABR and°PEBBomg/litdedtisoprefist alcardiander after
1.2 MPa for 24 hours, and the properties for sing Phfe watéfedhe 500854t
mgl liter aqueous solution of soditim chloridéSRd the 1800 mgififdy ~ ment
agueous Solufion of ISopropyT alconpr through the membrans were — .
ev;fxl'lfé?e%.mrhereaﬁ%ﬁalﬁeaqueoué‘golution cotitaining Pmg/liteP8f 0.7
sodium polystyre, ;ﬁg&@te having a weight-average molecular weight of
3,000,000, 500 mgéliter-9f sodium chloride and 1,000 mg/liter of isopropyl

10 alcohol was passed under 1.2 MPa for 24 hours. Then, after pure
whterplad passedramB60 mg/lite0d§ueous soktion of 8ddium chioride 0.7
and a 1,000 mg/RFafdeous solution of isopropyl alcohol were passed.
Figure 3 shows g ¢ IQQZ;{'aurpeexhibiting the changes of the flux of

permeation, the rgjestion. of NaCl and the rejection of IPA with time.

{An agueous solution containing sodium polyacrylate bhaving a weight-average molecular
weight of 6,000,000 and sodium chloride and an agueous solution containing

polyvinylamidine having a weight-average molecular weight of 3,500,000 and sodium

chloride were passed successively.)

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

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

Examplé 12

An aqueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weight of 8,500,000, 500 mgfliter of
sodium chloride and 1,000 mg/liter of isopropyl alcohol (IPA) was passed

40



10

15

20

25

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

hility of th b treated for increasjng the rejection
e S i AR Ay a v o
medieatinertaettansr alveobmupdedsayheiar.whishvas Sntgining 500

surfactant of the alkyl ether type, was 41 passed under a pressure o
opeeiter off lsediRa thirburgdeannhise0 CanepfhitierpefiaorieepFIe AIBGRBE under

havi ti f NaCl in a 500 mg/liter aqueous solution of sodium

S5 B ncrd s amionors vt oot 50
t [ ' jectio ich had a flux of permeation of 0.9 _.
i B s U EE et R R L

thegasnaspreshdises s thaneripExanuiBel0 rBassingid) aHUEMHIne were
solution containing 10 mg/liter of sodium polyacrylate having a

weHuaietage Therealkerwdaighrereoseo,00asing 50MbagHiteg of sodiditer of
chlorde and.an agueous, solution 10.containing.1 mg/liter of _
PR Az Rl o of
argl G 000/1680 kSR SNiRIEERP LRTEERINCMIP YRR NG AATIE ¢ ;
aromatic polyamide membrane as the above m%%n%%%%%e%%pt ﬁ%a?ftﬁ%{)pmpyi
refletbalwessdeaseed atnded4v 2ol Bxidation Andthe chRsge Afcthesiiss water

of‘gggmggstg% ,Wghgérgexngga/?itég rgc?&ggtaesd'so}ution of sodium chloride and a
1,000 mg/liter agqueous solution of isopropyl alcohol were passed. Figure |
3 shows a diagram exhibiting the changes of the flux of permeation, the
rejection of NaCl and the rejection of IPA with time.

Due to the operation for increasing the rejection with the plurality

of agueous solutions, the rejection of NaCl reached 99%, and the rejection

of IPA reached 73%. By passing the aqueous solution of the anionic
macromolecule after passing the agueocus solution of the cationic
macromolecule, the rejection of NaCl and the rejection of IPA could be
further increased by about 1% without decreasing the flux of permeation,

and the stability of the membrane treated for Increasing the rejection

could be enhanced.

Example 13

Organic waste water containing 1 mg/liter of heptaethylene glycol

monododecyl ether, which was a surfactant of the alkyl ether type, was
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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
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solution containing 1 mg/liter of polyvinylamidine having a molecular
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under 0.5 MPa for 4 hours. Pure water was passed, and the property for
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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
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 Ead a greater flux of
permeation due to the suppressed decrease in the flux of permeation after
24 hours. This result is considered to be obtained since dense portions of
the unused membrane were partially replaced with the macromolecule
used for the treatment for increasing the rejection, and the surface of the
membrane was covered with the hydrophilic ionic macromolecule to make

adsorption of nonionic surfactants of the contaminating substance
difficult.
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polyacrylate and sodium chloride, the passage of pure water, the passage
of the aqueous solution of sodium chloride, the passage of the agqueous
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 mg/liter aqueous solution of sodium
chloride was passed for 50 hours. The rejection of NaCl was 93% and the
flux of permeation was 0.9 m3(mz2d) after the first treatments with the
agueous solution of 25 polyacrylic acid and sodium chloride and the
adieeugpdeliiion of polyvinylamidine and sodium chloride. The rejection
of NaCl was 96% 43 and the flux of permeation was 0.7 an3(m2-d) after

the secordMrdanabmenifor HCERRBES sl ittoectiopoty tdrydipatyd aride -based
sod] ide and the agueous solution of polyvinylamidine and sodium
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increasin%ghe r%ection with a permeable membrane 15 of the present
inviiion By iding %8 pomhessie mBrtsrametendandaecsfifame/ it thgueons

prQSﬁﬁﬁéﬂr tgg \élgé%rtﬁe%t glr‘]itd%f tQJee e[espesgstsed, and an aguecus solution
containing 1 mgfliter of polyvinylamidine having a molecular weight of
3,500,000 and 500 mg/liter of sodium chloride was passed under G.5 MPa
for 4 hours. Pure water was passed, and the property for passing a 500
meg/liter agueous solution of sodium chloride was evaluated.

Thereafter, the passage of the aqueous solution of sodium
polyacrylate and sodium chloride, the passage of pure water, the passage
of the agueous solution of sodium chloride, the passage of the aqueous
solution of polyvinylamidine and sodium chloride and the passage of pure
water were repeated in accordance with the same procedures as those
conducted above and, then, a BOO mefliter aqueous solution of sodium
chloride was passed for 50 hom's..

The rejeétion of NaCl was 93% and the flux of permeatior was 0.9
m3(m2-d) after the first treatments with the agueous solution of
polyacrylic acid and sodium chloride and the aqueous solution of

polyvinylamidine and sodium chloride. The rejection of NaCl was 96%
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invention, not only inorganic electrolytes but also organic substances

soluble in water which are present in water can be effectively separated

while the rejection and the flux of permeation can be maintained at great

20 values for a long time. 44 CLAIMS 1. The agent for increasing

rejection with a permeable membrane which comprises an ionic
macromolecule having a weight-average molecular weight of 100,000 or
greatbrhehfwinihecnnkamnos ameleculens(a2 AN ianis:MAC eIBIEE R atments
which is a polystyrenesulfonic acid or a derivative thereof. 2. The agent for
indredsiReraeivrs wriugipeiamiameribracid accbritigitn dibiride and the

r|n the rmeabl eis nano Itration membrane or a
\rlg\]/e 5 tg o Q&E{gl amidine an sodium chioride. The rejection

obta,med after the two treatments was maintained for 50 hours.

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 compounds soluble in water
car 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 time by using the agent for
increasing the rejeétion with a permeable membrane and in accordance
with the process for increasing the rejection with a permeable membrane
of the present invention. By using the permeable membrane and in
accordance with the process for the water treatment of the present
invention, not only inorganic electrolytes but also crganic substances
soluble in water which are present in water can be effectively separated

while the rejection and the flux of permeation can be maintained at great

values for a long time.
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CLAIMS

1. The agent for increasing rejection with a permeable membrane which
comprises an ionic 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 permeable membrane according to
ctaim 1, wherein the permeable membrane is 2 nano filtration membrane or a reverse

0sSMOEsis membrane.
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