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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 r&JEGCRIFPEIMEable membrane and a
process for water treatment. More particularly, the present invention
relates to an agent for increasing the rejection of inorganic electrolytes
and ol BRSUBHIAICSREIAENG NS HRHORTFENE SRRitiobLE
using a selective permeable membrane such as a nano filtration

membMBYBRILNEY PRO CBESEOR TN ORE, ASIN G 0tEESHEIRCTRONY

the rejection using the agent, a permeable membrane having a rejection

TR A e NN N5 bR BO IR thE QR TEAT K EFHRAGRMEENT
for water treatment using the permeable membrane. 20 BACKGROUND
ART The rejection of inorganic electrolytes and organic substances

SATIEIN TGRS WIl dselective permeable membrane such as a nano
filtration membrane and a reverse osmosis membrane decreases due to
degradafiéi optssanhciovssition arelatesal oy te effent ofaxidatvendfg the
substances and reductive suggtance%%r;sent in water and by qther

CAULRe T Be RS RRRRIN (RTTHE ARfird BERIRSSorffie tRSERSGine the
Waigedeioh ORI VR IRERASAARYAC Pl AIRAYAN N0 Rd0fGent,

period of the use or suddenly due to an accident. When this decrease
takéerplneatitulsrly ihedotteaethiciabiittofithe membsane Necrachireseteasing
from the, . . .

tg'e rejection of mnorganic electrolytes and orpanic substances soluble in

water in the membrane separation using a selective permeable membrane
such as & nano filtration membrane and a reverse osmosis membrane, a
process for increasing the rejection using the agent, & permeable
membrane having 2 rejection increased by the treatment ir accordance

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

membrane,

BACEGROUND ART

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

and 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 satjsfy the above requirement, processes for maintaining the rejection

eﬂhﬁ?ﬂ@&%ﬂ?gﬁﬁ&R@@&%ﬁ%ﬁ?@%@m&w&m@ﬁn&adm@pﬁod of
pr. s.fo vering the rejection.with a ggrmeable 10 membrane
ex%gi%%gg?} gg}%%%%d%fé?ﬁon AT é%%%pe% ,e§§q.ﬁ@kes place,
Pritces séquingERBIRINHS SRR P EHEANIE TSHL 3080 WSE from the
orlganlc substances having anionic groups are deposited, a process in

w

earavepeomditing wathiontnesparatimedhitmerdguae BaEalvlieomdule to
an hateric surfactant haying a quaternary amino group or a cationic
LU R RS0 Yo OBl ch e TPOTS messtblsstecovery be
MREKAPDWHAS PIIRESIRS A58 BYFSRO ST RRIS Mgmbrane exhibited i
the unused condition f(gsr a long time angi?gc%ﬁviﬁﬁ Lkggrevfggﬁgﬁso ?éf&%d'

with the ferniiisfe dberexisnc hyetiiresaeaqrpeasssEkw I MSHNRISE the
0Smosis megnggpr‘gne is brought into contact with an agent for treating a 20
LeBoAkR A ampseire e rpanaiiy inrshokandor a long time
polyaerylie acid | ifion of a areat cqncentration and then with the
agent con i%%%%ﬁ??%&?diﬁ%ﬁ%%%% a 80ﬁ@%ﬁ%&?ﬁnﬁ@%oﬁq?@ﬁ’mabh
(PatentliRefererbiba}iAs shadqieeesd e KpRMYIRE e ¥EISEURY AN yample.
and the maintenance of the ability of a semipermeable membrane, a 25 '
tre8friBA PErsees Som veseRaTAHORI Rarylp obiveep daniruh b eiglghboanE B which
adg%ﬁgwa $8 Srfl:nermeagle membrane is proposed (Patent Reference 3).
' Srireating & cenfiPeTHE BRO RS rbranderamieh dppiragess in

2 Asthe agen

nowhidl ihapisacbsminasnaallgNabLans Pyt als t%%?e%”%%eg

: : ] ution of an
semipermeable membrane and improves permeation o SO ven? antﬁb

amphoteric surfactant having a guaternary amino group or & cationic
surfactant is proposed {(Patent Referemce 1). As the process for
maintaining the properties of a reverse osmosis membrane exhibited in
the unused condition for a long time and recovering the rejection of salts
with the membrane decreased by the use, a process in which the reverse
osmosis membrane is brought ints contact with an agent for treating a
membrane such as polyvinyl methyl ether, polyvinyl alcohol and
polyacrylic acid in the condition of 2 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 a‘bﬂitﬁf
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

ofApermeation: ifosigahEng Heel a'ﬁ@ﬁﬂgﬂlﬁrgﬂg%&ﬁi%ﬁ[f%%l é@ie(i not
maintained. As for the process or the agent used for treating a ce Iug e
acathite tnembreete, femeimmplesldoronesakiearhichatpartion of dafeciisused
coated with I'}tquid substance having compatibility with the membrane

aFETERETRARP IR DRI RSy MM CLRABVRE) BT SAB HIoHn gl Hagosaivants and
S %Q?Qﬁ&oﬁ’f’%ﬂl@ésthg %{Tgﬂ%&&r oa?sggﬁtf%ﬁgﬁ ing and recoveringﬁased

small defect found after'the membrane IS'Set at a mo&ﬁ e?&g?esn? viny
Refssanee Satingever ofgastorgenge Wivihis peessss. heomaendl flrminal
the membrane which can be treated is limited, and complicated operations
SUBTRR b BFRYBr e ditfe Pite whainein fmrepham&i@smmraﬂefewm 3).
S ich, shows a small decrease in the permeability of water and. is
Y G R S R RIS KBty i, icrease
caipaky e esapoaliBly HRORYE HARINIE Sde DA Sse in the flux
proposed (Patent Reference 6). A nano filtration membrane having

adeo s etigthisesehatneand hhoinperewied ulrjorsight 6f 01080 fciently

re%orte% é.Noérg-Patent Reference 1). Although the rejection of NaCl is
ab 0, a rejection of MgCI2 of 90% 3 or greater is obtained at a pH

1 e PR B MR B
mdmtwameid@oﬁzmb(glhy&mnm.%mch & portion of defect is coated
with a liquid substance having compatibility with the membrane and
exhibiting the plasticizing effect, followed by smoothing the formed
surface is proposed as the effective process for repairing and recovering &
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 agexit comprising a vinyl polymer having an alkoxyl group,
carboxyl group and an alkoxycarbonyl group in the side chains is proposed
(Patent Reference 6).
A nano filtration membrane having adsorbed polyethyleneimine

having a molecular weight of 70,000 is reported (Norn-Patent Reference 1).
A}though the rejection of NaCl is about 15%, a rejection of MgCly of 90%



process for treating a reverse osmosis membrane which can main gin 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

range with a great rejection, a process in which a pressure-resistant
veSsEranter ipphtainedaritaenibmbrine BapeestinntisepeeieetiovitoMeCl, is
reverse osmosis 10 element having a polyamide skin layer and,

thepsasrge & PR R orlies dibbauasiaameh Brn anaintziming oorthe decrease is

brought.into,contact,with the element, is proppsed (Patent Reference 7).
O e R S PR R P peage of As the
therbRBD BReraasibe suviase ehemic Al MOdlede RIPESSRI M tain the

and bromine are used in 15 great concentrations, it is necessary that a
5 grefiecar idecrdanigr tie connemtmitiiomredatidnicsniditwnseanshalsal fehrough
the, safety. Therefore, it is, difficylt that the operation of increasing the

re ]S SHTMRTE e fRbr &ndPRE CHTRR CBRCh AR (aRaTstendoran [Phish is not
RefarenceslhJap Q%@ﬁ-&@&%ﬁ@ﬁ@liﬁ@g%i@%@ﬁ%ﬂye%r%%‘ r%vél%tmi range

57(1982)-119804 (page 1) [Patent Reference apanese

Applitatiogreaic-@eeiiohloa oo 38(RH B 2S0834na0eR4i80h vessel in an
[Patent Refer%r,}ce 31 Japanese Patent Application Laid Open No. Showa
SOMPPPER T P7athsBembrane seniRdior s oackidonidse Pavernse osmosis

Apglicati id: No._Sh 1980)-11430 d2)4
i6 p&@iﬂgﬁ@ I’iﬂiglg& € Jggignese&\éaa?ééép % (%%%%S an

[Patent Reference™s Apphcatiéfiai b. Shoftreons
56609816 BiHcpabeshane MRaen eieneace GhrJapRD SR AR ot with

Apgiyg a;ilggntzali%g gpspoye)%éd {(Patent Reference 7). In accordance with this
process, bromine is introduced to the surface of the membrane, and the
surface is chemically modified. Smce chiorine and bromine are used in

15 great coneentmﬁons, 1t is necessary that a great care be ﬁakexl for the
control of the reaction conditions and also for the safety. Therefore, it is
difficult that the operation of increasing the rejection with 2 membrane is
conducted at the place of the use. -

[Patent Reference 11 Japanese Patent Appheation Laid Open No.

20 Showa 57(1982)-119804 (page 1)

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

[Patent Reference 3] Japanese Patent Application Laid Open No.
Showa 50(1975)-140878 (page 1)

25 [Patent Reference 41 Japanese Patent Application Laid Open No.
Showa 55(1980)-114306 (pages 1 and 2)



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

permeab J n fpatal t(?%'n eased. rejection of
inorganicﬁe)lg%(:%t%15%&S ggﬁ%ﬁig%%%u% S %é%ég ?\l%vaéﬂgflf raédk%%en No.
tinfEhessil Ha(IB82Je07 50 4h@ iaratidmafitt® use 15 of the membrane

- without ezigeme decrease in the flux of permeation in the membrane
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separatio noe per shiphlisatzonaheid Open No.
filtegg ] reverse psmesis membrane, a process for
ihc%ggr%gtﬁae?%%imﬁ@ﬁ%%sm%ﬁge&s sing the agent, a permeable
membranfPeibieh Bdibinan TICroasAthENEcHaBhY BEIRAIMENtIRADpen No.
accordance with the process, and a process for water treatment which
corPPBEEI 3R dmgeRBrmeable membrane. As the result of intensive

studies bythe p!;e%%n‘% ir%\gintors to a%chiﬁe the above object, it was found

that the r()a%eg fon 26801d BRIGES kably indféiSedbyilreatfigratieah diismbrane
MegHaEARE, Witi1as9)51aguegys solution of an ionic macromolecule having

a weight-average molecular weight of 100,000 or greater without a great
decrease in the 5 flux of permeation, and that this treatment not only

recaverad i ejection intha plication to permeable membranes
haviteP e Hesteasad ) ool IMWENTION byt also increased the
rejection

esent |r|3‘eﬁr§ %P%ab?ﬁ'ggﬁgnﬂb%eg&%e%aobéjee@eg}b {J%g%sdiggean agent for
increasing the rejection with a permeable membrane which can maintain
the increased rejection of inorganic electrolytes and organic compounds
soluble in water for a 1ox#g 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 permeabie membrane such as
& nano filtration membrane and a reverse osmosis membrane, a process
for increasing the rejection which comprises using the agent, a permeable
membrane which exhibits an increased rejection by the treatment in
accordance with the process, and a process for water treatment which
comprises using the permeable membrane.

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

agueous solution of an ionic macromolecule having a weight-average

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

o
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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

MRRDEN @A AR36 1 TN MM RN G AL A SRR SR QS rggr%;esa elcéovered the

membrane; (3) The agent for increasing rejection with a pe
nejebtae inleheribpplieg tihwbemintie isiamoatremele tleiisacateniased
15 macromolecule; (4) The a%ent_for increasing rejection with a

pEMREUBR HHEm bRarec BYE 1B TREsR sofetBmmplectiap it the application to
[E@PI ﬁg&h heter lic_ring; 3’5%Thea ent for increasin
Pé%e%nonw agegrﬁnll%ea%%‘e%%%&r%greashe 2 %S&Fggﬁ% (ZL?,V\% n%ﬁ’es been
cabamiendchamianyithbavirerisigterocyclic ring is a polyvinylamidine or
a derivative thereof, (6) The agent for increasing rejection with a
permeali®gRuetsahénveBEGBRIRVIdsswherein the ionic macromolecule
iSan anionic romolecule; 25 gﬁ) The agent for incregsjng rejection .
i 2 BEHERDIe he B SR A RO EREF S RS ARe a RGFROFame which
MasHPRIES WS, IS oty aa T e Gl k18 %t'\ée %tl&@?é-%@é Ergg ?881&111&:
for increasing rejection with a permeable membrane descri e(fl 6),
wiwsightth® 00 wragreatescule is polystyrenesulfonic acid or a
de(afyatiﬁthereof, , ) .. X
Che agent for increasing rejection with a permesble membrane
described in (1), wherein the permeable membrane is a nano filiration
membrane or a reverse osmosis membrane;
(8 The agent for Increasing rejection with a permeable membrane
described in (1), wherein the iomic macrdmoiecule 18 & cationic
macromolecule;
(4) The agent for increasing rejection with a permeable membrane
described in (3), wherein the cationic macromolecule has o heterocyclic
ring;
(5) The agent for increasing rejection with a permeable membrane
described in {4), wherein the cationic macromolecule having a hetereccyclic
ringis 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 anmjonic
macromolecule;

(7 The agent for increasing rejection with a permeable membrane

described in (6), wherein the anionic macromolecuie 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

ingreasing.rejegtion V\ij.th a permeable membrane described in any one of
3% QF 1%emo : . : o .
(1) to 3’; ||S € process for increasing rejection with a permeable

mEnbran: dasaitoeekinitkbayherela; e RE ”%Eﬁﬁ'eénﬁé'}ﬁ{é‘ﬁms membrane
treated a plu~raI|ty 15 of times with the agent for increasing rejection With 3
petascuibled mefhranertis) tikepionesaiacinaiehsainl rejelign idhesulfonic
per%{?able embrane descriped in (11), wherein the agent for increasing

refSEHicT RiftFH Y BERShER A tembrane described in any one of (3) to (5)

h 040creasi lecl] ith bl
o B R R PR SRl arane

fordiermeibeihgueadionhidih eoperrieable roatabrange desarkeaItABYBNS tion
of (10) to (12), wherein an agueous solution comprising the agent for

in U BHERS e B0 R RTERRISc PATEEISNT 10 eATh b coPBAdES CrilTepomnain palnble in
of {1)4Q.{9) is passed through a module in which a permeable membrane

is disposed; 7 (14) The process for increasing rejection with a permeable

meiirane prseraedon aneonaf (Fbigids) e eI APHIMAEd membrane

permeable membrane or a permeable membrane having same rejection
asWHEB coRPRish D fIsating Jerrmeatieabdenmanthimire atsthwilicthgrent for

agent for . L . .
Increasing rejection with a permeable membrane described in any one of

(D o (9);

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

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

(13) The process for increasing rejection with a permeable membrane
described in any one of (10) to (12), wherein an 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;



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

me@?%a X gclizéé\fger eable membrane which is treated in accordance

with tfie n;f?b FintTe BTG PEIR& SRIRAR L Eilte Zbeermepsllanmembrane
degiiRed, iy any 0 );.an ) A process for water

treatment Whii}% cg{rlnﬁpﬁysééé l%fst?r% t et%egr#é%brgﬁﬁgefﬁe%ré’r?é%%@cﬁﬁ@ﬂmable
in mmm&_ﬁﬁﬁﬂ@&%m%@%f&ﬂ]?% & rejection
diagram exhibiting the change of the rejection of NaCl and the f o
perfisBicRwitruFae. PRymeablshsnembttagearis I0esthibitnghthelehangme for

ux o

i tﬂ%{gj%(igonrgfelt\:lgm and the quxﬁoé‘]egerme tion with time. Figure 3
E

shows a

rejeaton afeAsnddbeadiuxei-aesneationuiiby gy, How ﬁ e.\%'zn?.mbr&ne

diagram exhibiting the change of the flux of permeation wit

am exmbiting the ChaRge JARREBE on of NaCl, the

wietERRED RS oD(VENED TQUARRYAY Ta ThEnteble membrane

ENTION The agent.for increasing the rejection with a permeable
meRETEHE o e B SRETROER

hamgﬁghggvgf@_%&n%gﬂIamgei%%e%ftl 0,000 or Jreater. In the
present 5 invention, it is preferable that t

PTREERT TREB fp AeiRCBATOWRS inake romiasedute rmeable

Weight-average meleiigFton  with

10weipttoktide membrane;

20

25

(18) A permeable membrane which is trested 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 permesbie

membrane described in (16).

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

permeation with time,

THE MOST PREFERRED EMBODIMENT TO CARRY QUT THE
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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
p%&ﬁéﬁhe rejection is not sufficiently increased. In the present

in - eight-average molecular weight is obtained by analysis of

an aque s% i f.the jonic macromolecule in.accordance with the

gel perrﬁgl}tio cgr%cr%a Soraphys foNowet %%;}[)C%ll%'a BrPSTIeas degmpbrane
15fveightppeessesvantinl didhpreisiense MalR ishatRASME Shaving &
oxide based on the obtained chromatogram. In the range of a great
muleiravearge winsoulw refegincemieiB0ofqolmthitene hxidedspresent
nat available, the weight-average molecular weight is obtained in
acl&)vr%%!:r’i‘gg"\kﬁtf? tﬂree%]ﬁgﬁﬁt‘?iecéf‘@%i?%;n%? FIRRRERMIAEH AT eight of the
medeiasl :2RAhRAIL o BRI Gr BedeiRe R ANGHIZANS, 1 000,000
membrane of the present invention can be advantageously app ied to

na@to fealion méihimanbs amdiphteave pspeosivivesibranesghibediatife ionic

filtration miﬁmb ane to WEich the agent for increasing the rejection with a
pePHEEBROEH DA - diiﬁjglgéﬁgﬁaaﬁdhe ionic

fie Prate P08 sh hewsmne

25membrane.fos ligul ' jgcts. permeation.of particles havin -
diameters of about 2 ngr%dg%%ﬁé% aEnlC% RACTOMO %ecu e %ﬁ?pf“& fsgabﬁlty

thestittereabib adarofisriio maerniiee® 06/ HIRMOWARICand there is the
membranes such as ceramic membranes and macromolecular

mENTHHUEEY dhak themyjasmiatitemenardheiendmpusieasedmbiante gabsent

T e S T

andieé@tious solution of the ionic macromolecule in accordance with the gel
permeaftion chromatography, followed by caleulation of the molecular
weight expressed as that of the reference material of polyethylene oxide
bgsed. on the obtained chromatogram. In the range of 2 great molecular
weight where the reference material of polyethylene oxide is not availabie,
the weight-average molecular weight is obtained in accordance with the
Eighf scatiering method or the ultracentrifugal method.

The agent for increasing the rejection with a permeable membrane

of the present invention can be advantageously applied to nano filration

membranes and reverse osmosis membranes. The nano filtration

membrane to which the agent for increasing the rejection with a
permeable membrane of the present invention is applied is & separation
membrane for liguids which rejects perﬁu.eation of particles having

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



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

rejeglio esent javention is lied include amide-base
eql nsﬁrggﬁxpé SR no (@rﬁ)r g

materials such as aromatic polyami At FpohaMTes ude inorganic
compasbeamedesinlh basestomibenenphanmidss and colllasehase bl tbranes

materials such as cellulose acetate. Among these materials, aromatic

pol§ERki RS asEprefiziblanembraRst fopingresisingibmbejeation af thtectrically

presgglt mgeg;tg%gkgan be applied to any of unused permeable membranes

and Used permeania mEmbrafiasT e hobraastsh @ gaHramationa separation
smembrAbea: terraygise o5l RGERIANE IHNQLPALl Gy,

dtesgted'cgoaﬂ
Examples of the module include tubular membrane mo u?es, plate a ows

frarnermeniimané theduibss shivaldne apyhios theduias pRaAONOMEREY than the
mer@%ane mo,duI%sy%The ionic macromolecule used for the agent for
incrEaSh e WeRRiTFIATS RISHELISIc PREWRRENESHibensrakiaposed via the

iNVeRUAKIS A0t 2 PrRadigulal If'g}'!t d,Examples of the ionic

macromolecule include catior%lc a%rgr%o%%glgg?g%%ﬁﬁ?mﬂcrm%?@sOf the
andrevapsotainedié menidielecu R vlm ene hasR IMASOMIEHESnes such as
cationic macromolecules and anionic macromolecules are preferable. As

10¢0 fRYHISHECTREMBEARES | ctaf cerDsitr ablemiatthesam duatnplsee of the
of the. cafianice structural unit and the anionic structural unit is greater than
the amouint 5%)?%}3) gﬁ%ﬁ%é% TReRVEraR 5?05’%?%@% GREERSIng the
is npdjBetitial of the present invention is applied include amide-hased
materials such as aromatic polyamides, aliphatic polyamides and

composite materials based on these polyamides and cellulose-based

15 materiails 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 fltration

membrane or the reverse osmosis membrane is not particularly limited.

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

frame membrane modules, spiral membrane modules and hollow fiber

membrane modules.

The ionic macromolecule used for the agent for increasing the

rejection with a permeable membrane of the present invention is not

25  particularly Lmited. Examples of the ionic macromolecule inchude

cationic macromolecules, anionic . macromolecules and amphoteric

10



10

15

20

25

but cationic or anionic. Examples of the cationic macromolecule used in
the present invention include primary amine compounds such as
polyvinylamine, polyallylamine, polyacrylamide and chitosan, secondary
amine compounds 10 such as polyethyleneimine, tertiary amine
compounds such as poly(dimethylaminoethyl acrylate) and
i minoethyl methacrylate); guaternary ammonium

gig#né%%r%%g‘s%%% as'com %% s% 0 gfgf?e%%?%‘%%%d: %ﬁgfgpn%cmmolecules
AN ORI O SO RANISBITRRE AR SABIPAINES NaXINorg: NetRroguElGioteric
ring such as polyvinylamidine, 15 polyvinylpyridine, polypyrrol and
poiaiopidlerule, Gopslprafesnbleinthat phivaliyroisitucfuces defsthibeghtionic
i\qt%ove may be used.as the cationic macromolecule. Among these

RS HFISESH AR AR S RO CHEH g ATEAHEhamdhtrmount
Qﬁhéﬂ@)@ﬂ{@@gﬁds fﬂg@f@@ﬁ%ﬁe Iy %ﬂ%rﬂi@&g»ﬁa?e%%y% Wnot neutral
macromolecule having the structural 20 unit shown by general formula
[bjxt rayRoeiabiosmisaifi, Rl to R4 represent hydrogen atom or an alkyl

~ group such as methyl group. Rs CHz 124 \/\ -CH2-CC\/ C=N 251 N

J\yR1 Wl&s of the cationic macromolecule used in the present
invention include' primary amine compounds such as polyvinylamine,
polyallylamine, polyacrylamide and chitosan, secondary amine compounds
‘such as polyethylensimine, tertiary amine compounds such as
poly(dimethylaminoethyl  acrylate) and  poly(dimethylaminoethyl
methacrylate), guaterpary ammonium compounds such as compounds
obtained by adding guaternary ammonium group to polystyrene and
compounds having a heterocyclic ring such as polyvinylamidine,
polyvinylpyridine, polypyrrol and polyvinyldiazole. Copolymers having a
plurality of structures described above may be used as the catiomic

macromolecule. Among these compounds, compounds having a

heterccyclic ring are preferable, and polyvinylamidine is more preferable.
Polyvinylamidine is a cationic macromolecule having the structural

unit shown by general formula [1]. In general formula {1}, R! o R¢

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

R CH, R¢

N SN S
—CH,~C C-
™ |
C=N
l
N
RN
R' R

-~ [1]

11
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11 The cationic macromolecule having the structural unit represented by

general formula [11 can be prepared by copolymerization of acrylonitrile
or methacrylonitrile with N-vinylcarboxylic acid amide,

N-isopropenylcarboxylic acid amide, N-vinylcarboxylic acid ‘amide or 5
N-isopropenylcarboxylic acid imide, followed by hydrolysis of the obtained
copolymer to obtain an amidine. There is the possibility that the
ponV| nylaﬁa irRtRisamarremaleeit baving the syactymsd puiétivepresented
ac [ Ie I the |Ik arba oyI roup forme hydrolysis of
ollgg and%mlno gr formedk% %ng %P(I vW@%WEtlon of
10 @@sﬁamﬁewn&o fﬂé@ﬂﬁﬁ%ﬁtﬁ%‘i@” Wit AR PREC SR damide,

by general formula [11. As the commermal product a cationic

FLOC g??ﬁ?%ISt red rade ark) KP7000" can be used. Since )
nlt OgEITRI8 ?%‘g é‘?#f?@@%inbé(t Srdspineis afidry obtained
%P%‘”W@iﬂ'dﬂf Basifigcationq, pl%”)fhegh sxﬁﬁ o that the
catlon is great, and a great effect of increasing t e I’EjeCtIO
spaspvinyhtendexpititetath the daseriibethebsvackuy Qi?&ﬂlﬁsgwﬂenved
a heterocyclic rlni the den5|ty of cation can be increased by providing a

catioie fATEH r@‘% éyrmefédsorhndm@fsis of

t1hOeO%I£&%CIJr gre ter wh exh% %% Wer%#é av gf ole?g Wel anxyhc

10exasnaidk aaidrctomolealle Hnving mﬁiwt%q;ﬁé %ﬁ{i@%ﬁ%l
or tertlary amine or a quaternary ammonium salt in the structural unit

Yesented

such¥s geasrsvifoyrmiaing Lo thées tasfacwwiteegermerilect, a  cationic
membrane, the r%!ectl of catipnic spegies in water c be effectlvely
mcreaseé’tglrri]ce if gén glf g ’&‘%‘Sﬁﬁ?\(é by DIA'NITRIX Company

15

20

“DIAFLOC (a registered trade mark) KP7000" can be used. Since
nitrogen atom in the heterocyclic ring and nitrogen atom of the primary
amine in the polyvinylamidine has the cationic property, the density of
cation is .great, and a great effect of increasing the rejection of cationic
species in water is exhibited. In the case of other macromolecules having
& heterocyclic ring, the density of cation can be increased by providing a
cationic functional group such as a primary amine.
By the adsorption of the cationic macromolecule having a
- weight-average molecular weight of 100,000 or greater which exhibits the
strong cationic property, . for example, a macromolecule having the
structure of a primary, secondary or tertiary amine or a gusaternary
ammonium salt in the structural unit such as the polyvinylamidine, to the

surface of the permeable membrane, the rejection of cationic species in

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

12
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12 of the surface of the permeable membrane is great and the molecular
weight of the cationic macromolecule is great, the macromolecule is
adsorbed to the surface of the membrane with stability, and the rejection

is increased. Since the cationic macromolecule exhibits an excellent 5
hydrophilic property, the flux of permeation is not decreased to a great
degree. Examples of the anionic macromolecule used in the present

in‘v%ﬁ nSHEfRER: Phddre RereraRile smEnbatnet geventsant dhe molecular

o] lic. acid and polymethacrylic acid.and macromolecules having 10
58#%) iC agilgcéggu%%ﬁj% %s%%?%%??é%g‘s]lljaﬁofﬁc BRA8L oL a R fioTROlesyle s

aedpsivuibyiswioweraid. eRe b RAKD GBI 18 ARRKS ejection
structures may be used as the anionic macromolecule. Since sulfonic atid
gAsu pﬂ@ﬁ@@éyreﬁ@mﬂfm geitdandibitsatre atodem Bnionldipngpanty delient
m@ﬁcr{ffr.p lecule is ad orbﬁd ;[ﬁthe urface of the permeable membrane 15

with Stabiity 1o iR eae thE et P ihmrainte medaeeasd tor great
fogaghang time and does not cause a great decrease in the flux of

permeation. On the surface of the permeable membrane, positive charges
forming Jetegnpitesthef nébetismiimgen ate@iseiareReNtsiR PIHICHIA!, RRsent
the %resence of the, positive charge is significant in membranes having a

SBNEIRAT o RGHBAS L ASEORGISB AR s RavReh wrrbesie omuts such  as

di ;ﬂ.}ﬁ ;0 f lonie macromolecule has interactio .
w%%t e posﬁi\r/%-j(a Ecghccstgrgcei regéﬂiﬁzte%g?mg %ggiéﬁrfaa%}“ego _ ﬁ%&%?&%@‘ﬁﬂﬂnﬁ?mg
a welfyhtiaeidgerowpenidhrayaiohy a0 Q0 B eRLRT dbekendethAa. and

condition js maintained with more stability, and the effect of increasing the

reflRforebrampinisnieiasih wilepdamisre tabimg 2 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 a great decrease in the flux of
permeation. |

_On the surface of the permeable membrane, positive charges
forming pairs with the negative charges are also present. in particular,
the presence of the positive charge is significant in membranes having a
decreased rejection such as membranes in whichk the amide bond 1s
dissociated. Therefore, when the anionic macromolecule has interaction
with the positive charge present on the surface of the membrane and has
& weight-average molecular weight of 100,000 or greater, the bonded
condifion is maintained with more stability, and the effect of Increasing

the rejection of anionic species in water can be exhibited.

13
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13 Procedures of increasing the rejection with a permeable membrane
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

ordinaryfxg rature gecomes difficult when.the wejght-average
molecular \%g T P 6%368&&,111 g%eé%e

or ARG A HHHoA BeHReablrfegmbrane
tempagaisexetdAGlec o ReRasiar: AR matiamolsshle.hes

10 a charge but has a small weight-average molecular weight, a ggr‘fﬁfdnwmn

withBReTABRlscate thketnglage futionbrapensyseupdltien Hulpieh$RUIEohol is
the d Cr aseén thn%{ejection,but Iso at dense portions of the membrane,
and the efettafitrsaSiRg e (et lieman rohResignt debrtivscto the

indheriiyeabpermeatiok Jheiedsithe ibility-that ility of the 15 ..
adsorbed condition is insgﬁiciendtﬁéigl%é %%fﬁ%ﬁgmgﬁg:% a%ﬁ/‘é%&ﬁ‘fé\mf?#m
this repé ctidifiistint aqichere atile sneoionnefi s §RRAMECLL REIIRED A bt the
alcohol or polyethylene glycol, the flux O‘c%ff%&(z:‘rgeation decreases to a great

dSGEB e SHERRAERSRolRecIEERe ‘agather ibeecaviagtiteaverage

rejggtionpft t ign_exhibits the excellent 20 hydrophilic
property duelﬁgoe?é%%ﬁ%as@rﬁg%ﬁ %a%ee%%%uaﬁ%ga%&%%tmﬁp&at an elevated

peenaatiamisaof deetasadide greatdegiss-cvarydien tgl%&?&'&&é'&he has

weight is great. It is necessary that the agent for increasing the rejection
dPnER e dURAReD GEtalaswishite iesagperieatibm iz adsorption

ohjects .of increasing the rejection and realizing stable adsorption of the
Zgﬁﬁécrgr%o ecu e’fﬁ% feﬁie‘én% r%abcrear?é’ QRPRE R VERREPR RaFSIeDsoW hich cause

degtidinigcaasnasromolessuaghiah GaBPegedsl isRreierable that

oo, gerst he membrane,
and the effect of increasing the rejection is small relative to the decrease
in the flux of permeation. There is the possibility that stability of the
adsorbed condition is insufficient due to the small molecular weight.

When the rejection with a permeable membrane is impfoved by
using polyvinyl alcehol or polyethvlene 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 perme.ation while the objects
of increasing the rejection and realizing stable adsorption of the

macromolecule with the membrane are achieved. Therefore, for deciding

the macromolecule which can be used, it is preferable that J/dg=0.7 1s

14
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14 satisfied, wherein J(r) represents the flux of permeation through an

unused membrane and J represents the flux of permeation through the
membrane after the treatment for increasing the rejection. However, the
operation for increasing the rejection with a membrane is not restricted by

the above 5 condition when the operation is conducted with proviso that

the treated membrane is used as a membrane exhibiting different

IRHBIRA A REABEEED T Lo LAY 39, DIt RO SR M Snsed

when the rejection with a hano filtration membrane or a

residdibrichhlod Mﬁ&&ﬁt@m@'ﬂ@f@%ﬁﬁ%ﬁ@%ﬁ%}%ﬁgﬁ% membrane

degree. 10 In the agent for increasing the rejection with a perfmeable
mefibraie ¢teabmersefiriiverdiminth ehieniejeatopmokiowevaayhe Bserhtion
asé%_s,alt having a_counter ion. Examples of the salt having a counter ion

in

SR G AhF RS HYOFOERBriR ambtAnp 3 BefTamristed bifithe above
PobisRIERESHIREP el 3okhe 20PTL IBLIRRIRASING (e Lelecionin g o g

permeable membrane of the present invention may pvr}gg

confeming tiee iejactinh £OMPIIAING BAINOTIMHLRIBEH OWBP6AD HgARK ental
substance soluble in _water in combination with the ionic macromolecule.
WRERRRERSE d5ompriEhag Lfrdber Hnusathimasorbwitkethbioritample, when the

magr. cule s passed 20 through a petrmeable membrang, the )
re@gﬁgﬁtﬁﬁé pge%aélé’b?éﬂ%aﬁnq r&%‘é@bﬁﬂec%fﬁnﬁﬁzﬁ}?ﬁ% resistant to
pashRgenel Kaeine, andit sapasdecidedahetnes w%hggeﬁegpéei.s

continued or discontinued. When the concentration of the tracer Iin the

10 permeatidg widter rgestiesitne presmiting vidhee, iejectbnideglitiat ihgyermeable
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rejection with tziﬁermeable membrane 25 reached the prescribed value,

ar_w&lt%n_é‘ PR et SRR CPELLIHY AR Bicthe H98omprartacisraie anaanee used
Withdhis MORGSPm NS CORIALE jon. Examples of the salt having a counter ion

mclude polyvinylamidine hydrochioride, 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 fejection
comprising an inorganic electrolyte or an organic substance soluble in
water in combination with the ionic macromolecule. When water
comprising a tracer in combination with the ionic macfomolecule is passed
through & permeable membrane, the rejection with the permeable
membrane can be confirmed with the passage of the time, and it can ‘be ‘
decided whether the treatment is continued or discontinued. When the
concentration of the tracer in the permeating water reaches the prescribed
value, it is decided that the rejection with the permeable membrane
reached the prescribed value, and the treatment for increasing the

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



15 between the aqueous solution of the agent for increasing the rejection

and the permeable membrane can be controlled at the necessary and
sufficient minimum time, and the normal operation using the permeable
membrane can be resumed immediately. When a plurality of treatments

for 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.
Exegtpesn shthagnenysriolationotfithesegersttfe tamenidy dhsodjuebion and
chL ride. Exarggles of the organi compou soluble in water used as the

tra ¢ DETRSE B8 D ?t‘i%’b?‘é? Rt e Broesssyandisrticient
of ihtntiRael e ehaasdl il aRineaRle MePRIANE Q0.0

1,000 mg/liter and more preferably 300 to 700 mg e procgsg} or brane

increasibg thesmommhchmedmeabmnﬁm@rqﬂa&ﬁiﬁe preIeBitments for
invention, the permeable membrane is treated 15 with the agent for

5 incRATEATH RfeERSATAM ATperARsiMEacnBRsnetbethagamtc iy increasing
II‘]V&[;QI%%E&&)?EQ:}EEG E“%gﬁi%ng (? é%%essf rtreatbng the %e

membrane is not partlc or examp 3 BGueBis §%€fﬁ$ &%menﬁy

contaihing the agentior idtabiing e felesiatcispagaeddbravgh a Examples
module in which the permeable membrane is dlsposed 20 or the

peﬂﬁé&!@@wm@ﬁﬁwb@%w@d into Hreatrrsensisclutiensedimainidoride.

[ inereasing the rejection. W e&ﬁ E ueous solution
contamlng %ne Agent forinereasing the SQLBRIR %ﬁgﬁﬁfﬁff&e@hé‘g the tracer
10 petmgatie mepbpyIeRRouNtad 2 thesnodue %\A!Mﬁéh&&%fﬁ@%‘&b% of the

membrane is kept disposed in the module, the aqueous solution 2

coﬁt&ﬁ%ﬁ%@'&%@é@smgré@muﬁh&mpemmﬂy h&mﬁﬁ@ﬂedirmw to 1,000

re er, water passed thr h_the permeable membrane or water for
bu W/ﬁ er ané m%re pxefergbulgy 306 ’t% 700 megfliter.

In the process for increasmg “the rejection with a permeable

membrane of the present invention, the permeable membrane is treated

15 with the agent for increasing the rejection with a permeable membrane of

the present invention disclosed hereinabove. The process for treating the

permeable membrane is not particularly limited. For example, an

agueous solution containing the agent for increasing the rejection is

passed through a module in which the permeable membrane is disposed,

20 or the permeable membrane may be dipped into an agueous solufion

containing the agent for increasing the rejection. When the agueons

solution containing the agent for increasing the rejection is passed after
the permeable membrane is mounted to the module or while the
permeable membrane is kept disposed in the module, the agueous solution
25  containing the agent for increasing the rejection may be prepared from

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

16
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16 the treatment with the permeable membrane. When the aqueous

solution containing the agent for increasing the rejection is prepared

using water for the treatment with the permeable membrane, th'e 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 ,
foertireasinyithe R chermrabln trepdmaseble Mamebrathe isauateous

10 icularly limited. The treatment for.increasing the rejection may be
e R R R T RA AR, W O, Propared
thrasigly thaRe e ahle MATBENCWRR RIBSHSIRICHIDALIR. the change

pressure. It is preferable that the concentration of the ionic . _
magréhforsietsion tithdimeusasoticontntamingthecagapidgriheragsin of

15 tion is 0.5 to 50 mg/liter and more preferably 1 to 10 mg/liter.
A SR A S ——

maiteeadticieis hadamsiilby Rl ldpkan plong imedop e feamenty,: o
of increasing the rejection: When the concentration of theionic _
maeestmkecule exceeds 50 mg/liter, viscosity of the aqueous solution 20
increasesm%nd there is the possibility that resistance in passing the

solution tHrotGREF TR FRTRRIS e H e Ys s tion orateiabie thangent
thef&%“%:f&%&éﬁfé”%@%%%%%ﬂ] > iﬂ%&?%hc%'ﬁgig%g%thﬁeﬁg ent for

ane is not
increasing the rejection is 1 to ours and mor y BE5EPx o

howmrtitiarifhimitden o mebiiadanignagQmAscs gD NSAGHEUSy be
25 solution is increased, there is the possibility that the flux of permeation

deCraytiated nAgy ARsoDEPEE tinferfarasasinin ¢ hiee walistiofoeathbetreatment
- through the permeable membrane or a pressure smaller than this
pressure.  }t is preferable that the concentration of the ionic
macromolecule in the agueous solution containing the agent for increasing
rejection 18 0.5 to 50 mpfhiter and more preferably 1 to 10 mgfliter. When
the concentration of the ionic macromolecule is smaﬂér than 0.5 mg/lter,
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 mglfliter, viscosity of the agqueous solution
increases, and there is the possibility that resistance in passing the

solution through the permeable membrane increases. It is preferable

that the time for passing the aquecus solution containing the agent for
increasing the rejection is 1 to 48 hours and more preferably 2 to 24 hours.
When the concentration of the ionic macromolecule in the agueous
 solution is increased, there is the possibility that the flux of permesation

decreases seriously although the time for passing the solution can be



17 shortened. 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 5 concentration of the ionic macromolecule in the aqueous
solution is 50 to 10,000 mg/liter and more preferably 100 to 5,000 mg/liter.
Itis 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

corfi I@f@&eﬁ'is preferable that the permeable membrane is washed with
@e ioni mactr%nolecule remaining on the surface of the

10 water hat
Widd HE AEen RS IOT IR SN, The TeBchAn Witk theaesseable

permeable mem

for inerabsing the reisciqpcudthisy PemsaLle m&nm@ﬁﬁé%%“e' (8SEM colution

invention, the permeable membrane can be treated a plurality of times

usiﬁ@;%ﬁ’@’éﬁ’én@ef@gﬁweﬁmgrm@fﬁi?m k‘éj\a&ﬂi’lfo&,pﬂmaq&éﬂm%bie that the
membrane. By conducting a plurality of freatments for increasing the
SR Eie e

> reje ST AR FRARERIBAGHC e Rathnpanapesiselusisadis 50 to

rejeet@n@nsh g ey ra‘g;.lgy .ﬁgﬁjgsﬁgggggggs f@gnt Omige& the

membrane can be enhanced. In the plurality of treatments, ez%gﬁ%er. It is

ageprdforiideedbiay ttie rajestonivtiea dgypiagble 20 HeraBraRAMAMEE more
usedr eaéﬁvdly or different agents for increasing the rejection with a

perPREABTB Mieriorthe?haP O tsed Wikeesshvelylipyithe axtsdmption dias been

the jaal r ic polyamide._ membrane, the )
arofér% %%%%%gp%;%#% n %%oaiga%jén ﬁ;%‘%ﬁh%%? e RPFidscHRsiRe with

1tandveaisorptiothat dtntanine ing SRsARAER CARDA AR HCHEAe L E e of the
example, after the rejection is greatly increased by adsorption of the 1onic
madeFRsaBIaIeIRTBe gréthenbiitw b seelt is removed.

Eln the process for increasing the rejection with a permeable
membrane of the present invention, the permeable membrane can be
treated a plurality of times using the agents for 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 durébﬂity against substances
confaminating the membrane can be enhanced. In the plurality of
treatments, the same agent foi" 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 tencis to cause hydrophobic
adsorption is covered, and adgsorption. of céntaminaﬁng substances can be

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

adsorption of the ionic macromolecule having a greater molecular weight

18
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18 the ionic macromolecule having a smaller molecular weight is

adsorbed 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

1007609781 IBRErEB® s ik RAgEes eidimelers myltmiajestiphyite adsorbed

pegmgalle \m n of the present invention, it is preferable that the
permeabe 10%%%&&% i8 ea?le%cﬁtflrﬁg’:? 'gﬁ A rdn&regéntg welecular

rejmghtcﬁﬂmﬂ%&moaﬂdmﬁgrmeﬁgp nﬁgﬁ{b&f% aalr];g this
the rejection comprising an anionic macromolecule alternately
rejEtePEEanbasineafaneble yhnt diemelietadsonrtign pidhewaliofifght of the
ma}S molecule Pd §n|on|c macromolecule to the permeable

rane P CRTone Taes (AN 2E N BERE TR A olervlar ibrighd rgFar-hé}OG 000 to
elemrgmqso@ th@n\gateﬁgor“mgg S ﬁ%g% rejected Br% th

of the cationic macromolecule Where the positive ¢ arge aione |SQ§re Tt. ionic

WHBACTOR e culeteamignicsmationmtd eulel is-farnact 00 108 eEPh theo,ooo.

cationic acg molecule as the pair, each layer individually contributes to
CofREXERS 4Rt dRr3Raskng thheeRreaitionds inciased permeabie

Mageasta RS Brecies WhlSOng I8 tlon betweg mgg? er of the

cationic macromolecule and the Iayer o the ShidiRe %(%Fe permeable

exhitsitebrama ¢onthtiatethditheselgyers %ge@ﬁsqggegd@ ﬁ{ge&@em} ection
membrane, the absorbed condition of these layers is stabilizedto

suﬁﬁ%@%‘%ﬁvégé@ﬁ%‘%h@%ﬁ%@&ﬁlﬁt@ﬁCmasgérﬂj%ﬁromﬁ‘easmg the
staj} g&go@}fo@a?)ﬁ anate adsor tion of the nic. macromolecule and
omotecdre, ak

RUoA S :
the anionic mac omo ec ¢ 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 electrolyies in the water for
the treatment is strongly rejected in the layerl of the cationic
macromolecule where the positive charge alone is present. When a layer
of the anionic macromolecule is formed .on the layer of the cationic
macromolecule as the pair, each layer individually contribuies fo the
rejection of cations and anions, and the rejection is increased. Moreover,
as the result ef strong interaction between the layer of the cationic
macromolecule and the layer of the anionic macromolecule exhibited in a
condition that these layers are absorbed in a permeable membrane, the
absorbed condition of these layers is stabilized to suppress cleavage of

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

adsorption of the cationic macromolecule and the anionic macromolecule
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19 the charge on the surface of the membrane does not become
extremely 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

theneieRLPRWIth AuResmeakle Mmgmbrane of the present invention can be
applied to agr? unused perméag egr%%m FARe s B PRAOTS SFéremely

hapdsiive enmedGvs) eekipahashas A tismunysed @ﬂ%@%@%ﬁ%ﬁ’@ﬂﬁe the

B)étreating_ the unused permeable membrane or the permeable
m¢

Fiophiie nreperty sarmeaisjbetinrdas tFanef tie unlsedpesmsahiBstances

m rane using the agent for increasing the rejection, the rejection is
B o L0, T Ea e s PHBRRaiGn e racleapepee i the

suppiessedpdbrddifiBiocass fofjncgasing jhs ES!e tion with a permeable
membrane of the present invention can be applie -Elﬁt)l%gpe%hbesa ces can  be
ménimaersehving a rejection decreased from that of the unused

permeable membrane. The rejection can be increased by treating the
permeablefheRISFERE hQlindRFtRAS S e d Rejeawiertitth, thithgent foer@®able

iNgHRASIIG e Fgiegtion, Jhe per .membrane having.the rejection .
increased in_accordance witﬁhgh S%%gg%nof?ﬁlé p%searﬂqaﬁ?gitﬁ?n 8%n FEused

usperwivkblie nmarbhiane is keptpéibeompRLIeniser-iardhe Teaimenifor,

increasing the rejection or after the membrane is detached from the
aTIETBRAS Hhat2sinibariemasdretnorenbiiimanthenrhe dBymeabitne the

m e from module A i ounted to.module B, used for the
tréﬂé?ﬂ%%lat fé%ﬁlﬁ%g%ge membrane or %ﬂl& permeable membrane having the

same rejection as that of the unused permeable membrane using the
agent for increasing the re}eétion, the rejection is increased, and the
" decrease in the fiux of permeation with time can be suppressed.

The process for increamsing the rejection with a permeable
membrane of the present invention can be apphed to é. permeable
membrane having a rejection decreased from that of the unused
permeable membrane. The rejection can be increased by treating £he
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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20 increasing the rejection in module B, detached from module B and then
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

refdATSASINE bhscrriectitm ik rmbednde dBthdepachedt fromntionlisid® and then
particularly. limited. Examples of the 10 application include water systems
in_ﬁlv]ﬁ%ﬁ%gée gcﬁ%?f%é@;%gr e 'eﬁo?‘ﬂi@itﬁ;tﬁéaﬁnbgeﬁhseﬁﬁiéabﬁlﬁh or
meRAse: iseRuier acksySIem fAHIeAlig gste water in which the,
rejection with a permeable membrane d%?:%ggteyé%olgal\%ﬁ?ea %?nd;{ﬁ%rpm’a%lppmg’

thabefeperarissedf pippieghibaembresislis tecavetath 15 858 PEORSHOpliace of

the‘igresent 15 invention, the requirement for the quality of the treated
wa

PiGRSAEIN 95 HaUBRPR e Paerrabitsihemimenshtoraisdtioe i8 and
in%g,%@ﬁ%qyég&_ ﬁﬂ%@ﬂfgﬁﬁ%@@mc macromolecule. Moreover, the
S

adsorption of contaminating substances in water for the treatment can be

suppress@the apdAditionl pethieatisnesierdhandhal Ot ArdinaryNad riance

filtration 20 membranes and reverse osmosis membranes can be
ob¥&HB dhe orssessfor tRarpasinat theerrientut beithe acpland auble membrane
spggif{tﬁ%ll_ ¥\éigh reference to examples in the following. However, the

present in\ enn%%tismirg%%f) ﬁim’_l’f'etﬁfl 3 -tﬁ@%ﬂﬁ&.%pl@w}ﬂs of the
ComppaiednieE npieswihe:reigatiamand, thedi gjrejecticn ereater than the

rejection with the unused permeable membrane is required and systems
for treating waste water in which the rejection with a permeable

membrane decreased to a value smaller than that of the wupused

permeable membrane is recovered. In the process of the present

invention, the requirement for the guality 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 sappreésed,
and a flux of permestion greater than that of ordinary nano fltration

membranes and reverse osmosis membranes can be obtained.

EXAMPLES

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

not limited to the examples.

In Examples and Comparative Examples, the rejection and the flux
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of permeation were obtained in accordance with the following methods.
(1) Rejection of sodium chloride 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
SFReatioRore At imsy i accorvanreanithot heafel puise thittimdgh

TO, ue of for treatment + TOC value of
concer%%ec} vgvla?é%?éh @?ﬁeé ‘oncentration of isopropy! alcohol was
set so tMphéhsleeORE IBLHRN@IWENS QomRANERS Reluding %{0%% er passed
macromolecule to the TOC value was small (for example, a

tr@n@@h/@lum@mb@pnqown&menmmﬁtmafa@wmpmasﬁ@merand the
than Isop I alcohal is té;e ionic macromolecule alone, the rejection can

bée c]%‘faln% o?@%b% &l 3696 anaTHETRY the SavEassuBat®ionic
macromelgciig fotiip T OC value from the value of (TOC value of water

for treatment + TOC value of concentrated water) in the above equation.

recovery ( rﬂea&mzmam’amimatef kasvoriphefdatbr JaEH MR ne) /
x100 25 contrlbﬁilon of ionic macromolecule to TOC value (mg/liter) _

TOC value of iSHEFTARARBREINE S A avets v fo trontaent +
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 alcoho! was set so that the
contribution of other components mcluding the ionic macromolecule to the
TOC value was small {(for example, about 2% of the TOC value of isopropyl
alcohol). When the TOC component other than 1sopropyl alcohol is the
ionic macromolecule alone, the rejection can be obtained more a,ccurateity
by eliminating the contribution of the ionic macromolecule to the TOC
value from the value of (TOC value of water for treatment + TOC value of

concentrated water) in the above equation.

recovery (%) = {amount of treated water /

amount of water for treatment) X100
contribution of ionic macromolecule to TOC value {mgfliter) =

TOC value of ionic macromolecule added to water for

22



treatmentx{1+100/(100 - recovery)} (3) Flux of permeation Water passed

through a membrane was collected for 1 hour, and the flux of permeation

was calculated in accordance with the following 5 equation: flux of

permeation (m3/(m2d)) _ amount of water passed through membrane

(area of membranextime of collection) 10 Comparative Example | 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 déEPEARERESAAISHIIAS a 1emssmR)of operation of
1.% Pg.for 2?? hours. The flux of permeation 15 decreased from 1.2

ér\{:z-dl)uf% B3R or smaller, and the rejection of NaCl in a 500

mg/liter aguga L jug ghipride increased sfrom %%% 6%.
The rejection oi; aClkgch:QrioZ’% %2 95%%%?%4?%&%%1%%& % ta%‘t%? U6 and
hoties. fitrenfiiTe sarmativn cedsr ealweietedniiiciecordsingeavki FAOME following
aqueous solution of polyvinyl alcohol, the rejection of 20 NaCl increased
onfiﬂfba 0 although the flux of permeation was 0.7 m3(mld).

Comparagiys Ef‘%@}@fegtﬁ)ﬁ m@)f&gg@g}jgous solution of polyethylene

glycol having a 25 weight-average molecular weight of 7,100 was passed

through an aromatwspo|yémiceneriyandrigel RessHHe ¢f operation
of 1.2 MPa 23 for 20 hours. The flux of permeation decreased from 1.1

m3(m2d) to 0.4 m3ER2@f rembIRReXhmBofaeltictiosNaCl in a 500
mg/liter aqueous

10 Comparative Example 1

A 10 mgfliter agqueous solution of polyvinyl alcohol having a
weight-average molecular weight of 22,000 was passed through an

aromatic polyamide membrane having a decreased rejection under a

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

15 decreased from 1.2 m3(m2-d) to 0.6 m3(m2d) or smaller, and the rejection
of NaCl in a 500 mgfliter aqueous solution of sodium chioride mncreased

from 86% to 96%. The rejection of NaCl decreased to 85% after 24 hours

and 94% after 96 hours. When the same procedures were conducted

| using a 1 mg/fliter agueous solution of polyvinyl alcohol, the rejection of
20

NaCl increased only to 94% although the flux of permeation was 0.7
m¥(m2d). |
Comparative Example 2
A 1 mgfliter aqueous solution of polyethylene glycol having a
25

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

aromatic polyamide membrane under a pressure of operation of 1.2 MPa

23



solution of sodium chloride decreased from 99% to 98%. It was found that

it is difficult to use a polyethylene glycol having a weight-average 5

molecular weight of 7,100 could not be used as the agent for increasing

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

ard@taBe ponEsnidEhe dhnsrah e traviert o rajecionsel Naddh in.2 308m2-d) to 0.4

mg/liter agyeous solution of sadium chloride decreased to 88% and a flux
o B Rl RS FER de vl Rr G Hobr S0 B ELfsetccous

of BeiGtivas,d0iand g Reipalion 43 Wasl 4 Baim2ch AL

mg/liter agqueous solution of polvethyleneimine, which was a~ catio {;lcwaS found

madreiniiesuts fivaulingeawseigh patesig ineieglyasieishh 0 a 7RO WaSerage
5 passefqth ou%}ﬁa%%romatic polyamide membrane having a rejection of

Nat; %‘Ee?o'o o d88 e s meh i ssedasdhloAge2ietnersasing the

to 88vacarad aiflux gl jon.of 1.3 m3(m2d) under 1.2 MPa for 20
houfgg.@cThe rejection ofﬁ{l\{%%? as 5%%}3{05%%1}[%3 %ﬁfeé?ﬁé?ﬁ’ggﬁ%ﬁgﬁ%afﬁﬁ-
m3(mz2d). The rejection decreased to 90% after passing the aqueous
solytion of sodium chloride for 24 hours. 25 Comparative Example 4 A 1

moHitERRRRAB R EseamBle & chitosan, which was a cationic 24

- macromolgcyle, having a weight-average malecular weight of 16,000 was
passed th'ﬁ)uyg%m ﬁ&\g?grﬁgtlfg P Tygﬂf%%%}ﬁe bPR m%%%%tiw was a
10 Na€difoaib O RN @te O Us-Saion %é%ﬂ@@v%@ 'degg [eased o,
- 88% and a flux of permeation of 1.%%lm3(m2d under iL%bM g%%@?h&?@” of
. 0,000 was passed through an aromatic polyamide membrane having a

rejection of NaCl in a 500 mgfliter agueous solution of sodium chioride

decreased to 88% and a flux of permeation of 1.3 m3(m2-d) under 1.2 MPa

for 20 hours. The rejection of NaCl was 90%, and the flux of permeation
15 was 1.1 m3m2.d).

A 1 mgfliter agueous solution of polyethyleneimine, which was g
cationic macromolecule, having a weight-average molecular weight of
76,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter agueous solution of sodium chloride

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

was 1.0 m¥m2d). The rejection decreased to 90% after passing the
agqueous solution of sodium chloride for 24 hours,
25 Comparative Example 4

A 1 mgfliter agueous solution of chitosan, which was a cationic
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5 The rejection of NaCl was 89%, and the flux of permeation was 1.1
m3(m2(i). 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
NaC1l in a 500 mg/liter agueous solution of sodium chloride decreased to

88% and a flux of permeation of 1.2 m3(m2.d) under 1.2 MPa for 20

hours. The rejection of NaCl was 91%, and the flux of permeation was 1.0
mBtATEaRalsqile NgrEngAa] Wieigibraxe Re@es moletivhpfwhigtsan WAJOBO was
W. tigni acromolecule, having a.weight-average molecular weight

ofg %%%%gﬂv%ggg%a%%e%rﬂwﬂggéb% %.OI’\I{%%?& C%S KiE heriBRAcRiRAHgD of
a. NejGttion 05 0tam kit @5 4 Maite kaAUEIH S ULERNLL" %?%E’@é 3111 (deed to
decreased to 20 88% and a flux of permeation of 1.2 m3(m2d) under 3

MB&%orn® adlis offprrregediion of N&GKAas DdVamiv the P effor 20 hours.
permeation was 0. gg 2d). Téu rejection of NaCl was maintained at
9%%%&?%%%‘%8%@‘ éﬂ&’ s SoRH, o feh B R TeR T epuras 1.1
253 ¢@ple 2 A 1 mg/liter agueous solution of polyvinylpyridine, which

was a 25 cationic macromolecule, having a weight-average molecular

weight ofA160mlityasapassed tsrdughvand oatisaR0 Yamide weihralSionic
havin%eg rejectjon of NaCl in a 500 mg/liter agueous solution of sodium

cHIB AT BRI E e A48 BE0R ARk EI R rpEmBaiRmIlsir wergb(nE 8,000 was

unglerst ? MBa.eio52Q haur % lectign of NaCl was 93%, and the

ﬂ[}gf%éf permeatign an 2 15#?% rﬁ%}%%%&mﬁe membrane having a rejection of
NaCl in a 500 mg/liter agqueous solution of sodivm chloride decreased to
88% and a flux of permeation of 1.2 m3(m2d) under 1.2 MPa for 20 hours.

The rejection of NaCl was 91%, and the flux of permeation was 1.0
m3(m2.d).

Example 1

A 1 mglliter agueous solution of chitosan, which was a cationic
macromolecule, having & welght-average molecular weight of 160,000 was
passed through an aromatic polyvamide membrane having a rejection of
NaCl in a 500 mefliter aqueous solution of sodium chloride decreased to
88% and a flux of permeation of 1.2 m¥(m2.d) under 1.2 MPa for 20 hours.
The rejection of Nall was 94%, and the flux of permeation was 0.9

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

aqueous solution of sodium chloride for 96 hours,

Example 2

A 1 mglliter agueous solution of polyvinylpyridine, which was a
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The results of Examples 1 and 2 and Comparative Examples 3 and 4 are
shown in Table 1. 10 Table 1 Macromolecule Weight- Rejection Flux of
permeation average of NaC1l (%) (m3/m2-d) 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
8892 1.3 1.0 Comparative chitosan 16,000 88 89 1.2 1.1 Example 4
80,00088 91 1.2 1.0 Example | chitosan 160,000 8894 1.20.925
ERHRPHS z“b%?wrﬁa?-ei oGrE 9 PRI RUERT HRelscult areieht of
o} g@)e(}@@ i &m&r Eﬂ‘\lﬁ - Limallier; i of .
piassing tﬁ%%sléo utio%lt%%}%égg rs) 30 Ags?‘}showngﬁgg%g elﬁgtl%gg%ﬁ%%% %?Vmg 2
NefektiteresSethly 2rto4%0ang gZbte dguahpeusicaian geemisad Bioride
0.2t0 0.3 m3(m2<ggfwhen olyethyleneimine having a weight-average

nesTeranss tERBE%f ancoadise o5 pRIIAAYesce TRemdfaetioh BnfRiC).2 MPa

i d by 1 t0,3% and the fluxof ion.d 011002
DR, chukeie s e R SRR P i gpeeacion

16;200 or:86(@00dNas used. The

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

4 are shown in Table 1.

Table 1
Macromolecule  Weight- 'Rejecﬁbn Fiux of permesation
average of NaCl (%) (m3m2-d)

maolecular before after before after

weight treat- treat- treat- treat

ment ment ment ment
Comparative  polyethyiene- 16,000 88 80 1.3 i1
Example 8 imine 75,000 88 a2 1.8 1.0
Comparative chitosan 16,000 88 89 1.2 1.1
Exampie 4 ' 80,000 88 91 1.2 16
Example 1 chitosan 160,000 88 94 1.2 0.9
Exampie 2 polyvinyl- 180,000 8 . 43 1.2 1.0

pyridine

{The concentration of the agueous solution of the macromolecule: 1 megfliter; the time of
passing the golution® 20 hours)

As shown in Table 1, the rejection of NaCl increased by 2 to 4% and
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rejection of NaCl increased by 5% or greater and the flux of permeation
decreased by 0.2 to 0.3 m3(m2d) when chitosan or polyvinylpyridine '
having a weight-average molecular weight of 160,000 was used. When
polyethyleneimine having a weight-average molecular weight of 75,000 10
was used, the rejection of 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
16606000 NEs ¥fepenmegfaotoriotaddvabke®.at 6% 0hem®ien?-d) when

agquepus.solution af sadium chloride was passed for 96 hours after the 15
r R Rere LB RYRERgA Al FRleE BRighE 06 d 0,000 or

statdlioindhe trigatmentierinerersing g ¢4 %ﬁ&%}é&& E§ '}a{‘o‘:%%g&égotgg flux

using the cationic macromolecule having a molecular werght of

gredtperzeeBikampieadabeddiitel. agueous oRHoNd)fHRbYIBNBRIGINRaving 2
which, vg\aFg a cationic macromolecule, havin% a weight-average molecular

we 368D OVACHIAS SRIBRIu G PO Al BOYBMives used. The

m hawi rejecti in.a 500 mg/liter aguegus sqlution
o Y oA 0 SIS Ios, BRbaaa PopEmestion

m3ler2edsaddeyl 2. MR 63 20%0g) T%é@ie%%é’iﬂ\‘%gwo idi
ar;% the flux of permeation 27 was 0.8 m3(m2d). The rejection o Naé!;pyndme
walATHIS AnEG W aresmty Brvdedilantubigfecfitt80,00houms. wsdd When

mg/li us. solutiqn of polyvinylamidine, which was a cationic
mgéi%orﬁoigcu%é?lr%l\%ﬁg%éa“\fvlte%t%—gé%é%%%lm@@#ﬁéf@@ht of 75,000
3, 508:00Mkes MassegeonIbr N ARG BANAMIdegREMbrANe havin

a rejection of NaCl in a 500 mg/liter aqueous solution of sodium 'ch Origaaueous

solution of sodium chloride was passed for 24 hours afier the treatment.
In contrast, when chitosan having a weight-average molecular weight of
160,000 was used, the rejection of Nall was kept at 94% when the
aqueous solution of sodium chioride was passed for 96 hours after the
treatment. It is shown that thé effect of increasing the rejection am:i the
stability in the treatment for mcreasing the rejection are enhanced by

using the catiomic macromolecule having a molecular weight of 104,000 or

greater.

Example 3

A 1 mgfliter aqueous solution of polyvinylamidine, which was &
cationic macromolecule, having a weight-average molecular weight of
3,500,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mg/liter agueous solution of sodium chloride
decreased to 86% and 2 flux of permeation of 1.2 m3m2d) under 1.2 MPa

for 20 h;iours. The rejection of NaCl was 96%, and the fiux of permeation
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decreased to 86% and a flux of permeation of 1.3 m3(m2d) under 1.2

MPa for 20 hours. The rejection of NaCl was 96%, and the flux of

permeation. was 0.6 m3(m2d). 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 went
merasfoRtntigiftdt) EXhnpo@ti@s b N0, 8020 86 9 6%0.6riB stability
(The weight-average mglecular weight: 3,500,000; the time of passing the

S0 %ﬁ‘.‘%ﬁ"% ?ﬁgﬁé‘gﬁ%ﬁg%&ﬁ% 2, the rejection of NaCl increased

from 86%,tq 30, ﬁ‘(e&%!@fﬁé&!ﬂ the.a4ue0 lution fglpqvin' lamidipe
having a concen%ration of | mg/%ter or?l%gm%élﬁéﬁr}, was fr)naln a.%&%ﬁ was a
stahitityni28 madrdigisietahanpavifier 42Qveoulis-ivbelizcasRIRtile weight of
concentration. It is shown that the more excellent effect of increasing the

refeifhOt ™ emBReyaR 45 1ABEE apare alicaMy woidsmeadohokibaving a

C ' le 1 be phtained although the catignic_ |
AR o SOl R 20 e e e s Feiolorce

or Geepdaschowedn aigalatdeamsamia e e of permeatian halli"eb np,

of the polymer having
for 20 hours. The rejection of NaCl was 96%, and the flux of permeation

was 0.6 m3m?2d). 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 permestion
of of NaCl (%) (m8m2-d)

aqueous solution before after before after
o of N treat: treat- treat treat-
polyvinylamidine ment ment ment ment

(mg/liter)
Example 3 : 1 8¢ 96 L2 C.8
10 86 96 138 0.6

(The weight-average molecular weight: 2,500,000; the time of passing the solution: 20
hours)

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

concentration of 1 mg/liter or 10 mg/liter, was maintained with stability

28



a weight-average molecular weight of the order of 100,000. Example 410
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 NaCl in a 500 mg/liter aqueous solution of

10

15

20

sodium chloride decreased to 84% and a flux of permeation of 1.3
m3(m2d) 15 under 1.2 MPa for 20 hours. The rejection of NaCl was 88%,
anBAig o chense AfsAT kR0 hows indbdfhcdsesydftehaguacestration. It

i TR e D e A e p————
wasgaiesdtiMauaivban shematia nalyaside %nglsiﬂg@f fayi

n :
rejection of NaCl in a 500 mg/liter aqueous solution of sodium éﬁk?r%neparatwe

de&mamadad 8avidhd abftansideltheatiin thfelcob i3 2odkronidedsde having

MF;a Qr.Z%thours. The rejection of NaCl was 92%, and the flux of
pefmeatBR Whe £-4° 8% 1§ fade R 00% | wortradedighowed a

po t ' lonic.mac olecule, havin .
o e B R TR P et Bovine
ardnvasitgholyeenice 29emdrans fiavitrBd eeliosr afyaselin a 500

mg/liter aqueous solution of sodium chloride decreased to 84% and a flux

of permeation of 1.4 m3(m1d) under 1.2 MPa for 20 hours. The rejection

of Waghwas 4%, and the flux of permeation was 1.0 m3(m2-d). 5 The

results of Example 4 are shown in Table S. Table 3 Concentration of

Rejectionf&|@opgtweatioiueous solution of sodium 'po}.ystyrenesulfonate,
which was an anionic macromolecule, having a weight-average molecular
ngght 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 1.3 m¥(m2.d)
under 1.2 MPa for 20 hours. The rejection of NaCl was 88%, and the fiux
of permeation was 1.1 m3(m?2-d).

A 1 mgfliter agueous solution of sodium polystyrenesuifonate,
which was an anionic macromolecule, having & 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-d)
under 1.2 MPa for 20 hours. The rejection of NaCl was 82%, and the fiux
of permeation was 1.1 m3(m2-d).

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

weight of 3,000,000 was passed through an aromatic polyamide



10 aqueous solution of NaCl (%) (m3/m2d) of before after before after

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 NaCl
increased when the 0.2 25 mg/liter solution, the 1 mg/liter solution or the

10 mg/liter solution of sodium polystyrenesulfonate was passed.

Ccomprhrane Bampie wraiomel |Ié&@l:| tecubCbimtiphitef sagisons solution of

\?vcgé gllrge%/gepzulf o‘%&%{gﬁ’g‘?w Efgﬁvﬁ%% nlﬁnlc macromolecule, hﬁnngaﬁm2 o
aramicpolemids:meRuaRe BN AIRIEEIGN PACHA 200 e fux

mg/liter aqueous solution of sodium chiorid ecreased 8

of pfepemees ool & rh I mEEedmder 1.2 MPa for 20 hours. The rejection
of NaCl was 88%, and the flux of permeation was 1.2 m3(m2d). Neither
the rejec\% 5P| Hoknsanmly Sose shavsadentaiiaged. Example 5 A
10 mg/liter aqueous solution of sodium polystyrenesulfonate, which was
an anionic macromolecule, having a wgight-average molecular

Concentration of Rejection Fluy of permeation
agueous solution of NaCl (%) (m3/m2-d)
‘ of before after before after
sodium poly- treat- treat- treat- treat-
styreneaulionate ment  ment ment ment
{mgfliter)

Example 4 0.2 84 88 1.3 L1

1 . 84 92 1.4 1.1

10 84 94 14 1.0

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

As shown in Table 3, the rejection of NaCl increased when the 0.2
mgfliter solution, the 1 mgfliter solution or the 10 megfiiter sclution of

sodium polystyrenesulfonate was passed.

Comparative Example 5

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

weight of 50,000 was passed through an aromatic polyamide membrane
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10 weight of 100,000 was passed through an aromatic polyamide
membrane having a rejection of NaCl in a 500 mg/liter aqueous solution of
sodium chloride decreasedto 89% and a flux of permeation of 1.2
m.3(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

wabgudnged tujectivarod Na@lidpely500 s BTERR 808 haYiBg Asie i dium
of NaCl in a 500 mg/liter aqueous solution of sodium chloride decreased -

to SRR dertrase Hoanst 2 Swe o Ieroresia0d. 2. MRS 622D under
hoyrs. rejectipn.of NaCl was 94%, and th f permeation was 1.1
mSL%r%ZWR%B mwé/ﬁ}%lrnéswég%% g%]ﬁﬁ%ﬁ’%f%gﬁuﬁ?p%ﬁ%@%e%&ﬁoﬁé?eﬂ“ of
WhisdriNas HERARIe MAcsoRDIBCUINHBKEY Y igBLVLRORPFIeeUIBhe £y
weight of 1,000,000 was passed through an aromatic polyamide 25

3 me@ﬁm%wmwgﬁﬂion 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) 31 under 1.2 MPa for 20 hours. The rejection of NaCl was

94%xanhipesflux of permeation was 1.1 m3(m2d). A 10 mg/liter aqueous
solution of sodium polystyrenesulfonate, which was an anionic

macromoléculé, nagititea \agighiay ercigeine|eslssdbuweighlydfyrenesulfonate,
3,000,000 was passed through an aromatic polyamide membrane having

ar W&WWQ%@M@R@PW@U Bion wieishdianechipridelecular

B s TN —

permmatignanvesgdeen3ehREC] in 2 500 mglfliter aqueous solution of sodium

chloride decreased to 89% and a flux of permeation of 1.2 m3(m2d) under

1.2 MPa for 20 hours. The rejection of NaCl was 92%, and the flux of
permeation was 1.1 m3(m2.d).

15 A 10 mgfliter agueous solution of sodium polystyrenesulionate,
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 mgfiiter aqueous solution of sodium
chioride decreased to 87% and a flux of permeation of 1.2 m3(m2d) under

20 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 mgfliter aqueous solution of sodium polystyrenesulfonate,
which was an anicnic macromolecule, bhaving a weight-average molecular
weight of 1,000,000 was passed through an aromatic polyamide

25 membrane having a rejection of NaCl in a 500 mg/liter agueous solution of

sodium chloride decreased to 89% and 2 flux of permeation of 1.2 m3(m2-d)

31



10 Comparative Example 6 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(m2d) under 1.2 MPa for 20 hours. The rejection

of NaCl was 89%, and the flux of permeation was 1.3 m3(m2d). Neither
thaungectiol Mitefot #ir oefiux @ipereRetin 6hangEtwa0 53aMRIR K fiux
10 mg/liter aqueous solution of sodium dextransulfate, which was an
arfbMETmeatbREas b adima 2 dieight-average molecular weight of

100,000 was through an aromatic polyamide membrane having a

25 rejectl\%{n 'oﬁﬁgﬁﬁeg ggdl gt rgr%%%lg%ug gdﬁﬂ%ﬁiﬁ‘bf%ﬂ%ﬁﬁﬁiﬁ@n&t&
dewrieaied te 8806 aNMR ﬂﬂé&&ﬂﬁﬂ@@ﬁ&rﬁ&f&% BN A 2

MPa 32 for 20 hours. The rejection of NaCl was 90%, a%g thg%% Sfmoieculax

pefriEEton ofvad, 800900m 2chs A nasselliteihaquebussol uliemeitiodipslyamide

- dextransulfate, which was_an aniopj cromalecule, having a
e TEBEERe halving d FeCa O NR baT S NA s AU aplution of

10

15

28

25

areamishehiamitedeRiNANe) Y%A selegtign,eLNaGL inia 500 malliter ,
agueous solution of sodium chloride decrease t% é)gﬁ éar?“ lgthﬁg%?lgmtﬁm )

perndatidn2oMPa fos @hopundelhe MdRation 30 HaWSwEISESEGNN O fiux

NaCl 2% he fl f [ 1.2 2d).
e B sgpegeaton was 12 ma(zd

Comparative Example 6

A 10 mg/liter 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 mg/liter aquebus solution of sodium chloride
decreased to 89% and a flux of permeation of 1.3 m3(m2-d) under 1.2 MPa
for 20 hours. The rejection of NaCl was 89%, ;'md the flux of permeation

was 1.3 m3(m2d). Neither the rejection of NaCl nor the flux of permeation

changed.

Example 6

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

decreased to 88% and a fiux of permeation of 1.2 m3(m2-d) under 1.2 MPa
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10 A 10 mg/liter aqueous solution of sodium dextransulfate, which was an
anionic macromolecule, having a weight-average molecular weight of
1,400,000 was passed through an aromatic polyamide membrane having
a rejection of NaCl in a 500 mg/liter aqueous solution of sodium chloride
decreased to 89% and a flux of permeation of 1.2 m3(m2d) under a 15
pressure of operation of 1.2 MPa for 20 hours. The rejection of NaCl was
942/0, and the flux of permeation was 1.0 m3(mz2.d). Comparative Example

7 AOTOA BIRYEE aqlies Feleskianros MNaGh mao §Ribny satd, tthifhuwat [28meation

anjogg%ﬁgg@g] ule, having a weight-average molecular weight of
50,000 was passed through an aromatic polyamide membrane having a

rejection of NegkinREaQUBSHiAgHeAUS SYian alsedl 'ing%ich was

decreased to 87% and a flux of permeation of 1.3 m3(rn2d) under T
M fenpgiouasiPielejobtiohafNgGl wes Sovavesdghetbisafiar weight of

pe jon 25 was 1.2 m3(m2d). 33 Example 7 A 10 mg/liter aqueous
solu |§§d@]s%ﬁ?u?ﬁ%&§a%§/f‘é‘@, cATRERAHA BAlBARIGR dramdicentehaving a

hayijecive o) RaVEr ademabec Warieio i a1 90,990 was passe (Ghloride

through an aromatic polyamide membrane having a5 rejection o

a SbemgAndtafisoasdalufion of sedivmathierisle] desreased q,88% ansivp,
a flglx %I;QD rmeati\(lﬂg 1.2 m3(m2d) under 1.2 MPa for 20 hours. The
i

rej Fomctinn tiriklomse 4t emdnde T @ mlueation
A 1Q4pa/liter aiquepus solution of sodium polyacrylate, which was 10 an
anionic macromolecule, having a weight-average molecular weight of

1,000,0004nEmnadses thiaughshieivrtis RobamidR MemRaRehARL: was
a an anionic macromolecule, having a weight-average molecular weight of
1,400,000 was passed through an aromatic polyamide membrane having a
rejection of NaCl in a 500 mgfliter agueous solution of sodium éhloride
decreased to 89% and a flux of permeation of 1.2 m3(m2d) umier 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 amonic macromolecule, having a weight-average molecular weight of
50,000 was passed through an.aromatic polyamide membrane having a
rejection of NaCl in a 500 megfliter aquecus solution of sodium chloride
decreased to 87% and a flux of permeation of 1.3 m¥m2d) under 1.2 MPa

for 20 hours. The rejection of NaCl was 89%, and the flux of permeation
was 1.2 m¥m24d).

33
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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(m2d) under 1.2
MPa 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
m@lﬁ%ﬁﬂ&g%lgous solution of sodium chloride 20 decreased to 89% and a

flux of pegnﬁtio%{g 1.3 mBémZd Linder 1.2 MI?a for 20 hours. The
rejection of NaCTEALE SNSRI HRAHBOS: PESAaHmnPRlxacrdais(Whigh was
Theresués.Rf RRPRIEIRIR! ARKEOTP @x%f\fc € 219535 22
shown in Table 4. 34 Table 4eMacrorr€orlgéc%rle e-i%%% ?e%t%’g%c ax gfelght of

peAtie finvarcrageat KaGtgh)dmaimed)ic meleenaidafembafiae having a
before after wel ﬁ%ireat- treat- treat- treat- ment ment ment meat 10
CTRSAPAR IR P15 SHbPRRIER queone abipiemsor sodium chloride

styagersiionalesByample,SRad] = 499,00 92,1.2
styrenesulfonate 150,000 8794 %%ﬁ%ﬁ%&%@ ’34(1?.]2 I@.ldlféer 1.2 MPa
3,000,20:80185 1Th2 Bejection of NaCl was 92%, and the fux of permeation

was 1.0 m3(m?2.d).

A 10 mgfliter agueous solution of sodium polyacrylate, which was
an anionic macromolecule, having & weight-average molecular weight of
1,000,000 was passed through an aromatic polyamide membrane having a
?ejection of NaCl in & 500 mg/liter agueous solution of sodiwm chlorde
decreased to 87% and a flux of permeation of 1.2 m¥m2d) 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 aqueous solution of sodium polyacrylate, whick 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 89% and a flux of permeation of 1.3 m3m2d) under 1.2 MPa

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

was 1.2 m3(m2.d).

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

shown in Table 4.

34
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Comparative sodium dextran- 40,000 89 89 1.3 1.3 Example 6 sulfate
Example 6 sodium dextran- 100,000 88 90 12 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 1.2 1.0
polyacrylate 1,000,000 87 96 1.2 0.8 6,000,000 89 95 1.3 1.2 (The
concentration of the aqueous solution of the macromolecule: 10 mg/liter;

the time of 30 passing the solution: Z@dieurs) As shown in Table 4, the
rejection of NaCl with an aromatic _polyamide membrane having a

rejection of Na decre? P‘P %] 89% increased to 90 to_96% by
passing the aqUEDUS SOMULION 0 6%‘um 35 pol Bsulforlats E8ermeption

dextransulfate or sodium polyact{i5t& 35 whichb#E 4Hionic (m3m2-d)
macromolecules, having a weight-averagemotecutar-weight-of-166,666——
or greater. A greater weight-aveiagaigioleculgfoweightsal the gaigRIC  sfter
macromolecule tends to show ager@ater effecteat-incraasing theeeejectionreat-
In partlcular in the case of sodlum polystyremlfonaretﬁ havmgna ment

ha@mgm@ht gyﬁ[gggomoleculaggv%‘ght of %@900 OOQ; the re;legtlon
incEasetdo 95k athaubagreat decrease in the flux of permeation. The
rejection of NaCl showed no or only a small improvement when the
wekiauBlstage raeideukativeightl@P#R9 anionié® 10 madfomolecute was 1.1

g

40,000 or 50,0@@renesulfonate 150,000 87 94 1.2 1.1

1,000,000 89 94 1.2 1.0

3,000,000 89 95 1.1 1.0

Comparative sodium dextran- 40,000 8g B9 1.3 1.3

Example 6 suliate

Example § godium dextran- 160,000 88 90 1.2 1.1

sulfate 500,000 88 a2 14 1.2

1,400,000 89 94 1.2 1.0

Comparative sodium 50,000 87 89 1.3 1.2
Exampie 7 polyacrviate

Example 7 sodium 140,000 88 92 1.2 18

polyacrylate 1,600,000 87 96 1.2 0.8

6,000,000 89 a5 1.3 1.2

(The concentration of the aqueous solution of the macromolecule: 10 mefliter; the time of
passing the solution® 20 hours)

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

polystyrenesulfonate, sodium dextransulfate or sodium polyacrylate,
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Example 8 The treatment for increasing the rejection was conducted by
passing an aqueous solution containing 10 mg/liter of sodium polyacrylate
15 having a weight-average molecular weight of 6,000,000, which was an
anionic macromolecule, and 500 mg/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

oyﬁ%atlon of. 1.2 m3(m2-d) yndey 1.2 MPa for 20 hours. The changes
?éj%&mlb‘f:sab‘?ﬁﬁ?’aﬂ fesndaE M @fwepﬂgaamm nmbcuiar

ar é{gm/ Goo8K cti CI reached to 96% o
anﬁg the flg)}f(r%)f perrgeaeft ec%mgJD é){ %?myd‘)gl}%(ﬁ 6535?1&’1# cular weight
acpfedhes andtutionmicodioteqily asndateRkSHALBENOHAeal 20 increasing

hours. Thereafter, pure water was passed through the membrane and,

th eaf%%e}lmgimé?aawéé%smutm etsediirmodhiondpalaspassetifonate
ane for 100 hours or longer..The rejection of NaCl
graét%%lljgI %Gr%% aseda 183008 él){ UG Sgﬁ}gj??gé’ R and sodium
pessigatieflavasiprng: dtwesFRtvabaleld SMNAEWIDE S g%ﬁo 000, the
exhibited with the cationic macromolecule, the anionic macromoléculg

exFRIRPE sm%&@dcr@asﬁﬁ% tiveifhowst pergreatiodeveasyhen thee flux of

concentra |1%n Was creased 10 5 i r?f%?%d the effect of increasing the
refection and the s |Ilt§ed?é’m§l%hﬂr§? L. BBOWBR: Phetreamtienefosmall

InGEapsive ihenteinsiion afaale H@QS&%!\A%@:(]%@&&C membran

exhibiting a decreased rejection of NaCl elSags%gtgﬁ amionic
aquessnersoleatiole of an4h0tcom&0r00tlecule and an aqueous solution
of a cationic macromolecule, successively.

Example 8

| The treatment for increasing the rejection was conducted by
passing an agueous solution containing 10 mg/liter of sodium polyacrylate
having a weight-average molecular weight of 6,000,000, which was an
amionic macromolecule, and 500 megfliter of sodium chloride through an
aromatic polyamide membrane having a rejection of Na(l in a 500
mg/liter aqueous solution of sodium chloride decreased to 89% and a flux
of permeation of 1.2 m3(m2-d) under 1.2 MPa for 20 hours. The changes
in the rejection of sodium chloride and the flux of permeation with time
are shown in Figure 1. The rejection of NaCl reached to 96% or greater
and the flux of permeation became 1.1 m3(m2-4) afier passing the aqueous

| solution of sedium polyacrylate and sodium chioride for 20 hours.
Thereafter, pure water was passed through the membrane and, then, a

500 mgfliter aqueous solution of sodium chioride was passed through the

membrane for 100 hours or longer. The rejection of NaCl gradually

36
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An aqueous solution containing 10 mg/liter of sodium. polyacrylate having
a weight-average molecular weight of 6,000,000 and 15 500 mg/liter of
sodium:chloride was passed through an aromatic polyamide membrane
having a rejection of 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
sodlum chloride through the membrane were evaluated. 20 Thereafter, an

gastrased triga% wer1naghianest pokhénfianidiperhasiiorowas found.
glht %veragcgamolecular weight of 35302%100 nd 500 mg/liter of sodium
Forlde was pasgeh“u%dgp Hnipied Fik Hhscationic

S é%hﬁ%%gfﬁ‘ﬂ{%r

passed for 100 hours or longer. Due to the operation o ncreasm \gg%ease m
refbetidhpyothpeuioredityonf mOmmemennmm@wang@ﬁé& 10
and this v aintained while the agueous solution of NaCl 37 was

D é’%’ee&’foﬁﬂjlfj’o \%f‘oﬁ% &?gé‘ﬁ?ﬁ%%l%t%prwm@z apdwihe sfiskilitn are
e’Qli%ﬂﬂ the.ghanges of the rejection of NaCl and the flux of permeation
with time. In other words, the characteristics of the anionic macromolecule
5 that the decrease in the flux of permeation was small and the

fg@ cterlstlcs of the cationic macromolecule that the rejection was
in&r¥agiiefd stablllty was exhibited were both obtained, and the stability
could ber{% q' ng%i %&heaaslter te adsor tion of the anionic
macromole e CAHIONTE TAactDrHeTecURs i o AR pEcIaolyamide

treauntitios l@ﬁfﬁﬁﬁlﬁigthﬁ Eﬂ@f@%&/%ﬁ&?&?tﬁ@ RACI was conducted by

passing an agueous solution of an anionic macromolecule and an agueous
solution of a cationic macromolecule, successively.

An agueous solution contaiming 10 megfliter of sodium
polyacrylate having a weight-average molecular weight of 6,000,000 and
500 mgfiter of sodium chloride was passed through ar aromatic
polyamide membrane having a rejection of NaCl in a 500 mg/liter agueous
solution of sodium chloride decreased to 87.5% un&er 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
Thereafier, an agueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weilght of 3,500,000 and 500 meg/lter of
sodium chloride was passed under 1.2 MPa for 20 hours, and pure water

was passed. Then, a 500 meg/liter aqueous solution of sodium chloride

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

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

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

cQ
-3
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passing an aqueous solution of an anionic macromolecule and an

agueous solution of a cationic macromolecule, successively, through an
aromatic 15 polyamide low pressure membrane having a rejection of NaCl

in a 500 mg/liter aqueous solution of sodium chloride of 97% and a flux of
permeation of 0.9 m3(m2d), 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
MP2oPASAR ré?fan%@%éw%ﬁat‘é? APRERTS 0D Hbfidasbptepus BigutierR ofhows a

sogliy lof] e passed. Thereafter, an aqueous sqlutign containin

1 mg/%%‘éfrﬂof%%?yv|nyl‘%m‘%]L mch Bﬁla%?ﬁgc%f J‘%{é?gﬁ@%%’%é’m%@m%%' ux of
of Ber{d800raRdtBOPmeg/liter of sodium chloride was passed under 1.2

MPa for 4 hours. Then, after pure 25 water was passed, a 500 mg/liter

aqueous BoI0HesT oW spdfurthsh chisresimsiptissed! 3B<T haigiectian ovesolecule

99%, and the flux of permeation was 0.7 ,m3(m2d). Example 11 5 The
trea %?engbf%r é\eccrléeaaél%r’\g He #é] cvl}i%ﬁ{wg§ cORIRIBHYY Feasifywedl and the

AqeieRKE SRR cbANRYICNIG HACTINAGHIR RRGIAN ggueods solution
of.a cationic macromolecule, successively, through an aromatic

poiansite tbangretabilitmumb s bisvihgarelpsiloinbNad] ind 8RO stability
m%%i{tgr aﬁue u solutﬁg of sodium chloride of 94% and a flux of 10

el TSGR JRETBTAAERBERCRR AU db6s SHERRATEORGIPIBET0 aither shionic
sodidn-HavRcHmate, haying.aueight-aver molecular weight of

6,000,000 and 500 mg/liter o?l}g?cﬁtl%}ngg\ﬁ?on eiee\cl"v‘(‘?elﬂg‘passed under 0.75

MPa for 4 hours, and pure water

- Example 10

The treatment for increasing the rejection was conducted by
passing an agueous solution of an anionic macroméiecuie and an agueous
solution of a cationie macromolecule, successively, through an aromatic
polyamide low pressure membrane having a rejection of NaCl in a 500
mg/liter agueous solution of sodium chloride of 97% and a flux of
permeation of 0.9 m3(m2-d).

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

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

passed.

38
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and a 500 mg/liter aqueous solution of sodium chloride were passed. 15
Thereafter, an aqueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weight of 3,500,000 and 500 mg/liter

of sodium chloride was passed under 0.75 MPa for 4 hours. Then, after

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

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

0.7 m3( d%. The results of Examples 10 and 11 are shown in Table 5. _
25 39 Tables BIERPpEaSURH e jctiidh ths dhwersfc atomeantivosivvak 0.7
of NaGh&g) (m3/m2-d) 5 membrane operation before after before after

treat- treat- treat- treat- (MPa) ment ment ment ment 10 Example 10
aromatic 1.2 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

meifsame 11 '

The treatment for increasing the rejection was conducted by
passing an agueous solution of an anionic macromolecule and an agueous
solution of a cationic macromolecule, successively, through an aromatic
polyamide low pressure membrane having a rejection of NéCl in a 500
meg/liter aqueous solution of sodium chloride of 94% and s flux of
permeation of 0.9 m3(m2.d).

An aqueous solution containing 10 me/liter of sodium polyacrylate
having a weight-average molecular weight of 6,000,000 and 500 mg/liter of
sodium chloride was passed under Q.75 MPa for 4 hours, and pure water
and a 500 mg/liter ‘agueous solution of sodium chloride were passed.
Thereafter, an aqueous solution contamning 1 megfliter of pelyvinylamidine
having a weight-average molecular Wéigh’c of 8,500.,000 and 500 mgfliter of
sodium chloride was passed under (.75 MPa for 4 hours. Then, after
pure water passed, 2 500 mg/liter agueous solution of sodium chloride was

passed.

The rejection was 98%, and the flux of permeation was 0.7
m3(m2.d).

The results of Examples 10 and 11 are shown in Tabie 8.
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20 (An aqueous solution containing sodium polyacrylate having a :
weight-average molecular weight of 6,000,000 and sodium chloride and
an aqueous solution containing polyvinylamidine having a weight-average
molecular weight of 3,500,000 and sodium chloride were passed
successively.) 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 solutlon of the ‘Galdnic macromolecule and the

the aromatlc polya@geesemembgg_.ggm@éhlbltmg t%% rgdlectlon ofﬁ)?%
94%, respectively. 30 Example 12 An aqueous contaml v&g

mg/liter of polyvmyfamlci‘sne havmg a weight- average molecular
3,500,000, 500 mg/liter of sodium chlorldé““a‘erTUUU“m“@TteT‘Uf"ISUpmpyi——
alcohol (IPA) waswprassade 40 tlrsogfiran ardrfatic polyasside mgspbrane after
having a rejection of NaCl of 88% and a rejéttrsn of Pgktof 38%teat-an  treat-
aqueous solution containing 500 Wi&iter of FMum cHBRide aMPRt00Q ment

;:ermeatmn

|ter of |sopropy| afcohotunder 12 MPafor-24-hours;and-the

BRplE 18y pas e water, tfe 500 5 mijlliter aq%ous sél§tion of 0.7
sodlum chlorlde iQOO mg/liter aqueous solution of isopropyl
alcohol through thﬁgﬁg{mperane were evaluated. Thereafter, an agueous
solution containing 1 mg/liter of sodium polystyrenesulfonate having a
wdighmalsekage meisedtis weight ©f753,000,0004500 mgditer of sogium g7
chloride and 1, OOO‘?E%RH@? of isopropy! 10 alcohol was passed under 1.2
M.Pa for 24 hour f, after pure water was passed, a 500 mg/liter
agueous solution g‘f%ﬁﬁ;ﬂ@ chloride and a 1,000 mg/liter aqueous
solution of isopropyl alcohol were passed. Figure

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

polyvinylamidine having a weight-average molecular weight of 3,500,000 and scdinm
chloride were passed successively.)

As shown in Table 5, the rejection of NaCl increased to 99% and
88% without marked decreases in the flux of permeation by passing the
aqueous solution of the anionic macromolecuie and the agueous solution of
the cationic macromolecule, successively, through the aromatic polyamide

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

Example 12

An aqueous solution containing 1 mg/liter of polyvinylamidine
having a weight-average molecular weight of 3,500,000, 500 mefliter of
sodium chloride and 1,000 mg/liter of isopropyl alcohol (IPA) was passed
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3 shows a diagram exhibiting the changes of the flux of permeation, the
rejection of NaCl and the rejection of IPA with time. 15 Due to the
operation for increasing the rejection with the plurality of aqueous
solutions, the rejection of NaCl reached 99%, and the rejection of IPA
reached 73%. By passing the aqueous solution of the anionic
macromolecule after passing the aqueous solution of the cationic

magcromalecule, the rejection of NaCl and, the rejection of IPA could be 20
further I %rggsaétoo Bk OB??f{’%IW oA BaRER SpisetnBasbNaCl of

angBhexsi@hility;ofitas membiage seated for i ing the rejection . .

could be enhaﬁ:ed. Example 13 25 Orggr% vé!éié{}t%é%ﬁg'%é?%ﬁgiﬁf’r% roing 500
meigitef lo€ptekitiyl ertd gtjdel ambrigdo desyd Riteer oW hieBMBFIAalcohol under
surfactant of the alkyl ether type, was 41 passed under a pressure of

opi%l HIF ZRPANFFoAGH &R PEeRETHASHfariepeNamplrmeratenrikhe 500

hafﬂ@ﬂi@ef'equ)HQMf uﬁﬁti@f@ W, : ({SLE% ; %ﬂgﬁeo s soltion of iﬁ%ﬁ;n%gﬁiter

chloride of 99% and a tflux of permea m ?m% o#éem
tremeeidos inciediing b Ssepieepon whishlad BAweRT RAEMSAURAMAH%9 were

m3(m2d) and a rejection of NaCl increased to 98% in accordance with

th& CXME o cednrre alieroseiin agRapysie S Ujomassingaaniagudomsg/iiter of

SOl tain 0 meldliter, of, sodium polyacrylate having a )

weig t%%%%%;e ﬁole%ﬁ ar%&%%? W&%&%%@%%&%%dm?&fdﬂgwmht of
chiyide, o0t Bo@aNSALE SALHER; HSCARTEIN] I} . :
polyvinylamidine ha\%ing a weight-average m%e%@a%’vﬁvg%%%%%%o%ﬁ6%)%?1'0133&
andigahiyARarasteddiumd ohbiadbIRadresgivdipubeoudihhie s#08e pure water

argmatic polyamidg mmembrane as the above membrane except that the
rejggt?oﬁﬁg%%e%rgﬁe%m pgueous solution of sodium chioride and s

1,000 mgfliter agueous solution of isopropy! alcchol were passed. Figure |
3 shows a diagram exhibiting the changes of the filux of permeation, the
rejection of NaCl and the rejection of IPA with time.

Due to the operation for increasing the rejection with the plurality

of aqueous solutions, the rejection of NaCl reached 9%, and the rejection
of IPA reached 73%. By passing the agueous solution of the anijonic
macromolecule after passing the agueous solution of the cationic
macromolecule, the rejection of NaCl and the rejection of IPA could be
further increased by about 1% without decreasing the fiux 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



oxidation, and the change in the flux of permeation with time was 15
measured. The result is shown in Figure 4. Although the membrane
treated for 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

| ' [ i d to be.obtained since dense portions of
tzh%gggga. Thlé result is consider, ]
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Untsed membraRewere pahigRgTartes Wtﬁ@rﬁa&%ﬁkﬂ&@ﬁhﬂnﬂ%d
u SO asing thesgisctio the sur pfihe .
mﬁtﬁ%ﬁ?w%s covered f\fvﬂ%%%e hydrophilic:E i;%ﬁi%erzé}gklgnmo gcﬁ%ﬁo VG 0
25mgllisesticr vt oonieubisinfacténis dif the HIEENaENPIDSIAIESy flux of
difficult. 42 Example 14 The %featment for increasing the rejection with a
pdAVAMRAE AR 8Y K &neiratEh e RgEERReo bRt fBrAmersetug the

e T e g S B R A e e siion of

chiSaitie werpasdad BBoULH cealianidekasel R AR ures as those in
membrange having a rejection of NaC1 in a 500 mg/llter aqueous solutlon‘
of%sm‘i?c}&mlﬁc%riabé BEERREcaT0 BBYoaT solukiol pemtentiog Of(l Rgfliter of

m3uRa, 1 2.MPa for 20 hours. Pyre water and a 500 mg/liter
aq:%eous s%igﬁéaﬁcgﬁlgg%iu%agﬁ?&id% \/\75?&%5%@38?% FhoAseEans weight of

508,000,001 giring 0o Radieref @Pgﬁaﬁxﬁ”ﬂﬁﬂﬂﬁ@@"eiéﬁ %H‘%'gﬁ é"i‘cxlrs solution
weight of 3,500,000 and 500 mg/liter of sodium chloride was passe
uneRiHeIBIMP A Liomefsers. Plrpaiprenyiasyidisedharthine PrepaelfaRerage
paﬁ%ﬁ'&@lgp oweight of 3,500,000 and 500 mg/liter of sodium chloride
éuccessively through the same aromatic polyamide membrane as the
above membrane except that the rejection was decreased to 94% by
cxidation, and the change in the flux of permeation with time was
measiured.
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 upused membrane in the initial period of passing water, the
membrane treated for increasing the rejection had a greater flux of
permegtion due to the suppressed decrease in the fiux of permeation after
24 bours. This result is considered to be obtained since dense portions of
the unused membrane were partiaily 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 nonmionic surfactants of the contaminating substance
difficuit.
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increased easily and safely at the location

15 mg/liter aqueous solution of sodium chloride was evaluated.

Thereatfter, 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 agueous solution

of polyvinylamidine and sodium chloride and the passage of pure 20 water
were repeated in accordance with the same procedures as those

conducted above and, then, a 500 mg/liter aqueous solution of sodium

chloride was passed for 50 hours. The rejection of NaCl was 93% and the
fluE=hpephadagion was 0.9 m3(m2d) after the first treatments with the

agueous solution of 25 polyacrylic acid and sodium chloride and the

aqueous S&atisrampeNfayIinareawing dbediematitariestiT hepimieniote -based
of §§% ﬂgrsfa?g)/& 143113 and the flux of %rmea ion was 0.7 m3(m2d) after

the second treatmente V\?/"ﬁﬁ?hvg?q ¥ fition of polyacrylic acid and
sodium chieridewatils ﬁgmmlgo oJy ViR idineand sodggm
chloride. The rgjectiog]ggﬁg%{nﬁepd%gﬁer the twc% ?ré%?r}r%%rs% vgas'soénlgfﬁtgfﬁ fryiate
for5uvHee & Yo KD US B RIBL MFIPGIEA BHalER 1 {8008 WBUaRA 500 melliter of

se%a[ﬁtion L?Jﬁg]% selective permeable membrane such as a nano

filtrAton TeTABTENE aFAS PavEedetbenibER marnbramidgibasef aionoofiltration

inosslGalRe s andpmaliC R Ids solybicpater L0 canfie . o

witbodivestriuridecieaneia dhe B50%andit e A 923 EIREIPBLRR BEa(m2.9)

maintgg1ed for a long time bg using the agent for increasing the rejection

withRO5ErrEabld b thbavwesin Fueerdarserwatdiie phdcess/Tier aqueous
InCEeARsh NG eisaian, Wit permeable rggrsns%r ,neénd an agueous solution

.containing 1 mgfliter of polyvinylamidine having a molecular weight of

3,500,000 and 500 mgfliter of sodium chloride was passed under 0.5 MPa

for 4 hours. Pure water was passed, and the property for passing a 500

mg/liter agueous soiution of sodium chloride was evajuated.

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

The rejection of NaCl was 93% and the flux of permeation was 0.9
w3(m2d) after the first treatments with the aqueous solution of
polyacrylic acid and sodium chloride and the agueous solution of

polyvinylamidine and sodium chloride. The rejection of NaCl was 96%
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15 of the present invention. By using the permeable membrane and in

accordance with the process for the water treatment of the present

invention, not only inorganic electrolytes but 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 maintain_ed at great

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

wi I cr C

g N et T 10D Bab e A s tmonte

théﬁmhdhmammmmwilpnigmimmdﬁ:uiﬁi wddehns ¢hloride and the
é/vm amldlne or a derivative thereof. 2 The agent for increasing

rej

HRtRCL uSign-ehpsreandiag Mqudher&‘h&hmectmn
pe%%ﬂ@d@@@?&%@%ﬁ%&éﬂ?ﬁ'%@%ﬁ% .91 B, /SHeESg oomosis

ours.
membrane. 4

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
can be increased easily and safely at the location of the use of the
membrane without extreme decrease in the flux, and the increased
Tejection can be maintained for a long time by using the agent for
increasing the rejection with a permeable membrane and in accordance
with the process for increasing the rejection with a permeable membrane
of the present invention. By using the permeable membrane and in
accordance with the process for the water treatment of the present
imnvention, not only inorgamic electrolyies but also organic substances
soluble in water which are present in water can be effectively separated

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

values for a long time.
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CLAIMS

1. An agent for increasing rejection with a permeabie membrane which
comprises an ionic macromolecule having a weight-average molecular weight of
100,000 or greater, wherein the ionic macromolecule is a cationic macromolecule

which is a polyvinylamidine or a derivative thereof.

2. The agent for increasing rejection with a permeable membrane according
to claim 1, wherein the permeable membrane is 2 nano filtration membrane or a

reverse osmosis membrane.
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