-1-METHOD FOR IMPROVING REJECTION OF REVERSE OSMOSIS MEMBRANE, TREATMENT
AGENT FOR IMPROVING REJECTION, AND REVERSE OSMOSIS MEMBRANE Field of Invention
[0001] The present invention relates to a method for improving a rejection (salt rejection ) of a
reverse osmosis membrane, and particularly relates to a method for restoring a degraded reverse
osmosis (RO) membrane to effectively improve the rejection thereof. [0002] The present invention
also relates to a reverse osmosis membrane treated by a rejection improving treatment using the
method for improving a rejection of a reverse osmosis membrane and a treatment agent for improving
a rejection to be used in this method. Background of Invention [0003] RO membranes have been
used in ultrapure water production plants, wastewater recovery plants, seawater desalination plants,

and the likgrRNdERFERNOYWPRO R IIRD EGH Rsta e SRINGregrc calgignses, and the like contained
in water. [0004] - 2 - A rejection of a permeable membrane including an RO membrane, to

substancedshBRASENorfiabETdEB o lp{dsNInd-uRt dr oD NEgdrird BGhstehce ANDdecreased by
degradation of a high molecular weight base material due to influences of oxidizing substances,
reducing sﬁgé/l%ﬁ%gs,meﬁilé@% n water and other causes, and as a result, required treated
water quality may not be obtained in some cases. This degradation may gradually occur during
longterm use or may suddenly occur by an accident in some cases. In some cases, the rejection of a
fresh permgableymembrape mpayy Aot satisfy a level required as a product. [0005] In a permeable
membrane system using an RO membrane or the like, raw water is treated in a pre-treatment step
using chlofif®@Qdch as sodium hypochlorite) in order to prevent biofouling caused by slime on a
membrane surface. However, when water containing residual chlorine at a high concentration is

supplied to a perflt& RRAMrahBY Bl pthdBlehfmbrand iFabhRMcuNinddBRIBMhE%as a strong
oxidizing aé:tin' [é)gplﬁ]gn In{ﬂrgerrtg deCc[olmd%o e retsidéjarl 80Igrrige ir(l)water. tSo brree%?tegea reducing
agent such as odium |su$fﬁe is sometimes added 1o WateFio be ?rea?erg.)ﬂowever, WAER 2 metal
such as Cy qd(9,G9 s eUrpipeddn iewates tg beet Bod for restoring a
degraded reverse osnosis (RO nenbrane to effectively
i nprove the rejection thereof.
[ 0002]
The present invention also relates to a reverse osnosi s
menbrane treated by a rejection inproving treatnent using
the nethod for inproving a rejection of a reverse osnosis
menbrane and a treatnent agent for inproving a rejection to
be used in this nethod.
Background of Invention
[ 0003]
RO nmenbr anes have been used in ultrapure water
production plants, wastewater recovery plants, seawater
desalination plants, and the |like and can renove nost of
or gani ¢ substances, inorganic substances, and the |ike

contained in water.

[ 0004]



treated, even if a large amount of sodium bisulfite is added to the water, an RO membrane is degraded
(Patent Document 1 and Non-Patent Document 1). When the permeable membrane is degraded, the
rejection thereof is decreased. [0007] The following methods have been proposed as a method for
improving a rejection of a permeable membrane such as an RO membrane: [0008] i) A method for
improving a rejection of a permeable membrane by adhesion of an anionic or a cationic high molecular
weight compound to a membrane surface has been disclosed (Patent Document 2). [0009] In the
method described above, an effect of improving therejection of a degraded membrane is not
sufficient. [0010] i) A method for improving a rejection of a nanofiltration membrane or an RO
membrane by adhesion of a compound having a poly(alkylene glycol) chain to a membrane surface
has been disclosgd{EptaitiRacusiers el0fdabl e TRifbIeRad inalsadidig mathrd which
sufficiently improves the rejection of a degraded membrane without remarkably reducing a permeation
flux. - 4 - j091Rt aneiji) Aansthbdtfanpeyeatiod meesmbramegmtamizlagioh rapidydresge gradation in
guality of permeated water has been disclosed in which a treatment using a nonionic surfactant is

performed$¥ & hafstiltiBlien HéRBidheSsilat REFRRmMBrand #ek ifYeased permeation flux
and an anignij [ requce the permeation flux to an anpropriate (Patent Document 4). In
this methoé),gﬁc{(;‘%1 ?%r?lgé% ﬁrfa%teht@b%ﬁg%?%og rc':om%c W|th%a%ﬂédae|s ’g%%%?é To aEIJ lrjn‘re)erﬁl%érane surface

so as 1o sgtihe perreatien flaxiunasange 8lihdeUree40% alihar Abthetiai shees. [09A3d] In
order to improve a rejection of a seriously degraded membrane (membrane having a salt rejection

decreasedt thed3% loe |} bgrihisimetimden condidetdide anealse Of tlandudactant isgabtired to be
adhered to the membrane surface, and as a result, a remarkable decrease in permeation flux may

occur in sdrR8¢ases dREaKEMPIBbEheBIVel MatBRYDBEEIMBRL 2!Madidisdoddl B8N aromatic

polyamideCRCS)ergemlét%ne hgvinlga%gﬂrg%at}% fluxr %f u.gPImSIrréZCduary, 8u|\rlzi1Cr:]1 r jeﬁtiqn of 99.7%, and
a silica reje(?tlon of 99.595 as the fhitial perform%nge ata progucglon stage is (Sed f01% years, and the

membrang s Qiaingd isHyed aa@@rmd@we%?daﬂ RPN 17 Ratidocysant 4, a
membrane having a NaC1 rejection of 99.5% and a silica - 5 - rejection of 98.0%, which is not so

much degiadespiseuseaisas an theeat,caretit haa not baeh desdtogeelr by themebth@hdescribed
above, the rejection of a degraded permeable membrane is sufficiently improved.

may not satisty a level required as a product.

[ 0005]

In a perneabl e nenbrane system usi ng an RO nenbrane or
the like, raw water is treated in a pre-treatnent step using
chl orine (such as sodium hypochlorite) in order to prevent
bi of oul i ng caused by slinme on a nenbrane surface. However,
when water containing residual chlorine at a high
concentration is supplied to a perneabl e nenbrane, the
per neabl e menbrane i s degraded since chlorine has a strong
oxi di zing acti on.

[ 0006]

In order to deconpose residual chlorine in water to be

treated, a reducing agent such as sodiumbisulfite is

soneti nes added to water to be treated. However, when a

metal such as Cu and/or Co is contained in the water to be



[0014] iv) A method for improving the salt rejection by adhesion of a tannic acid or the like to a
degraded membrane has been disclosed (Non-Patent Document 2). [0015] However, an effect of
improving the rejection obtained by this method is not significant. For example, even when the salt
rejection of a degraded RO membrane, ES20 (manufactured by Nitto Denko Corp.) or SUL-G20F
(manufactured by bray Industries, Inc.), is improved by this method, a solute concentration of
permeated water through the membrane after the improvement cannot be decreased to 1/2 of that of
permeated water through the membrane before thesimprovement. v) A method for improving a
rejection of an RO membrane by addition of a poly(vinyl methyl ether) (PVME) to a tannic acid has
been disclosed (Non-Patent Document 5). In this method, the concentration of the chemical agent to
be used istreldively, high.estichfasal9 apFroRmMeIRItIN GAdgisd. whepi toaimemerans igdegaded by this
method, the permeation flux of the membrane is decreased by approximately 20%. - 6 - Furthermore,
the rejectidronmdycbenbiueily inaproRed ive sbmarcases. [@6d6hded\ordtatant Mocuments 3land 4 have
disclosed that in a polyamide membrane degraded by an oxidizing agent, the C-N bond of the

polyamide"‘lfhﬂqﬁ@'?ﬁ GheMbrdie HAES naterial iwaké&%méfﬁ_fébér?idﬁ%@ﬁt%é Structure of
the memp@émgrrlo qigg?roy&%c.[pgjl% gi (;I’rpet Wéegggfrejlegtl% &T%rgvm@ methods described above have

the following ems a nce a substance is newly Sahered to the surface of the
permeable[ r@@mrane, the permeation flux thereof is reduced. For example, when a degraded
membrane is treated by a rejection improving treatment so that the solute concentration of water
permeated throughe¢hd aidnobviang wieth eslsehi@ddyoz egje pliapesoedegstreatmedrh@éaldecreased to

1/2 of that of water permeated through the membrane which is not yet treated by the recovery
treatment, li@ Soh T8N thepé Ph&ftiondxdhag bR&IFR I &bl FRIBRFHIR dSHFPoRSordAore as
compared thatrpoerf%re the treatment is performed. [0018] b) When a chemical agent having a
high concen ration 15 aﬁgéd, TOC of brine separated by the membrane is increased. In addition, it is
not easy to rggigie the membrane while -7 - water to be treated is supplied through the membrane
and is collected. ?0019] c) For a membrane which is seriously degraded, the rejection thereof is not
easily recoveredi) A nethod for inproving a rejection of a perneable

menbr ane by adhesion of an anionic or a cationic high
nol ecul ar wei ght conpound to a nenbrane surface has been
di scl osed (Patent Document 2).

[ 0009]

In the nethod described above, an effect of inproving
the rejection of a degraded nenbrane is not sufficient.
[ 0010]

i) A method for inproving a rejection of a
nanofiltration nmenbrane or an RO nenbrane by adhesion of a
conpound havi ng a pol y(al kyl ene glycol) chain to a nenbrane
surface has been discl osed (Patent Docunent 3).

[0011]

This nmethod is also not a nethod which sufficiently

i nproves the rejection of a degraded nenbrane w t hout

remar kably reduci ng a perneation fl ux.



Citation list Patent Document [0020]  Patent Document 1: Japanese Patent Publication 7- 308671A

[ 0012]

iii) A nmethod for preventing nenbrane contarm nation
and/ or degradation in quality of perneated water has been
di sclosed in which a treatnent using a nonionic surfactant
is performed on a nanofiltration nmenbrane or an RO nenbrane
havi ng an increased perneation flux and an anionic charge to
reduce the perneation flux to an appropriate range (Patent
Docunent 4). 1In this nmethod, the nonionic surfactant is
brought into contact with and is adhered to a nmenbrane
surface so as to set the perneation flux to a range of +20%
to -20% of that at the start of use.

[ 0013]

In order to inprove a rejection of a seriously degraded
menbr ane (nenbrane having a salt rejection decreased to 95%
or less) by this nmethod, a considerable amount of the
surfactant is required to be adhered to the nenbrane surface,
and as a result, a remarkabl e decrease in perneation flux
may occur in sonme cases. One exanple of the above Patent
Docunent 4 has di sclosed that an aromatic pol yam de RO
menbr ane having a permeation flux of 1.20 nf/nf-day, a Nad
rejection of 99.7% and a silica rejection of 99.5% as the
initial performance at a production stage is used for 2
years, and the nenbrane thus obtained is used as an
oxi dation degraded nenbrane. |In Patent Docunment 4, a

menbrane having a NaCl rejection of 99.5% and a silica



Patent Document 2: Japanese Patent Publication 2006- 110520A Patent Document 3: Japanese
Patent

rejection of 98.0% which is not so nuch degraded, is used
as an object, and it has not been disclosed that by the
met hod descri bed above, the rejection of a degraded
perneabl e menbrane is sufficiently inproved.

[ 0014]

iv) A method for inproving the salt rejection by
adhesion of a tannic acid or the like to a degraded nenbrane
has been di scl osed (Non-Patent Document 2).

[ 0015]

However, an effect of inproving the rejection obtained
by this nmethod is not significant. For exanple, even when
the salt rejection of a degraded RO nmenbrane, ES20
(manufactured by Nitto Denko Corp.) or SUL- QO0F
(manuf actured by Toray Industries, Inc.), is inproved by
this method, a solute concentration of perneated water
t hrough the nenbrane after the inprovenent cannot be
decreased to 1/2 of that of perneated water through the
menbr ane before the inprovenent.

v) A nmethod for inproving a rejection of an RO nmenbrane
by addition of a poly(vinyl nethyl ether) (PVME) to a tannic
acid has been disclosed (Non-Patent Docunent 5). In this
met hod, the concentration of the chem cal agent to be used
is relatively high, such as 10 ppmor nore. |In addition,
when the nenbrane is treated by this nethod, the perneation

flux of the nmenbrane is decreased by approxi mately 20%



Publication 2007- 289922A Patent Document 4: Japanese Patent Publication 2008- 86945A
Non-Patent Document [0021]

Furthernore, the rejection nay be hardly inproved in sonme
cases.
[ 0016]

Non- Pat ent Docunents 3 and 4 have disclosed that in a
pol yam de nenbrane degraded by an oxidi zi ng agent, the CN
bond of the pol yam de |inkage of a menbrane base material is
broken, and hence an inherent sieve structure of the
menbrane i s destroyed.

[0017]

The related rejection inproving nethods descri bed above
have the follow ng problens a to c.

a) Since a substance is newy adhered to the surface of
t he perneabl e nmenbrane, the perneation flux thereof is
reduced. For exanple, when a degraded nenbrane is treated
by a rejection inproving treatnent so that the solute
concentration of water perneated through the nenbrane which
is treated by a rejection recovery treatnent is decreased to
1/2 of that of water perneated through the nmenbrane which is
not yet treated by the recovery treatnent, in sonme cases,
the perneation flux nmay be considerably decreased by 20% or
nore as conpared to that before the treatnent is perforned.

[ 0018]

b) When a chem cal agent having a high concentration is

added, TOC of brine separated by the nenbrane is increased.

In addition, it is not easy to restore the nmenbrane while



Non-Patent Document 1: Nagar et al., Desalination, Vol. 96 (1994), 291-301 Non-Patent Document
2: Satoh and Tamura, Kagaku Kogaku Ronbunnshu Vol. 34 (2008), 493-498 Non-Patent
Document 3: Uemura et al., Bulletin of the Society of Sea Water Science, Japan, 57, 498-507 (2003)
Non-Patent Document 4: Yoshryasu Kamryama, Hyomen - 8 - (Surface), Vol. 31, No. 5 (1993),
408-418 Non-Patent Document 5: S.T. Mdtrould, A.J. Karabelas, N.P. Isaias, D.C. Shoutopoulos,
and A.S. Al Rammah, Reverse Osmosis Membrane Treatment Improves Salt-Rejection Performance,
IDA Journal | Second Quarter 2010, p22-34 Objectand Summary of Invention [0022] An object of
the present invention Is to solve related technical problems described above and Is to provide a
method for improving a rejection of a reverse osmosis membrane, the method being capable of

effectively yapeqving theerejedionef a ©velgspHPsasisipengRNeh €VRB tbihgrieeambs e |s seriously
degraded, without remarkably reducing a permeation flux, and a treatment agent used for the method

described abblVed06823] Another object of the present invention Is to provide a reverse osmosis
membrane treated by a rejection improving treatment using the method for improving a rejection of a
reverse o embrane as described above. [0024] In order to accomplish the above objects,

examination andanaybe & QETaLE b has st OS] et Kooy Thi the o -
following findjngstweie eHainedf i s not easily recovered.
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Non- Pat ent Docunent
[ 0021]
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Non- Pat ent Docunent 4: Yoshi yasu Kam yana, Hyonen



[0025] 1) In the conventional method in which a hole formed in a membrane by degradation
thereof is filled up by adhesion of a new substance (such as a compound including a nonionic
surfactant or a cationic surfactant) to the membrane, the permeation flux of the membrane is
remarkably reduced because of hydrophobization of the membrane and adhesion of a high molecular
weight compound thereto, and hence, it is difficult to secure the amount of water. [0026] 2)Ina
reverse osmosis membrane such as a polyamide membrane, the C-N bond of the polyamide is broken
by degradation caused by an oxidizing agent, and t®e-inherent sieve structure of the membrane is
destroyed. At degraded portions of the membrane, although the amide groups are lost by the
breakage of the amide linkages, some carboxyl groups remain. [0027] 3) When an amino

compoundisipadg o be gificiersly adgred apd dopgmped 4 ghia carboxyl group of the degraded
membrane, the degraded membrane is restored, and hence the rejection thereof can be recovered.
When a low molédutarRadight cddapoomathabing@nfamMd graulbiis ubed askhe albehaspmpound to be
bonded to the carboxyl group, remarkable - 10 - reduction in permeation flux caused by

hydrophobhdtion! 618l AemiPake salfaté aRAUdPRsicR S £high AbleBarBbigR&ERhFSuNd thereto
b 2d, T [ ion has b I based he findi
can be supprgestd BZR) and "R RiSEERLPVeIon s egh pompiled baged on he findings as

described above. e Or improving a rejection o L ¥6verse osmosis membrane of
the presenpépventigh na@ude sieruPhadssingsan aeyeeyasekiionepptaipng afirst organic

compound having a molecular weight of less than 200, a second organic compound having a
molecular Qgigittof 200 tSuesatlyarob00 arehaitioird organic compound having a molecular weight of
500 or more through the reverse osmosis membrane. [0030] The organic compound having a
molecular L\%ﬁ]of less than 200 is preferably an amino acid or an amino acid derivative. [0031] The
organic compounghaying & mgiecpiar Wiidht ol SO0 UMPIRraiRrapy 133 &vFls slrugure. (0032]

techni cal probl ens descri bed above and is to provide a

met hod for inproving a rejection of a reverse osnosi s

menbr ane, the nethod being capable of effectively inproving

the rejection of a reverse osnosis nenbrane, even if the

menbrane i s seriously degraded, w thout remarkably reducing

a perneation flux, and a treatnent agent used for the nethod

descri bed above.

[ 0023]

Anot her object of the present invention is to provide a

reverse osnosis nenbrane treated by a rejection inproving

treatment using the nmethod for inproving a rejection of a

reverse osnosis nmenbrane as described above.

[ 0024]

In order to acconplish the above objects, intensive
investigation was carried out by the present inventors

t hrough repeatedly performed exam nati on and anal ysi s of

degraded nenbranes using actual machines, and finally the



The salt rejection of the reverse osmosis before the aqueous solution is supplied therethrough is
preferably 95% - 11 - or less and particularly preferably 90% or less. [0033] The total
concentration of the first organic compound and the second organic compound in the aqueous solution
is preferably 1 to 500 mg/L, and the concentration of the third organic compound is preferably 1 to 500
mg/L. [0034] The time for the solution passing step described above is preferably 3 to 500 hours.
[0035] The reverse osmosis membrane of the present invention is treated by a rejection improving
treatment using the method for improving a rejectiop of a reverse osmosis membrane described
above. [0036] The treatment agent for improving a rejection of a reverse osmosis membrane of the
present invention includes a first organic compound having a molecular weight of less than 200, a

second orgajie SAMRUNHAVIEsa MRelecidpt weigdy of 200 to less than 500, and a third organic
compound having a molecular weight of 500 or more. Advantageous Effects of Invention [0037]

According [t@ @5 present invention, when an aqueous solution containing the first organic compound
having a - 12 - 1) In the conventional nmethod in which a hole forned in
a nmenbrane by degradation thereof is filled up by adhesion
of a new substance (such as a conpound including a nonionic
surfactant or a cationic surfactant) to the nenbrane, the
perneation flux of the nenbrane is remarkably reduced
because of hydrophobi zati on of the nmenbrane and adhesi on of
a high nol ecul ar wei ght conpound thereto, and hence, it is
difficult to secure the anobunt of water.
[ 0026]

2) In a reverse osnosis nmenbrane such as a pol yam de
menbrane, the C-N bond of the polyam de is broken by
degradati on caused by an oxidizing agent, and the inherent
sieve structure of the nenbrane is destroyed. At degraded
portions of the nenbrane, although the am de groups are | ost
by the breakage of the am de |inkages, sonme carboxyl groups
remain.

[ 0027]

3) Wien an am no conpound is made to be efficiently
adhered and bonded to this carboxyl group of the degraded
menbr ane, the degraded nenbrane is restored, and hence the
rejection thereof can be recovered. Wen a | ow nol ecul ar
wei ght conpound having an am no group is used as the am no

conmpound to be bonded to the carboxyl group, remarkable



molecular weight of less than 200, the second organic compound having a molecular weight of 200 to
less than 500, and the third organic compound having a molecular weight of 500 or more is supplied
through a reverse osmosis membrane degraded by an oxidizing agent or the like, without remarkably
reducing a permeation flux of this reverse osmosis membrane, degraded portions of the membrane
can be restored, and hence the rejection thereof can be effectively improved. [0038] In particular,
when the solution is passed so that the minimum organic-compound contact amount per membrane
unit area is 2,500 mg/m2 or more and preferably 21500 to 1,000,000 mg/m2, without remarkably
reducing a permeation flux of this reverse osmosis membrane, degraded portions of the membrane
can be restored, and hence the rejection thereof can be effectively improved. [0039] Hereinafter, a
mechanism & ie$tPHRY i g pded MeshbaNGOYCRESEaset IRyentishelibedessiibed vith
reference to Fig. 1. [0040] A reverse osmosis membrane such as a polyamide membrane having a
normal amickiimlene Isas fhecstruotulecathespresernéd dyhd gdrnmal ineembeanenshigin in Fig. 1. When
this - 13 - membrane is degraded by an oxidizing agent such as chlorine, the C-N bond of the amide
linkage is 5RIKBAUNAetHY RE SteRUrB&sSURMIPEY 8Hegraded membrane in Fig. 1 is formed.
[0041] JA&O wn by the degraded membrane in Fig. 1, although the amino group may be lost in
some cases by the breakage of the amide linkage, a carboxyl group is formed on at least part of this
breakage portionTR047] esefi6 the Gleatadaiondy0sRRys dopizetd @apds drreasethand gaps
having various sizes are formed. When the first to the third organic compounds are fixed in
accordanckiwith tigssias ofl dscgadwledbaeing various sizes of the degraded membrane are
restored, and the rejection of the membrane is recovered. [0043] When an aqueous solution
containing[é)ﬁla%lity of amino compounds having different molecular weights and skeletons
(structures) is allct]wgd rtr% PESS t?rg}Jgh a degraded membrarie, the c?mgoyré(\j/s de%cribed above

interfere with each other when being allowed 1! gags {herbﬁgh &hoenm%mbrane, &

osnosi s nenbrane of the present invention includes a step of
passi hg an aqueous solution containing a first organic
conpound havi ng a nol ecul ar wei ght of |ess than 200, a
second organi ¢ conpound having a nol ecul ar wei ght of 200 to
| ess than 500, and a third organic conmpound having a

nmol ecul ar wei ght of 500 or nore through the reverse osnosis
menbr ane.

[ 0030]

The organi ¢ conpound having a nol ecul ar wei ght of |ess
than 200 is preferably an amno acid or an amno acid
derivati ve.

[ 0031]

The organi ¢ conpound having a nol ecul ar wei ght of 500

or nore preferably has a cyclic structure.
[ 0032]
The salt rejection of the reverse osnosis before the

aqueous solution is supplied therethrough is preferably 95%



as a result, residence times of the compounds at degraded portions in the membrane are increased.
Accordingly, the contact probability between the carboxyl group of the - 14 - membrane and the amino
group of the low molecular weight amino compound is increased, and hence, efficiency of restoring the
membrane is increased. [0044] In particular, when an aqueous solution containing the third organic
compound having a molecular weight of 500 or more is allowed to pass through a membrane, a large
degraded portion of the membrane can be filled up, and the restoring efficiency is increased. The third
organic compound may be a compound having -a fumctional group (cationic group: a primary to a
tertiary amino group) which interacts with the carboxyl group of the membrane, a compound having a
functional group (anionic group: a carboxyl group or a sulfonic group) which interacts with a compound

having an gmine geohiad thartiaadment pgeprfer bpreVinggdgie¢tiqne §scompound having a
functional group (a hydroxyl group) which interacts with the polyamide membrane, or a compound
having a cly@@3stfucture. [0045] When the minimum organic-compound contact amount per
membrane unit area is set to 2,500 mg/m2 or more, the size of a large degraded portion of the

membrane is grabi8Ily BE&leaS8HERThE Jrd&ilc ‘éf)n{ptb%nﬁid’e%ﬁriﬁé@ aBbte FOHBIIBE, and finally

the membigg s iesigred oo tal s hele thiteln siiied v Fven e degradedgorian is - 15 -

present inside the membrane, w € minimum organic-compo contact amount per membrane

unit area ig)pak OrapPY Mo/ GoHOFRy/the osgrNie ReMPONPENS palfictantlyinftithated pioghe
membrane, and as a result, the degraded portion is restored. Brief Description of Drawings [0046] Fig.
1 includes@mhganical strauchoarddrmglapilkiseatiby ya rhetloari®f ofi tejection improving treatment of
the present invention. Fig. 2 is a schematic view showing a flat membrane test device used in
Examples | 88s4]ption of Embodiments [0047]

The tinme for the solution passing step descri bed above
is preferably 3 to 500 hours.
[ 0035]

The reverse osnosis nenbrane of the present invention
is treated by a rejection inproving treatnment using the
nmet hod for inproving a rejection of a reverse osnosi s
menbr ane descri bed above.

[ 0036]

The treatnment agent for inproving a rejection of a
reverse osnosi s nenbrane of the present invention includes a
first organic conmpound having a nol ecul ar wei ght of |ess
t han 200, a second organi c conpound havi ng a nol ecul ar
wei ght of 200 to less than 500, and a third organi c conpound
havi ng a nol ecul ar wei ght of 500 or nore.

Advant ageous Effects of Invention
[ 0037]
According to the present invention, when an aqueous

solution containing the first organic conpound having a



Hereinafter, embodiments of the present invention will be described in detail. [0048] [Method for
Improving Rejection of Reverse Osmosis Membrane] A method for improving a rejection of a
reverse osmosis membrane of the present invention includes a step of passing an aqueous solution
containing a first organic compound having a molecular weight of less than 200, a second organic
compound having a molecular weight of 200 to less than 500, and a third organic compound having a
molecular weight of - 16 - 500 or more through a permeable membrane. Hereinafter, the agqueous
solution containing these organic compounds Is-refexred to as the "rejection improving aqueous
solution" In some cases. [0049] The rejection improving aqueous solution Is supplied so that the
minimum organic-compound contact amount per membrane unit area Is 2,500 mg/m2 or more and

preferably gppQQ i HOORIOPHNIBN21 (09501 REieadment fAeeniee bRarayigaReectron>  In the

present invention, as the first organic compound having a molecular weight of less than 200 and the
second organipconmbooadi hayirgy avhaecllar weigjhglof 200 t@ (E¥stthah 899, tHeefioll&@hg may be
mentioned by way of example. [0051] Aromatic amino compounds: Compounds having a benzene

skeleton aAl%nt AR Y rotpOsSANAS aRRAB TR WEight: 3) 8RH! RAMIES BBAz&e (molecular
weight: 108400521y, ArpaL gming sl et pampuRd, CpmpaUNy R YRg o benzene
, an

. n
skeleton, at least two amino grou at least ohe carboxyl group, the number o vihich Is smaller

than that of & aauRP BIOURS. SNFRIRS BrerdERBINO Renzoieasrddaiolagylapyyeight: 152), 3,4-dramino
benzoic acrd - 17 - (molecular weight: 152), 2,4-dramlno benzoic acrd (molecular weight: 152),

2,5-draminebaniad byrd @deleculgr avejgtn®s2), and 2, 48-tofntlho $enevieraded (molecular weight:
167)[005%Lnnsis menbr ane, degraded portions of the nmenbrane can be

restored, and hence the rejection thereof can be effectively

i nproved.

[ 0038]

In particular, when the solution is passed so that the
m ni mum or gani c- conpound cont act anmount per nenbrane unit
area is 2,500 ng/nf or nore and preferably 2,500 to
1, 000, 000 ng/ nf, without remarkably reducing a perneation
flux of this reverse osnosis nenbrane, degraded portions of
t he menbrane can be restored, and hence the rejection
t hereof can be effectively inproved.

[ 0039]

Her ei nafter, a nechani smof restoring a degraded
menbrane by the present invention will be described with
reference to Fig. 1.

[ 0040]
A reverse osnpsi s nenbrane such as a pol yam de nenbr ane

having a normal am de |inkage has the structure as

represented by a normal nenbrane shown in Fig. 1. Wen this



Aliphatic amino compounds: Compounds having a linear hydrocarbon group of approximately 1 to 20
carbon atoms and at least one amino group, such as methylamine (molecular weight: 31), ethylamine
(molecular weight: 45), octylamine (molecular weight: 129), and 1,9-dramlnononane (In this
specification, abbreviated as "NMDA" In some cases) (C91122(NH2)2) (molecular weight: 158), and
compounds each having a branched hydrocarbon group of approximately 1 to 20 carbon atoms and at
least one amino group, such as 1- amlnopentane (In this specification, abbreviated as "IAAM" In some
cases) (C5H23N) (molecular weight: 87) and 2-metfyl1,8-octanedramine (In this specification,
abbreviated as "MODA" In some cases) (NH2CH2CH(CH3)(CH2)6NH2) (molecular weight: 158).
[0054] Aliphatic amino alcohols: Compounds having a linear or a branched hydrocarbon group of 1
to 20 carbem AERTEREAN 3MiRY P WD apg aahy BRXi % PHRy, Sd?é"rﬂs 4@emna-a1gtiayl i witanol (In
this specification, abbreviated as "AMB" In some cases) (NH2(CH2)2CH(CH3)CH20H) (molecular
weight: 108he- C3N[@@BE] of Heteroaytlitearhinokagepownds: @aanpowitls ledwng heneterocyclic ring
and an amino group, such as tetrahydrofurfuryl amine (in this specification, abbreviated as "FAM" in
some cased)(SFGaLR ARDrESKMET BY the HSARG ForfRIRY GRGetaFhBight: 181). [0056] [0057]
Amino aci(il unds: Basic amino acid compounds, such as arginine (molecular weight: 174) and
lysine (molecular weight: 146); amino acid compounds each having an amide group, such as
asparagrn d@@iqcular weight: 132) and glutamine (molecular weight: 146); and other amino acid
compounds, such as glyclne (molecular weight: 75) and phenylalancne (molecular weight: 165). [0058]
The first organic Asmploonwd rbyy beehe agriaal adidneenbihensmino adid codpoahtihAoging them,
arginine (molecular weight: 174), lysine (molecular weight: 146), and hrstrdine (molecular weight:
155), eact GBVRiEh 19 adBaitPamfo R&d! Q310 J AyeSRERrSBRETE%EHRd BFGHIGESMPound may
be a peptig%(e)r gr(rjleéié/a}i\lle hereof. Am%ngotgerrll aspartamfeén}olec#éad' v(\é%ighlé: [2694 which is a

methyl ester of a dlpeptideno %%%hy%lé;nlrrle and asggpalfﬁnic acuf fid preferable. t Each of

those low Fglecular waight apingaBrpERds Bas a high water solubility, is stable in the form of an
agueous solution, and reacts with the carboxyl group of the membrane to bind to the reverse osmosis

membrand, @0&2py forming a water insoluble salt. Accordingly, holes formed by degradation of the
membrane are filled up, and as a result, the rejection of the membrane is increased. [0060]
As the degradation proceeds, the size of gap is
i ncreased, and gaps having various sizes are formed. Wen
the first to the third organic conpounds are fixed in
accordance with the size of the gap, holes having various
si zes of the degraded nmenbrane are restored, and the
rejection of the nmenbrane is recover ed.
[ 0043]
Wien an aqueous solution containing a plurality of
am no conpounds having different nol ecular weights and
skel etons (structures) is allowed to pass through a degraded
menbr ane, the conpounds descri bed above interfere with each
ot her when being allowed to pass through the nenbrane, and
as a result, residence tines of the conpounds at degraded

portions in the nenbrane are increased. Accordingly, the

contact probability between the carboxyl group of the



The low molecular weight amino compounds may be used alone, or at least two types thereof may be
used in combination. When an aqueous solution containing at least two types of low molecular weight
amino compounds having different molecular weights and skeleton structures is allowed to pass
through a permeable membrane, the compounds interfere with each other when being allowed to pass
through the membrane, and as a result, the residence time of each compound at degraded portions in
the membrane is increased. Accordingly, the contact probability between the carboxyl group of the
membrane and the amino group of the low - 20-- malecular weight amino compound is increased, and
hence, an effect of restoring the membrane is enhanced. [0061] The concentration of the first
organic compound in the rejection improving aqueous solution is preferably 0.1 to 500 mg/L and
particularly,prgieratly @edotI0 meilaangribaoscentratiarel thelseeand orgaiigigempound is
preferably 0.1 to 500 mg/L and particularly preferably 0.5 to 100 mg/L. [0062] The third organic
compoundamaving aanplegoldr weightof &@9eaxt, mared(phefiecahly 800ite I5000000dnd particularly
preferably 500 to 50,000) preferably has a carboxyl group, an amino group, or a hydroxyl group. The
third orgari€ ebRpbld i BretBrapiPA Sk fin 0P &N S&hiRE: The tannin may be tannins extracted from
plants, su%rbﬁgpﬁdrolysable type sumac gallnut and gallnut and condensed type quebracho and
mimosa. The peptide may be a polyglycine, a polylysine, a polytryptophan, or a polyalanine which has
a molecular weight, 0haP@ oe ME, [0lR8h anT k) GeBRNERIONGf dhe HyFf aigqinifgcqrReound in the
rejection improving aqueous solution is preferably 0.1 to 500 mg/L and in particular, preferably
approximaittdii/ 10cb to §ad ny/corRAu{0064Vi ngVaenthe tathleconeenyghtion bf H@0first, the second,
and the third organic compounds in the rejection improving aqueous solution is excessively high, the
permeatioMRUR nh&y Bé remarkdoly RaR= el QB GdRMEAGMFe amduRtIs BRI ARNELinds which
do not reach dﬁ%andedfp rHonsn'g%irnacF]eeasced since mq (I)req?nic com%%ur%?_f are adgsorbed on a

membrand SUrface 'so as to form multiple Iayae?s. hen the totalamaunt o ﬁerfi?sﬁ, fhe sn&ond, and

the third ogRNICFURBYUNGS isRRrCeasHalY lonhdhe RembEngdnaAY Nnebhe suRigiently restored, and a
water passing time requwed to obtain an organlc-compound contact amount per membrane unit area

of 2,500 mgy/ma@rgonom ikavinegessdriy oicreassd. ¢Hemep, (heabiad moacgntoatmn af the first and the
second organic compounds in the rejection improving aqueous solution is preferably 1 to 500 mg/L
and in parfiédl&RpYefePatily BBpFdx@hXte RO 30DGHFL, WAHGhe | nteracts wi th the

car boxyl group of the nmenbrane, a conpound having a
functional group (anionic group: a carboxyl group or a

sul fonic group) which interacts with a conpound havi ng an
amno group in the treatnment agent for inproving a rejection,
a conpound having a functional group (a hydroxyl group)

which interacts with the pol yam de nenbrane, or a conpound
having a cyclic structure.

[ 0045]

Wien the m ni mum or gani c- conpound contact anount per
menbrane unit area is set to 2,500 ng/nf or nore, the size
of a large degraded portion of the nenbrane is gradually
decreased as the organi c conpound descri bed above is
adsorbed, and finally the nenbrane is restored so that the

hole therein is filled up. Even if the degraded portion is



concentration of the third organic compound is preferably 1 to 500 mg/L and in particular, preferably
approximately 1 to 300 mg/L. [0065] A ratio Crnin/Cmax of the lowest concentration Crnin among
the concentrations of the first to the third organic compounds in the rejection improving aqueous
solution to the highest concentration Cmax among the concentrations thereof - 22 - is preferably 0.1
to 1.0. When this value is less than 0.1, holes may be unevenly restored in some cases depending on
the size thereof. The concentrations of the organic compounds may be set to be equal to each other.
[0066] The rejection improving aqueous solutiaqrtgmay contain a tracer which may be an inorganic
electrolyte such as salt (NaC1), a neutral organic compound such as isopropyl alcohol or glucose, or a
low molecular weight polymer such as a poly(maleic acid). When the tracer is contained in the
rejection irgpeyEg agurRQUeSQlWiondh® deaeee alvestaring ofithe memBragenean be confirmed by
analysis of the degree of permeation of salt or glucose to water permeated through the reverse
osmosis memipraned[0067] act \\duenuan tvapeTsupphbp@ssutenfor passiagitise sgectian improving
agueous solution through a reverse osmosis membrane apparatus is excessively high, adsorption to
non-degraded PortBHI isabvaREgeotil§ pP6EEHsC VAKIPHENHate? siHPI frE&irkYs excessively
low, adsorption raded portions m ot praocee ence, the water supply p re is, preferably
set to 30%P%?i$§£%§n§8pér[%éa?ly %re’%g%ﬁﬁ Q%% t‘gngﬁgo 02? arnecgsrgriél bpra io%gér?eéguer%e of the
reverse osiRs$ Biemkrapegnpasius. When the membrane of the reverse osmosis membrane
apparatus is an ultra low - 23 - pressure membrane, an inlet pressure of the apparatus is preferably
0.1 to 1.0 BRaeWines the pientrané obtteanavgsse osmosis membrane apparatus is a low pressure
membrane, the inlet pressure of the apparatus is preferably 0.1 to 2.0 MPa. When the membrane of
the reversé @2fflsis membrane apparatus is a seawater desalination membrane, the inlet pressure of
the apparatus is Elrefer ly 0.]1 t8d7.0 MPa.n[logg?] st rIn the 'pre§e61rt rirqﬁegéion, the rejection improving

agueous solution is%re erilﬂ.&?/ supBﬁe&poepermeate thr%%gH the réverse o3mosis membrane so that

the m?nim_li‘mIQEQ@WQIQW%W%QQ{%%%W%W@Q@P%@WW WﬁiﬁﬂEﬁﬁ C‘t"ﬁ?éi e Hie below
equation is 2,500 mg/m2 or more, preferably 2,500 to 1,000,000 mg/m2, and particularly preferably

3,000 to 100,008enginex alfhen hives ntiniotum organic-compound contact amount is set as described
below, the rejection of the reverse osmosis membrane is sufficiently improved. When the content of
the first organic cdthBourdd IsSrePreSEtes® by € 1vVirRY/LS AV RAteht idf e SBEBHPMNYahRSEompound
is represented.by C2, thg content of the third organic compound is represented by C3 (mg/L), and the
lowest con \ﬁ{rgﬁoﬁjgﬁwon'gnc 6"@ igsrepresented by Cmin, the minimum organic-compound

contact anpuiy BepMmeypbiENetiiesd calculated by the following equation. Minimum
organic-compound contact amount per membrane - 24 - unit area=[(C,a),treatment time
(Hrpermedti@d4itix in treatment (m3/Hr)/membrane area (mf)][1,000

Her ei nafter, enbodi nents of the present invention wll
be described in detail.
[ 0048]

[ Met hod for Inproving Rejection of Reverse OGsnosis
Menbr ane]

A nmethod for inproving a rejection of a reverse osnosi s
menbrane of the present invention includes a step of passing
an aqueous solution containing a first organi c conpound
havi ng a nol ecul ar wei ght of |ess than 200, a second organic

conpound havi ng a nol ecul ar wei ght of 200 to | ess than 500,

and a third organic conpound having a nol ecul ar wei ght of



[0069] In the method of the present invention, the linear velocity of the water permeating the
membrane is preferably 0.1 to 5 m/d. It relates to the pressure, water temperature, shape of the
membrane, and the like. When the velocity is excessively high, adsorption to non-degraded portions
disadvantageously proceeds, and when the velocity is excessively low, contact efficiency to degraded
portions is decreased. [0070] The water temperature of the rejection improving aqueous solution in
this rejection improving step is preferably ordinary temperature, such as approximately 10C to 35C.
When the water temperature is too low, the permeagon flux is decreased, and the contact efficiency is
decreased. When the temperature of the rejection improving aqueous solution is too high, a
membrane base material may be deformed in some cases. [0071] The time for passing the
rejection ingpEVHIY ARWROUSHITAUNI is prefarablyIset seibatrrch ofgani¢ aampernd issufficiently
allowed to pass through the reverse osmosis membrane. In the case in which the rejection improving -
25 - aque@agsndutiorsisl sutpptied edienaa nomgaltdpesatian ghthiearevorsecasnissis snembrane
apparatus is not performed, the time is preferably approximately 3 to 100 hours and in particular,
preferably 2@bfSXiRatdlP 638 50 ours Sviehi tAB JolRIAVI i RAHBRYS eROELENEN shdR, the
treatment i'gsotﬁebec%%rggleted before the fixability of the organic compounds is not obtained, and as a
result, the organic compounds thus adhered may be peeled away in some cases. [0072] The
rejection irpgm/g]g treatment may also be performed in the normal operation of the reverse osmosis
membrane apparatus, and for example, the treatment may be performed by addition of the treatment
agent for improvihbe ref¢@ioni torwateptobe tgatsliache noomat operatieon o e reaedrs®osmosis
membrane apparatus. Although the time to add the treatment agent for improving a rejection to the
water to bé Bahtdd'@ grbfir AN PheRiinGtdlP TREWHD KA 2l tAsERRht BEENt for improving a
rejection may n%l}NaP{S be :Hded to WateriugBI&jed to/t%@ reverse %srg%is meme%rbq apparatus. [0073]

When the permegtloen filX is rdatifed Quétd membrane Sontamination cé)urseedeoy a I&lng-term

operation of thggeyeyse QPP araPiehe apparatus, the rejection improving - 26 - treatment may
be performed after membrane cleaning is performed. [0074] A chemical agent used for cleaning
the membfsd@3)} acid may be an inorganic acid such as hydrochloric acid, nitric acid, or sulfuric acid,
or an organic acid such as citric acid or oxalic acid. For alkaline cleaning, sodium hydroxide or
potassium hydrogiliegahy BB ustdeThe oM mMafieC¥ate dppk®&ia®ly 2 in the acid cleaning, while in
the alkaline clearfingtrtlﬁe pH may be set to e%pproximateliyhlz OO?Ei] [Reverse Osmasis M%mbrane]
The reverse osmosis Mentbrane ( o rﬂgﬁ%rér%)’m%? be & p I'yFnSer memBiAne WATRIHddes an
asymmetrig nemgrapednd auiompegiiegnembrane JMaterials foptheaR® meebyapefgy be |
polyamide materials such as an aromatic polyamide, an aliphatic polyamide, and a composite material
thereof; arat celhilasecoapmiakisheyasg cellnbiseadetatewEhgmetbdd 2QGntpyovieg s rejection of a
reverse osmosis membrane of the present invention may be preferably applied to a permeable
membrand WARKIGornmdtefrbRl AP¥tdifati®y be nentioned by way of exanple.

[ 0051]

Aromati c am no conpounds: Conpounds havi ng a benzene
skel eton and an am no group, such as aniline (nolecular
wei ght: 93) and di am no benzene (nol ecul ar wei ght: 108).

[ 0052]

Aromati c am no carboxylic acid conpounds: Conpounds
havi ng a benzene skeleton, at |east two am no groups, and at
| east one carboxyl group, the nunber of which is smaller
than that of the am no groups, such as 3,5-diam no benzoic

acid (nol ecul ar weight: 152), 3,4-diam no benzoic acid



polyamide material and which produces many carboxyl groups through breakage of the C-N bonds
caused by degradation. [0076] When the salt rejection of an RO membrane which is not - 27 - treated
by the rejection improving treatment is 95% or less and in particular 90% or less, the method of the
present invention may be preferably applied to the membrane. [0077] A module system of the
reverse osmosis membrane is not particularly limited, but may be a tubular membrane module, a
planar membrane module, a spiral membrane module, and a hollow-fiber membrane module. [0078]
The reverse osmosis membrane treated by the metfiod of the present invention is effectively applied to
a water treatment for recovery and recycle of wastewater containing a high- or a low-concentration
TOC to be discharged from an electronic device production field, a semiconductor production field, and
other variqugdn@isiriakfiglds gha.watgpireatment dppwirapUERWAI Pradu@ionsieg indsstrial water
or city water and other fields. The water to be treated by the reverse osmosis membrane apparatus
may contaweo@janic diAtancesthaliagranitOGeri 000 L tatd@ n{groladdyiraeferaiely gipproximately 0.1
to 30 mg/L. The water containing the organic substances as described above may be wastewater from
electronic dadite p"f‘t’)‘d’tj&iﬂﬁ\ﬁ()i&! RALRVRENFHNNGr D i HBEIKREHASOABEHEHE works,
wastewatei ér m organic synthesis works, wastewater from printing/plate making/painting works, or
primary wastewater - 28 - thereof. However, the water containing organic substances is not limited
thereto. E)Eamglgf [0079] Hereinafter, with reference to Examples and Comparative Examples, the
present invention will be described in more detail. [0080] In the following Comparative Examples 1
to 9 and Exampléd i pb &t adladmembametesindsvicCohpon i &idir@avag uaedl.i [0881 ] In this flat
membrane test device, a flat membrane cell 2 was provided at an intermediate position in a height
direction of%FYRREIRA BoB R Pﬁa\ﬁHBra%thﬁE &Y aliid & BartiGeh NS c8hRiFferad a raw water
chamber Aé ?n a é)%rméer?ée% water chra(grlljber 1SEUC%nd atgis €0 tailngrrn :an%asgajﬁaftgg na stirrer 3. While
water to bé treafed was supplriTé&% he Tal water chamber A y a pump rougH a pipe 11, and the
inside of thgujaynwateyghandhenA WaSIMENONEIREY AsHGG: bars) In Hetganigingel, permeated
water was extracted from the permeated water chamber 1B through a pipe 12, and at the same time,
brine (ol ecul ar wei ght: 129), and 1, 9-di am nononane (in this

specification, abbreviated as "NVDA" in sone cases)
(GoHhis( NH) 2) (ol ecul ar wei ght: 158), and conmpounds each
havi ng a branched hydrocarbon group of approximately 1 to 20
carbon atons and at | east one am no group, such as 1-
am nopentane (in this specification, abbreviated as "I AAM
in some cases) (GHisN) (nol ecular weight: 87) and 2-nethyl -
1,8-octanedianmine (in this specification, abbreviated as
"MODA" in sonme cases) (NHCH,CH( CHs) (CH) sNH:) (ol ecul ar
wei ght: 158).
[ 0054]

Ali phatic am no al cohol s: Conpounds having a |inear or
a branched hydrocarbon group of 1 to 20 carbon atons, an
am no group, and a hydroxyl group, such as 4-am no-2-nethyl -
1-butanol (in this specification, abbreviated as "AVMB" in

sone cases) (NH(CH) ,CH( CH) CH,OH) (nol ecul ar wei ght: 103).



was extracted from the raw water chamber A through a pipe 13. A pressure gauge 6 and a pressure
regulation valve 7 - 29 - were provided for the brine extracting pipe 13. [0082] [Comparative Example
1] As a membrane of the flat membrane cell 2, the following degraded membrane was used.
Degraded membrane: Ultra low pressure reverse osmosis membrane ES20 manufactured by Nitta
Denko Corporation was rapidly degraded by Immershon In a solution containing sodium hypochlorlie
(free chlorine: 1 mg/L) for 24 hours. The permeation flux, salt rejection , and IPA rejection of an original
membrane (new ES20 membrane winch was net degiraded) were 0.81 m3/(m2d), 0.972, and 0.875,
respectively. [0083] The following water to be treated was supplied to this test device for 2 hours.
Water to be treated: Water prepared by a dechlordnatlon treatment of tap water In Nogdmachd,
Tochigh p e@@g f{e Japan with active carbon and by addition of NaC1 and IPA so as to have
concentratlons of 500 mg/L and 100 mg/L, respectively. Operation pressure: 0.75 MPa Temperature:
24C2C [0084] [ChetparatiwecExampla 2o conpounds: Conpounds having a

heterocyclic ring and an am no group, such as
tetrahydrofurfuryl amne (in this specification, abbreviated
as "FAM' in sone cases) (structure represented by the
following forrmula) (nolecular weight: 101).

[ 0056]

NH,

[ 0057]

Am no acid conpounds: Basic am no acid conpounds, such
as arginine (nolecular weight: 174) and |ysine (nolecul ar
wei ght: 146); am no acid conmpounds each havi ng an am de
group, such as asparagi ne (nolecular weight: 132) and
gl utam ne (nol ecul ar wei ght: 146); and other am no acid
conmpounds, such as glycine (nolecular weight: 75) and
phenyl al ani ne (nol ecul ar wei ght: 165).

[ 0058]

The first organi c conpound may be the am no acid and
the am no acid conpound. Anong them arginine (nolecular
wei ght: 174), lysine (nol ecular weight: 146), and histidine

(ol ecul ar wei ght: 155), each of which is a basic am no acid,



Water was passed under the same conditions as those of - 30 - Comparative Example 1 except that a
tannic acid (403040-50G manufactured by Sigma-Aldrich Co. LLC) was added to the water to be
treated to have a concentration of 1 mg/L. [0085] [Comparative Example 3] Water was passed
under the same conditions as those of Comparative Example 1 except that a poly(ethylene glycol)
(molecular weight: 4,000, manufactured by Wako Pure Chemical Industries, Ltd.) was added to the
water to be treated to have a concentration of 1 mg/L. [0086] [Comparative Example 4] Water was
passed under the same conditions as those of Comgarative Example 1 except that a
poly(oxyethylene(10) oleyl ether) (molecular weight: 708, manufactured by Wako Pure Chemical
Industries, Ltd.) was added to the water to be treated to have a concentration of 1 mg/L. [0087]

[Comparatie-Exaraple abl e Watejavas panirhrade the Sampooeritians ae thpse of Comparative
Example 1 except that aspartame (molecular weight: 294, a food additive grade, manufactured by

Ajinomoto [@&pt inde wais added tostie watel e be afeatedno hgve lrecoreepaatiamef 1 mg/L. [0088] -
31 - [Comparative Example 6] Water was passed under the same conditions as those of

Comparati(/g@ﬁ%ﬁlérl SR that 2PGihineMh&Bclisr ReliithY?a, &8iodl Riditve grade, _
T;”g‘j[?%é%?%ﬁ“&8mo O SanPF AR ALIehiP NEUFEEINPE tgalef! tq have a concentration of

pr ef er abl e.
[ 0059]

Each of those | ow nol ecul ar wei ght am no conpounds has
a high water solubility, is stable in the formof an aqueous
solution, and reacts wth the carboxyl group of the nenbrane
to bind to the reverse osnosis nenbrane, thereby formng a
wat er insoluble salt. Accordingly, holes fornmed by
degradation of the nenbrane are filled up, and as a result,
the rejection of the nenbrane is increased.
[ 0060]

The | ow nol ecul ar wei ght am no conpounds nay be used
al one, or at least two types thereof nmay be used in
conbi nati on. \Wen an aqueous sol ution containing at |east
two types of | ow nolecul ar wei ght am no conpounds havi ng
di fferent nol ecul ar wei ghts and skeleton structures is
al l oned to pass through a perneabl e nenbrane, the conpounds
interfere with each other when being all owed to pass through
t he menbrane, and as a result, the residence tinme of each
conpound at degraded portions in the nmenbrane is increased.
Accordingly, the contact probability between the carboxyl

group of the nmenbrane and the am no group of the | ow



[Comparative Example 7] Water was passed under the same conditions as those of Comparative
Example 1 except that arginine and aspartame were added to the water to be treated to have
concentrations of 2 mg/L and 1 mg/L, respectively. [0090] [Example 1] Water was passed under
the same conditions as those of Comparative Example 1 except that water supply was performed for
24 hours by adding arginine, aspartame, and a polyglycine (P8791-500MG, molecular weight: 500 to
5,000, manufactured by Sigma-Aldrich Co. LLC) to the water to be treated to have concentrations of 2
mg/L, 1 mg/L, and 1 mg/L, respectively. [0091] [Example 2] Water was passed under the same
conditions as those of Comparative Example 1 except that water supply was performed - 32 - for 24
hours by adding arginine, aspartame, and food-additive tannic acid AL (molecular weight: 500 or more,

manufactusedl B riudrChemigat INskisiy Coniduria the water eHeatgddoraye«conggntrations of
2 mg/L, 1 mg/L, and 1 mg/L, respectively. [0092] The permeation flux, salt rejection , and IPA

rejection wadré eatcutdted &sho thenllbWwangneaqdatmns. | s Ratmagetih. flux [m3/(m2.d)]=permeation
flux [m3/d]/membrane surface [m2] .temperature conversion coefficient [-]  Salt rejection
[%]-(1-con QCHAy of permeated water [mS/m]/conductivity of brine [mS/m]) .100 IPA rejection

[ 40 o eAREIShU Y BN GF TR VS ) ORI e e
rejection inproving aqueous solution is preferably 0.1 to
500 ng/L and particularly preferably 0.5 to 100 ng/L, and
the concentration of the second organic conmpound is
preferably 0.1 to 500 ng/L and particularly preferably 0.5
to 100 ng/ L.

[ 0062]

The third organi c conmpound having a nol ecul ar wei ght of
500 or nore (preferably 500 to 500,000 and particularly
preferably 500 to 50,000) preferably has a carboxyl group,
an am no group, or a hydroxyl group. The third organic
conpound is preferably a tannin or a peptide. The tannin
may be tannins extracted from plants, such as hydrol ysabl e
type sumac gal Il nut and gal | nut and condensed type quebracho
and m nosa. The peptide may be a pol yglycine, a polylysine,
a pol ytryptophan, or a pol yal ani ne which has a nol ecul ar
wei ght of 500 or nore.

[ 0063]

The concentration of the third organic conpound in the
rejection inproving aqueous solution is preferably 0.1 to
500 ng/L and in particular, preferably approximtely 0.5 to
100 ny/ L.



of the salt rejection and that of the IPA rejection are high, and the salt rejection and the IPA rejection
are approximately equivalent to or more than those of the original membrane. [0094] - 33 - - 34 -
[0095] [Comparative Example 8] The following degraded membrane was fitted to the flat
membrane test device shown in Fig. 2, and the following water to be treated was supplied
therethrough for 2 hours under the following conditions. Degraded membrane: After 8-inch low
pressure reverse osmosis membrane NTR759HR manufactured by Nitto Denko Corporation used for
wastewater recovery was immersed in an aqueou NaOH solution at a pH of 12 for 15 hours and was
then rinsed with purified water, the membrane was immersed in citric acid at a concentration of 2% for
2 hours and was then rinsed with purified water. Water to be treated: NaC1 and IPA were
dissolved ingggified water to have concentrations of 500 mg/L and 100 mg/L, respectively. Operation
pressure: 1.4 MPa Temperature: 24C2C [0096] [Comparative Example 9] Water was passed under
the same conditiv¥heas tiese ot @bmparateet Exatmple Séxddpe thatrBEG400@ (sag@tidylene glycol)
having a molecular weight of 4,000, manufactured by Wako Pure Chemical Industries, Ltd.) was added

to the watét'td He'fedtBtitd HALEAEShEAIBABAYF 5! Mghne 41 Rjoi7pn | mprovi ng

aqueous solution is excessively high, the perneation flux
may be remarkably reduced in sone cases, and the anmounts of
t he conpounds which do not reach degraded portions are
i ncreased since the organi c conpounds are adsorbed on a
menbrane surface so as to formnultiple | ayers. Wen the
total amount of the first, the second, and the third organic
conpounds is excessively |ow, the nenbrane may not be
sufficiently restored, and a water passing tinme required to
obtai n an organi c-conmpound contact anount per nenbrane unit
area of 2,500 ng/nf or more is unnecessarily increased.
Hence, the total concentration of the first and the second
organi ¢ conpounds in the rejection inproving agueous
solution is preferably 1 to 500 ng/L and in particular,
preferably approxinmately 1 to 300 ng/L, and the
concentration of the third organic conpound is preferably 1
to 500 ng/L and in particular, preferably approximately 1 to
300 ng/ L.
[ 0065]

Aratio G/ Gux of the | owest concentration GC;, anong
the concentrations of the first to the third organic
conpounds in the rejection inproving aqueous solution to the

hi ghest concentration Cyx anong the concentrations thereof



[Example 3] Water was passed under the same conditions as those of Comparative Example 8
except that arginine, aspartame, and food additive tannic acid AL (molecular weight: 500 or more,
manufactured by Fuji Chemical Industry Co., Ltd.) were added to the water to be treated to have a
concentrations of 20 mg/L, 20 mg/L, and 10 mg/L, respectively. [0098] The results are shown in
Table 2. As shown in Table 2, according to the present invention, a decrease in permeation flux can be
suppressed within 10%, and the salt rejection and the IPA rejection can be significantly improved.
[0099] Table 2 AFTER 5 MINUTES OF WATER SMPPLY AFTER 2 HOURS OF WATER SUPPLY
PERMEATION FLUX [m3/(m2c1)] SALT REJECTION [A]

is preferably 0.1 to 1.0. Wuen this value is less than 0.1
hol es may be unevenly restored in sone cases dependi ng on
the size thereof. The concentrations of the organic
conmpounds may be set to be equal to each other.

[ 0066]

The rejection inproving aqueous solution may contain a
tracer which may be an inorganic electrolyte such as salt
(Nad ), a neutral organic conmpound such as isopropyl alcohol
or glucose, or a | ow nol ecul ar wei ght polynmer such as a
poly(mal eic acid). Wen the tracer is contained in the
rejection inproving aqueous solution, the degree of
restoring of the menbrane can be confirmed by anal ysis of
t he degree of perneation of salt or glucose to water
permeat ed t hrough the reverse osnobsi s nenbrane.

[ 0067]

When a water supply pressure for passing the rejection
i mprovi ng aqueous solution through a reverse osnosis
menbr ane apparatus i s excessively high, adsorption to non-
degraded portions di sadvant ageously proceeds. Wen the
wat er supply pressure is excessively |low, adsorption to
degraded portions may not proceed. Hence, the water supply
pressure is preferably set to 30%to 150% and particularly
preferably 50%to 130% of a nornmal operation pressure of the
reverse osnosi s nenbrane apparatus. Wen the nmenbrane of

the reverse osnbsis nenbrane apparatus is an ultra | ow



IPA REJECTION [A] PERMEATION FLUX [m3/(m2c1)] SALT REJECTION [A] IPA REJECTION [A]
COMPARATIVE EXAMPLES 1.03 95.2 92.1 1.03 95.3 92.3

pressure nenbrane, an inlet pressure of the apparatus is
preferably 0.1 to 1.0 MPa. Wen the nenbrane of the reverse
osnosi s nenbrane apparatus is a | ow pressure nenbrane, the
inlet pressure of the apparatus is preferably 0.1 to 2.0 Mra.
When t he nenbrane of the reverse osnpbsis nmenbrane appar at us
is a seawater desalination nenbrane, the inlet pressure of
the apparatus is preferably 0.1 to 7.0 MPa.

[ 0068]

In the present invention, the rejection inproving
aqueous solution is preferably supplied to perneate through
the reverse osnosis nenbrane so that the m ni mum organi c-
conmpound contact anmpunt per nmenbrane unit area cal cul ated by
t he bel ow equation is 2,500 ng/nf or nore, preferably 2,500
to 1,000,000 ng/nf, and particularly preferably 3,000 to
100, 000 ng/ nf. When the m ni mum or gani c- conpound cont act
anount is set as described below, the rejection of the
reverse osnosis nenbrane is sufficiently inproved. Wen the
content of the first organic conpound is represented by C
(mg/ L), the content of the second organic conpound is
represented by G, the content of the third organic conpound
is represented by G (ng/L), and the | owest concentration
anong C, to G is represented by Gy, the m nimum organic-
conmpound contact anmpunt per nmenbrane unit area is cal cul ated
by the foll ow ng equati on.

M ni mum or gani c- conpound contact anmount per nenbrane



COMPARATIVE EXAMPLE9 1.00 95.3 92.3 0.84 98.4 95.3 EXAMPLE3 1.01 95.1 92.2 0.92 99.0 96.6
[0100] As apparent from the above Examples and Comparative Examples, according to the
present invention, after the treatment agent for improving a rejection is added to the - 36 -

unit area=[(Gyn) -treatnment tinme (H)-pernmeation flux in
treatment (n?/ Hr)/nmenbrane area (nf)]-1, 000
[ 0069]

In the nmethod of the present invention, the |inear
velocity of the water perneating the nmenbrane is preferably
0.1 to 5 mMd. It relates to the pressure, water tenperature,
shape of the nenbrane, and the like. When the velocity is
excessively high, adsorption to non-degraded portions
di sadvant ageousl y proceeds, and when the velocity is
excessively low, contact efficiency to degraded portions is
decr eased.

[ 0070]

The water tenperature of the rejection inproving
aqueous solution in this rejection inproving step is
preferably ordinary tenperature, such as approxi mately 10°C
to 35°C. When the water tenperature is too low, the
perneation flux is decreased, and the contact efficiency is
decreased. Wien the tenperature of the rejection inproving
aqueous solution is too high, a nenbrane base material may
be defornmed in some cases.

[ 0071]

The tinme for passing the rejection inproving agueous
solution is preferably set so that each organic conpound is
sufficiently allowed to pass through the reverse osnosis

menbrane. In the case in which the rejection inproving



water to be treated, when water supply Is performed at a normal operation pressure, without
remarkably reducing the permeation flux , the salt rejection can be recovered while water Is collected.
In addition, to a seriously degraded membrane having a salt rejection of 90% or less, the present
invention may also be applied. [0101] Next, Examples 4 to 14 and Comparative Example 10 will be
described. [0102] In the following Examples 4 to 14 and Comparative Example 10, an aqueous
sodium hypochlorlie solution (pH: 7.0) at a concentration of 100 ppm was supplied through an RO
apparatus equipped with an ultra low pressure RO2pembrane ESPA2-4040 (membrane surface area:
7.9 m2) manufactured by Hydranautlcs for 500 hours at an Inlet pressure of 0.75 MPa, a brine water
flow of 1 m2414, and a water temperature of 25C, so that the RO membrane was degraded. The
rejection iggiRvHstreaimentyvas rerderpprd ed thinsegeadeast R meprrane cincbperferanances
thereof before and after the treatment were evaluated. For the performance evaluation, an aqueous
solution (pHeVed)seomsinivg) NaCe randaPé atgrarcehtratioss 0050 ppinosinmak dO0 pen, respectively,
was supplied through the RO apparatus at an Inlet pressure of 0.75 MPa, a brine flow of 1 m2414, and

a water tefnpBRatlife Gfr Q_Eﬁrﬁﬂ’ﬂd aﬁ%@geﬁﬁéﬁ Y. e SQIt FR MW [Na@DFeiBval rate), IPA
(sopropy! gl igetion, and pesrsatiog. s Al yese measyrod D105 (grappple

Synthetic raw water (pH: 7:0) containing a né (molecufar wei 74, manufactured by A4inomoto

Co., Inc.) aha fisgf|Qigaiia COEYAUNG . epRYtame dntedilaraneighh #9¢%, matwfactured by Ad4inomoto
Co., Inc.) as a second organic compound, and tannic acrd AL (molecular weight: 500 or more,

manufacturec ay irefitCheamical melusty@cef letd. bees atidrd beyahiccedrmpotiyd, cdachheaving a
concentration of 10 mg/L, was allowed to pass for 50 hours at an Inlet pressure of 0.2 MPa, a brine

pressure d?0IBNMP £ AR ohSIUXBF PP Hed/PR90.380/) 28 bRnk §RW & 1 hi%¥n, and a water
temperature of 25C. The grganic-c pougﬁnconta t amoynt per membrane unit area was
120250(0.17 S790, GG BHIE0 Meynnte S LERd falbter onationiaYe SRR Table 3, and
the perforrpgges; evaluation results are shown In Table 4. [0104] [Examples 5 to 15] The rejection
improving treatment was performed In the same manner as Example 4 except that the conditions of
the rejecti¢rodi@@joving treatment were set as shown In Table 3. - 38 - The performance evaluation
results are shown in Table 4. [0105] _
The rejection inproving treatnment may al so be perforned

in the normal operation of the reverse osnosis nenbrane

apparatus, and for exanple, the treatnment may be perfornmed

by addition of the treatnment agent for inproving a rejection

to water to be treated in the normal operation of the

reverse osnosi s nenbrane apparatus. Although the tinme to

add the treatnent agent for inproving a rejection to the

water to be treated is preferably approximately 1 to 500

hours, the treatnent agent for inproving a rejection may

al ways be added to water supplied to the reverse osnosis

menbr ane appar at us.

[ 0073]

When the perneation flux is reduced due to nenbrane

contam nation caused by a |long-term operation of the reverse

osnosi s nmenbrane apparatus, the rejection inproving



The salt rejection (NaC1 removal rate) and the IPA rejection were calculated from the following
equations. In Table 4, the salt rejection was represented by the NaC1 rejection. [0106] NaC1l
rejection [%]={1-conductivity of permeated water [mS/m] .2/(conductivity of water to be treated
[mS/m]+conductivity of brine [mS/m])1 100 IPA rejection [%]={1-TOC of permeated water [mg/L]
2/(TOC of water to be treated [mg/L]+TOC of brine [mg/L])1 100 - 39 - ORGANIC- COMPOUND
CONTACT AMOUNT PER MEMBRANE UNIT AREA (mg/02) 008'9 00a 009Y 13,300 00Z'Z2Z 00'Z
00'Z - 26 -

treatment may be performed after nenbrane cleaning is
per f or med.
[ 0074]

A chem cal agent used for cleaning the nenbrane by acid
may be an inorganic acid such as hydrochloric acid, nitric
acid, or sulfuric acid, or an organic acid such as citric
acid or oxalic acid. For alkaline cleaning, sodium
hydr oxi de or potassi um hydroxi de nmay be used. The pH may be
set to approximately 2 in the acid cleaning, while in the
al kal i ne cl eaning, the pH may be set to approximtely 12.

[ 0075]

[ Reverse Gsnpsi s Menbr ane]

The reverse osnosi s nmenbrane (RO nmenbrane) nay be a
pol ymer menbrane which includes an asymetric nmenbrane and a
conposite nenbrane. Materials for the RO nenbrane nay be
pol yam de materials such as an aromatic pol yam de, an
al i phatic pol yam de, and a conposite material thereof; and
cellulose materials such as a cellul ose acetate. The nethod
for inmproving a rejection of a reverse osnosis nmenbrane of
the present invention may be preferably applied to a
per neabl e menbrane which is fornmed froman aromatic
pol yam de material and which produces many carboxyl groups
t hrough breakage of the C-N bonds caused by degradati on.

[ 0076]

When the salt rejection of an RO nenbrane which is not



10,600 10,600 10,600 10,600 00141. I-Zw2w”"I==1-0917Z29 090909 Z |

treated by the rejection inproving treatnment is 95%or |ess
and in particular 90% or |ess, the nethod of the present
invention may be preferably applied to the nenbrane.

[ 0077]

A nodul e system of the reverse osnosis nenbrane i s not
particularly limted, but may be a tubul ar nmenbrane nodul e,
a planar nmenbrane nodul e, a spiral nenbrane nodule, and a
hol | owf i ber menbrane nodul e.

[ 0078]

The reverse osnpsis nmenbrane treated by the nethod of
the present invention is effectively applied to a water
treatment for recovery and recycle of wastewater containing
a high- or a lowconcentration TOC to be discharged from an
el ectroni c device production field, a sem conductor
production field, and other various industrial fields or a
water treatnent for ultrapure water production using
industrial water or city water and other fields. The water
to be treated by the reverse osnpbsis nenbrane apparat us nmay
contain organi ¢ substances having a TOC of 0.01 to 100 ng/L
and preferably approximately 0.1 to 30 ng/L. The water
cont ai ni ng the organi c substances as descri bed above may be
wast ewat er from el ectroni c device production works,
wast ewat er fromtransport nachinery production works,
wast ewat er from organi c synthesis works, wastewater from

printing/ plate making/ painting works, or primary wastewater
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t hereof. However, the water containing organi c substances
is not limted thereto.

Exanpl es

[ 0079]

Herei nafter, with reference to Exanpl es and Conparative
Exanpl es, the present invention will be described in nore
detail .

[ 0080]

In the foll ow ng Conparative Exanples 1 to 9 and
Exanples 1 to 3, a flat nenbrane test device shown in Fig. 2
was used.

[ 0081]

In this flat nmenbrane test device, a flat nenbrane cel
2 was provided at an internediate position in a height
direction of a cylindrical container 1 having a bottom and a
lid to partition the container into a raw water chanber 1A
and a perneated water chanber 1B, and this container 1 was
pl aced on a stirrer 3. Wile water to be treated was
supplied to the raw water chanmber 1A by a punp 4 through a
pi pe 11, and the inside of the raw water chanber 1A was
stirred by rotating a stirring bar 5 in the container 1
perneat ed water was extracted fromthe perneated water
chanber 1B through a pipe 12, and at the sane tinme, brine
was extracted fromthe raw water chanber 1A through a pipe

13. A pressure gauge 6 and a pressure regulation valve 7
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were provided for the brine extracting pipe 13.
[ 0082]

[ Conpar ati ve Exanpl e 1]

As a nenbrane of the flat nmenbrane cell 2, the
foll ow ng degraded nenbrane was used.

Degraded nenbrane: Utra | ow pressure reverse osnpsi s
menbr ane ES20 manufactured by Nitto Denko Corporation was
rapi dly degraded by imersion in a solution containing
sodi um hypochlorite (free chlorine: 1 ng/L) for 24 hours.
The perneation flux, salt rejection , and | PA rejection of
an original nmenbrane (new ES20 menbrane whi ch was not
degraded) were 0.81 n¥/(nfd), 0.972, and 0.875, respectively.
[ 0083]

The follow ng water to be treated was supplied to this
test device for 2 hours.

Water to be treated: Water prepared by a dechlorination
treatment of tap water in Nogi machi, Tochigi prefecture,
Japan with active carbon and by addition of NaCl and | PA so
as to have concentrations of 500 ng/L and 100 ng/L,
respectively.

Qperation pressure: 0.75 MPa

Tenperature: 24°C+2°C
[ 0084]

[ Conpar ati ve Exanpl e 2]

Wat er was passed under the sane conditions as those of
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Conparative Exanple 1 except that a tannic acid (403040-50G
manuf actured by Sigma-Aldrich Co. LLC) was added to the
water to be treated to have a concentration of 1 ng/L.

[ 0085]

[ Conparative Exanpl e 3]

Wat er was passed under the same conditions as those of
Conpar ati ve Exanple 1 except that a pol y(ethylene glycol)
(ol ecul ar wei ght: 4,000, manufactured by Wako Pure Chemn cal
| ndustries, Ltd.) was added to the water to be treated to
have a concentration of 1 ng/L.

[ 0086]

[ Conpar ati ve Exanpl e 4]

Wat er was passed under the same conditions as those of
Conpar ati ve Exanpl e 1 except that a pol y(oxyet hyl ene(10)

ol eyl ether) (nolecular weight: 708, manufactured by Wako
Pure Chem cal Industries, Ltd.) was added to the water to be
treated to have a concentration of 1 ny/L.

[ 0087]

[ Conpar ati ve Exanpl e 5]

Wat er was passed under the sane conditions as those of
Conparati ve Exanpl e 1 except that aspartame (nol ecul ar
wei ght: 294, a food additive grade, manufactured by
Ajinonmoto Co., Inc.) was added to the water to be treated to
have a concentration of 1 ng/L.

[ 0088]
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[ Conparati ve Exanpl e 6]

Wat er was passed under the same conditions as those of
Conpar ati ve Exanple 1 except that arginine (nolecular
wei ght: 174, a food additive grade, manufactured by
Ajinonmoto Co., Inc.) was added to the water to be treated to
have a concentration of 1 ng/L.

[ 0089]

[ Conpar ati ve Exanpl e 7]

Wat er was passed under the sane conditions as those of
Conparati ve Exanpl e 1 except that arginine and aspartane
were added to the water to be treated to have concentrations
of 2 ng/L and 1 ny/L, respectively.

[ 0090]

[ Exanmpl e 1]

Wat er was passed under the same conditions as those of
Conparative Exanple 1 except that water supply was perforned
for 24 hours by adding arginine, aspartame, and a
pol ygl yci ne (P8791-500M5 nol ecul ar wei ght: 500 to 5, 000,
manuf actured by Sigma-Aldrich Co. LLC) to the water to be
treated to have concentrations of 2 ng/L, 1 ng/L, and 1 ng/L,
respectively.

[ 0091]
[ Exanmpl e 2]
Wat er was passed under the sane conditions as those of

Conparative Exanple 1 except that water supply was perfornmed
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for 24 hours by addi ng arginine, aspartane, and food-
additive tannic acid AL (nol ecul ar weight: 500 or nore,

manuf actured by Fuji Chem cal Industry Co., Ltd.) to the
water to be treated to have concentrations of 2 ng/L, 1 ng/L,
and 1 ng/L, respectively.

[ 0092]

The perneation flux, salt rejection , and | PA rejection
were cal culated fromthe follow ng equations.

Permeation flux [nf/ (nf-d)]=permeation flux
[ ¥/ d] / menbr ane surface [nf] -tenperature conversion
coefficient [-]

Salt rejection [9% =(1-conductivity of perneated water
[ mB/ N}/ conductivity of brine [nS/n]) -100

| PA rejection [9% =(1-TOC of perneated water [ng/L]/TOC
of brine water [ng/L]) -100
[ 0093]

The results are shown in Table 1. It is understood that
according to the present invention, inprovenent efficiency
of the salt rejection and that of the IPA rejection are high,
and the salt rejection and the IPA rejection are
approximately equivalent to or nore than those of the
ori gi nal nenbrane.

[ 0094]
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TANNIC ACID TANNIC ACID 3NIOA1DA10d 3NISATATOd POLYALANINE TANNIC ACID SECOND
ASPARTAME ASPARTAME ASPARTAME ASPARTAME ASPARTAME ASPARTAME ASPARTAME
ASPARTAME ASPARTAME ASPARTAME ASPARTAME ASPARTAME

[ 0095]

[ Conpar ati ve Exanpl e 8]

The foll owi ng degraded nenbrane was fitted to the flat
menbr ane test device shown in Fig. 2, and the foll ow ng
water to be treated was supplied therethrough for 2 hours
under the follow ng conditions.

Degr aded nenbrane: After 8-inch | ow pressure reverse
osnosi s nmenbrane NTR759HR manufactured by N tto Denko
Cor poration used for wastewater recovery was i mersed in an
aqueous NaOH solution at a pH of 12 for 15 hours and was
then rinsed with purified water, the nenbrane was i mersed
incitric acid at a concentration of 2% for 2 hours and was
then rinsed with purified water.

Water to be treated: NaCl and | PA were dissolved in
purified water to have concentrations of 500 ng/L and 100
mg/ L, respectively.

Qperation pressure: 1.4 MPa

Tenperature: 24°C+2°C
[ 0096]

[ Conparative Exanpl e 9]

Wat er was passed under the same conditions as those of
Conpar ati ve Exanpl e 8 except that PEGA000 (pol y(ethyl ene
gl ycol) having a nol ecul ar wei ght of 4,000, manufactured by
Wako Pure Chemi cal Industries, Ltd.) was added to the water

to be treated to have a concentration of 5 ny/L.
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[ 0097]

[ Exanpl e 3]

Wat er was passed under the sane conditions as those of
Conpar ati ve Exanpl e 8 except that arginine, aspartane, and
food additive tannic acid AL (nol ecul ar weight: 500 or nore,
manuf actured by Fuji Chem cal Industry Co., Ltd.) were added
to the water to be treated to have a concentrations of 20
nmg/L, 20 ng/L, and 10 ng/L, respectively.

[ 0098]

The results are shown in Table 2. As shown in Table 2,
according to the present invention, a decrease in perneation
flux can be suppressed within 10% and the salt rejection

and the I PA rejection can be significantly inproved.

[ 0099]
Table 2
AFTER 5 MINUTES OF WATER SUPPLY AFTER 2 HOURS OF WATER SUPPLY
PERMEATION SALT IPA PERMEATION SALT IPA
FLUX REJECTION [REJECTION FLUX REJECTION | REJECTION
[m®/(m%d)] (%] %] [m*/(m?%d)] (%] %]
COMPARATIVE
EXAMPLES 1.03 95.2 921 1.03 953 923
COMPARATIVE
EXAMPLES 1.00 953 923 0.84 984 953
EXAMPLE3 1.01 95.1 92.2 0.92 99.0 96.6
[ 0100]

As apparent fromthe above Exanpl es and Conparative
Exanpl es, according to the present invention, after the

treatment agent for inproving a rejection is added to the



631dINVX3 01.31d141VX3 M31d141VX3 Z1.31d1411AX3 EXAMPLE13 EXAMPLE14 EXAMPLE15 -
40 - [0108] Table 4 PERFORMANCE BEFORE TREATMENT PERFORMANCE AFTER
TREATMENT NaCl REJECTION (%) IPA REJECTION (%)

water to be treated, when water supply is perforned at a
normal operation pressure, wthout remarkably reducing the
perneation flux , the salt rejection can be recovered while
water is collected. In addition, to a seriously degraded
menbrane having a salt rejection of 90% or |ess, the present
invention may al so be appli ed.

[0101]

Next, Exanples 4 to 14 and Conparative Exanple 10 wil|
be descri bed.
[0102]

In the follow ng Exanples 4 to 14 and Conparative
Exanpl e 10, an aqueous sodi um hypochl orite solution (pH
7.0) at a concentration of 100 ppm was supplied through an
RO apparatus equi pped with an ultra | ow pressure RO nenbrane
ESPA2- 4040 (menbrane surface area: 7.9 nf) manufactured by
Hydranautics for 500 hours at an inlet pressure of 0.75 MPa,
a brine water flow of 1 nf/h, and a water tenperature of 25°C,
so that the RO nenbrane was degraded. The rejection
i mproving treatnment was perfornmed on this degraded RO
menbr ane, and performances thereof before and after the
treatment were eval uated. For the performance eval uation
an aqueous solution (pH 7.0) containing NaC and | PA at
concentrations of 500 ppm and 100 ppm respectively, was
supplied through the RO apparatus at an inlet pressure of

0.75 MPa, a brine flow of 1 nf/h, and a water tenperature of



PERMEATION FLUX (m3/h) NaCl REJECTION (96) IPA REJECTION (%) PERMEATION FLUX
(m3/h) EXAMPLE4 90.4 65.0 0.35 98.5 77.1 0.30 EXAMPLES

25°C, and subsequently, the salt rejection (NaC renoval
rate), | PA (isopropyl alcohol) rejection, and perneation
flux (nf/H) were neasur ed.
[0103]

[ Exanmpl e 4]

Synthetic raw water (pH 7.0) containing arginine
(ol ecul ar wei ght: 174, manufactured by Ajinonmoto Co., Inc.)
as a first organic conpound, aspartane (nolecul ar weight:
294, manufactured by Ajinonoto Co., Inc.) as a second
organi ¢ conpound, and tannic acid AL (nol ecul ar weight: 500
or nore, manufactured by Fuji Chem cal Industry Co., Ltd.)
as a third organi c conpound, each having a concentration of
10 ng/L, was allowed to pass for 50 hours at an inlet
pressure of 0.2 MPa, a brine pressure of 0.17 MPa, a
permeation flux of 0.1 n¥/H (0.3 nmd), a brine flow of 1
m/h, and a water tenperature of 25°C. The organi c-compound
contact anount per nmenbrane unit area was
[ 10-50-0. 1/ 7. 9] x1, 000=6, 300 ny/ nf.

The above treatnent conditions are shown in Table 3,
and the performance evaluation results are shown in Table 4.
[ 0104]

[ Exanpl es 5 to 15]

The rejection inproving treatnment was perfornmed in the
same manner as Exanple 4 except that the conditions of the

rejection inproving treatnent were set as shown in Table 3.



89.4 67.50.34 98.2 78.3 0.31 EXAMPLEG6 91.1 66.6 0.34 99.00 77.2 0.31 EXAMPLE7 89.9 69.3 0.36
98.1 74.8 0.32

The performance eval uation results are shown in Table 4.
[ 0105]

The salt rejection (NaC renoval rate) and the | PA
rejection were calculated fromthe follow ng equations. 1In
Table 4, the salt rejection was represented by the NaC
rejection.

[ 0106]

NaCl rejection [%4 ={1-conductivity of perneated water
[mB/m -2/ (conductivity of water to be treated
[ MBS/ n] +conductivity of brine [nS/n])} -100

| PA rejection [9% ={1-TOC of perneated water [ng/L]

2/ (TOC of water to be treated [ng/L]+TOC of brine [ng/L])}
100



EXAMPLES 90.2 65.5 0.34 98.4 77.9 0.31 EXAMPLE9 88.8 63.5 0.37 98.0 75.0 0.31 EXAMPLE10

89.8 67.6 0.36 98.5 76.3
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0.32 EXAMPLE11 90.5 66.3 0.35 98.4 76.4 0.31 EXAMPLE12 89.1 67.4 0.34 97.8 74.3 0.31
EXAMPLE13 89.7 65.9 0.35 97.9
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[ 0108]
Table 4
PERFORMANCE BEFORE TREATMENT PERFORMANCE AFTER TREATMENT
NaCl IPA PERMEATION NaCl IPA PERMEATION
REJECTION | REJECTION FLUX REJECTION | REJECTION FLUX
(%) (%) (m*/h) (%) (%) (m*/h)
EXAMPLE4 90.4 65.0 0.35 98.5 77.1 0.30
EXAMPLES 89.4 67.5 0.34 98.2 78.3 0.31
EXAMPLE6 91.1 66.6 0.34 99.00 77.2 0.31
EXAMPLE7 89.9 69.3 0.36 98.1 74.8 0.32
EXAMPLES 90.2 65.5 0.34 98.4 77.9 0.31
EXAMPLE9 88.8 63.5 0.37 98.0 75.0 0.31
EXAMPLE10 89.8 67.6 0.36 98.5 76.3 0.32
EXAMPLE1 1 905 66.3 0.35 98.4 76.4 0.31
EXAMPLE12 89.1 67.4 0.34 97.8 74.3 0.31
EXAMPLE13 89.7 65.9 0.35 97.9 74.9 0.31
EXAMPLE14 90.1 66.2 0.35 97.6 75.2 0.32
EXAMPLE15 89.3 65.8 0.35 945 705 0.33
[ 0109]

As shown in Table 4, according to the present invention,
the rejection performance can be maxi mally recovered by the
rejection inproving treatnent. Wen the m ni mum organi c-
conpound contact anount per nenbrane unit area is set to
2,500 ng/nf or nore as the goal, the treatnent period is
clearly defined, and hence an efficient operation may be
performed in accordance with the operation conditions
(pressure and treatnent tine).

[ 0110]
Al t hough specific nodes of the present invention have

been described in detail, it is apparent to a person skilled



74.9 0.31 EXAMPLE14 90.1 66.2 0.35 97.6 75.2 0.32 EXAMPLE15 89.3 65.8 0.35 94.5 70.5 0.33
[0109] As shown in Table 4, according to the present invention, the rejection performance can be
maximally recovered by the rejection improving treatment. When the minimum organic-compound
contact amount per membrane unit area is set to 2,500 mg/m2 or more as the goal, the treatment
period is clearly defined, and hence an efficient operation may be performed in accordance with the
operation conditions (pressure and treatment time). [0110]
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in the art that various changes and nodifications of the
present invention nmay be carried out w thout departing from
t he concept and scope of the present invention.

The present application is based on Japanese Pat ent
Appl i cation 2011-051530 filed on March 9, 2011 and 2012-
035277 filed on February 21, 2012, the entire contents of

whi ch are hereby incorporated by reference.



Although specific modes of the present invention have been described in detall, it is apparent to a
person skilled - 41 - in the art that various changes and modifications of the present invention may be
carried out without departing from the concept and scope of the present invention. The present
application is based on Japanese Patent Application 2011-051530 filed on March 9, 2011 and 2012-
035277 filed on February 21, 2012, the entire contents of which are hereby incorporated by reference.
- 42 - CLAIMS 1A method for improving a rejection of a reverse osmosis membrane, the method
comprising a step of passing an aqueous solution ggntaining a first organic compound having a
molecular weight of less than 200, a second organic compound having a molecular weight of 200 to
less than 500, and a third organic compound having a molecular weight of 500 or more through the
reverse osmosis membrane. 2The method for irappQuig a rejection of a reverse osmosis membrane
according to Claim 1, wherein the first organic compound and the second organic compound are each
an amino dcid orAamamimdadidrderivative/i3Tiheametjoelcfor mpaivirg & esjecien osavsvesse 0SMosis
membrane according to Claim 1 or 2, wherein, the third organic compound is a tannin or a peptide.

4The metHBMBF #ABrovirtea ?&EE‘% BPAPEVSTEE DsthoiLReRibrBAS BlcBErdYy RFERPYRe of Claims
1to 3, Whergi e JeVersc 05Tosis memprAT hifpee e aggieays splyian i ligued to pass

therethrough has a salt rejection o Yo or less. € method T0r improving a rejection of a reverse -
43 - Osmoﬁélné%'ﬂp@nwfiﬂﬁ@"”gft‘?Iaé‘_ysorterﬁrp@m? 1é0§e&\6}?de'6rtﬂﬁrﬁ¢‘éer§6r?éﬁlﬂ%ﬁ
membrane before the agueous solution is allowed to pass therethrough has a salt rejection of 95% or
less. havi ng a nol ecul ar weight of 200 to | ess than 500, and a

third organi c conmpound having a nol ecul ar wei ght of 500 or

nore through the reverse osnosis nenbrane.

2 The nethod for inproving a rejection of a reverse
osnosi s nenbrane according to Claim1, wherein the first
or gani ¢ conpound and the second organi c conpound are each an

amino acid or an anmino acid derivative.

3 The nethod for inproving a rejection of a reverse
osnosi s nenbrane according to Claim1l or 2, wherein the

third organic conmpound is a tannin or a peptide.

4 The nethod for inproving a rejection of a reverse

osnosi s nenbrane according to any one of Clains 1 to 3,
wherein the reverse osnosis nenbrane before the aqueous
solution is allowed to pass therethrough has a salt

rejection of 90% or | ess.

5 The nethod for inproving a rejection of a reverse



6The method for improving a rejection of a reverse osmosis membrane according to any one of Claims
1 to 5, wherein the total concentration of the first organic compound and the second organic
compound is 1 to 500 mg/L, and the concentration of the third organic compound is 1 to 500 mg/L.
7The method for improving a rejection of a reverse osmosis membrane according to any one of Claims
1 to 6, wherein the minimum organic-compound contact amount per membrane unit area defined by
the following equation is set to 2,500 mg/m2 or more: Minimum organic-compound contact amount
per membrane unit area (mg/m2)=[minimum orgam@ compound concentration (mg/Ltreatment time
(hrpermeation flux in treatment (M3/hr)/membrane area (m2)].1,000 in the equation, the minimum
organic compound concentration indicates the lowest concentration among the concentrations of the

first to the &%@i@nﬁwaﬁ@n%'&mmavgiepyswti@ﬁe -d¥4 CBAIra¥erseasMpsis membrane
treated by a rejection improving treatment using the method for improving a rejection of a reverse
osmosis megnesrane ddeerdiey e ary ossws iGaimsbtaiedhafeatmenhageantfepimsproving a
rejection of a reverse osmosis membrane, the treatment agent comprising a first organic compound
having a n¥le&iihPRelght BF |€248Hah 20028 Sekdd BFJHRE 88MPBENA ne@iny a molecular weight of
200 to Ies§ Ela&?qodﬁngfa ggr(% %rlgapLechSompound having a molecular weight of_500 or more. 10The
treatment agent for Improving a rejection of a reverse osmosis membrane according to Claim 9,
wherein the first organic compound and the second organic compound are each an amino acid or an
amino acid derivative. 11The treatment agent for improving a rejection of a reverse osmosis
membranesaccortirey teCladd < or 10, ypnereimieathird joeganioconfpoandas artapnin or a peptide.

osnosi s nenbrane according to any one of Clains 1 to 5,
wherein the total concentration of the first organic
conpound and the second organic conpound is 1 to 500 ny/L,
and the concentration of the third organic conpound is 1 to

500 ny/ L.

7 The nethod for inproving a rejection of a reverse
osnosi s nenbrane according to any one of Clains 1 to 6,
wherei n the m ni mum or gani c- conpound contact anount per
menbrane unit area defined by the follow ng equation is set
to 2,500 g/ nf or nore:

M ni mum or gani c- conpound contact anmount per nenbrane
unit area (mg/ nf)=[ m ni num organi ¢ conpound concentration
(nmy/L)treatnment tine (hr)-pernmeation flux in treatnent
(m?/ hr)/ menbrane area (nf)]-1, 000

in the equation, the m nimum organi c conpound
concentration indicates the | owest concentrati on anong the
concentrations of the first to the third organi c conpounds

in the aqueous sol ution.



8 A reverse osnpsi s nmenbrane treated by a rejection
i nproving treatnment using the nmethod for inproving a
rejection of a reverse osnosis nenbrane according to any one

of ains 1 to 7.

9 A treatnment agent for inproving a rejection of a
reverse osnosi s nenbrane, the treatnment agent conprising a
first organic conmpound having a nol ecul ar wei ght of |ess

t han 200, a second organi c conpound havi ng a nol ecul ar

wei ght of 200 to less than 500, and a third organi c conpound

havi ng a nol ecul ar wei ght of 500 or nore.

10 The treatnent agent for inproving a rejection of a
reverse osnosi s nenbrane according to Claim9, wherein the
first organic conmpound and the second organi c conpound are

each an amno acid or an am no acid derivati ve.

11 The treatnent agent for inproving a rejection of a
reverse osnosis nenbrane according to Caim9 or 10, wherein

the third organic conpound is a tannin or a peptide.



