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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 like and can remove most of

organic substances, inorganic substances, and the like

contained in water.

[0004]

- 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 like and can remove most of organic substances, inorganic substances, and the like contained
in water. [0004]  - 2 -       A rejection of a permeable membrane including an RO membrane, to
substances such as inorganic electrolytes and water soluble organic substances, is decreased by
degradation of a high molecular weight base material due to influences of oxidizing substances,
reducing substances, and the like present in 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 permeable membrane may not 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 chlorine (such 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 permeable membrane, the permeable membrane is degraded since chlorine has a strong
oxidizing action. [0006]       In order to decompose residual chlorine in water to be treated, a reducing
agent such as sodium bisulfite is sometimes added to water to be treated. However, when a metal
such as Cu and/or Co is contained in the water to be  - 3 - 
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A rejection of a permeable membrane including an RO

membrane, to substances such as inorganic electrolytes and

water soluble organic substances, is decreased by

degradation of a high molecular weight base material due to

influences of oxidizing substances, reducing substances, and

the like present in 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 long-

term use or may suddenly occur by an accident in some cases.

In some cases, the rejection of a fresh permeable membrane

may not 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

chlorine (such 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 permeable membrane, the

permeable membrane is degraded since chlorine has a strong

oxidizing action.

[0006]

In order to decompose residual chlorine in water to be

treated, a reducing agent such as sodium bisulfite is

sometimes added to water to be treated. However, when a

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

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 the rejection of a degraded membrane is not
sufficient. [0010]       ii) 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 disclosed (Patent Document 3). [0011]       This method is also not a method which
sufficiently improves the rejection of a degraded membrane without remarkably reducing a permeation
flux.  - 4 - [0012]       iii) A method for preventing membrane contamination and/or degradation in
quality of permeated water has been disclosed in which a treatment using a nonionic surfactant is
performed on a nanofiltration membrane or an RO membrane having an increased permeation flux
and an anionic charge to reduce the permeation flux to an appropriate range (Patent Document 4). In
this method, the nonionic surfactant is brought into contact with and is adhered to a membrane surface
so as to set the permeation flux to a range of +20% to -20% of that at the start of use. [0013]       In
order to improve a rejection of a seriously degraded membrane (membrane having a salt rejection
decreased to 95% or less) by this method, a considerable amount of the surfactant is required to be
adhered to the membrane surface, and as a result, a remarkable decrease in permeation flux may
occur in some cases. One example of the above Patent Document 4 has disclosed that an aromatic
polyamide RO membrane having a permeation flux of 1.20 m3/m2day, a NaC1 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
membrane thus obtained is used as an oxidation degraded membrane. In Patent Document 4, a
membrane having a NaC1 rejection of 99.5% and a silica  - 5 - rejection of 98.0%, which is not so
much degraded, is used as an object, and it has not been disclosed that by the method described
above, the rejection of a degraded permeable membrane is sufficiently improved. 



- 3 -

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

the rejection of a degraded membrane is not sufficient.

[0010]

ii) 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 disclosed (Patent Document 3).

[0011]

This method is also not a method which sufficiently

improves the rejection of a degraded membrane without

remarkably reducing a permeation flux.

[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 the improvement.       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 is relatively high, such as 10 ppm or more. In addition, when the membrane is treated by this
method, the permeation flux of the membrane is decreased by approximately 20%.  - 6 - Furthermore,
the rejection may be hardly improved in some cases. [0016]       Non-Patent Documents 3 and 4 have
disclosed that in a polyamide membrane degraded by an oxidizing agent, the C-N bond of the
polyamide linkage of a membrane base material is broken, and hence an inherent sieve structure of
the membrane is destroyed. [0017]       The related rejection improving methods described above have
the following problems a to c.       a) Since a substance is newly adhered to the surface of the
permeable membrane, 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 through the membrane which is treated by a rejection recovery treatment is decreased to
1/2 of that of water permeated through the membrane which is not yet treated by the recovery
treatment, in some cases, the permeation flux may be considerably decreased by 20% or more as
compared to that before the treatment is performed. [0018]       b) When a chemical agent having a
high concentration is added, TOC of brine separated by the membrane is increased. In addition, it is
not easy to restore 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 recovered. 
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[0012]

iii) A method for preventing membrane contamination

and/or degradation in quality of permeated water has been

disclosed in which a treatment using a nonionic surfactant

is performed on a nanofiltration membrane or an RO membrane

having an increased permeation flux and an anionic charge to

reduce the permeation flux to an appropriate range (Patent

Document 4). In this method, the nonionic surfactant is

brought into contact with and is adhered to a membrane

surface so as to set the permeation flux to a range of +20%

to -20% of that at the start of use.

[0013]

In order to improve a rejection of a seriously degraded

membrane (membrane having a salt rejection decreased to 95%

or less) by this method, a considerable amount of the

surfactant is required to be adhered to the membrane surface,

and as a result, a remarkable decrease in permeation flux

may occur in some cases. One example of the above Patent

Document 4 has disclosed that an aromatic polyamide RO

membrane having a permeation flux of 1.20 m3/m2day, a NaCl

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 membrane thus obtained is used as an

oxidation degraded membrane. In Patent Document 4, a

membrane having a NaCl rejection of 99.5% and a silica

Citation list Patent Document [0020]      Patent Document 1:  Japanese Patent Publication 7- 308671A
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rejection of 98.0%, which is not so much degraded, is used

as an object, and it has not been disclosed that by the

method described above, the rejection of a degraded

permeable membrane is sufficiently improved.

[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 Toray 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 the improvement.

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

is relatively high, such as 10 ppm or more. In addition,

when the membrane is treated by this method, the permeation

flux of the membrane is decreased by approximately 20%.

Patent Document 2:  Japanese Patent Publication 2006- 110520A       Patent Document 3:  Japanese
Patent 
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Furthermore, the rejection may be hardly improved in some

cases.

[0016]

Non-Patent Documents 3 and 4 have disclosed that in a

polyamide membrane degraded by an oxidizing agent, the C-N

bond of the polyamide linkage of a membrane base material is

broken, and hence an inherent sieve structure of the

membrane is destroyed.

[0017]

The related rejection improving methods described above

have the following problems a to c.

a) Since a substance is newly adhered to the surface of

the permeable membrane, 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 through the membrane which

is treated by a rejection recovery treatment is decreased to

1/2 of that of water permeated through the membrane which is

not yet treated by the recovery treatment, in some cases,

the permeation flux may be considerably decreased by 20% or

more as compared to that before the treatment is performed.

[0018]

b) When a chemical agent having a high concentration is

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

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

Publication 2007- 289922A       Patent Document 4:  Japanese Patent Publication 2008-  86945A
Non-Patent Document [0021] 
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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 recovered.
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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 improving the rejection of a reverse osmosis membrane, even If the membrane Is seriously
degraded, without remarkably reducing a permeation flux, and a treatment agent used for the method
described above. [0023]       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
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Object and 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 improving

the rejection of a reverse osmosis membrane, even if the

membrane is seriously degraded, without remarkably reducing

a permeation flux, and a treatment agent used for the method

described above.

[0023]

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 osmosis membrane as described above.

[0024]

In order to accomplish the above objects, intensive

investigation was carried out by the present inventors

through repeatedly performed examination and analysis of

degraded membranes using actual machines, and finally the

[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) In a
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 the 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
compound is made to be efficiently adhered and bonded to this carboxyl group of the degraded
membrane, the degraded membrane is restored, and hence the rejection thereof can be recovered.
When a low molecular weight compound having an amino group is used as the amino compound to be
bonded to the carboxyl group, remarkable  - 10 - reduction in permeation flux caused by
hydrophobization of a membrane surface and adhesion of a high molecular weight compound thereto
can be suppressed. [0028]       The present invention has been completed based on the findings as
described above. [0029]       The 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 Jess than 500, and a third organic compound having a molecular weight of
500 or more through the reverse osmosis membrane. [0030]       The organic compound having a
molecular weight of less than 200 is preferably an amino acid or an amino acid derivative. [0031] The
organic compound having a molecular weight of 500 or more preferably has a cyclic structure. [0032] 
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following findings were obtained.

[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) In a 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 the 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 compound is made to be efficiently

adhered and bonded to this carboxyl group of the degraded

membrane, the degraded membrane is restored, and hence the

rejection thereof can be recovered. When a low molecular

weight compound having an amino group is used as the amino

compound to be bonded to the carboxyl group, remarkable

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 rejection 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 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. Advantageous Effects of Invention [0037]
According to the present invention, when an aqueous solution containing the first organic compound
having a  - 12 - 
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reduction in permeation flux caused by hydrophobization of a

membrane surface and adhesion of a high molecular weight

compound thereto can be suppressed.

[0028]

The present invention has been completed based on the

findings as described above.

[0029]

The 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 500 or more through the reverse osmosis

membrane.

[0030]

The organic compound having a molecular weight of less

than 200 is preferably an amino acid or an amino acid

derivative.

[0031]

The organic compound having a molecular weight of 500

or more preferably has a cyclic structure.

[0032]

The salt rejection of the reverse osmosis before the

aqueous solution is supplied therethrough is preferably 95%

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 2,500 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 of restoring a degraded membrane by the present invention will be described with
reference to Fig. 1. [0040]       A reverse osmosis membrane such as a polyamide membrane having a
normal amide linkage has the structure as represented by a normal membrane shown 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 broken, whereby the structure as shown by a degraded membrane in Fig. 1 is formed.
[0041]       As shown 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 portion. [0042]       As the degradation proceeds, the size of gap is increased, and gaps
having various sizes are formed. When the first to the third organic compounds are fixed in
accordance with the size of the gap, holes having various sizes of the degraded membrane are
restored, and the rejection of the membrane is recovered. [0043] When an aqueous solution
containing a plurality of amino compounds having different molecular weights and skeletons
(structures) is allowed to pass through a degraded membrane, the compounds described above
interfere with each other when being allowed to pass through the membrane, and 
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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 rejection 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 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.

Advantageous Effects of Invention

[0037]

According to the present invention, when an aqueous

solution containing the first organic compound having a

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 functional 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 amino group in the treatment agent for improving a rejection, a compound having a
functional group (a hydroxyl group) which interacts with the polyamide membrane, or a compound
having a cyclic structure. [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 gradually decreased as the organic compound described above is adsorbed, and finally
the membrane is restored so that the hole therein is filled up. Even if the degraded portion is  - 15 -
present inside the membrane, when the minimum organic-compound contact amount per membrane
unit area is set to 2,500 mg/m2 or more, the organic compound is sufficiently infiltrated into the
membrane, and as a result, the degraded portion is restored. Brief Description of Drawings [0046] Fig.
1 includes chemical structure formulas illustrating a mechanism of a rejection improving treatment of
the present invention.        Fig. 2 is a schematic view showing a flat membrane test device used in
Examples. Description of Embodiments [0047] 
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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 2,500 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 of restoring a degraded

membrane by the present invention will be described with

reference to Fig. 1.

[0040]

A reverse osmosis membrane such as a polyamide membrane

having a normal amide linkage has the structure as

represented by a normal membrane shown in Fig. 1. When this

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 aqueous
solution containing these organic compounds Is referred 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 2,500 to 1,000,000 mg/m2. [0050] <Treatment Agent for Improving Rejectron>       In the
present invention, as the first organic compound having a molecular weight of less than 200 and the
second organic compound having a molecular weight of 200 to less than 500, the following may be
mentioned by way of example. [0051]       Aromatic amino compounds: Compounds having a benzene
skeleton and an amino group, such as aniline (molecular weight: 93) and dramIno benzene (molecular
weight: 108). [0052]       Aromatic amino carboxylic acrd compounds: Compounds having a benzene
skeleton, at least two amino groups, and at least one carboxyl group, the number of which Is smaller
than that of the amino groups, such as 3,5-dramIno benzoic acrd (molecular weight: 152), 3,4-dramIno
benzoic acrd  - 17 - (molecular weight: 152), 2,4-dramIno benzoic acrd (molecular weight: 152),
2,5-dramIno benzoic acrd (molecular weight: 152), and 2,4,6-trramIno benzoic acrd (molecular weight:
167). [0053] 
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membrane is degraded by an oxidizing agent such as chlorine,

the C-N bond of the amide linkage is broken, whereby the

structure as shown by a degraded membrane in Fig. 1 is

formed.

[0041]

As shown 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 portion.

[0042]

As the degradation proceeds, the size of gap is

increased, and gaps having various sizes are formed. When

the first to the third organic compounds are fixed in

accordance with the size of the gap, holes having various

sizes of the degraded membrane are restored, and the

rejection of the membrane is recovered.

[0043]

When an aqueous solution containing a plurality of

amino compounds having different molecular weights and

skeletons (structures) is allowed to pass through a degraded

membrane, the compounds described above interfere with each

other when being allowed to pass through the membrane, and

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

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-dramInononane (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- amInopentane (In this specification, abbreviated as "IAAM" In some
cases) (C5H23N) (molecular weight: 87) and 2-methyl1,8-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 carbon atoms, an amino group, and a hydroxyl group, such as 4-amIno-2-methyl1-butanol (In
this specification, abbreviated as "AMB" In some cases) (NH2(CH2)2CH(CH3)CH2OH) (molecular
weight: 103).  - 18 - [0055]       Heterocyclic amino compounds: Compounds having a heterocyclic ring
and an amino group, such as tetrahydrofurfuryl amine (in this specification, abbreviated as "FAM" in
some cases) (structure represented by the following formula) (molecular weight: 101). [0056]  [0057]
Amino acid compounds: 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
asparagrne (molecular weight: 132) and glutamIne (molecular weight: 146); and other amino acid
compounds, such as glycIne (molecular weight: 75) and phenylalancne (molecular weight: 165). [0058]
The first organic compound may be the amino acid and the amino acid compound. Among them,
argInIne (molecular weight: 174), lysine (molecular weight: 146), and hrstrdIne (molecular weight:
155), each of which Is a basic amino acid,  - 19 - are preferable. The second organic compound may
be a peptide or a derivative thereof. Among them aspartame (molecular weight: 294), which is a
methyl ester of a dipeptide of phenylalanine and asparaginic acid, is preferable. [0059]       Each of
those low molecular weight amino compounds has a high water solubility, is stable in the form of an
aqueous solution, and reacts with the carboxyl group of the membrane to bind to the reverse osmosis
membrane, thereby 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] 
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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 functional 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

amino group in the treatment agent for improving a rejection,

a compound having a functional group (a hydroxyl group)

which interacts with the polyamide membrane, or a compound

having a cyclic structure.

[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 gradually

decreased as the organic compound described above is

adsorbed, and finally the membrane is restored so that the

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

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 - molecular 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 preferably 0.5 to 100 mg/L, and the concentration of the second organic compound is
preferably 0.1 to 500 mg/L and particularly preferably 0.5 to 100 mg/L. [0062]       The third organic
compound having a molecular weight of 500 or more (preferably 500 to 500,000 and particularly
preferably 500 to 50,000) preferably has a carboxyl group, an amino group, or a hydroxyl group. The
third organic compound is preferably a tannin or a peptide. The tannin may be tannins extracted from
plants, such as hydrolysable 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 of 500 or more. [0063]       The concentration of the third organic compound in the
rejection improving aqueous solution is preferably 0.1 to 500 mg/L and in particular, preferably
approximately 0.5 to 100 mg/L.  - 21 - [0064]       When the total concentration of the first, the second,
and the third organic compounds in the rejection improving aqueous solution is excessively high, the
permeation flux may be remarkably reduced in some cases, and the amounts of the compounds which
do not reach degraded portions are increased since the organic compounds are adsorbed on a
membrane surface so as to form multiple layers. When the total amount of the first, the second, and
the third organic compounds is excessively low, the membrane may not be sufficiently restored, and a
water passing time required to obtain an organic-compound contact amount per membrane unit area
of 2,500 mg/m2 or more is unnecessarily increased. Hence, the total concentration of the first and the
second organic compounds in the rejection improving aqueous solution is preferably 1 to 500 mg/L
and in particular, preferably approximately 1 to 300 mg/L, and the 
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present inside the membrane, when the minimum organic-

compound contact amount per membrane unit area is set to

2,500 mg/m2 or more, the organic compound is sufficiently

infiltrated into the membrane, and as a result, the degraded

portion is restored.

Brief Description of Drawings

[0046]

Fig. 1 includes chemical structure formulas

illustrating a mechanism of a rejection improving treatment

of the present invention.

Fig. 2 is a schematic view showing a flat membrane test

device used in Examples.

Description of Embodiments

[0047]

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

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 solution may 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 improving aqueous solution, the degree of restoring of the membrane can be confirmed by
analysis of the degree of permeation of salt or glucose to water permeated through the reverse
osmosis membrane. [0067]       When a water supply pressure for passing the rejection improving
aqueous solution through a reverse osmosis membrane apparatus is excessively high, adsorption to
non-degraded portions disadvantageously proceeds. When the water 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 normal operation pressure of the
reverse osmosis membrane apparatus. 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 MPa. When the membrane of the reverse 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 reverse osmosis membrane apparatus is a seawater desalination membrane, the inlet pressure of
the apparatus is preferably 0.1 to 7.0 MPa. [0068]       In the present invention, the rejection improving
aqueous solution is preferably supplied to permeate through the reverse osmosis membrane so that
the minimum organic-compound contact amount per membrane unit area calculated by the below
equation is 2,500 mg/m2 or more, preferably 2,500 to 1,000,000 mg/m2, and particularly preferably
3,000 to 100,000 mg/m2. When the minimum 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 compound is represented by C1 (mg/L), the content of the second organic compound
is represented by C2, the content of the third organic compound is represented by C3 (mg/L), and the
lowest concentration among C1 to C3 is represented by Cmin, the minimum organic-compound
contact amount per membrane unit area is calculated by the following equation. Minimum
organic-compound contact amount per membrane  - 24 - unit area=[(C,a),treatment time
(Hrpermeation flux in treatment (m3/Hr)/membrane area (mf)][1,000 
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500 or more through a permeable membrane. Hereinafter, the

aqueous solution containing these organic compounds is

referred 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

2,500 to 1,000,000 mg/m2.

[0050]

<Treatment Agent for Improving Rejection>

In the present invention, as the first organic compound

having a molecular weight of less than 200 and the second

organic compound having a molecular weight of 200 to less

than 500, the following may be mentioned by way of example.

[0051]

Aromatic amino compounds: Compounds having a benzene

skeleton and an amino group, such as aniline (molecular

weight: 93) and diamino benzene (molecular weight: 108).

[0052]

Aromatic amino carboxylic acid compounds: Compounds

having a benzene skeleton, at least two amino groups, and at

least one carboxyl group, the number of which is smaller

than that of the amino groups, such as 3,5-diamino benzoic

acid (molecular weight: 152), 3,4-diamino benzoic acid

[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 permeation 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 improving aqueous solution is preferably set so that each organic compound is sufficiently
allowed to pass through the reverse osmosis membrane. In the case in which the rejection improving  -
25 - aqueous solution is supplied when a normal operation of the reverse osmosis membrane
apparatus is not performed, the time is preferably approximately 3 to 100 hours and in particular,
preferably approximately 6 to 50 hours. When the solution passing time is excessively short, the
treatment is to be completed 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 improving 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 improving a rejection to water to be treated in the normal operation of the reverse osmosis
membrane apparatus. Although the time to add the treatment agent for improving a rejection to the
water to be treated is preferably approximately 1 to 500 hours, the treatment agent for improving a
rejection may always be added to water supplied to the reverse osmosis membrane apparatus. [0073]
When the permeation flux is reduced due to membrane contamination caused by a long-term
operation of the reverse osmosis membrane apparatus, the rejection improving - 26 - treatment may
be performed after membrane cleaning is performed. [0074]       A chemical agent used for cleaning
the membrane 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 hydroxide or
potassium hydroxide may be used. The pH may be set to approximately 2 in the acid cleaning, while in
the alkaline cleaning, the pH may be set to approximately 12. [0075] [Reverse Osmosis Membrane]
The reverse osmosis membrane (RO membrane) may be a polymer membrane which includes an
asymmetric membrane and a composite membrane. Materials for the RO membrane may be
polyamide materials such as an aromatic polyamide, an aliphatic polyamide, and a composite material
thereof; and cellulose materials such as a cellulose acetate. The method for improving a rejection of a
reverse osmosis membrane of the present invention may be preferably applied to a permeable
membrane which is formed from an aromatic 
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(molecular weight: 152), 2,4-diamino benzoic acid (molecular

weight: 152), 2,5-diamino benzoic acid (molecular weight:

152), and 2,4,6-triamino benzoic acid (molecular weight:

167).

[0053]

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-diaminononane (in this

specification, abbreviated as "NMDA" in some cases)

(C9H18(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-

aminopentane (in this specification, abbreviated as "IAAM"

in some cases) (C5H13N) (molecular weight: 87) and 2-methyl-

1,8-octanediamine (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 carbon atoms, an

amino group, and a hydroxyl group, such as 4-amino-2-methyl-

1-butanol (in this specification, abbreviated as "AMB" in

some cases) (NH2(CH2)2CH(CH3)CH2OH) (molecular weight: 103).

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 method 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 various industrial fields or a water treatment for ultrapure water production using industrial water
or city water and other fields. The water to be treated by the reverse osmosis membrane apparatus
may contain organic substances having a TOC of 0.01 to 100 mg/L and preferably approximately 0.1
to 30 mg/L. The water containing the organic substances as described above may be wastewater from
electronic device production works, wastewater from transport machinery production works,
wastewater from 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. Examples [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 Examples 1 to 3, a flat membrane test device shown in Fig. 2 was used. [0081]       In this flat
membrane test device, a flat membrane cell 2 was provided at an intermediate position in a height
direction of a cylindrical container 1 having a bottom and a lid to partition the container into a raw water
chamber A and a permeated water chamber 1E, and this container 1 was placed on a stirrer 3. While
water to be treated was supplied to the raw water chamber A by a pump 4 through a pipe 11, and the
inside of the raw water chamber A was stirred by rotating a stirring bar 5 in the container 1, permeated
water was extracted from the permeated water chamber 1B through a pipe 12, and at the same time,
brine 
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[0055]

Heterocyclic amino compounds: Compounds having a

heterocyclic ring and an amino group, such as

tetrahydrofurfuryl amine (in this specification, abbreviated

as "FAM" in some cases) (structure represented by the

following formula) (molecular weight: 101).

[0056]

[0057]

Amino acid compounds: 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 asparagine (molecular weight: 132) and

glutamine (molecular weight: 146); and other amino acid

compounds, such as glycine (molecular weight: 75) and

phenylalanine (molecular weight: 165).

[0058]

The first organic compound may be the amino acid and

the amino acid compound. Among them, arginine (molecular

weight: 174), lysine (molecular weight: 146), and histidine

(molecular weight: 155), each of which is a basic amino acid,

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 not degraded) 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 dechlordnatIon treatment of tap water In Nogdmachd,
TochIgh prefecture, Japan with active carbon and by addition of NaC1 and IPA so as to have
concentrations of 500 mg/L and 100 mg/L, respectively. Operation pressure: 0.75 MPa Temperature:
24C2C [0084] [Comparative Example 2] 
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are preferable. The second organic compound may be a

peptide or a derivative thereof. Among them aspartame

(molecular weight: 294), which is a methyl ester of a

dipeptide of phenylalanine and asparaginic acid, is

preferable.

[0059]

Each of those low molecular weight amino compounds has

a high water solubility, is stable in the form of an aqueous

solution, and reacts with the carboxyl group of the membrane

to bind to the reverse osmosis membrane, thereby 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]

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

Water was passed under the same conditions as those of  - 30 - Comparative Example 1 except that a
tannic acid (403040-5OG 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 Comparative 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]
[Comparative Example 5]       Water was passed under the same conditions as those of Comparative
Example 1 except that aspartame (molecular weight: 294, a food additive grade, manufactured by
Ajinomoto Co., Inc.) was added to the water to be treated to have a concentration of 1 mg/L. [0088]  -
31 - [Comparative Example 6]       Water was passed under the same conditions as those of
Comparative Example 1 except that arginine (molecular weight: 174, a food additive grade,
manufactured by Ajinomoto Co., Inc.) was added to the water to be treated to have a concentration of
1 mg/L. [0089] 
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molecular 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 preferably 0.5 to 100 mg/L, and

the concentration of the second organic compound is

preferably 0.1 to 500 mg/L and particularly preferably 0.5

to 100 mg/L.

[0062]

The third organic compound having a molecular weight of

500 or more (preferably 500 to 500,000 and particularly

preferably 500 to 50,000) preferably has a carboxyl group,

an amino group, or a hydroxyl group. The third organic

compound is preferably a tannin or a peptide. The tannin

may be tannins extracted from plants, such as hydrolysable

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 of 500 or more.

[0063]

The concentration of the third organic compound in the

rejection improving aqueous solution is preferably 0.1 to

500 mg/L and in particular, preferably approximately 0.5 to

100 mg/L.

[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,
manufactured by Fuji Chemical Industry Co., Ltd.) to the water to be treated to have concentrations of
2 mg/L, 1 mg/L, and 1 mg/L, respectively. [0092]       The permeation flux, salt rejection , and IPA
rejection were calculated from the following equations.       Permeation flux [m3/(m2.d)]=permeation
flux [m3/d]/membrane surface [m2] .temperature conversion coefficient [-]      Salt rejection
[%]-(1-conductivity of permeated water [mS/m]/conductivity of brine [mS/m]) .100 IPA rejection
[%]-(1-TOC of permeated water [mg/L]/TOC of brine water [mg/Li ) .100 [0093]       The results are
shown in Table 1. It is understood that according to the present invention, improvement efficiency 
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[0064]

When the total concentration of the first, the second,

and the third organic compounds in the rejection improving

aqueous solution is excessively high, the permeation flux

may be remarkably reduced in some cases, and the amounts of

the compounds which do not reach degraded portions are

increased since the organic compounds are adsorbed on a

membrane surface so as to form multiple layers. When the

total amount of the first, the second, and the third organic

compounds is excessively low, the membrane may not be

sufficiently restored, and a water passing time required to

obtain an organic-compound contact amount per membrane unit

area of 2,500 mg/m2 or more is unnecessarily increased.

Hence, the total concentration of the first and the second

organic compounds in the rejection improving aqueous

solution is preferably 1 to 500 mg/L and in particular,

preferably approximately 1 to 300 mg/L, and the

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 Cmin/Cmax of the lowest concentration Cmin 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

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 aqueous 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 in purified 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 conditions as those of Comparative Example 8 except that PEG4000 (poly(ethylene glycol)
having a molecular weight of 4,000, manufactured by Wako Pure Chemical Industries, Ltd.) was added
to the water to be treated to have a concentration of 5 mg/L.  - 35 - [0097] 
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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 solution may contain a

tracer which may be an inorganic electrolyte such as salt

(NaCl), 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 improving aqueous solution, the degree of

restoring of the membrane can be confirmed by analysis of

the degree of permeation of salt or glucose to water

permeated through the reverse osmosis membrane.

[0067]

When a water supply pressure for passing the rejection

improving aqueous solution through a reverse osmosis

membrane apparatus is excessively high, adsorption to non-

degraded portions disadvantageously proceeds. When the

water 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 normal operation pressure of the

reverse osmosis membrane apparatus. When the membrane of

the reverse osmosis membrane apparatus is an ultra low

[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 SUPPLY AFTER 2 HOURS OF WATER SUPPLY
PERMEATION FLUX [m3/(m2c1)] SALT REJECTION [A] 
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pressure membrane, an inlet pressure of the apparatus is

preferably 0.1 to 1.0 MPa. When the membrane of the reverse

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 reverse osmosis membrane apparatus

is a seawater desalination membrane, the inlet pressure of

the apparatus is preferably 0.1 to 7.0 MPa.

[0068]

In the present invention, the rejection improving

aqueous solution is preferably supplied to permeate through

the reverse osmosis membrane so that the minimum organic-

compound contact amount per membrane unit area calculated by

the below equation is 2,500 mg/m2 or more, preferably 2,500

to 1,000,000 mg/m2, and particularly preferably 3,000 to

100,000 mg/m2. When the minimum 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 compound is represented by C1

(mg/L), the content of the second organic compound is

represented by C2, the content of the third organic compound

is represented by C3 (mg/L), and the lowest concentration

among C1 to C3 is represented by Cmin, the minimum organic-

compound contact amount per membrane unit area is calculated

by the following equation.

Minimum organic-compound contact amount per membrane

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 
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unit area=[(Cmin)treatment time (Hr)permeation flux in

treatment (m3/Hr)/membrane area (m2)]1,000

[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 10C

to 35C. When the water temperature is too low, the

permeation 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 improving aqueous

solution is preferably set so that each organic compound is

sufficiently allowed to pass through the reverse osmosis

membrane. In the case in which the rejection improving

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 - 
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aqueous solution is supplied when a normal operation of the

reverse osmosis membrane apparatus is not performed, the

time is preferably approximately 3 to 100 hours and in

particular, preferably approximately 6 to 50 hours. When

the solution passing time is excessively short, the

treatment is to be completed 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 improving 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 improving a rejection

to water to be treated in the normal operation of the

reverse osmosis membrane apparatus. Although the time to

add the treatment agent for improving a rejection to the

water to be treated is preferably approximately 1 to 500

hours, the treatment agent for improving a rejection may

always be added to water supplied to the reverse osmosis

membrane apparatus.

[0073]

When the permeation flux is reduced due to membrane

contamination caused by a long-term operation of the reverse

osmosis membrane apparatus, the rejection improving

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 RO membrane ESPA2-4040 (membrane surface area:
7.9 m2) manufactured by HydranautIcs 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 improving treatment was performed on this degraded RO membrane, and performances
thereof before and after the treatment were evaluated. For the performance evaluation, an aqueous
solution (pH: 7.0) containing NaC1 and IPA 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 m2414, and
a water temperature of  - 37 - 25C, and subsequently, the salt rejection (NaC1 removal rate), IPA
(Isopropyl alcohol) rejection, and permeation flux (m3/Hr) were measured. [0103] [Example 4]
Synthetic raw water (pH: 7.0) containing argInIne (molecular weight: 174, manufactured by A4Inomoto
Co., Inc.) as a first organic compound, aspartame (molecular weight: 294, manufactured by A4Inomoto
Co., Inc.) as a second organic compound, and tannic acrd AL (molecular weight: 500 or more,
manufactured by Fuji Chemical Industry Co., Ltd.) as a third organic compound, each having a
concentration of 10 mg/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 m3/Hr (0.3 m/d), a brine flow of 1 m3/h, and a water
temperature of 25C. The organic-compound contact amount per membrane unit area was
[10250[0.1/7.9]21,000L-6,300 mg/m2.       The above treatment conditions are shown In Table 3, and
the performance 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 rejection improving treatment were set as shown In Table 3.  - 38 - The performance evaluation
results are shown in Table 4. [0105] 
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treatment may be performed after membrane cleaning is

performed.

[0074]

A chemical agent used for cleaning the membrane 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

hydroxide or potassium hydroxide may be used. The pH may be

set to approximately 2 in the acid cleaning, while in the

alkaline cleaning, the pH may be set to approximately 12.

[0075]

[Reverse Osmosis Membrane]

The reverse osmosis membrane (RO membrane) may be a

polymer membrane which includes an asymmetric membrane and a

composite membrane. Materials for the RO membrane may be

polyamide materials such as an aromatic polyamide, an

aliphatic polyamide, and a composite material thereof; and

cellulose materials such as a cellulose acetate. The method

for improving a rejection of a reverse osmosis membrane of

the present invention may be preferably applied to a

permeable membrane which is formed from an aromatic

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

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]       NaC1
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'ZZ 00'Z
00'Z 
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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 method 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 various industrial fields or a

water treatment for ultrapure water production using

industrial water or city water and other fields. The water

to be treated by the reverse osmosis membrane apparatus may

contain organic substances having a TOC of 0.01 to 100 mg/L

and preferably approximately 0.1 to 30 mg/L. The water

containing the organic substances as described above may be

wastewater from electronic device production works,

wastewater from transport machinery production works,

wastewater from organic synthesis works, wastewater from

printing/plate making/painting works, or primary wastewater

10,600 10,600 10,600 10,600 00141. I- Z w 2 w ^ I= = I- 09 17Z 9  09 09 09 Z I 
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thereof. However, the water containing organic substances

is not limited thereto.

Examples

[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

Examples 1 to 3, a flat membrane test device shown in Fig. 2

was used.

[0081]

In this flat membrane test device, a flat membrane cell

2 was provided at an intermediate position in a height

direction of a cylindrical container 1 having a bottom and a

lid to partition the container into a raw water chamber 1A

and a permeated water chamber 1B, and this container 1 was

placed on a stirrer 3. While water to be treated was

supplied to the raw water chamber 1A by a pump 4 through a

pipe 11, and the inside of the raw water chamber 1A was

stirred by rotating a stirring bar 5 in the container 1,

permeated water was extracted from the permeated water

chamber 1B through a pipe 12, and at the same time, brine

was extracted from the raw water chamber 1A through a pipe

13. A pressure gauge 6 and a pressure regulation valve 7

Z I Z I Z I  m u- E             Z 0 2 x I 
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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 Nitto Denko Corporation was

rapidly degraded by immersion in a solution containing

sodium hypochlorite (free chlorine: 1 mg/L) for 24 hours.

The permeation flux, salt rejection , and IPA rejection of

an original membrane (new ES20 membrane which was not

degraded) were 0.81 m3/(m2d), 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 dechlorination

treatment of tap water in Nogimachi, Tochigi prefecture,

Japan with active carbon and by addition of NaCl and IPA so

as to have concentrations of 500 mg/L and 100 mg/L,

respectively.

Operation pressure: 0.75 MPa

Temperature: 24C2C

[0084]

[Comparative Example 2]

Water was passed under the same conditions as those of

= --, R UE w 0_ FO 98.0 FO 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 98.0 0 = Zuj 02 2 E w 2 
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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

Comparative 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]

[Comparative Example 5]

Water was passed under the same conditions as those of

Comparative Example 1 except that aspartame (molecular

weight: 294, a food additive grade, manufactured by

Ajinomoto Co., Inc.) was added to the water to be treated to

have a concentration of 1 mg/L.

[0088]

0 0 - O_CC L FO  L'O L FO ELM ELM ELM ELM ELM ELM  L'O  L'O  L'O Z- 0_ CO 9E0 CO 9E0 
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[Comparative Example 6]

Water was passed under the same conditions as those of

Comparative Example 1 except that arginine (molecular

weight: 174, a food additive grade, manufactured by

Ajinomoto Co., Inc.) was added to the water to be treated to

have a concentration of 1 mg/L.

[0089]

[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

9E0 9E0 9E0 9E0 9E0 9E0 9E0 9E0 ADDITION AMOUNT OF ORGANIC COMPOUND (10440
01:11H1 OF  00 I 00 I OF 09 09 OZ 
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for 24 hours by adding arginine, aspartame, and food-

additive tannic acid AL (molecular weight: 500 or more,

manufactured by Fuji Chemical Industry Co., Ltd.) to the

water to be treated to have concentrations of 2 mg/L, 1 mg/L,

and 1 mg/L, respectively.

[0092]

The permeation flux, salt rejection , and IPA rejection

were calculated from the following equations.

Permeation flux [m3/(m2・d)]=permeation flux

[m3/d]/membrane surface [m2]･temperature conversion

coefficient [-]

Salt rejection [%]=(1-conductivity of permeated water

[mS/m]/conductivity of brine [mS/m]) ･100

IPA rejection [%]=(1-TOC of permeated water [mg/L]/TOC

of brine water [mg/L]) ･100

[0093]

The results are shown in Table 1. It is understood that

according to the present invention, improvement 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 more than those of the

original membrane.

[0094]

OZ OZ OZ   ON 0039 OF  00 I 00 I 09 OF OF OZ OZ OZ OZ   191:111 



- 33 -

T
ab

le
1

P
E
R
M

E
A
T
IO

N
F
L
U

X

[m
3
/
(m

2
d)

]

S
A
L
T

R
E
J
E
C

T
IO

N
[%

]

IP
A

R
E
J
E
C

T
IO

N
[%

]

P
E
R
M

E
A
T
IO

N
F
L
U

X

[m
3
/
(m

2
d)

]

S
A

L
T

R
E
J
E
C

T
IO

N
[%

]

IP
A

R
E
J
E
C

T
IO

N
[%

]

P
E
R
M

E
A
T

IO
N

F
L
U

X

[m
3
/
(m

2
d)

]

S
A
L
T

R
E
J
E
C

T
IO

N
[%

]

IP
A

R
E
J
E
C

T
IO

N
[%

]

P
E
R
M

E
A
T

IO
N

F
L
U

X

[m
3
/
(m

2
d)

]

S
A
L
T

R
E
J
E
C

T
IO

N
[%

]

IP
A

R
E
J
E
C

T
IO

N
[%

]

O
R
IG

IN
A
L

0
.8

1
9
7
.2

8
7
.5

C
O

M
P
A
R
A
T
IV

E
E
X
A
M

P
L
E
1

0
.9

5
8
9
.8

7
4
.1

0
.9

5
8
9
.8

7
4
.0

0
.9

4
8
9
.9

7
4
.1

0
.9

4
8
9
.9

7
4
.2

C
O

M
P
A
R
A
T
IV

E
E
X
A
M

P
L
E
2

0
.9

4
8
9
.9

7
4
.0

0
.9

0
9
2
.8

7
8
.7

0
.8

3
9
5
.4

8
2
.3

0
.7

6
9
6
.6

8
5
.0

C
O

M
P
A
R
A
T
IV

E
E
X
A
M

P
L
E
3

0
.9

6
8
9
.7

7
3
.9

0
.7

8
9
4
.6

8
3
.3

0
.7

9
9
4
.5

8
3
.2

0
.8

9
4
.5

8
3
.2

C
O

M
P
A
R
A
T
IV

E
E
X
A
M

P
L
E
4

0
.9

5
8
9
.8

7
4
.0

0
.7

1
9
5
.9

8
4
.5

0
.7

1
9
5
.9

8
4
.5

0
.7

2
9
5
.8

8
4
.3

C
O

M
P
A
R
A
T
IV

E
E
X
A
M

P
L
E
5

0
.9

6
8
9
.7

7
3
.9

0
.9

4
9
2
.3

7
6
.6

0
.9

2
9
3
.5

7
9
.0

0
.8

9
9
4
.0

8
0
.2

C
O

M
P
A
R
A
T
IV

E
E
X
A
M

P
L
E
6

0
.9

6
8
9
.7

7
4
.0

0
.9

5
9
1
.7

7
5
.8

0
.9

3
9
2
.9

7
7
.9

0
.9

2
9
3
.4

7
8
.6

C
O

M
P
A
R
A
T
IV

E
E
X
A
M

P
L
E
7

0
.9

5
8
9
.8

7
4
.0

0
.9

2
9
3
.3

7
7
.2

0
.8

9
9
4
.1

8
2
.6

0
.8

7
9
4
.9

8
4
.6

E
X
A
M

P
L
E
1

0
.9

6
8
9
.7

7
3
.9

0
.9

0
9
3
.8

7
7
.9

0
.8

7
9
6
.0

8
3
.7

0
.8

2
9
7
.3

8
7
.5

E
X
A
M

P
L
E
2

0
.9

5
8
9
.8

7
4
.0

0
.8

9
9
4
.0

7
8
.4

0
.8

6
9
6
.4

8
4
.1

0
.8

9
7
.8

8
7
.7

D
E
G

R
A
D

E
D

S
T
A
T
E

A
F
T
E
R

2
H

O
U

R
S

O
F

W
A
T
E
R

S
U

P
P
L
Y

A
F
T

E
R

2
4

H
O

U
R
S

O
F

W
A
T
E
R

S
U

P
P

L
Y

A
F
T
E
R

9
6

H
O

U
R
S

O
F

W
A
T

E
R

S
U

P
P
L
Y

OF  00 I 00 I 09 OF 09 OZ OZ OZ OZ  ORGANIC COMPOUND 01:11H1 TANNIC ACID TANNIC
ACID TANNIC ACID TANNIC ACID TANNIC ACID TANNIC ACID 



- 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

aqueous 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: NaCl and IPA were dissolved in

purified water to have concentrations of 500 mg/L and 100

mg/L, respectively.

Operation pressure: 1.4 MPa

Temperature: 24C2C

[0096]

[Comparative Example 9]

Water was passed under the same conditions as those of

Comparative Example 8 except that PEG4000 (poly(ethylene

glycol) having a molecular weight of 4,000, manufactured by

Wako Pure Chemical Industries, Ltd.) was added to the water

to be treated to have a concentration of 5 mg/L.

TANNIC ACID TANNIC ACID 3NI0A1DA1Od 3NISATATOd POLYALANINE TANNIC ACID  SECOND
ASPARTAME ASPARTAME  ASPARTAME ASPARTAME ASPARTAME ASPARTAME ASPARTAME
ASPARTAME ASPARTAME ASPARTAME ASPARTAME ASPARTAME 



- 35 -

[0097]

[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]

[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

Table 2

PERMEATION
FLUX

[m3/(m2d)]

SALT
REJECTION

[%]

IPA
REJECTION

[%]

PERMEATION
FLUX

[m3/(m2d)]

SALT
REJECTION

[%]

IPA
REJECTION

[%]

COMPARATIVE
EXAMPLE8

1.03 95.2 92.1 1.03 95.3 92.3

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

AFTER 5 MINUTES OF WATER SUPPLY AFTER 2 HOURS OF WATER SUPPLY

191:111 3NINIDTIV 3NINIDTIV 3NINIDTIV 3NINIDTIV 3NINIDTIV 3NINIDTIV 3NINIDTIV 3NIDA1D
ASPARAGINE  3NINIV1111D PH EN YLALANINE 3NINIDTIV  EXAMPLE4 931dINVX3 931dINVX3
L31dINVX3 EXAMPLE8 
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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 hypochlorite solution (pH:

7.0) at a concentration of 100 ppm was supplied through an

RO apparatus equipped with an ultra low pressure RO membrane

ESPA2-4040 (membrane surface area: 7.9 m2) manufactured by

Hydranautics for 500 hours at an inlet pressure of 0.75 MPa,

a brine water flow of 1 m3/h, and a water temperature of 25C,

so that the RO membrane was degraded. The rejection

improving treatment was performed on this degraded RO

membrane, and performances thereof before and after the

treatment were evaluated. For the performance evaluation,

an aqueous solution (pH: 7.0) containing NaCl and IPA 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 m3/h, and a water temperature of

631dINVX3 01.31d141VX3 M31d141VX3 Z1.31d1411AX3 EXAMPLE13 EXAMPLE14 EXAMPLE15  -
40 - [0108] Table 4  PERFORMANCE BEFORE TREATMENT PERFORMANCE AFTER
TREATMENT  NaCI REJECTION (%) IPA REJECTION (%) 
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25C, and subsequently, the salt rejection (NaCl removal

rate), IPA (isopropyl alcohol) rejection, and permeation

flux (m3/Hr) were measured.

[0103]

[Example 4]

Synthetic raw water (pH: 7.0) containing arginine

(molecular weight: 174, manufactured by Ajinomoto Co., Inc.)

as a first organic compound, aspartame (molecular weight:

294, manufactured by Ajinomoto Co., Inc.) as a second

organic compound, and tannic acid AL (molecular weight: 500

or more, manufactured by Fuji Chemical Industry Co., Ltd.)

as a third organic compound, each having a concentration of

10 mg/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 m3/Hr (0.3 m/d), a brine flow of 1

m3/h, and a water temperature of 25C. The organic-compound

contact amount per membrane unit area was

[10500.1/7.9]1,0006,300 mg/m2.

The above treatment conditions are shown in Table 3,

and the performance 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

rejection improving treatment were set as shown in Table 3.

PERMEATION FLUX (m3/h) NaCI REJECTION (96) IPA REJECTION (%) PERMEATION FLUX
(m3/h) EXAMPLE4 90.4 65.0 0.35 98.5 77.1 0.30 EXAMPLES 
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The performance evaluation results are shown in Table 4.

[0105]

The salt rejection (NaCl removal rate) and the IPA

rejection were calculated from the following equations. In

Table 4, the salt rejection was represented by the NaCl

rejection.

[0106]

NaCl rejection [%]={1-conductivity of permeated water

[mS/m] ･2/(conductivity of water to be treated

[mS/m]+conductivity of brine [mS/m])} ･100

IPA rejection [%]={1-TOC of permeated water [mg/L] ･

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

100

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 
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[0107]
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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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[0108]

[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]

Although specific modes of the present invention have

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

Table 4

NaCl
REJECTION

(%)

IPA
REJECTION

(%)

PERMEATION
FLUX

(m3/h)

NaCl
REJECTION

(%)

IPA
REJECTION

(%)

PERMEATION
FLUX

(m3/h)

EXAMPLE4 90.4 65.0 0.35 98.5 77.1 0.30

EXAMPLE5 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

EXAMPLE8 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

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 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

PERFORMANCE BEFORE TREATMENT PERFORMANCE AFTER TREATMENT

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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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.

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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CLAIMS

1 A method for improving a rejection of a reverse osmosis

membrane, the method comprising 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 500 or

more through the reverse osmosis membrane.

2 The method for improving 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 acid or an amino acid derivative.

3 The method for improving a rejection of a reverse

osmosis membrane according to Claim 1 or 2, wherein the

third organic compound is a tannin or a peptide.

4 The method for improving a rejection of a reverse

osmosis membrane according to any one of Claims 1 to 3,

wherein the reverse osmosis membrane before the aqueous

solution is allowed to pass therethrough has a salt

rejection of 90% or less.

5 The method for improving a rejection of a reverse

Although specific modes of the present invention have been described in detail, 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 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 500 or more through the
reverse osmosis membrane. 2The method for improving 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 acid or an amino acid derivative. 3The method for improving a rejection of a reverse osmosis
membrane according to Claim 1 or 2, wherein the third organic compound is a tannin or a peptide.
4The method for improving a rejection of a reverse osmosis membrane according to any one of Claims
1 to 3, wherein the reverse osmosis membrane before the aqueous solution is allowed to pass
therethrough has a salt rejection of 90% or less. 5The method for improving a rejection of a reverse  -
43 - osmosis membrane according to any one of Claims 1 to 3, wherein the reverse osmosis
membrane before the aqueous solution is allowed to pass therethrough has a salt rejection of 95% or
less. 
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osmosis membrane according to any one of Claims 1 to 3,

wherein the reverse osmosis membrane before the aqueous

solution is allowed to pass therethrough has a salt

rejection of 95% or less.

6 The 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.

7 The 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 organic compound concentration

(mg/L)treatment time (hr)permeation 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 third organic compounds

in the aqueous solution.

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 organic 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 third organic compounds in the aqueous solution.  - 44 - 8A reverse osmosis membrane
treated by a rejection improving treatment using the method for improving a rejection of a reverse
osmosis membrane according to any one of Claims 1 to 7. 9A treatment agent for improving a
rejection of a reverse osmosis membrane, the treatment agent comprising 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. 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
membrane according to Claim 9 or 10, wherein the third organic compound is a tannin or a peptide. 
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8 A reverse osmosis membrane treated by a rejection

improving treatment using the method for improving a

rejection of a reverse osmosis membrane according to any one

of Claims 1 to 7.

9 A treatment agent for improving a rejection of a

reverse osmosis membrane, the treatment agent comprising 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.

10 The 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.

11 The treatment agent for improving a rejection of a

reverse osmosis membrane according to Claim 9 or 10, wherein

the third organic compound is a tannin or a peptide.


