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SPECIFICATION COMPOSITE SEMIPERMEABLE MEMBRANE 5
FIELD OF THE INVENTION [0001] The present invention relates to a
composite semipermeable membrane having a skin layer which includes
a polyamide resin and a porous support that supports the skin 10 layer,
and a water treatment method using the composite semipermeable
membrane. The composite semipermeable membranes are suitably used
for production of ultrapure water; rdesalination of brackish water or sea
water, etc., and usable for removing or collecting pollution sources or
effective 15 substances from pollution, which causes environment
pollution occurrence, such as dyeing drainage and electrodeposition paint
drainage, leadifgte eontrbute il ElosEd spstenifdr BirdiNage. .
Furthermore, the membrane can be used for concentration of active
ingredients in foodstuffs usage, for an advanced water 20 treatment, such
as removal of harmful component in water purification and sewage usage

F1Ete. BESERIPTION'GFESHE RELATED ART [0002] 25 In water treatment
steps using composite semipermeable 1 membranes, fouling, that is,

[c omena of degradation in water permeability, such as an amount of

watep permeation and  salt-blocking fate, may ogeur with pragress of time.

semipermeable membrane having a skin layver which includes a
polyamide resin and a porous support that supports the skin
layer, and a water treatment method using the composite
semipermeable membrane. The composite semipermeable
membranes are suitably used for production of ultrapure water,
desalination of brackish water cor sea water, etc., and usable
for removing or collecting pollution sources or effective
substances from pollution, which causes environment peollution
ocourrence, such as dyeing drainage and electrodeposition paint
drainage, leading to contribute to closed system for drainage.
Fuﬁthermore, the membrane can be used for concentration of
active ingredients in foodstuffs usage, for an advanced water
treatment, such as removal of harmful compenent in waterx

purification and sewage usage etc.

DESCRIPTION OF THE RELATED ART
[0002]

In water treatment steps using composite semipermeable
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Accordingly, most costs in management costs of water treatment 5
facilities are consumed for loss disposition that is caused by the fouling,
and for fouling prevention. For this reason, fundamental preventive
measures to such fouling have been demanded. [0003] 10 Causative
substances that give the fouling may be classified into inorganic
crystalline foulings, organic foulings, particles and colloidal foulings, and

merBickekial, feulings, based-an the naturethereofs i fag case of pelyamide: -

composite semipermeable membranes, the microbial fouling is the 15

pefRaifrcausative substanee awhichds gaused by fermationnaf dhinehiosfilans
that are formed with absorption of microbes, existing in water, to the

s a lsurfate of arse paratiommenthrane. {Q004] tn-ordes tereduceitihe fouling,
methods such as 20 pretreatment of raw water, modification of electrical

Acqyroperty lon theostirface 'of d separativerrpemiransg simprovement ofatment
module step condition, and periodic cleaning have been widely used. In

faqhe tase diF66IiRGS By RTeErdises Hva@inbstidduanth genevatedised by
especially in composite semipermeable membranes, it 25 is known that a

th%re&%ﬁ?@sin@%iﬁ%taﬁﬁ%%ﬁﬁﬁ RIhIGHHe: 97will Sigrificantfy déGéase

the microbjal fouling. However, since chlorine generates by-products

F USRS it g Eic - sUBStAREES Hpplication fo'a stepifor Brottichg’©"

delinking water
[0003]

Causative substances that give the fouling may be
classified into incorganic crystalline fouiings, organic
foulings, particles and colloidal foulings, and microbial
foulings, based on the nature thereof. In the case of polyamide
composite semipermeable membranes, themicrobial fouling is the
main causative substance, wnich is caused by formation of thin
bio films that are formed with absorption cf microbes, existing
in water, to the surface of a separation membrane.

[C004]

In order to reduce the fouling, methods such as
pretreatment of raw water, modification of electrical property
on the surface of a separation membrane, improvement of a module
step conditien, and periodic cleaning have been widely used.
In the case of foulings by microbes that are most freguently
generated especially in composite semipermeable membranes, it

is known that a treatment using disinfectants such as chleorine
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as it is may cause many problems. 5 [0005] Most recent investigations on
antifouling separation membranes generally focus on modification of the
electric charge property of a surface. For example, a method of forming a
surface layer containing a cross-linked organic polymer that 10 has a
nonionic hydrophilic group on a reverse osmosis composite membrane is
proposed (Patent Document 1). A method of carrying out hydrophilic

w1 coating-on-a polyamidg hinfilm.using anen Wwater-seluble high palymese

obtained by cross linking of an epoxy compound is proposed (Patent

s 1rPeCcunent2), A IgVEESE0HR0i§ L5 separationsmembyane having.a 8ane
structure is proposed, the membrane having a structure with nano

sutpartieles 9j02pincorporated on thessitace of the sepdratiofrmerbtaneater
(Patent Document 3) . Furthermore, a method of blending nano patrticles
as ina sepanatorcactive ayer; aracingtnog. of providing a 20 hydrophilic
layer containing nano particles on a separation active layer is proposed
[OqPaient Document 4). [0006] However, the method of Patent Document 1
only modifies the surface into electrically neutral state, and therefore, the
25 siifade d66$Rbt RAVEERinEISNS B disiiledivhidrsubpréssigivad et 1on
increase against bacteria, once the bacteria attach to the surface.

e GiR g TS Sdrtace Al 8 IGH dffedtfot “&lpprBssing Herat=tiohiorc

membrane characteristics caused b .
charge property of a surf%ce. %or example, a method of forming

a surface layer containing a cross-linked organic polymer that
has a nonionic hydrophilic group on a reverse osmosis composite
membrane is proposed {Patent Document 1). A method of carrying
out hydrophilic coating on a polyamide thin f£ilm using & non
water—-soluble high polymer obtained by cross linking of an epoxy
compound is proposed (Patent Document 2). A reverse osmosis
separation membrane having a nano structure is proposed, the
membrane having a structure with nano particles TiO;
incorporated on the surface of the separaticon membrane (Patent
Document 3). Furthermore, a method of blending nano particles
in a separation active layer, or a method of providing a
hydrophilic layer containing nano particles on a separation
active layer is proposed (Patent Document 4).
[000€]

However, the method of Patent Document 1 conly modifies
the surface inteo electrically neutral state, and therefors, the

surface does not have functions of disinfection or suppression
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organism-originated contamination or secondary contamination 5
resulting therefrom. 0007] In the method of Patent Document 2, there is
no function for disinfection or suppression of increase against the
attached bacteria, and for this reason, an effect to 10 organism-originated
contamination is low. [0008] The method of Patent Document 3 uses a
nano-sized photo catalyst, however, unless the photo catalyst is

of radiated with, light he Dboto-catalyst doasnot exertinstion fallp Lo the

decomposing organic substances. Therefore, since light does not reach

suithe desidezof spirak elements peocessed fer usesina actyal waterdreatment
steps of reverse osmosis separation membranes, and of

surressuwerigsisiantivesselsfar Stadng the spiral elementsdn fowaterused by
treatment equipment, the catalyst 20 cannot exhibit the catalytic activity.
orgccosdingly; sincetthd catalyshcarnctodecompeseattached onatenials omi cn
the surface of the membrane, an effect against contamination is low.
ref00091a the methodof Patent Document 4, the separation active 25
layer requires extremely advanced denseness in a molecular 4 level,
[O%HoWever, film formation under mixed state of nano particles impairs the
denseness of the separation active layer, and significant degradation of

menﬂﬁaﬁ@%éﬁ%ﬁﬁﬁﬁéﬁhﬁﬁﬁ@nﬁ Document 2, there 13 no function

for disinfection or suppression of increase against the
attached bacteria, and for this reason, an effect to
organism-originated contaminaticn is low.
(00087

The method of Patent Document 3 uses a nano-sized photo
catalyst, however, unless the photo catalyst is irradiated with
light, the photo catalyst does not exert function for
deéomposing crganic substances. Therefore, since light does
not reach the inside of spiral elements processed for use in
actual water treatment steps of reverse osmosis separation
membranes, and of pressure-resistant vessels for storing the
splral elements in a water treatment eqguipment, the catalyst
cannot exhibit the catalytic activity. Accordingly, since the
catalyst cannot decompose attached materials on the surface of
the membrane, an effect against contamination is low.
[C009]

In the method of Patent Document 4, the separation active

layer requires extremely advanced denseness in a molecular
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predicted. In addition, dispersing agents etc. are added for 5 suppressing
aggregation of nano particles, and the higher concentration of nano
particles for maintenance of antibacterial durability causes aggregation
easily, leading to difficulty of forming a uniform separation active layer or
a hydrophilic layer. 10 [0010] Patent Document 1: Japanese Patent
Application Laid-Open No. 11-226367 Patent Document 2: Japanese

1eAtent Apglicagion L aid-Open., No, 2004:25102,13 Batent Rocument 3

Japanese Patent Application Laid-Open No. 2003-53163 Patent

pam%@i%g&%aéw%@%@&@@%%mw& 098872,Pamphlet 20,0,
DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY

and HE INVENTAON {QQ11] dtis an-objecteftbe presany iventionde pravidebe
a composite semipermeable membrane having an excellent 25 resistance

prraperdyyto contamimation padicutatlyam S axcellent sesistance propedyfor
to microbial contamination, and a water treatment method using the

sugpmpositesemipergedblenmembrane. »MEANSFORBOLVING THE e

PROBLEMS

concentration of nano particles for maintenance of
antibacterial durablility causes aggregation easily, leading to
difficulty of forming a uniform separation active layver or a
hydrophilic lavyer.
[001G]

Patent Document 1: Japanese Patent Application Laid-Open
No. 11—226367

Patent Document 2: Japanese Patent Application Laid-Open
No. 2004=-25102

Patent Document 3: Japanese Patent Application Laid-Open
No. 2003-53163

Patent Document 4: International Publication No. WO

06/098872 Pamphlet

DISCLOSURE OF THE INVENTION
PROBLEMS TOC BE SOLVED BY THRE INVENTION
[0011]
It is an object of the present invention to provide a
composite semipermeable membrane having an excellent

resistance property to contamination, particularly an
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[0012] In view of the existing circumstances as described above, the
present inventors made intensive studies and found that the following
composite semipermeable membrane can be used to solve 10 the
problems described above. [0013] That is, the present invention relates to
a composite semipermeable membrane comprising a skin layer formed
on the surface of a porous support and containing a polyamide-based 15

exd€sQptained: by reacting-a pobiunctipnal amine LOmpoReRt: WHB #on, and

polyfunctional acid halide component, wherein an antibacterial layer
a wontaininga:silverasedantibastesigl wgentang apalWNeELomPenealiSe
formed on the skin layer directly or with other layer interposed
merihetebetween, and the 20 weight ratio between the silver-based
antibacterial agent and the polymer component in the antibacterial layer
is 55:45 to 95:5 (silver-based antibacterial agent:polymer component).
[0014] The composite semipermeable membrane of the present 25
MEANNerition HaslaiT dhtiddcte i&dayétiAcluding a silver-based 6 antibacterial
agent and a polymer component, and can maintain a resistance property
[0&8 #icrobial contamination for a long term by the antibacterial layer. In
particular, an excellent resistance property to microbial contamination can

be exXertdd &by adUstFIRE Weight Fatlg betieenisivaicsdde aPove,

the present inventcrs made intensive studies and found that the
following composite semipermeable membrane can be used to solve
the problems deszcribed above.

[0013]

That is, the present invention relates tc a composite
semipermeable membrane comprising a skin layer formed on the
surface of a porous support and containing a pelyamide-based
resin obtained by reacting a polyfunctional amine component
with a polyfunctional acid halide component, wherein an
antibacterial layer containing a silver-based antibacterial
agent and a polymer component is formed on the skin layer
directly or with other layer.interposed,therebetween, and the
weight ratio between the silver-based antibacterial agent and
the polymer component in the antibacterial layer is 55:45 to
895:5 (silver-based antibacterial agent:polymer component).
{00147

The composite semipermeable membrane of the present

invention has an antibacterial layer including a silver-based
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antibacterial agent and the polymer component in the antibacterial layer
to 55:45 to 95:5 (silver-based antibacterial agent: polymer component),
and adding the silver-based antibacterial agent excessively relative to the
10 polymer component so that a part of the silver-based antibacterial
agent can be exposed onto the surface of the antibacterial layer. If the
weight ratio of the silver-based antibacterial agent is less than 55, such a

=niegistance propery .to g}{qo@i?@fw@mi%Hﬁda@mz?ugw&?@%%%%%ain

because 15 it becomes difficult to expose the silver-based antibacterial

a ragentioife thesustace of the antibacterial dayer-Onthe other hand; ifthe rm

.weight ratio of the silver-based antibacterial agent exceeds 95, the
by resistanece praperdy ie:midrebiak contaminationcanne) bemmaintaingdfor a

long term because the 20 silver-based antibacterial agent exposed onto
redhe surfaee of dhe mnfibacterialdayerdiecames edsy ta dropaut/fewscutr t ed

during the water treatment step. Moreover, since in the present invention
by thel Antibacteriabayaeisdormed bhthé skindayert Hirecthylorewith ottt

layer interposed therebetween and the 25 antibacterial agent is not
angisyetsad retheaskin fayerd 7idenseaeé g8 srthe SR IageF isimalHtsined.

As a result, reduction in the§erformance of the skin layer can be

AN EFETIRED L And 1Y BhlytheTesiStance property fo-ortaitiAgRsh but also

water permeation er{:qrmanfe as well as salt-blockin%&ate ggn 5beh
A ARG Aipha Cenc: POLYRer Comporient], =hd adding the

silver-based antibacterial agent excessively relative to the
volymaer component so tThat a part of the silver-based
antibacterial agent can be exposed ontc the surface of the
antibacterial layer. If the weight ratic of the silver-based
antibacterial agent is less than 55, such a resistance property
to microbial contamination is not sufficiently exerted because
it becomes difficult to expose the silver-based antibacterial
agent onto the surface of the antibacterial layer. On the other
hand, if the weight ratio of the silver-based antibacterial
agent exceeds 95, the resistance property to microbial
contamination cannct be maintained for a long term because the
silver-based antibacterial agent exposed onto the surface of
the antibacterial layer becomes easy to drop cut/flow out during
the water treatment step. Moreover, since in the present
invention the antibacterial lavyer is formed on the skin layer
directly or with other laver interposed thersbetween and the

antibacterial agent 1s not dispersed in the skin laver,
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[0015] In the present invention, the silver-based antibacterial agent can
be preferably a supported material containing a silver ion. Since the
supported material containing a silver ion 10 carries a silver ion in a
densely dispersed state, it is possible to enlarge the total surface area of
the silver per unit area of the antibacterial layer when the antibacterial
layer is formed using the supported material. As a result, the contact

derideaof the silveravith the progessedswater becomes large to, la.exertan
excellent resistance property to microbial contamination. [0016] It is

redieferable thatthe silveshased-antibasterial ; ageat basam averagevented,
particle diameter of 1.5 pm or less. If 20 the average particle diameter of

andhecgilver-basac-antbactedakagentexeeedstl5anntherdomapasite but also
semipermeable membrane performance tends to fall by physical

wa tthamagesisach as frietidn rinsancase yherethescompositeé semipagrmedisiecan
membrane is wound as a spiral element. 25 [0017] 8 The silver-based

be aiibattekiadg&itds preferably heat-treated at 700C or higher. By using
the silver-based antibacterial agent that is heat-treated at 700C or higher,

[UGétehtion of the silver component contained in the silver-based 5

antlbacterlal agent can be improved at the time of water suppl¥ , ,
n the present invention, the silver-based antibacterial

agent can be preferably a supportedmaterial containingasilver
ion. Since the supported material containing a silver ion
carries a silver ion in a densely dispersed state, 1t is possible
to enlarge the total surface area of the silver per unit area
of the antibacterial layer when the antibacterial iayer is
formed using the supported material. As a result, the contact
area of the silver with the processed water becomes large to
exert an excellent resistance property to micrcbial
contamination.

[0016]

It is preferable that the silver-based antibacterial
agent has an average particle diameter of 1.5 pm or less. If
the average particle diameter of the silver-based antibacterial
agent exceeds 1.5 pm, the composite semipermeable membrane
performance tends to fall by physical damages such as friction
in a case where the compesite semipermeable membrane is wound
as a spiral element.

[0C17]
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[0018] The silver content in the antibacterial layer is preferably 30 mg/m2
or more. As a result, an excellent antibacterial property can be
maintained for a long term. 10 [0019] The polymer component is
preferably polyvinyl alcohol which dissolves neither the skin layer nor the
porous support, and is not eluted at the time of water treatment operation.
[0020] 15 The polyvinyl alcohol has preferably a saponification degree of

99%-@rnare; Jhe-pohaday! algohol with.the 1sapanification degree- 9f, 99%

or more can dissolve in hot water (around 80C), but cannot dissolve in

heavater ok arounga nognal demperature, (anpynd 266 duetodhe jafluancecd
of the hydrogen 20 bonding between the molecular chains, and even if its

anictosslinkingzdegreens lavi,zthe ipolyninyl-alcahot isipreferablécbecausesitsr,
solubility in an aqueous solution becomes lower. In addition, since the
reipohvinyl alCohot canlingpart aotobhydroxyl groepsto thecsarface of thesed
antibacterial layer, it 25 is also desirable from the viewpoint of not only
anfimprevietl Deresislantetd coRtamineeed taterials Butrdsoferhanceduprply .
hydrophilicity (enhancement of water permeation performance) of the
posite semipermeable membrane. [00211 5 In addition,

water-insolubility of the antibacterial i i ,
The =ilver content in the antibacterial laver is

preferably 30 mg/m* or more. As a result, an excellent
antibacterial.property can be maintained for a long term.
[0019]

The polymer component is preferably polyvinyl alcohol
which dissclves neither the skin layer nor the porous support,
and 1s not eluted at the time of water treatment operation.
[0020]

The polyvinyl alcohcl has preferzsbly a saponification
degree of 99% or more. The polyvinyl alcohol with the
saponification degree of 99% or more can dissolve in hot water
{around 80°C), but cannot dissclve in water of around a normal
temperature (around 25°C) due to the influence of the hydrogen
bonding between tThe molecular chains, and even 1f its
crosslinking degree is low, the polyvinyl alcohol is preferable
because its solubility in an aqueous solution becomes lower.
In addition, since the polyvinyl alcohol can impart a lot of
hydroxyl groups to the surface of the antibacterial layer, it

is also desirable from the viewpoint of not only improved
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. layer at the time of water treatment operation may be realized by using
polyvinyl alcohol having a saponification degree of 90% or more and
crosslinking the polyvinyl alcohol to the polyamide-based resin of the skin
layer. 10 [00221 Moreover, the present invention relates to a water
treatment method using the above composite semipermeable membrane.
Since occurrence of microbial fouling can be prevented for a long term by

re iSRG the.compesiie- seminermeanle: 15 menbiane of the peesaMced
invention, operating costs in the water treatment facility can be reduced

nyanshprodustivity cambeniaprevedoBESE MORERGRCGARRMENG Othhce)
THE INVENTION 20 [0023] Hereinafter, embodiments of the present

of inventiomwillsbe deseritigd: indhé tompasite semipermeable membrane
of the present invention, a skin layer containing a polyamide-based resin

[ Cobtdined by reacting a polyfunctional amine component 25 with a
polyfunctional acid halide component is formed on the 10 surface of a
porod& sappert et av ahtibacteraliayéris thirther Forethén iicskinlal
layer directly or with other layer interposed therebetween. [0024] 5 The

Layylyfuhctibhal affin@ EdrdpsHentiddetifed &8 FdlyfanchenaPantire L1 zed

having two or more reactive amino gr_ou S, . ‘
by using polyvinyl alcohol ha 1n£ a sapcnificaticon degree of

90% or more and crosslinking the polyvinyl alcohol to the
polyamide-based resin of the skin layer.
(00221

Moreover, the present invention relates to a water
treatment method using the above composite semipermeable
membrane. Since occurrence of microbial fouling can be
prevented for a long term by using the composite semipermeable
membrane of the present invention, operating costs in the water
treatment facility can be reduced and productivity can be

improved.

BEST MODE FOR CARRYING OUT THE INVENTILION
[0023]

Hereinafter, embodiments of the present invention will
be described. In the composite semipermeable membrane of the
present invention, a skin layer containing a polyamide-based
resin obtained by reacting a polyfunctional amine component

with a polyfunctional acid halide component i1s formed on the

10
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and includes aromatic, aliphatic, and alicyclic polyfunctional amines.
[0025] 10 The aromatic polyfunctional amines include, for example,
m-phenylenediamine, p-phenylenediamine, o-phenylenediamine,
1,3,5-triamino benzene, 1,2,4-triamino benzene, 3,5-diaminobenzoic acid,
2,4-diaminotoluene, 2,6-diaminotoluene, N,N'-dimethyl-
m-phenylenediamine, 15 2,4-diaminoanisole, amidol, xylylene diamine

s 1816 §0026] Thealiphatic pohdunctionak amines.inclugde: for examplger is

ethylenediamine, propylenediamine, tris (2-aminoethyl) amine,
furtphenylethdenediantiae setcn 2000271 The alicyelispalyfunctionalr 1ayer

amines include, for example, 1,3-diaminocyclohexane,
i ntlg2haraimocyelobhexane e h,4-diaminocyclohexane, piperazine,
2,5-dimethylpiperazine, 4-aminomethyl piperazine, etc. 25 [0028] 11
[ 00Hese polyfunctional amines may be used independently, and two or
more kinds may be used in combination. In order to obtain a skin layer
havifig & higher Sak-Blokkirypréfemy itCidrpreferiel tdGsethéldismatic 2
polyfunctional amines. 5 [0029] The polyfunctional acid halide component
pokEbrEsehienal anine having two or more reactive amino groups,
and includes aromatic, aliphatic, and alicyclic polyfuncticnal
amines.
[0025]

The aromatic polyfunctional amines include, for example,
m~phenylenediamine, p-phenylenediamine, o-phenylenediamine,
1,3, 5-trianino benzene, 1,2,4-triamino benzene,
3,5-diaminchenzoic acid, 2Z,4-diaminotcluene,
2,6-diaminotoluene, N,N'-dimethyl- m-phenylenediamine,
2,4-dlamincanisole, amidol, xylyvlene diamine etc.

[0026]

The aliphatic polyfunctional amines include, for example,
ethylenediamine, propylenediamine, tris (Z2-aminocethyl) amine,
n~phenylethylenediamine, etc.

[0027]

The alicyclic polyfunctional amines include, for example,
1,3-diaminoccyclochexane, 1,2-diaminoccyclchexane,
1,4-diaminccyclchexane, piperazine, 2,5-dimethylpiperazine,

4-aminomethyl piperazine, etc.

[C028]

11



10

15

20

25

polyfunctional.acid halides having two or more reactive carbonyl groups.
[0030] 10 The polyfunctional acid halides include aromatic, aliphatic, and
alicyclic polyfunctional acid halides. [0031] The aromatic polyfunctional
acid halides include, for example trimesic acid trichloride, terephthalic
acid 15 dichloride, isophthalic acid dichloride, biphenyl dicarboxylic acid
dichloride, naphthalene dicarboxylic acid dichloride, benzenetrisulfonic

acid grichlor i%%l9%_%%?&&%?&&@%%%9@&@8”9% chigrosuliepykndent iy,
benzenedicarboxylic acid dichloride etc. 20 [0032] The aliphatic

andalyfgnstional-acigihalidesinchide; dok examplerpropanedicarbaxyliciacid: o
dichloride, butane dicarboxylic acid dichloride, pentanedicarboxylic acid
obtdidhlosidek propage triearboxylie acidstrichlerde; Hutane:25 dricadexyhic,, it
acid trichloride, pentane tricarboxylic acid 12 trichloride, glutaryl halide,
is gulipdyd hatide etc. u[§038hEhe alivydlicpalyfudtionat aciddialielesirciude,

for example, cyclopropane tricarboxylic acid trichloride, 5
[ O&yelbbutanetetracarboxylic acid tetrachloride, cyclopentane tricarboxylic

acid trichloride, cyclopentanetetracarboxylic
The polyfunctional acid halide component represents

polyfunctional acid halides having twe or more reactive
carbonyl groups.
{0030]

The polyfunctional acid halides include aromatic,
aliphatic, and alicyclic polyfunctional acid halides.
[0031]

The aromatic polyfunctional acid halides include, for
example trimesic acid trichloride, terephthalic acid
dichloride, iscphthalic acid dichloride, biphenvl
dicarboxylic acid dichloride, naphthelene dicarboxylic acid
dichloride, benzenetrisulfonic acid trichloride,
benzenedisul fonic acid dichlceride, chlorosulfonyl
benzenedicarboxylic acid dichloride etc.

[0032]

The aliphatic polyfunctional acid halides include, for
example, propanedicarboxylic acid dichloride, butane
dicarboxylic acid dichloride, pentanedicarboxylic acid
dichlioride, propane tricarboxylic acid trichleoride, butane

tricarboxylic acid trichloride, pentane tricarbexylic acid

12
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acid tetrachloride, cyclohexanetricarboxylic acid trichloride,
tetrahydrofurantetracarboxylic acid tetrachloride, cyclopentanedicarboxylic
acid dichloride, 10 cyclobutanedicarboxylic acid dichloride,
cyclohexanedicarboxylic acid dichloride, tetrahydrofuran dicarboxylic acid
dichloride, etc. [0034] These polyfunctional acid halides may be used 15
independently, and two or more kinds may be used in combination. In

« r OUgLt0;0htaina skin layer having higher sali-blacking, praperty, it is
preferred to use aromatic polyfunctional acid halides. In addition, it is

ropreferred to form a cross linked structure using polyfunctional acid halides
having trivalency 20 or more as at least a part of the polyfunctional acid

halideneomponents: {00:35] Hurthermere, in order toimpieve pedormanceor
of the skin layer including the polyamide resin, polymers such as polyvinyl
exZhvdleghaly palywinytpyrrolidene,zartbpolyacrylic adidsetehand 113,
poiyhydric alcohols, such as sorbitol and glycerin may be copolymerized.
cy $0036]tEeperoussupporfor supporting thergkih layerds not Bréspesidliyne
limited as long as it has a function for supporting the skin layer, and
trysuahg sitrafiftratioh meribrane hading cyclepentanetetracarboxylic

aclid tetrachloride, cyclohexanetricarboxylic acid trichloride,
tetrahydrofurantetracarboxylic acid tetrachloride,
cyclopentanedicarboxylic acid dichloride,
cyclobutanedicarboxylic acid dichloride,
cyclohexanedicarboxylic acid dichloride, tetrahydrofuran
dicarboxylic acid dichloride, etc.

[0034]

These polyfunctional acid halides may be used
independently, and two or more kinds may be used in combination.
In order to obtain a skin layer having higher salt-blocking
property, it is preferred to use aromatic pelyfunctional acid
halides. In addition, it is preferred to form a2 cross linked
structure using polyfunctional acid halides having trivalency
or more as at least a part of the polyfunctional acid halide
components.

[0035]

Furthermore, in order to improve performance of the skin

layer including the polvamide resin, polymers such as polyvinyl

alcohel, polyvinylpyrrolidone, and polvacrylic acids etc., and

13
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micro pores with an average pore size approximately 10 to 500
angstroms may preferably be used. Materials for formation of the porous
support include various materials, for example, 10 polyarylether sulfones,
such as polysulfones and polyether sulfones; polyimides; polyvinylidene
fluorides; etc., and polysulfones and polyarylether sulfones are especially
preferably used from a viewpoint of chemical, mechanical, and thermal

po ity The thickness of this.porous suppart is 15 usually approximafely ve
to 125 gm, and preferably approximately 40 to 75 gm, but the

copbickhessiisdot necessarily limited to them. The porous support is
reinforced with backing by cloths, nonwoven fabric, etc. [0037] 20

r 0d¥agesses for forming the skin layer including the polyamide resin on the
surface of the porous support is not in particular limited, and any publicly
knownh-maethodsimay yeuged £ For exampte, thg publichikmown yeethbdsnct
include an interfacial condensation method, a phase separation method,

e spethirefilhy 25 1appliedtian rhethbd: ete L Thednterfacialtcondensatiopnnetiod: o
14 is a method, wherein an amine aqueous solution containing a

thgoffdrictibhat amire EompbReénty ah-drganic SblitfohcCortamingras having

. polyfunctional acid halide component are forced to contact together to

i fdin ROGGT 14T byPEnIntRHASRAI BBRérARice Bt thehthe otained °°

anGiil aer i o on g potoys supeolt, nd g pethodwherei A sk laver

the porous support include various materials, for example,
polyarylethe; sulfones, such as polysulfones and polyether
sulfonesg; polyimides; polyvinvlidene fluorides; etc., and
polysulfones and polvarylether sulfones are especially
preferably used from a viewpoint of chemical, mechanical, and
thermal stability. The thickness of this porous support is
usually approximately 25 to 125 um, and preferably
approximately 40 to 75 pum, but the thickness is not necegsarily
limited to them. The porous support is reinforced with backing
by cloths, nonwoven fabric, etc.

[0037]

Processes for forming the skin layer including the
polyamide resin on the surface of the porous support is not in
particular limited, and any publicly known methods may be used.
For example, the publicly known methods include an interfacial
condensation method, a phase separation method, a thin film

application method, etc. The interfacial condensation method
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formed on a porous support by the above-described interfacial
polymerization on a porous support. Details, such as conditions of the
interfacial condensation method, are 10 described in Japanese Patent
Application Laid-Open No. 58-24303, Japanese Patent Application
Laid-Open No. 01-180208, and these known methods are suitably
employable. [0038] The thickness of the skin layer formed on the porous

is |ESHRRATLIS, NGlHR particular limited: angtisusualy appraxinately 105 a
to 2 m, and preferably 0.1 to 1 m. [0039] After having formed the skin

volayerat thenstrface o thempoross isuppor raz antbaclarial tayerontaining
containing a 20 silver-based antibacterial agent and a polymer component

a pis lfofmedtoncthe Iskir lay eraliredtly comithrathér layer imerpedeto contact
therebetween. As for the weight ratio between the silver-based

togmitbactériallagehtantiithel polymnsr/csmporicrk i theranfibactefiaiiagers on ,
55:45 to 95:5 (silver-based antibacterial 25 agent:polymer component),

ancrefeétably 60:20%8 Yoo 15 réqlifed = fo040] THE sifvétciaged Support,
antibacterial agent used in the present invention is not particularly limited

andg [BRGHATE At oimipb ifd TSiebitdimng P Siver Eomportent Mand 01 LS Ct LY

includes, for example, metal , ) . )
formeg on a porou% support by the above-described interfacizal

polymerization on a porous support. Details, such asg
conditions o©f the interfacial condensation method, are
described in Japanese Patent Application Laid-OpenNo. 58-24303,
Japanese Patent Application Laid~0Open No. 01-180208, and these
known methods are suitably employable.

[0038]

The thickness of the skin layer formed on the porous
support is not in particular limited, and it is usually
approximately 0.05 to 2 pm, and preferably 0.1 to 1 pm.

[0039]

After having formed the skin layer on the surface of the
porous support, an antibacterial layer containing a
gilver-based antibacterial agent and a polymer component is
formed on the skin layer directly or with other layer interposed
therebetween. As for the weight ratic between the silver-based
antibacterial agent and the polymer component in the
antibacterial layer, 55:45 tc 95:5 (silver-based antibacterial

agent:polymer component), preferably 60:40 to 90:10 is
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silver, silver oxide, silver halide and a supported material containing a
silver ion. Among these, it is particularly preferable to use a supported
material containing a silver ion. Examples of the supported material
include zeolite, silica gel, 10 calcium phosphate, and zirconium
phosphate. Among these, zirconium phosphate is preferably used.
Zirconium phosphate has stronger hydrophobicity than that of other
recipported materials, and can maintain the antibacterial effect of the
silver ion at the time of water treatment operation for a long 15 term. The
[ osupported material preferably has a porous structure. Since the
supported material having a porous structure can retain a silver
comfjorentiivitsrinsikdes dot wniythetcontert of the:silserdcomporeptearent
be increased, but also the maintaining performance (retention
invserformance)of the siveru 20 coyponentis inmploved J0041] Fhe averaged
particle diameter of the silver-based antibacterial agent is preferably 1.5
Corpkedy] andmEre” FrefErabRiEt matdess SR EHRItion Oéeastifehentsital
_ the 25 average particle diameter is performed according to the 16 .
51 lqeskriptidrn bR examphe - [oe21ethé Silvisthaed ahtibactetidt Sgeht ferial

referably heat-treated at 700C or higher. Bg/ usin% the silve’fr-b_aseg 5l
COTirftibattetiaf agentthat isHbat-rESEd at 7998 or igher, Pa=ticularly

preferable to use a supported material containing a silver ion.
Examples of the supportedmaterial include zeolite, silica gel,
calcium phosphate, and zirconium phosphate. Among these,
zirconium phosphate 1s preferably used. Zirconium phosphate
has stronger hydrophobicity than that of other supported
materials, and can maintain the antibacterial effect of the
silver ion at the time of water treatment operation for a long
term. The suppcrtedmaterial preferably has a porous structure.
Since the supported material having a porous structure can
retain a silver compeonent in its inside, not only the content
of the silver componant can be increased, but also the
maintaining performance {retention performance) of the silver
component is improved.
(0041 ]

The average particle diameter of the silver-based
antibacterial agent is preferably 1.5 um or lesgs, and more
preferably 1 um or less. In addition, measurement of the

average particle diameter is performed according to the

16
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retention property of the silver component contained in the silver-based
antibacterial agent can be improved at the time of water supply.
Concretely, by using the silver-based antibacterial agent, it is possible to
adjust the silver content 10 in the antibacterial layer to 50% or more after
supplying raw water with an accumulated amount of water permeation of
about 13 m3/m2, relative to the content prior to water supply, and it is

de seMeipassible o @diist the content to 90% or more, depending on a
heat-treatment temperature. The heat-treatment 15 temperature is

[ O ogrefierably 900C or higher, and especially preferably 1000C or higher.
The upper limit for the heat treatment temperature is not particularly
limitéthand itis cusuadly atoand 1860Ceif itdd ademperatareoatwhichithg
silver-based antibacterial agent can retain its antibacterial 20 property and

heagarticles &6 not thebmal_ y Hebompbsed shthasthed siver-sdsede r —based
antibacterial agent is uniformly dispersed. [00431 As for the polymer

antdgpRpdiient 2it |§ﬁ&%rﬁéﬁérlyslngﬁé& TIEGESSFes heither §1é>§kﬂﬁ1|§\1]§rr '

nor thetrgorous 25 sup{gort and is not eluted at the time of water treatment
€

LR GpETAtBRCERANPIES of tE pdlymiErcSpBIEHT nclade otAify > =7e
ai lavlrcoh% poI&vmxl p)gro(? polﬁlngag rolldone hydroy&roaylcgllglﬁ)getlme
t

ylene g yco an saponlfle yet% lehe-vingl acetate copolymetr,
of %%t%@ogggg%ﬁﬁ 5 @8%@%8”‘%‘?“%‘? Rrgterably ised. and especially
antibacterial agent, it is possible to adjust the silver content
in the antibacterial laver to.SO% or more after supplying raw
water with an accumulated amount of water permeation of about
13 m’/m®, relative to the content priocr to water supply, and
it is even possible to adjust the content to 90% or more,
depending on a heat-treatment temperature. The heat-treatment
temperature is preferably 900°C or higher, and especially
preferably 1000°C or higher. The upper limit for the heat

treatment temperature is not particularly limited and it is

usually around 1300°C, if it is a temperature at which the

" silver-based antibacterial agent can retain its antibacterial

preoperty and particles are not thermally decompesed so that the
sllver-hased antibacterial acgent is uniformly dispersed.
(004371

As for the polymer component, 1t 1s not particularly
limited if it dissolves neither the skin layer nor the porous

support, and is not eluted at the time of water treatment
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alcohol having a saponification degree of 99% or more is preferably used.
10044] Elution of the polyvinyl alcohol in the water treatment 10 operation
may be prevented by using polyvinyl alcohol having a saponification
degree of 90% or more and crosslinking the polyvinyl alcohol to the
polyamide-based resin of the skin layer. Examples of a method for
crosslinking polyvinyl alcohol include methods of forming an antibacterial

opdayerioma skin layer and 15 thep immersing theanubacteriallaygrin a

polyvalent aldehyde solution acidified with hydrochloric acid. Examples of

polthe i pelyvalentaldehyds inglude diajdehydes sugh as-glutanaldehyde: ande,

terephthalaldehyde. Organic crosslinking agents such as epoxy
hy chompeungsyanc:polycarbexylic-acids anddnerganiec2( crosstinking agemftse d
such as boron compounds may be employed as the crosslinking agent.
po J0e45]y e antibactérial dayeris foroged. by eoating-an adieoug solaten
containing the silver-based antibacterial agent and 25 the polymer
polegipane Attt Qheiskin Tayer thleklyigrowithauthiet skglayel Horesampley 1
a protective layer containing a hydrophilic resin) interposed therebetween
al%%&yﬁ@t%%o?utﬁﬁ?%ﬁéﬁﬁ%?ﬁ%aw tAé coadfing métAsE 15
include spraying, coating, and showering, etc. As the solvent, in addition
PredErRhteY, %%ﬁrc solvents that do not deteriorate the performance

(00441

Elution of the peolyvinyl alcohol in the water treatment
operation may be prevented by using polyvinyl alcohol having
a saponification degree of 90% or more and crosslinking the
polyvinyl alcohol to The polyamide-based resin of the skin laver.
Examples of a method for crosslinking polyvinyl alcohol include
methods of forming an antibacterial layver on a skin layer and
then immersing the antibacterial layer in a polyvalent aldehyde
solution acidified with hydrochloric acid. Examples of the
polyvalentaldehydeincludecﬂaldehydessnxﬂlasglutaraldehyde
and terephthalaldehydef Organic crosslinking agents such as
epoxy compounds and polycarboxylic acids and 1lnorganic
crosslinking agents such as beron compounds may be emplioyed as
the crosslinking agent.
[0045]

The antibacterial layer is formed by coating an agueous
solution containing the silver-based antibacterial agent and

the polymer component onto the skin laver directly or with other
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of the skin layer, etc. may be used in combination. Examples of such
organic solvents include aliphatic alcohols such as methanol, ethanol,
propanol and butanol; and lower alcohols such as methoxymethanol and
methoxyethanol. 10 [0046] The concentration of the silver-based
antibacterial agent in the aqueous solution is preferably 0. 1 to 10% by
weight, more preferably 0.5 to 5% by weight. In addition, the

i pol i luti T
Lo D g B i

re49047]iThe lefpperatug of dhe. agueous selutien is.pot: particylarlylisited
as long as it Is in a temperature range 20 at which the aqueous solution

a £ exists a8 liquids apd dhe dempesatie s preferbly 4010 A0Canere-2 ving,
preferably 10 to 60C, and especially preferably 10 to 45C, in view of

cogurevientingnthes ideteriofatign etthe skin layer andleasiness of handling,n to
etc. [0048] 25 The temperature when dry processing is performed is not

wa dgrpanticudarhclimvitede ahéd it isapreferably 20 te 150C: hiole preferablyrd@ ce
to 130C. If the temperature is less than 20C, dry processing takes too

of mbiéh sinie) oradiging ISecomBS Ihafficient driel iF o tamperalure ExXcEER5eS
150C, membrane 5 performance tends to fall by changing of the

of (sEbrandémdGuielvents include aliphatic alcohols such as

methanol, ethanol, preopancl and butancl; and lower alcohols

such as methoxymethancl and methoxyethanol.

[0046]

The concentration of the silver-based antibacterial
agent in the agueous solution is preferably 0.1 to 10% by weight,
mere preferably 0.5 to 5% by weight. In addition, the
concentration of the polymer component in the agqueous solution
is preferably 0.01 to 1% by weight, more preferably 0.1 to 0.7%
by weight.

[0047]

The temperature of the agueous solution is not
particularly limited as long as it is in a temperature range
at which tThe agueocus solution exists as a liguid, and the
temperature 1s preferably 10 to 90°C, more preferably 10 to 60°C,
and especially preferably 10 to 45°C, in view of preventing the
detericration of the skin layer and easiness of handling, etc.

(00487

The temperature when dry processing is performed is not
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due to heat. [0049] The thickness of the antibacterial layer is not .
particularly limited, and it is usually 0.05 to 5 m, preferably 100.1to 3 m,
and more preferably 0. 1 to 2 m. If the thickness of the antibacterial layer
is too thin, the antibacterial property is not sufficiently exhibited and
salt-blocking rate might decrease because the membrane is easy to be
damaged by rubbing when a spiral element is wound. On the other hand,

paitlithethickness of dbe aptibagteriaklayerisdoq thick \wates permeation re
flux might fall below the range of practical use. [0050] The silver content

prdidhepntibacterial layerds preferably 3O#pgha2 o mare, apdimoran 20°C,
preferably 35 mg/m2 or more. 20 If the silver content is less than 30
drimgimz;dtbecames didficulicto mairitain an=excellentrantibacteriabpeaperty
for along term. In addition, from a viewpoint of cost and prevention of
ingnéibrare tdamage, itheSilve teomtentinthe amtibactesal. et is membrane
preferably 1000 mg/m2 or less, and more preferably 500 mg/m2 25 or
pedsseasuichcht 6Pthe silvercoRteht i the antibadteral r20 fagémgcture
performed according to the description in examples. [0051] Furthermore,
dugn brderd improve salt-blocking property, water permeability,

5 anti-oxidizing agent property, etc. of the 5 composite semipermeable
[ %gr%brane, various publicly known

The thickness of the antibacterial layer is not
particularly limited, and it is usually 0.035 to 5 um, preferably
0.1 to 3 ym, and more preferably 0.1 to 2 um. If the thickness
of the antibacterial laver is too thin, the antibacterial
property is not sufficiently exhibited and salt~blocking rate
might decrease because the membrane is easy to be damaged by
rubbing when a spiral element is wound. On the other hand, if
the thickness of the antibacterial layer is too thick, water
perméation flux might fall pelow the range of practical use.
[0050]

The silver content in the antibacterial laver is
preferably 30 mg/m’ or more, andmore preferably 35 mg/m’ or more.
If the silver content is less than.301ng/m?,jj:becomes difficult
tomaintain an excellent antibacterial property for a long term.
In addition, froma viewpoint of cost and prevention of membrane
damage, the silver content in the antibacterial lavyer 1is
preferably 1000 mg/m* or less, and more preferably 500 mg/m2

or less. Measurement of the silver content in the antibacterial
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conventional treatments may be applied to the film. [0052] The composite
semipermeable membrane of the present invention is used suitably for
known water treatment methods 10 such as production of ultrapure water,
desalination of brackish water or seawater and wastewater treatment.
EXAMPLE [0053] The present invention will, hereinafter, be described 15
with reference to Examples, but the present invention is not limited at all

1 apyrthesefxanples 0054} {Evalyationand Measwing Methad] examples.

(Measurement of Average Particle Diameter) 20 The average patrticle
[ 0 @iameter of a silver-based antibacterial agent was measured on volume
basis by laser diffractometry using a laser diffraction particle size
analyzer 0055 25, (Measudement airSilver € oatent Inl Antidacteriabperty,
Layer) 21 The produced composite semipermeable membrane was cut
wa ot imemassize bf 6 ymna 416 obtdin hzsarpie Tie sawpR-WEs placedoin ghe
container, and 4mL of concentrated nitric acid and 1 mL of hydrofluoric
CoRRPWEfe AdBGH THEIRRD BRdtRER e Bontafhet BAFagsedledly <nown

Subsequently, the container was subjected._to ,
conventional Treatments may bé applied to the film.

[00E5Z2]

The composite semipermeable membrane ¢f the present
invention is used suitably for known water treatment methods
such as production of ultrapure watexr, desalination of brackish
water or seawater and wastewalter treatment.

EXAMPLE
[0053]

The present invention will, hereinafter, be described
with reference fo Examples, but the present invention is not
limited at all by these Examples.

[(0C54]
[Evaluation and Measuring Method]
(Measurement of Average Particle Diameter)

The average particle diameter of a silver-based
antibacterial agent was measured con volume basis by laser
diffractometry using a laser diffraction particle size
analyzer.

[COB5]

(Measurement of Silver Content in Antibacterial Laver)
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microwave irradiation and heated under the conditions such that the
surface of the container becomes a maximum temperature of 230C to
perform pressure acid decomposition. After the decomposition, ultrapure
water was added to the container to 10 obtain 50 ml of an aqueous
solution. After that, the silver content in the aqueous solution was
measured using an inductive coupling plasma mass spectrometry device

(ICPaMS)dhetrhy:to deterninedhessilves cantept fagrip dam ekancut cut
antibacterial layer. i5 [0056] (Measurement of permeation flux and

intsalihlacking fateynT he-praduced-compasia semipesneablelmenlrare: ced
with a shape of a flat film is cut into a predetermined shape and size, and

in ig sevtd a tel for fadildmévaldatom Mmagqeecus 20 solutioncbtainingl mL
NacCl of about 1500 mg/L and adjusted to a pH of 6.5 to 7.5 with NaOH

of {agdfercedas comasetd asupply ssidehang bpeandatibAsidaofthatainer

membrane at a differential pressure of 1.5 Mpa at 25C. A permeation
wa s, ef6dityhd aﬁuE%%ﬂi@@&nﬁ&cti@iﬂ%%%@ﬁh%té@%a?é%b@%@8 by®
this 25 operation were measured for, and a permeation flux,(m 3/M2 d

- - , )
™G 3% % SARASIOGRING Tatd (e icre cHISUated, THe EGréiation Socr that

th (cajlbrgtlon cugv%}_rof the NaCl con%?ntratlon and the electric condugtill\g%/ of

ofthé a%cﬁee}o%s soltticn Ii/lvtaaélﬁle%re ea%%nr%gd%, %ﬁél{ﬁ%msglﬁg%%ﬁ%g rate

23485 cglculated by 3 ollowing.equalion 5 In Addilion, the composie e
semipermeable membrane produced in

decomposition, ultrapure water was added to the container to
obtain 50 mil of an agueous scliluticn. After that, the silver
content in the aqueous solution was measured using an inductive
coupling plasma mass spectrometry device (ICP-MS) thereby to
determine the silver content (mg) in 1 m° of an antibacterial
layer.

[0056]

{(Measurement of permeation flux and salt-blocking rate)

The produced composite semipermeable membrane with a
shape of a £flat £ilm is cut into a predetermined shape and size,
and is set to a cell for flat film evaluation. An agueous
solution containing NaCl of about 1500 mg/L and adiusted to a
pH ¢cf 6.5 to 7.5 with NaCH was forced to contact to a supply
side, and a permeation side of the membrane at a differential
pressure of 1.5 Mpa at 25°C. A permeation velocity and an

electric conductivity of the permeated water cbtained by this

operation were measured for, and a permeation flux (m’/m%d) and
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the form of a flat film was processed into a spiral shape to make a spiral
element, and its permeation flux (m 3/M2 -d) and salt-blocking rate (%)
were calculated in the same manner as above. 10 Salt-blocking rate {1 -
(NaCl concentration [mg/L] in permeated liquid) / (NaCl concentration
[mg/L] in supply solution)} x 100 [0057] (Evaluation of Antibacterial
Property) 15 An antibacterial property was evaluated according to JIS

a 28012000, Qutling obthestest is.showm as; follows. Eseherichia-ealbwas

shaken and cultured in a normal bouillon medium (NB) at 35C and then
(cdhegrewn &scherighia eelinMas naifuted with: H6PH-NB tofprepare 2542101 ¢
x 105 cfu/ml of an 20 Escherichia coli solution. This Escherichia coli
corsolutiohwiay addedth drapwiseentecanitlirard ovapresstice evetseastosisnd
composite membrane (manufactured by Nitta Danko Corporation; Type:
th<ES20 twithoutkantibacierdaklayerpand the- prdduced feompesditeyr equation.
semipermeable membrane, and after the film was 25 covered, culturing
In was peifermetisd IBCFSI24 RoBRS IAFRFNZ3 that, BRITESEEicHiaesFed in
solution was collected from the ultra-low pressure reverse osmosis
Ehgompdsiteimdnibraie bhtfthéa Eomposis Semipethieablé Mdibratiees Lo

measure the viable bacterial cell count respectively. The viable,bacterial

ma kR11% Ut wasSCoutRed withettfiffn REXchefichialcols (' /m™d) and

salt-blocking rate (%) were calculated in the same manner as
above.
Salt-blocking rate (%) = {1 - (NaCl concentration [mg/L] in
permeated liquid} / (NaCl concentration [mg/L] in supply
solution}}! x 100

[0057]

(Evaluation of Antibacterial Property)

An antibacterial property was evaluated according to JIS
Z2801:2000. Outline of the test 1s shown as follows.
Escherichia colil was shaken and cultured in a normal bouillon
medium (NB) at 35°C and then the grown Escherichia coli was
diluted with 1/500 NB to prepare 2.5 to 10 x 10° cfu/ml of an
Escherichia celi solution. This Escherichia colil solution was
added dropwise onto an ultra-low pressure reverse osmosis
composite membrane {manufactured by Nitto Denko Corporation;
Type: ES20, without antibacterial layer) and the produced
composite semipermeable membrane, and after the film was

covered, culturing was performed at 35°C for 24 hours. After
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measurement (manufactured by 3M Corporation). A case where (viable
bacterial cell count in ultra-low pressure reverse osmosis composite
membrane)/(viable bacterial cell count in composite semipermeable
membrane) is 10 1 x 104 or more was ranked as "0" (excellent in
antibacterial activity), and the case of 1 x 102 or less was ranked as "X"
(no antibacterial activity). (0058] Example 1 15 An agueous solution

£ haGoNtainng:Q 4% by wejghtof e siver-kased antibasterial agent withant e
average particle diameter of 0.9 m (manufactured by Toagosei Co., Ltd.,

u 1 tNOVARON: AGLEOO randd: 5% kysweight of patywinyt aleghtbrane and the
(saponification degree: 99%) was applied onto the skin layer of an

conyltra-law 26préssuredevérseresaosis €ompasie membiane viable
(manufactured by Nitto Danko Corporation, Type: ES20, skin layer:

baqiolyaribecbaded vesii, performance perméatorvihpbl2 ¥m3tmadpandel
salt-blocking rate 99.6 (%) as measured by the above measuring method)

courghdiguibsequehtfdied in Bf ovehlak3DC25 ff Bemintités tefori an
antibacterial layer, thereby producing 24 a composite semipermeable

meAREMBIARE: [0BROFERGMpIE? @Eor?ﬁ%ogﬁé Béhfgerfidable membrane

was groduced n e S same N0t as In Bample 1 exeeRtinat 0736 .,

pressure reverse o0smosis composite membrane)/(viable
bacterial cell count in composite semipermeable membrane) 1s
1 x 10* or more was ranked as “"O” {excellent in antibacterial
activity), and the case of 1 x 10? or less was ranked as “x”
(no antibacterial activity).
[0058]
Example 1

An aguecus solution containing 0.7% by weight of a
silver-based antibacterial agent with an average particle
diameter of 0.9 um (manufactured by Toagoseil Co., Ltd., NOVARON
AG1100) and 0.5% by weight of polyvinyl alcohol (saponification
degree: 99%) was applied onto the skin layer of an ultra-low
pressure reverse osmosis composite membrane (manufactured by
Nitto Denko Corporation, Type: ES20, skin layer:
polyamide-based resin, performance: permeation flux 1.2
(®/m*d) and salt-blocking rate 99.6(%) as measured by the above
measuring method), and subsequently dried in an oven at 130°C

for 3minutes to form an antibacterial layer, thereby producing
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silver-based antibacterial agent was changed to 2% by weight. [0060]
Example 3 A composite semipermeable membrane was produced in the
10 same manner as in Example 1, except that 0.7% by weight of the
silver-based antibacterial agent was changed to 5% by weight. [0061]
Example 4 An aqueous solution (isopropanol:water=3:7) containing 15
2% by weight of a silver-based antibacterial agent with an average

a dearficle diametsr gf 0.9 8% (Manufagired by Toagosei Co., Ltd.,
NOVARON AG1100) and 0.5% by weight of polyvinyl alcohol

[ co(saponification degree: 90%) was applied onto the skin layer of an

ultra-low pressure reverse osmosis composite 20 membrane
Ex{maneifactured by Nitto Denko Corporation, Type: ES20), and

subsequently dried in an oven at 130C for 3 minutes to form an

antibacteriah teyer cAfterthat rthe b seltingconpositeamemiordneagas n the

immersed in an aqueous solution containing 0.001% by weight of
sangutzralienyde deidfreanieits 0124RISAPGcHIBAE 25-acidFor 16 seebnds, the

_and dried again at 130C for 5 minutes to 25 produce a composite

5l%Wﬁ@ﬁﬁégb@}ﬁéﬁ%?éﬁélﬁ%@@ﬂ@x&iﬂﬁlé@%@&ﬁﬂp&%@it % by weight.

semipermeable membrane was produced in the 5 same manner as in

ple 1, except that 0.7% by weight of the

Example 3

A composite semipermeable membrane was produced in the
same manner as in Example 1, except that 0.7% by weight of the
silver-based antibacterial agent was changed to 5% by weight.
[0061)
Example 4

An aqueous sclution (isopropanol:water=3:7) ccntaining
2% by welght of a silver-based antibacterial agent with an
average particle diameter of 0.9 pm {(manufactured by Toagosel
Co., Ltd., NOVARON AG1100) and 0.5% by weight of polyvinyl
alcohol (saponification degree: 90%) was applied onto the skin
layer of an ultra-low pressure reverse osmosis composite
membrane (manufactured by Nitto Denko Corporation, Type: ESZ0),
and subsequently dried in an oven at 130°C for 3 minutes to form
an antibacterial layer. After that, the resulting composite
membrane was immersed in an agueous solution containing C.001%
by weight of glutaraldehyde acidified with 0.24N hydrochloric

acid for 10 seconds, and dried again at 130°C for 5 minutes to
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silver-based antibacterial agent was changed to 2% by weight, and 0. 5%
by weight of the polyvinyl alcohol was changed to 0.2 % by weight. [0063]
10 Example 6 A composite semipermeable membrane was produced in
the same manner as in Example 5, except that a silver-based
antibacterial agent (manufactured by Toagosei Co., Ltd., NOVARON
AGII00) which had been heat-treated at 800C was used. 15 After that, the

prdRreduced somposite seqiparmneanle memprane was set in a metallic cell,
and operation was performed under the conditions of a membrane

rcopermeation flux of 1.22 (m3/m2d) and a linear velocity of 0.33
(m3/m2second) for 11 days, using RO water of 30C as raw water.

ExaSghiseduently, the composite 20 semipermeable membrane was taken out
and the silver content in the antibacterial layer was measured in the same
manherasabové s Thenesaltsaroshowanivr Table ZH0084 Exappléery the
25 A composite semipermeable membrane was produced in the 26 same

SaMAJAABPAS iR EXdmplessireheept tRECEBilvertdsét dntbactérnaltagent the

_(manufactured by Toagosei Co., Ltd., NOVARON AG1100) which had
51y édtstfeated At A0DBE Was 158U- ARer (AEAESIVEr contehtiR tRE -/

antibacterial layer was 5 measured in the same manner as in Example 6.
and”qe ?@saﬁfs‘“ﬁ?&ght of the poEyvz_nyl a%coho% was changeg]%o 8.20

by weight.
[006e3]
Example 6

A composite semipermeable membraﬁe was produced in the
same manner ags in Example 5, except that a silver-based
antibacterial agent (manufactured by Toagosei Co., Ltd.,
NOVARON AG1100) which had been heat-treated at 800°C was used.
After that, the produced composite semipermeable membrane was
set in a metallic cell, and operation was performed under the
conditions of a membrane permeation flux of 1.22 (m3/m*d) and
a linear velocity of 0.33 (m°/m*second) for 11 days, using RO
water of 30°C as raw water. Subsequently, the composite
semipermeable membrane was taken out and the silver content in
the antibacterial layer was measurad in the same manner as above.
The results are shown in Table 2.
[0064]

Example 7

A composite semipermeable membrane was preduced in the

26
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shown in Table 2. [0065] Example 8 A composite semipermeable
membrane was produced in the 10 same manner as in Example 5,
except that a silver-based antibacterial agent (manufactured by Toagosei
Co., Ltd., NOVARON AG1100) which had been heat-treated at 1200C
was used. After that, the silver content in the antibacterial layer was
measured in the same manner as in Example 6. The results are 15

sarSbOMLRCTable 2; J0G66] Comparative Example 1 Ag agueous solition

containing 0.25% by weight of polyvinyl alcohol (saponification degree:

ant99%akwas applied 46, 20 therskin: layer ohap yiltiasloyw, BESSSUFE, reverse |
osmosis composite membrane (manufactured by Nitto Danko Corporation,

NoViypes BES2Q); andqthenrdiied in asroven at- 130G ferB3:minutes o ferased.
polymer layer thereby to produce a composite semipermeable

Aftmembirane. 25 {006 127rCompazative Exampler2 Alcompositel layer was
semipermeable membrane was produced in the same manner as in

meExangpleill doept dva M9y weightofthersihvertbasdthantitsacterial are

agent was changed to 0.04% by 5 weight.
shewn in Table 2.

[0065]
Example 8

A composite semipermeable membrane was produced in the
same manner as in Example 5, except that a silver-hased
antibacterial agent (manufactured by Toagosei Co., Ltd.,
NOVARON AGL100) which had been heat-treated at 1200°C was used.
After that, the silver content in the antibacterial laver was
measured in the same manner as in Example 6. The results are
shown in Table 2.
[0066]
Comparative Ezample 1

An aqueous solution containing 0.25% by weight of
polyvinyl alcchol (saponification degree: 99%) was applied to
the skin layer of an ultra-low pressure reverse 0smosis
composite membrane (manufactured by Nitto Denko Corporation,
Type: ES20), and then dried in an oven aft 130°C for 3 minutes
to form a polymer layer thereby to produce a composite
semipermeable membrane,

[C0&7]
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Comparative Example 2

A composite semipermeable membrane was produced in the
same manner as in Bxample 1, except that 0.7% by weight of the
silver-based antibacterial agent was changed to 0.04% by

5 weilght.
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W W'W 29 CLAIMS i. A composite semipermeable membrane
comprising a skin layer formed on the surface of a porous support and
containing 5 a polyamide-basedggifn@btained by reacting a
polyfunctional amine component with a polyfunctional acid halide
component, wherein an antibacterial layer containing a silver-based
antibacterial agent and a polymer component is formed on the skin layer
directly oranvitbrgtherilayes dnterposeddberehetiveean t0amtthieswaight skin
ratio between the silver-based antibacterial agent and the polymer
lawemponmenrtdndhetdntibactéraldayér is (545 0 955 (silverbdsedntaining
antibacterial agent:polymer
a polyamide~based resin obtained by reacting a polyfuncticnal
amine component with a polyfunctional acid halide component,
wherein an antibacterial layer containing a silver-based
antibacterial agent and a polymer component is formed on the
skin layer directly cr with other layer interposed thersbetween,
and the weight ratio between the silver-based antibacterial
agent and the polymer component in the antibacterial laver is

55:4% to 95:5 (silver-based antibacterial agent:poclymer

component) .

2. The composite semipermeable membrane according to
claim 1, wherein the silver-based antibacterial agent is a

supported material containing a silver ion.

3. The composite semipermeabls membrane according to

claim 1 or 2, wherein the silver-based antibacterial agent has

an average particle diameter of 1.5 um or less.

4. The composite semipermeable membrane according to
claim 1 or 2, wherein the silver-based antibacterial agent is

heat~treated at 700°C or higher.
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component). 15 2. The composite semipermeable membrane according to
claim 1, wherein the silver-based antibacterial agent is a supported
material containing a silver ion. 3. The composite semipermeable
membrane according to 20 claim 1 or 2, wherein the silver-based
antibacterial agent has an average particle diameter of 1.5 m or less. 4.
The composite semipermeable membrane according to claim 1 or 2,
wherein the, silversbased:antibacterial agentis Zr heakireated &l 7P0C,0k o
higher. 30 5. The composite semipermeable membrane according to

c1:Llaim 1, whereinthe silvericantenbintbgantipagteriaklayee s 80 1ag/m2 ye r
or more. 5 6. The composite semipermeable membrane according to

is claimnd, wheseintbe polymer component is polyvinyl alcohol. 7. The
composite semipermeable membrane according to claim 6, wherein the
polyvinyl alcohol has a saponification 10 degree of 99% or more. 8. The
composite semipermeable membrane according to claim 6, wherein the
polyvinyl &lesheltiascs Saporifigdtivh itegrdecof G0% G FRoRCaNE 5 ng to
crosslinked to the polyamide-based 15 resin in the skin layer. 9. A water

clajgatirert hfthod Usilfy BieleBRpositEReniperméable ndmbyYadné aschol -
claimed in claim 1. 31

7. The composite semipermeable membrane according to
claim 6, wherein the polyvinyl alcohel has a sapconification

degree of 99% or more.

8. The composite semipermeable membrane according to
claim %, wherein the polyvinyl alcchol has a saponification
degree of 90% or more and is crosslinked to the polyamide-based

resin in the skin layer.

9. A water treatment method using the composite

semipermeable membrane as claimed in claim 1.
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