SPECIFICATION COMPOSITE SEMIPERMEABLE MEMBRANE 5 FIELD OF THE INVENTION
[00011 The present invention relates to a composite semipermeable membrane having a skin
layer which includes a polyam de 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, desalination of
brackish water or sea water, etc., and usable for removing or collecting pollution sources or effective
15 substances from pollution, which causes-environment pellution occurrence, such as dyeing
drainage and electrodeposition paint drainage, leading to contribute to closed system for drainage.
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 etc. DESCRIRTIQNQFTEHE RRELARERART (0002 2bin-water treatment steps using
composite semipermeable
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 ssmipermeable
membranes are suitably used for production of ultrapure water,
desalination of brackish water or sea water, etc., and usable
for removing or collecting polluticn scurces or effective
15 substances from pollution, which causes environment pollution
cccurrence, such as dyeing drainage and electrodeposition paint
drainage, leading to contribute to closed system for drainage.
Furthermore, tThe membrans 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 etc.

DESCRIPTICN OF THE RELATED ART
[0002]

25 In water treatment steps using composite semipermeable



membranes, fouling, that is, phenomena of degradation in water permeability, such as an amount of
water permeation and salt-blocking rate may occur with progress of time. 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. [00031 10Causative substances that give the fouling may be classified
into inorganic crystalline foulings, organic foulings, particles and colloidal foulings, and microbial

foulings, based en:the nature thereof: i the £ase-af palyamidecomppsite semipermeable,
membranes, the microbial fouling is the 15 main causative substance, which is caused by formation of
thin bio filrps thatare farmed withrabserptionafdnictobes, existing in-watet-tothe suface of a
separation membrane. [0004] In order to reduce the fouling, methods such as 20 pretreatment of raw
water, modifi¢ation.ofcetéctricalpropery ondhe:surface ofaseparationinembsane, improvement of a
module step condition, and periodic cleaning have been widely used. In the case of foulings by
microbes thataredmostlrequently generated @specialiyein tomposite Semipermeabletmentbranes, it 25

is known that a treatment using disinfectants such as chlorine
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
demandad.

[CC03]

10 Causative substances that give the fouling may be
classified into inorganic crystalline foulings, organic
foulings, particles and collcidal foulings, and microbial
foulings, based on the nature thereof. 1In the case of polyamide
composite semipermeable membranes, themicrobial fouling is the

i5 main causative substance, which is caused by formation of thin
bio £films that are formed with absorption of microbes, existing

in water, to the surface of a separation membrane.

In order to reduce the fouling, methods such as
20 pretreatment of raw water, modificaticn of electrical property
on the surface of a separationmenbrane, improvement of a modulse
step ceondition, and pericdic cleaning have been widely used.
In the case of foulings by microbes that are most freguently
generated especilally in composite semipermeable membranes, it

25 is known that a treatment using disinfectants such as chlorins



will significantly decrease the microbial fouling. However, since chlorine generates by-products such |
as carcinogenic substances, application to a step for producing drinking water as it is may cause many
problems. [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 coating.on a polyamide thin film_using a non water-solublehighpolymerobtainedbycross
linking of a?]l?éox%l(%%golugnacﬁ%ﬁo%gs%f ?ﬁaﬁe%Pﬁorgﬂ”r%Eﬁ Z)aEA #gv%géeg 8s'm§£?sw 5 E§5f_)aration

membraneiaying a:page. SiIcus s PORDSEY. ihednamblang, Baving ac%t%%f%vgi&eam particles

Ti02 incorporated on the surface of the separation membrane (Patent Document ) _Furthermore, a
method of blending,nano parficles.in-g sgparationactivelayer, o1 .a-methed of praviding.a.20

hydrophilic layer containing nano particles on a separation active layer is proposed (Patent Document
4). [0006] Hewever; thexmethed,etPatent Doeymeat 1 only modifies the surface into electrically

neutral state, and therefore, the 25 surface does not have functions of disinfection or suppression of
increase againsthacteria, once the bacteria attach to the
Most recent investigations on antifouling separation
membranes generally focus on moedification of the electric
charge property of a surface. For example, a method of forming
a surface layer containing & cross-linked organic polymer that
10 has & nonionic hydrophilic group on a reverse osmosis composite
membrane is proposed (Patent Document 1). Amethod of carrying
out hydrophilic coating on a polyamide thin film using a non
water-soluble high polymer c¢btained by cross linking of an epoxy
compound 1s proposed (Patent Deocument 2). A reverse osmosis
15 separation membrane having a nanco structure is proposed, the

memprane having a structure with nanc particles Ti0

18]

incorporated on the surface of the separation membrane {Patent
Document 3). Furthermore, a method of blending nano particles
in a separation active layer, or a2 method c¢f providing a
20 hydrophilic layer containing nano particles on a separation
active layer is proposed (Patent Document 4).
[0G05]
However, the method of Patent Document 1 only mcodifies

the surface intoelectrically neutral state, and therefore, the

[R]

w

surface does not have functions of disinfection or suppression



surface. Accordingly, the surface has a low effect for suppressing degradation of membrane
characteristics caused by 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 irradiated with light, the photo catalyst
does not ex?rt ggngioansfé)r 15 decompaosing or ani&sggs%%necq%salbgge{ore ts%rcjic%li%k&)t dt%ees not r.each
the inside o splreﬁ e?emen?sgprocesseél or use ih actual water treatment sfjeps of reverse osmosis

separation membranes,-and.of pressure-registant vessels for.storing the_spiral elements in a water

treatment equipment, the catalyst 20°cannot exhibit the catalytic activity. Accordingly, since the
catalyst cagpgt.decompgse atached materials.en the surface of theopembrane.an effect against

contamination is low. [0009] In the method of Patent Document 4, the separation active 25
layer requires;extremelyadyanced depseness in-a moleelak e condary contamination
5  resulting therefrom.
[0007]

In the method of Patent Document 2, there is no function

for disinfection or suppression of increase against the
ttached bacteria, and for this reason, an effect to

10 organism-originated contaminatiocn is low.
[ocos]

The method of Patent Document 3 uses a nano-sized photo
catalyst, however, unless the photeo catalyst is irradiated with
light, the photo catalyst does not exert function for

15 decomposing organic substances. Therefore, since light does
not reach the inside of spiral elements processed for use in
actual water treatment steps of reverse osmosis separation
membranss, and of pressure-resistant vessels for storing the
spiral elements 1in a water treatment eguipment, the catalyst

20  cannot exhibit the catalytic activity. Accordingly, since the
catalyst cannot decompose attached materials on the surface of
the membrane, an effect againsi contamination is low.

[0009]
In the method of Patent Document 4, the separation active

25 layer requires extremely advanced densensss in a molecular



level, however, film formation under mixed state of nano particles impairs the denseness of the
separation active layer, and significant degradation of membrane performance will be predicted. In
addition, dispersing agents etc. are added for suppressing aggregation of nano particles, and the
higher concentration of nano particles for maintenance of antibacterial durability causes aggregation
easily, leading to difficulty of a uniform separation forming active layer or a
hydrophil ¢ layer. [0010] Patent Document 1: Japanese Patent Application Laid-No, 11-226367
Patent Document 2: No, 2004-25102 Patent Document 3: No. 2003-53163 Patent Document 4:
06/098872 Pamphlet BYSEY BBURE B THETRYVENTIONIEROBLERS TO BE SOLVERBY THE

INVENTION (001113 1 e5 It isrgn object:afdhe-presentdisclesure toprovide a.gomposite semipermeable
membrane Q%vigg anaenxgeléent re?stance property to contamination, particularly an excellent
resistance propemy to microbial contamination” Afd a-water freaffdHt TABho8 BsiFRFthel composite

semipermeatslé mémbrerrel MEANS FOR SQEVINGTHE:RROBLEMS J0Q12]s otc. are

added for 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 wuniform separation
active layer or a hydrophilic layer.
[001071

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

DISCLCSURE OF THE INVENTTION
PROBLEMS TC BE SOLVED BY THE TNVENTTON
[CO11]
It is an object of the present disclosure to provide a
composite semipermeable membrane having an excellent

resistance property to contamination, particularly an



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 the
problems described above. [0013] In a first aspect, there is provided a composite semipermeable
membrane comprising a skin layer formed on the surface of a porous support and containing a
polyamidebased resin obtained by reacting a polyfunctional amine component with a polyfunctional
acid halide ESMpoRERt: whErsH aRtdiftibactenaayer eontaining-a siver-basedantibacterial agent and

a polymer camponent isfaraed on the-skin fayer dirgatlyor with ﬂg@er Iaygéinteg%gﬁje&ql@éebetween,

and the weight ratio between the silver-based antibacterial agent and the polymer component in the
antibacteria %@%P%rg@:ﬁ%% §‘§§k{§i‘?\}é‘?-‘oased antibacterial agent:polymer component). [0013a]
In a second aspect, there is provided a water treatment method using the composite semipermeable

membrane gs. gﬁgn%g\b%gvﬁ%@% %Egé:%n Sosite semipermeable membrane of the present
disclosure has an antibacterial layer including a silver-based antibacterial agent and a polymer

component,iatd éan maintain a resistance property to microbial contamination for a long term by the

antibacterial layer.-ip particylar, an excellent resistance property.to microbial contamination can be
exerted by adjusting the weigh%)ratio between the si(‘ﬂ/erc-lﬁs%él gﬁﬁﬁa‘&ériafﬁgeﬁ?%ﬁé J?ﬁg %olymer

componentdr & antibaéteril $4dt to 5514516 955 (Sivdke-basecantibacteriabagent: patyimer
componenty; ang-adding-the silver-based ﬁ@b%@%@@ﬁg&@t %gﬁgg/%g%@éver&g&%g ggglmer

component so that a part of the silver-based antibacterial agent can be exposed onto the surface of
the antibacfefial [ayel ftfie Weight ttio OrthB siive L baseasitivagterbagent is less than 55,such a
resistance gropeety to microbial contamination is not sufficiently exerted because it becomes difficult to

expose the silver-based antigggtcerial agent onto he surface of the antibacterial layer. On the other
hand, if the weight ratio of the silver-based antibacterial agentektdedE s, the Fedistafied property to
microbial cotamiratioretarnor beimaintained:for adong tesm.because the silverbased antibacterial

agent exposed onto the surface of the &%ib:-sl%t rial I@yer gecom s easy to drop qut/flow out during the
water treatment step. M%reover?si%ce in the pllge%?eﬁt disclostire the ‘antibacter aﬁaﬁ/aerﬁéi?ormed on the

skin layer dir@gfi! or ifith- Btheérlapérivtergosedithersbetween and thé antibacterial agentis not
dispersed inthe skindayer;i«n 4 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 95:5 (silver-hasad
antibacterial agent:polymer component).

[G013a]

In a second aspect, there 1is provided a water
Creatment method using the composite semipermeable membrane
as defined above.

[0014]

The composite semipermeable membrane of the present

disclosure has an antibacterial laver including a silver-

based



denseness of the skin layer is maintained.As a result, reduction in the performance of the skin quer
can be prevented, and not only the resistance property to contamination but algo Water_pfermeat_lon
performance as well antibacterial agent can be preferably a supported ma.terlal contalnlng a silver
ion__ Since the supported material containing a silver ion carries a silver ion in a densely dlspe_rsed
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 area of the

silver with the processed water becomesé?;%e to exert an excellent resistance property to microbial
contaminatioh “fotABT ¢+ fis pretéFdble thesilvep-bégsed antibacteriahagentaras arraverage

particle diameterof =5 kum-erlessa|f the avespge particle diametes pf the silverhased aptibacterial
agent exce%ds 15 JT‘I the composite semipermeable membrane performance tends to fall by physical
I a

damages such as friction i a Case’wiidre tAB chiigosite Semipaiffisable Membrareishisund as a

spiral element. [00dF) lent resistance property to microbial contaminarion
can be exerted by adjusting the weight ratio between the
silver-based 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 polymer component so that a part of the silver-based
antibacterial agent can be exposed onto the surface of the
antikbacterial laver. If the weight ratic of the silver-
based antibacterial agent 1is less than 55, such a
resistance property to microbial contamination 1is not
sufficiently exerted because it becomes difficult to expose
the silver-based antibacterial agent onto the surface of
the antibacterial laver. On the other hand, if the weight
ratio of the silver-based antibacterial agent exceeds 95,
the resistance property to microbial contamination cannot
be maintained for a long term because the silver-based
antibacterial agent exposed onto the surface of the
antibacterial layer becomes easy to drop out/flow out
during the water treatment step. Mcocrecover, since 1in the
present disclosure the antibacterial layer is formed on the
skin layer directly or with other layer interposed
therebetween and the antibacterial agent is not dispersed

in the skin layer,



The silver-based antibacterial agent is preferably heat-treated at 700C or higher. By using the
silver-based antibacterial agent that is heat-treated at 700C or higher, retention of the silver
component contained in the silver-based 5 antibacterial agent can be improved at the time of water
supply. [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] 15The polyvinyl alcohol has

preferably & SAFSAfCAtioR deghée ot99% R Hftke. ThefolyWiiyitcohol With the s&soHification
degree of 999 ot mare camdissove irehotwates {arowrd 80&9, but.gannatdissolve ip water of around
a normal temrp)eq;g%gcrgéarougd §5C}dge to thf influe}?ce of the hydrogen 20 bonding between the
molecular ¢hains, and éven it its crosslinking degree iSlow’ te- foiyUiIng| alEGHEis preferable because
its solubilitycinraraguedus solation béeomes tewerp iradditionnsinee the-pelyvinykalcahalican impart

a lot of hyd(ri(yyggﬂoy%ltgctpﬁgéjr@ggeof (;Q% aé‘gb%%t%i@'ag%& i%l %5 is also desirable from the

. . C Fa
viewpoint of not only improved Tesistance to contaminate materiafs but also enhanced

hydrophilicit{ehRhancementofwaterpermeation
In the present disclosure, the silver-based

antibacterial agent can be preferably a supported material
containing a silver lon. Since the supported material
containing a silver ion carries a silver ion in a densely
dispersed state, it 1s possible to enlarge the total
surface area of the silver ©per unit area of the
antibacterial layer when the antibacterial laver 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 micreobial
centamination.,
[0016)]

It is preferable that the silver-based antibacterial
agent has an average particle diameter of 1.5 um or less.

Iif the average particle diameter of the silver-based

antibacterial agent exceeds 1.5 wm, 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.

[00Z7]



performance) of the composite semipermeable membrane [0021] In addition, water-insolubility of
the antibacterial layer at the time of water treatment operation may be realized by using polyvinyl
alcohol having a saponification 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 disclosure, operating costs in the water treatment
facility can be reduced and productivity can be improved. BEST MODE FOR CARRYING OUT THE
INVENTION [0023] Hereinafter, embodiments of the present invention will be described. In the
composite semiperAieabELmERTbrans ot the preseht iveRtiors %8 8kin 1ayét Contdifinga
polyamidebased resin obtained b% reacting a poI%functional amine component with a polyfunctional

acid halide #8iponERtisTorfied ontife Strfacd B a porotis SBppart -ad ﬁﬁlaWﬁBﬁE}t%ﬁSPIayer is

further form n the skin | r directly or i )
urther formed an the skin layer directly or other layer, interposed.therebetween.. 1 gnex,

retention of the silver component contained in the silver-based
5 antibacterial agent can be improved at the time of water supply.
10018)

The silver content in the antibacterial layer 'is
preferably 30 mg/m® 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.
(00203

15 The polyvinyl alcohol has preferably a saponification
dégree of 89% or more. The polyvinyl alcohel with the
saponification degree of 98% or more can dissolve in hot water
{(around 80°), but cannot dissolve in water of around a normal
temperature (around 25°C) due to the influence of the hydrogen

20  bonding between the molecular chains, and even 1f 1its
crosslinking degree is low, the polyvinyl alcohol is preferable
because its solubility in an agueous sclution becomes lower.
In addition, since the polyvinyl alcohol can impart a lot of
hydroxyl groups to the surface of the antibacterial layer, it

25 is alsc desirable from the viewpoint of not only improved



[0024] 5The polyfunctional amine component is defined as a polyfunctional amine having two or more
reactive amino groups, andincludesaromatic, aliphatic, and alicyclicpolyfunctional amines. [0025]
10The aromatic polyfunctional amines include, for example, m-phenylenediamine,
p-phenylenediamine, o-phenylened'amine, 1,3,5etriamino benzene, 1,2,4-triamino benzene,
3,5-diaminobenzoic acid, 2,4-diaminotoluene, 2,6-diaminotoluene, N,N'-dimeinyi-
m-phenylenediamine, rc.2,4-diaminoanisole, amidol, xylyiene diamine etc. [0026] The aliphatic
polyfunctional amines include, for example, ethylenediamine, propylenedia ne, tris (2-aminoethyl)

amine, nepﬁ@ﬁﬁiéﬁﬁﬁ&ﬁedﬁﬁnn@%ﬁ@%@@??}j "PHe aliéyilic polyfunétiorial agines frcfude, for

example, 1@@|§gpﬁ@@ﬁ@@lﬂgfxane 1&Q@E@@@gygohexa@§ 1,4- q;gggmocycl%@égggtglggrazme

2,5-dimethylpiperazine, 4-aminometnyi piperazine, etc.
,5-d )/ppgormance) of the %ég%051te semipermeable membrane.

00211

In addition, water-insolubility of the antibacterial
layer at the ftime 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.
(G022}

Moreover, the present disclosure relates to a water
treatment method wusing the above composite semipermeable
membrane. 8ince occurrence of microbial fouling can be
prevented for a long term by using the compesite
semipermeable membrane of the present disclosure, operating
costs in the water treatment facility can be reduced and

productivity can be improved.

BEST MODE FOR CARRYING CUT THE TINVENTION
[0023]

Hereinafter, embodiments of the present invention will
be described. In the compcsite semipermeable membrane of
the present invention, a skin layer containing a polvamide-
based resin obtained by reacting a polyfunctional amine
component with a polyfunctional acid halide component is

formed on the

10



25[0028] These polyfunctional amines may be used independently, and two or more kinds may
be used in combination. In order to obtain a skin layer having a higher salt-blocking property, it is
preferred to use the aromatic polyfunctional amines. [0029] The polyfunctional acid halide
component represents polyfunctlonal acid halides having two or more reactive carbonyl groups. [0030]
10The 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,
naphthalen@-di¢abox§lic dciBodiekridlebrpzenetisdifenic atiditiehlibfde 2Berzenedistifonic acid

dichloride, chlorosulfonyl benzenedlcarchyllc acid dichloride etc. 20[0032]
further formed on the skin layer directly or with other laver

interposed therebetween.
[0Gz4)

5 The polyfunctional amine component is defined as a
polyfunctional amine having two or more reactive amino groups,
and includes aromatic, aliphatic, and alicyclic pelyfuncticnal
amines.

F0025]

10 The aromatic polyfunctional amines include, for example,
m-phenylenediamine, p-phenylenediamine, c¢-phenvienediamine,
1,3,b~triamino benzene, 1,2,d-triamino benzene,

3, 5-diaminobenzeoic acid, Z,4~diaminotoluens,

2,6-diaminotoluene, N,N'-dimethyl- m-phenylenediamine,

ot
[@2]

Z2,4-diaminocaniscle, amidol, xylyliene diamine etc.
[0026]

The aliphatic polyfuncticnal amines include, for example,
ethylenediamine, propylenediamine, tris (Z-aminoethyl) amine,
n-phenvlethylenediamine, stc.

20 (00271

The alicyclic polyfunctional amines include, for example,
1,3~diaminocyciohexane, 1,Z-diaminocvclohexane,
1,4-diaminocyclohexane, piperazine, 2,0b-dimethylpiperazine,

d-amincmethyl piperazins, etc.

o
o

[0028]

11



The aliphatic polyfunctional acid halides include, for example, propanedicarboxvlio acid dichloride,
butane dicarboxylic acid dichloride, pentanedicarboxylic acid dichloride, propane tricarboxylic acid
trichloride, butane 25 tricarboxylic acid trichloride, pentane tricarboxyiic acid chloride, glutaryl halide,
adipoyl halide etc. [0033] The alicyclic polyfunctional acid halides include, for example,
cyclopropane tricarboxylic acid trichloride, 5 cyclobutanetetracarboxyl ¢ acid tetrachloride,
cyclopentane tricarboxylic acid trichloride, cyclopentanetetracarboxylic acid tetrachloride,
cyclohexanetricarboxylic acid Trichlorg tetrahydrofurantetracarboxylic acid tetrachloride,
cyclopentaned'carboX§f€ aeii-dichiofitle 016 eyddbiitahdtfcarbexyliesicid g rsigent 1y,
cyclohexanedicarboxylic acid dichloride, tetrahydrofuran dicarboxylic acid dichloride, etc. [0034]
These polyiiictiohal atid Rafidés iy BE 1ised Ma&Fente Rt andaivbor-moté Kiidémaybe used in
combination, In order to gbtain a skin La\yer havin?[ higher salt-blocki%%plr&cgerty, it is preferred to use
[ a

aromatic pSiyfttictional atid hakdes. 17 adifion it & preféfted 6 for 8¢ iked structure using

P one acid haldes hayng JValsREY. 23 L IRLe 39 AR SR8 9! D pRlnctional acid

5 (0029}

The poliyfunctional acid halide component represents
polyfunctional acid halides having two or more reactive
carbenyl groups.

[G030]

19 The peolyfunctional acid halides include aromatic,
aliphatic, and alicyclic pelyfunctional acid halides.
[0031]

The aromatic polyfunctional acid halides include, for

example trimesic acid trichloride, terephthalic acid

0.

15 dachloride, isophthalic acid dichloride, biphenyl

dicarboxylic acid dichloride, naphthalene dicarboxylic acid
. dichloride, benzenetrisulfonic acid trichloride,

benzenedisulfonic acid dichloride, chlorosulfonyl
benzenedicarboxylic acid dichloride etec.

20 100323

The aliphatic polyfunctional acid halides include, for

example, propansdicarboxvlic acid dichloride, butane
dicarboxylic acid dichloride, pentanedicarboxyvlic acid
dichloride, propane tricarboxylic acid trichleoride, butane

25 tricarboxylic acid trichloride, pentane tricarboxylic acid

Y
A



[0035] Furthermore, in order to improve performance of the skin layer including the polyamide resin,
polymers such as polyvinyl 25 alcohol, polyvinylpyrrolidone, and polyacrylic acids etc., and polyhydric
alcohols, such as sorbitol and glycerin may be copolymerized. [0036] The porous support for
supporting the skin layer is not 5 especially limited as long as it has a function for supporting the skin
layer, and usually ultrafiltration membrane having 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 s%ﬁéﬁ%%ﬁﬁﬂdé&%%ﬁﬁ%liﬁ@ﬁé‘ﬁﬁori@éé%‘?éf,laﬁ@bé%uﬁ%ﬁes and polyarylether
sulfones are e%pecially preferably used from a viewpoint of chemical, mechanical, and thermal
stability. Tﬂeoffﬁgk%ess of this porous support is 5 usually approximately 25 to 125 um, and preferably
approximately 40 tg, 75 1.1m, but the thickness is not necessarily limited to them- The porous support
is reinforced with b%&%nﬁ%y%f&%éfn%ﬁ@vgggﬁl (f:gblrf?:?% c. 101 ]]‘qa““"Cies TrcTuds PRy

example, cyclopropans tricarboxylic acid trichloride,

5 cyclobutanetetracarboxylic acid tetrachloride, cyclopentane
tricarboxyliic acid trichloride, cyclopentanetetracarboxylic
acidtetrachloride, cyclohexanetricarboxylic acidtrichloride,
tetrahydreofurantetiracarboxylic acid tetrachloride,
cyclopentanedicarboxyiic acid dichloride,

10 cycleobutanedicarboxylic acid dichloride,
cyclohexanedicarboxylic acid dichloride, tetrahydrofuran
dicarboxylic acid dichloride, etfc.

[0034)]

These polyfunctional acid halides may Dbe used

ft
e

independently, and twe or more kinds may be used in combination.
In order fo obtain & skin layer having higher salt-blocking
property, it is preferred to use aromatic polyfunctional acid
halides. In addition, it is preferred to form a cross linked
structure using polvfunctional acid halides having trivalency

20 or more as at least a part of the polyfunctional acid halide

components.

Furthermore, in corder to improve performance of the skin
layer including the polyamide resin, polymers such as polyvinyl

25 alcohol, polyvinylpyrrelidone, and polyacrylic acids etc., and

13



20Processes for forming the skin layer includingO polyamede resin on the surface of the porous
support is not in particular limited, and any publicly known methods may be used. For example, the
publ icly known methods include an interfacial condensation method, a. phase separation method, a
thin film 25 application method, etc. The interfacial condensation method is a method, wherein an
amine aqueous solution containing a polyfunctionai amine component, anorganicsolutioncontaining a
polyfunctionel acid halide component are forced to contact together to forma skin layer by an
interfacial polymerization, and then the obtained skin layer is laid on a porous support, and a method
wherein a %iﬂﬁw%‘é polyEiRite Tesif i direttly fitatet Ghia pBrous suppert by fiie’ ¢
above-described interfacial polymerization on porous support. Details, such as conditions of the
interfacial cotdenEafiom Aethod, are 10 described in Japanese Patent Application Laid-Open No.
58-24303;7@%%.;% 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 support is not in

particular limited, apg. it is usually approximatgly Q.0p o 2.4m,and preferaply 0,110 1.m, .
5 egspecially limited as long as it has & function for supperting

the skin layer, and usually ultrafiltration membrane having

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,

[
[

polyvarylether sulfones, such as polysulfones and polyether
sulfones; polyimides; polyvinyliidene £fluorides; etc., and
polysulfones and polyarylether sulfones are especially
preferably used from a viewpoint of chemical, mechanical, and
thermal stability. The thickness of this porougs support is
15 usually approximately 2- te 125 pm, nd preferably
approximately 40 to 75 um, but the thickness 1s net necessarily
limited to them. The pcorous support is reinforced with backing
by c¢loths, nonweven fabric, etc.
[C037]
20 Processes for forming the skin layer including the
polyvamicde resin con 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

25 application method, etc. The interfacial condensaticn method

14



[0039] After having formed the skin layer on the surface of the porous support, an antibacterial
layer containing a 20 silver-based antibacterial agent and a polymer component is formed on the skin
layer directly or with other layer interposed therebetween. As for the weight ratio between the
silver-based antibacterial agent and the polymer component in the antibacterial layer, 55:45 to 95:5
(silver-based antibacterial agent:polymer component), preferably 60:40 to 90:10 is required. [0040]
The silver-based antibacterial agent used in the present invention is not particularly limited so long as
itis a compound 5 contalnl g a silver component and includes, for example, metal sjlver, silver oxide,

silver halide®arid 5€0 Bg‘r’te Taterial c‘bhtﬁﬁln% ?Iﬁ/lé??olnq Er?]ongjtﬁgseC?ﬂE%Ja?ﬁ&cfaﬁy preferable

to use a Sli%ﬁ orted materlal contalnln a S|Iver ion. Exam Ies of the su ported maj_erzlhal include zeolite,

silica gel, glcmrrlr% osp afie an% ZIfc n%ﬁnpho@svﬁho a,&lmong tJhese Zirconium pholsf’bhate is

preferably ised, Zieconium phosphate;has sirongerivdrophabicity, than that, of gther supported

materials, and can maintain the antlbacterlal effect of the silver ion at the time of water treatment
Opemﬂmnfgoéégﬂ%r'to form a skin layer by an interfacial polymerization,

5 and then the cobtained skin iayoh is laid on a poeorous support,
and a method wherein a skin layer ¢f a polyamide resin isdirectly
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,

Japaness Patent Application Laid-Cpen No. 01-180208, and these
known methods are suiltably emplovable.

[0038]

The thickness of the skin layer formed on the porous

15  support is not in particular limited, and it is usually
approximately 0.05 to 2 um, and preferably 0.1 to 1 um.
(00397

After having formed the skin layer on the surface of the
porous support, an antibacterial layver containing a
20 silver~based antibacterial agent and a polymer component 18
formed on the skin layer directly or with other laver interposed
therebetween. As for the weight ratiobetween the silver-based
antibacterial agent and the polymer component in the

antibacterial layer, 55:45 to 95:5 (silver~based antibacterial

[,
[ox3

agent:polymer component), preferably ©60:40 to 90:10 is

1%



15 term. The supported material preferably has a porous structure. Since the supported material
having a porous structure can retain a silver component in its inside, not only the content of the silver
component can be increased, but also the maintaining performance (retention performance) of the
silver 20 component is improved. [0041] The average particle diameter of the silver-based
antibacterial agent is preferably 1.5 km or less, and more preferably 1 km or less. In addition,
measurement or the 25 average particle diameter is performed according to the description of
example. [0042] The silver-based antibacterial agent is preferably heat-treated at 700C or higher.
By using tHe& Sifvet Hased antibacterial agent that is heat-treated at 700C or higher, retention property
of the silve (?) onent contained in the silver-based antibacterial agent can be improved at the time
of water suﬁ)((f/; )71 oncretely, by using the silver-based antibacterial agent, it is possible to adjust the
silver content 10 in.the antibacterjal layer to, 50% or mare.after supplying raw water with an
accumulated amouj“r:bf%fS W;itg? 65?&35%?)% ‘of :5%38F 3 %n%jlmaferenfgt%éetcg the Eormtdit Prior to water

supply, and s eved passible tb aglust the. confani o 06.0f mole, derandiog on g hieat freatment

temperature. The heat-treatment temperature is preferably or higher, an ecsope%?alﬁrﬁapreferably

1000G; or higher, The-upper imitfor the heat reatment temperature is.not particularly limited and it is
usually around 1300C, if it is a temperature at which the silver-based antibacterial agent can retain its
antibacteriak 1ver, siiver oxide, silver halide and a supported material
containing a silver ion. Among these, it is particularly
preferable to use a2 supported material containing a silver ion.
Examples of the supportedmaterial include zeclite, silica gel,
10 calcium phosphate, and zirconium phosphate. Among these,
zirconium phesphate is preferably used. Zirconium phosphate
has stronger hydrophobicity than that of other supported
materials, and can maintain the antibacteriazl effect of *he
silver icon at the time of water treatment cperation for a long
15 term. The supportedmaterial preferably has a porous structure.
Since the supported material having a2 porous structure can
retain a silver component in its inside, not only the content
of the silver component can be increased, but also the
maintaining performance (retention performance) of the silver
20 component 1s improved.
[0041]
The average particle diameter of the silver-based
antibacterial agent is preferably 1.5 um or less, and more
preferably 1 pum or less. In addition, measurement of the

Z5 average particlie diameter is perfermed accerding to the

le



20 property and particles are not thermally decomposed so that thesilver-based antibacterial agent is
uniformly dispersed. [0043] As for the polymer component, it is not particularly limited if it
dissolves neither the skin layer nor the porous 25 support, and is not eluted at the time of water
treatment operation. Examples of the polymer component include polyvinyl alcohol, polyvinyl pyrrole,
polyvinylpyrroli one, hydroxypropylcellulose, polyethylene glycol, and saponified polyethylene-vinyl
acetate copolymer, etc. Among these, 5 polyvinyl alcohol is preferably used, andespeciallypolyvinyl
alcohol having a saponification degree of 99% or more is preferably used, [0044] Elution of the
polyvinyl aftBREFhRe WatErtrE&mTEnt L0 operation may be prevented by using polyvinyl alcohol
having a saponification degree of 90% or more and crosslinking the polyvinyl alcohol to the
polyamide-B%géé tesin of the skin layer. Examples of a method for cross'inki_g polyvinyl alcohol
include methods of forming.an antibacterial layer on a skin ilayer and then im(g%earsin the antibacterial
layer in apolyvalen al%eﬁy&g Soiution acidified with h%%o% lor efc’i“d.ﬁxfrﬁﬂ% of the’ polyvalent
adenyde Inglide dladefiydes sush ae.dylarpldehyde and feepifaleiehyde. QMaanic ggssinking
s an

agents such as epoxy compounds and polycarboxylic aci inorganic chrossllnﬁlﬁrz']%Qagents such

as boron compounds maybe employedsas.the cross;linking.agent. [0045] Fhe antihacteral layer is

formed by coating an aqueous i
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, 1% is possible to adjust the silver content

10 in the antibacterial layer teo 50% or more after supplying raw

water with an accumulated amcunt of water permeation of about
13 m’/m®, relative to the content prior to water supply, and
iT 1s even possibkble to adijust the content to 90% or more,

depending on a heat-treatment temperature. The heat-treatment

[au]
5t

temperature is preferably 900°C or higher, and especially
preferably 1000°C or higher. The upper limit for the hesat
treatment temperature is not particularly limited and it is
usually around 1300°C, if it i1s a temperature at whichn the
silver-based antibacterial agent can retain its antibacterial
20  property and particles are not thermally decomposed sc that the
silver-based antibacterial agent is uniformly dispersed.
(00433

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

25 support, and is not eluted at the time of water treatment

17



solution containing the silver-based antibacterial agent and 25 the polymer component onto the skin
layer directly or with other layer (for example, aprotective layer containing a hydrophilic resin)
interposed therebetween and drying the solution afterwards. Examples of the coating method include
spraying, coating, and showering, etc. As the solvent, in addition to water, organic solvents that do not
deteriorate the performance 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 methoxyetQanoI. 10[0046] The concentration of the
silver-basetParifbattatial agetitin-the ajucou’ Sofutiohtis pFefBRMED A o9y weight, more
preferably 0.5 to 5% k%y weight. In addition, the concentration of the polymer component in the
aqueous sBRItiSH TBis preférabh/ 0.08 %0 196 by weight™ fiote pRéterably' 815860, 796 By Weight. [0047]
e lemperalyie. g1 N aeus Soluion s pof paieylarly imied a5 long g5 Lig n & lppperature
polyethylene-vinyl acetate copolvmer, etc. Among these,
5 polyvinyl alcoheol is preferably used, and especially polyvinyl

alcohol having a sapcnification degree of 99% or more is

Pog

preferably used.
[0044]
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 feorming an antibacterial layer on a skin laver and

e

b
n

then immersing the antibacterial laver in a polyvalent aldehvde
solution acidified with hydrochloric acid. Examples of ths
polyvalent aldehyde include dialidehvydes such as glutaraldehyde
and terephthalaldehyde. Organic crosslinking agents such as
epoxy compounds and polycarboxylic acids and incrganic
20 rosslinking agents such as boron compounds may be employed as
the crossiinking agent.
10045

The antibacterial laver is formed by ccating an agueous
solution containing the silver~based antibacterial agent and

25 the polymer compcnent onto the skin layer directly or with other



20 at which the aqueous solution exists as a liquid, and the temperature is preferably 10 to 90C, more
preferably 10 to 60C, and especially preferably 10 to 45C, in view of preventing the deterioration of the
skin layer and easiness of handling, etc [0048] 25The temperature when dry processing is performed
is not particularly limited, and it is preferably 20 to 150C, more preferably 40 to 130C. If the
temperature is less than 20C, dry processing takes too much time, or drying becomes insufficient, and
if the temperature exceeds 150C, membrane performance tends to fall by changing of the membrane
structure due to heat. [0049] The thickness of the antibacterial layer is not particularly limited, and it is
usually 0.0538% m,Jreférsbiy 16 0.3 ’F S ASRAT \arfdl nioid preferaBilrord 2 o/ ke thickress of the
antibacterial layer is too thin, the antibacterial property is not sufficiently exhibited and salt-blocking

-ate might H&6rease betanBe #i menibrans ie'&asy (0 fe damhged byFubbingWeh a spiral element

is wound.On.the other hand, if 15 the thiclgng%s of the antibacterial layer is too thick, water permeation

flux might fail befow Jfhde”c’r‘angjt:‘é< 8f practical use. 700501 The siver onehtin‘the amibabteal layer is

preferably 30 mg/mz2 or. more and,\mjg)re prefgLany}§5 mg/m2 or more. 20 If the silver content is less
than 30 mgc?rﬁ %Fgécgrrﬁesscﬁfﬁgﬁ% fo maintain an eicg}?eentsa%ﬁgaqéfiaﬁgroapgr %(‘)TO a Iotr?g term. In

additien, fram.a yiewpoinf, of.cost 3ad, prevention oftypembrane damage. e silver cppientin the
antibacterial layer is
of the skin layer, etc. may be used in combination. Examples
of such crganic scolvents include aliphatic alcohols such as
methanol, ethanol, propancl and butanol; and lower aicohols
such as methoxymethancl and methoxyethancl.
10 [0046]

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

15 is preferably 0.01 to 1% by welght, more preferably 0.1 to 0.7%
by welght.
[0047)

The temperature o©f the agquecus solution is not

particulariy limited as long as it is in a temperature range

20 at which the agueous 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
deterioration of the skin layer and easiness of handling, etc.
[0048]

25 The temperature when dry processing is performed is not
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preferably 1000 mg/m2 or less, and more preferably 500 mg/m2 25 or less . Measurement of he silver
content in the antibacterial layer is performed according to the description in examples. [0051]
Furthermore, in order to improvesalt-blockingproperty, water permeability, ant oxidizing agent property,
etc. of 5 composite semipermeable membrane, various publicly known conventional treatments may
be applied to the film. [0052] The compos e se permeable membrane of the present invention is
used suitably for known water treatment methods 10 such asproductionof ultrapure water, desalination
of brackish water or seawater and wastewater treatment. EXAMPLE E0053]

it

20

25

particulariy limited, and it is preferably 20 to 150°C, more

preferably 40 to 130°C. If the temperature is less than 20°C,

.

ry processing takes too much time, cr drying becomes
insufficient, and if the temperature exceseds 150°C, membrane
performance tends tc fall by changing of the membrane structure
due to heat.

[0049]

The thickness cof the antibacterial layer i1s not
particularly limited, and it isusually 0.05 to 5 pum, preferably
0.1 to 3 um, and more preferably 0.1 to 2 um. If the thickness
of the antibacterial layer is too thin, the antibacterial

prope

H

ty 15 not sufificiently exhibited and salt-bliocking rate
might decrease because the membrane is easy to be damaged by
rubbing when a spiral eiement 1s wound. On the other hand, if
the thickness of the antibacterial laver is tooc thick, water
permeatiocn flux might fall kelow The range of practical use.

10050

The silver content in the antib

w

cterial layer is
preferably 30 mg/m® or more, andmore preferably 35 mg/m° or more.
tomaintain an excellent antibacterial property for a long term.
Inacdition, froma viewpolnt of cost and prevention of membrane
damage, the silver content in the antibacterial layer is
preferably 1000 mg/m” or less, and more preferably 500 mg/m?

or Less. Measurement of the silver content in the antibacterial

20



The presnt invention will, hereinafter, be described with reference to Examples, but the present
invention is not limited at all by these Examples. [0054] [Evaluation and Measuring Method]
(Measurement of Average Particle Diameter) 20The average particle diameter of a silver-based
antibacterial agent was measured on volume basis by laser diffragsometry using a laser diffraction
particle size analyzer. [0055] 25(Measurement of Silver Content in Antibacterial Layer) The
produced composite semipermeable membrane was cut out into a size of 6 mm to obtain a sample.

The sample was placed in a container, and 4mL of concentrate nitric acid and 1 mL of
hydrofluorié 2€fwere Radéd isiets SridtfeR thé Bortafnetescription in examples.

[0051]
Furthermore, in order to improve salt-biocking property,
water permeability, anti-oxidizing agent property, etc. of the
5 composite semipermeable membrane, various publicly known
conventional treatments may be applied to the film.
(00521
The composite semipermeable membrane of the present

invention 1s used sultably for known water treatment methods

10 suchsnsproductioncﬁfultrapure*watery desalination of bracklsh
water or seawater and wastewalter treatment.
EXAMPLE
[0053]
The present inventicon will, hereinafter, be described

15  with reference to Examples, but the present invention 1s not

limited at all by these Examplies.
[0054]
[BEvaluation and Measuring Method]
(Measurement of Average Particle Diameter)

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

[0055)
25 (Measurement of Silver Content in Antibacterial Layer)

21



5 was sealed. Subsequently, the container was subjected to microwave irradiationand 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 obtain 50 ml of an aqueous solution. After that, the silver content in the agueous solution
was measured using an inductive coupling plasma mass spectrometry device (ICP-MS) thereby to
determine the silver content (mg) in 1 m2 of an antibacterial layer. [0056] (Measurement of permeation
flux and salt-blocking rate) The produced composite semipermeable membrane with a shape of a
flat film is cut into & %r%@éfé%ﬁ?é%l SHAPE ahtsizéE a5 Bettol & QSMTor A eyaltativoh. An
aqueous 20 solution containing NaCi of about 1500 mg/L and adjusted to a pH of 6.5 to 7.5 with NaOH
was forced 1" CoRtatt 16 suBpiistid: and hipetriestictrdide ofﬁﬁ@ MBmMbtant &t Ldiffeféhtial
pressure of 1.5 Mpa at 25C.rA p,ezrlrge%ign C\Jlgloccg}(l gnd an electric conductivity of the permeated water

obtained b)l/?hias gﬁéar"éﬁgn were measured for, and a Egr?ﬁeeatpojhtlﬁiim%?rﬁ%.da)%%ol amgalt-blocking

rate (%) were calculated, oﬂ}eccggﬂla%%r}QC%QP({@%O[&}%']@VGQ Sfthe NaC1 c%%cegté%t%oani%%q the electric
conductivity of the aqueous solution was beforehan ma(?e, and the “saTt?bIocﬁing raté was calculated

by a fellowjng-equation. 5 Insaddition, the composite sgmipermeable, gﬁeg%@fglgs@é%d%c@d In the form

of a flat film was processed into a spiral shape to make a spiral element, and its permeation flux
(m3/m2.d).and:saltzklacking:rate {5)wese galeulated inthe same manner as.abave.10Salt-blocking
rate (%)(NaC1 concentration [mg/Lin '

the surface of the container becomes a maximum temperature of

230°C to perform pressure acid decomposition. After the

decompesition, ultrapure water was added to the container to

ot
ja

obtain 50 ml of an agueous sclution. After that, the silver
content in the aquecus solution was measured using an inductive
coupling plasma mass spectrometry device (ICF-MS) thereby to
determine the silver content (mg) in 1 m® of an antibacterial
laver,
15 [0056]

(Measurement of permeation flux and salt-blocking rate)

The produced composite semipermeable membrane with a
shape of a £lat film is cut into a predetermined shape and size,
and 1s set to a cell for flat film evaluation. An agueous

20 solution containing NaCl of about 1500 mg/L and adijusted to a
pH of 6.5 to 7.5 with NaOH 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 obtained by this

25 operation were measured for, and a permeation flux (m’/m°d) and

22



permeated liquid) / (NaC1 concentration [mg/IN in supply solution)) x 100 [0057] (Evaluation of
Antibacterial Property) An antibacterial property was evaluated according to JIS 52801:2000.
Outline of the test is shown as follows. Escherichia coli was shaken and cultured in a normal bouillon.
medium (NB) at 35C and then the grown Escherichia coli was diluted with 1/500 NB to prepare 2.5 to
10 x 105 cfu/mi of an 20 Eschericnia coli solution, This Eschericnia coil solution was added drop se
onto an ultra-low pressure reverse osmosis composite membrane (manufactured by Nitto Denko
Corporation; Type: ES20, without antibacterial layer) and the produced composite semipermeable
membrané* afd-afferthé it Was95 coverel Sadituring Waspérformed &t S5E%6r24 hBlrs. After that,
the Eschergchi coli solution was é:ﬁ)llegte Lro&n the ultra-low pressure reverse 0SMosis composite
membrane Sﬁg 1 B5mpBsite s&mip&rmeable tnembrana o maasire e viable batterial Gell count
respectively. The viable bacterial.cell 5 count was counted with Petrifilm for Eschecichia ccli
measure mée/?f"'i1 ?r%gﬁ ﬁ%"léﬁ}?e%e%y“g M 8%%)%0%55 0 %8 ERy “Acase %vﬁe%g?gﬁ%?enga?t%?igf cell count in

ultra-low Presse Teveres asmosis sompasite membrane) (able hacterial egllsguat in composite
semipermeable membrane) is 10 1 x 104 or more was ranked as "CD" (excellent’in antibacterial
activity), and the case of 1 x 102.Qrle3swas rapked asnx stno.antihactenal activolded in
the form of a flat film was processed into a spiral shape to
make a spiral element, and its permeation flux (Hﬁ/mad) and
salt~blocking rate (%) were calculated in the same mannsr as
above.

10 Sait-blocking rate (%) = {1 - (NaCl concentration [mg/L] in
permeated liguid) / (NaCl concentration {mg/L] in supply
solution)t x 100

(005773

{Evaluation of Antibacterial Property)

ot
i

Arn antibacterial property was evaluated according to JIS
ZZ2801:2000. OQutline of the test is shown as follows.
Escherichia coll was shaken and cultured in 2z 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
20 Escherichia coli solution. This Escherichia coll sciution was
added dropwise onto an ultra-low pressure reverse 0sSmMoOsis
compesite membrane (manufactured by Nitto Denko Corporation:
Type: ES20, without antibacterial layver) and the produced
composite semipermeable menbrane, and after the film was

25 covered, culturing was performed at 35°C for 24 hours. After



[0058] Example 1 An aqueous solution containing 0.7% by weight of a silver-based antibacterial
agent with an average particle diameter of 0.9 pin: (manufactured by Toagosei Co., Ltd., NOVARON
AG1100) and 0.5% by weight of polyvinyl alcohol (saponification decree: 99%) was applied onto the
skin layer of an ultra-low 20 pressure reverse osmosis composite membrane (manufactured by Nitto
Denko Corporation, Type: ES20, skin layer: polyamide-based resin, performance: permeation flux 1.2
(m3/m2:d) and salt-blocking rate 99.6(%) as measured by the above measuring method), and
subsequently dried in an oven at 130C for 3minutes to form an antibacterial layer, thereby producing a
composite Sefhipermeable MEmbrana? (0858} EXamhple- 27 ¥2 S ASComp6Sit seriparmbable

olduced in the 5 same manner as in.Exam Ieo]é, exceﬁpt tkﬁ_)at 0.7% b%v%?gght of the

membraneu\/}{%%%[ W regspure revel s O3 15 0 ite emoran T
silver-based antibacteridl agent was changed 10 2% by waight, =~ ¢ @

composite semipermeable membrane to measure the viable

-

bacterial cell count respectively. The viable bacterial cel

5 count was counted with Petrifilm for Escherichia coli
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 membrans) 1s

10 1 x 10° or more was ranked as “O” (excellent in antibacter@ai
activity), and the case of 1 x 10 or less was ranked as “x”
(no antibacterial activity).
[0058]
Example 1

15 | An aquecus solution containing 0.7% by weight of a
silver~based antibacterial agent with an average particle
diameter of 0.9 pum {(manufactured by Toagosei Co., Ltd., NOVARON

AG1100) and 0.5% by welght of polyvinyl alcohol {saponification

oA®

degree: 9%9%; was appllied onte the skin laver of an ultra-low

20 pressure reverse osmosls composite membrane (manufactured by
Nitto Denko Corporation, Type: ES20, skin layer:
polyamide~based resin, perfcormance: permeation flux 1.2

32 2z E PO [
(m”/m™d} and salt-blocking rate 22.6 (%) as measured by the above

mezsuring method), and subseguently dried in an oven at 130°C

>
Ln

for 3 minutes to form an antibacterial layer, thereby producing

24



[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 (isopropanoi: a e 3:7) containing 15
2% by weight of a silver-based antibacterial agent with an average particle diameter of 0.9
m(manufactured by Toagosei 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 20 membrane (manufactured by Nitto Denko Corporation, Type: ES20 ) and subsequently
dried in an‘oveR8t 430E%of SiRGtEsS$6 forfn A antiBacterial layer. After that, the resulting compos
membrane was.immersed in an aqueous solution containing 0.001% by weight of glutaraldehyde
acidified w&ﬁ%%ﬁl\l hydrochloric 25 acid for 10 seconds, and dried again at 130C for 5 minutes to
produce a %%rgggiiét_ﬁe Eemipermeable membrane.

A composite semipermeable membrane was produced in the
5 same manner as in Example 1, except that 0.7% by weight of the

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.
[00el]
Example 4
An aguecus sciution (isopropancl:water=3:7) containing
15 2% by weight of a silver-based antibacterial agent with an
average particle diameter of 0.9 um (manufactured by Toagosedl
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
20 membrane (manufacturedby Nitto Denke Corporation, Type: ES20),
and subseguently 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 0.001%
by welght of glutaraldehyde acidified with 0.24N hydrochloric

25 acid for 10 seconds, and dried again at 130°C for 5 minutes to

25



[0062] Example 5 A composite semipermeable membrane was produced in the 5 same manner as in
Example 1, except that 0.7% by weight of the silver-based antibacterial agent was changed to 2% by
weight, and 0.5% by weight of the polyvin.yl 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
AG1100) which had been heat-treated at 800C was used. 15 After that, the produced composite
semipermeable membrane was set in a metallic cell, and operation was performed under the

conditions f 84EMmbFarrePefifddtion ik &1 B8 FnsfmB (i anaElinear velocity of 0.33

(m3/m2-sep§§§ or 11 days, using RC water of 30C as raw water. Subsequently, the composite 20
semipermea embrane was taken out and the silver content in the antibacterial layer was
measured @Xg\rgpﬁaem% manner as above. The results are shown in Table 2. J3064] Example 7

A composite semipermeable membranse was produced in the
5 same manner as in Example 1, except that 0.7% by weight of the
silver-based antibacterial agent was changed to 2% by weight,
and 0.5% by welght of the polyvinyl alcohol was changed to 0.2%
by welght.
[0083]
10 Example ©
4 composite semipermesable m@mbraﬁe was producsd in the
same manner a&s 1ln Example 5, except that a sgilver-based
antibacterial agent {(manufactured by Toagosei Co., Ltd.,
NOVARON AGL100) which had been heat-treated at 800°C was used.
15 After that, the produced composite semipermeable membrane was
set in a metallic cell, and operaifion was performed under the
conditions of a membrane permeation flux of 1.22 (n’/m’d) and
a linear velocity of 0.323 (m*/m®second) for 11 days, using RO
water of 30°C as raw water. Subseguently, the composite
20 semipermeable membrane was taken out and the silver content in
the antibacterial layer was measured in the same manner as above.
The results are shewn in Table 2.
[0064]

Example 7

25 A composite semipermeable membrane was produced in the

26



25A 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
AG1100) which had been heat-treated at 1000C was used. After that, the silver content in the
antibacterial’ layer was measured in the same manner as in Example 6. The results are 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., ,NOVARONAG1100) which had been heat-treated at 1200C was used. After that,
the silver c%ﬁ%trﬂ‘?fﬁéeéntﬂ)%\ctéﬁ&@%?]waé 'Réasiredih e 3amhe MEANEEESH Example 6. The

results are 153hown in Table 2. [0066] Comparative Example_1
antibacterial agent (manufactured by Toagosei Co., Ltd.,

NOVARCN AG1100) which had been heat-treated at 1000°C was used.

After that, the silver content in the antibacterial layer was
5 measured in the same manner as in Example €. The results are

shown in Table 2.

[0065]

Exanple &

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 bean heat-treated at 1200° 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 shown in Table Z.
[0066]
Comparative Exampie 1
An aqueous solution containing 0.25% by weight of

polyvinyl alcohol {saponification degres: 99

oe

 was applied to

20 the skin layer of an ultra-low pressure reverse OsSmosis
composite membrane (manufactured by Nitto Denko Corporation,
Type: ES20), and then dried in an oven at 130°C for 3 minutes
to form a polymer layer thereby to produce a composite
semipermeable membrane.

25 [0067]
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An aqueous solution containing 0.25% by weight of polyvinyl alcohol (saponification degree: 99%) was
applied to 20 the skin layer of an ultra-low pressure reverse o0smosis composite membrane
(manufactured by Nitta Denko Corporation, Type: ES20), and then dried in an oven at 130C for 3
minutes to form a polymer layer thereby to produce a composite semipermeable membrane. 25[0067]
Comparative Example 2 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 0.04% b\t/ 5 Weig CLAIMS
Comparative Exampile

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 0.04% by

5  weight.
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. A composite semipermeable membrane comprising a skin layer formed on the surface of a porous
support and containing 5 a polyamide-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, 10 and the 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). lbf € COmposite semipermeaple membo :jwe
wherein the silver-b sed~amlb rl,al agent is a supported materjak-contain ng
The composite semi errﬂeablem mbrane according to 20 clcumﬁbrzd\g{g
antibacterial agent has a average paltick diameter of 1.5 pm orfess.
semipermeable membrag%ccor ing to|claim or 2,wherein the silvér-base
heat-treated at 700C or ligher. 5. The compasite semiperrfeable-mem
1, wherein the silver|content in the dntibacterial layer is 30 mg/méorm ore. 5e
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gccording to claim 1,

a silver ion. 3.

erein the silver-based
ﬁ The composite
1 an

tibacterial agent is 25

rane according to claim
5. The composite




claim 1, wherein the 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
alcohol has a saponification degree of 90% or more and is crosslinked to the polyamide-based 15
resin in the skin layer. 9. A water treatment method using the composite semipermeable
membrane as claimed in claim 1. ABSTRACT It is an object of the present invention to provide a
composite semipermeable membrane having an excellent 5 resistance property to contamination,
particularly an excellent resistance property to migkdhiél contamination, and a water treatment method
using the composite semipermeable membrane. The present invention relates to a composite
semipermeable membrane comprising a skin layer formed on the 10 surface of a porous support and
containing a polvamide-based resin obtained by reacting a polyfunctional amine component with a
polyfun- ional acid Halidé:cepipotieht avhgkeiR afitamibattBiatayercGammg arsiverdiased
antibacterial age b and a polymer component is formed on the skin layer o

layer formed on the surface of a porous support and containing
5 a polyamide-based resin obtained by reacting a polyfunctional

amine component with a polyiuncticonal acid halide component,

wherein an antibacterial laver containing a silver-based

antibacterial agent and a polymer component is formed on the

skin layer directly or with other layer interposed therebetween,
10  and the weight ratic 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) .

i3 2. The composite semipermeable membrane according to
claim 1, wherein the silver-based antibacterizli agent 1s &

supported material containing a silver ion.

3. The composite semipermsable membrane according to

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

an average particle diameter of 1.5 pm or less.

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

25 heat-treated at 700° or higher.
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15 directly or with other layer interposed therebetween, and the weight ratio between the silver-based
antibacterial agent and - polymer component in the antibacterial layer is 55:45 to 95:5 (silver-based
antibacterial agent:polymer component).

10

15

5. The composite semipermeable membrane according to
claim 1, wherein the silver content in the antibacterial layer

is 30 mg/m° or more.

6. The composite semipermeable membrane according to

claim 1, wherein the polvmer component is polyvinyl alcohol.

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

degree of 9%% or more.

8. The composite semipermeable membrane according to
claim 6, wherein the polyvinyl alcohel has a saponification
degree of 90% or more and is crosslinked to the polyamide-based

resin in the skin laver.

9. A water treatment method using the composite

semipermeable membrane as c¢lalmed in claim 1.
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