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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 W@ﬁ@??ﬁ@lﬂ@#@ﬁ 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, leading i contributs-torclosed systemvfordrainage.
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
110, DPESTRIPTIONNOEJHE RELATED ART [0002] 25in water treatment
steps using composite semipermeable
[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
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
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

treatment, such as removal of harmful component in water

purification and sewage usage etc.

DESCRIPTICN OF THE RELATED ART
[0002]

In water treatment steps using composite semipermeable



10

20

25

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
remgemandeds [00031,10Caysative sibstances. that-givethedaulingmay he+ =+

classified into inorganic crystalline foulings, organic foulings, particles and
pe reellaidal feulingsnand micepbiakfoulingsobased-en the: patuse thereaf.dn

the case of polyamide composite semipermeable membranes, the
salmigrobiakfouling és thently main causativie substances which-isreaused by

formation of thin bio films that are formed with absorption of microbes,
Accexistimgihywaters to the sarfaceref a separation meembranea [(004] s ordem t

to reduce the fouling, methods such as 20 pretreatment of raw water,
faChnodficafon ot SleFiearproperty B the saFace bf-asdparation caused by

membrane, improvement of a module step condition, and periodic
theciaghing HaveBEentwidehPtised In B Easetoffoulings by micfobedaRat:

are most frequentl %%nerated es%ecially in composite semipermeable

Sun g afRes HE 58 i knoin Tt B tréatment agﬁg diSihfectants Stch 88°"
dem%mgg%%
[CC03]

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
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
pretreatment of raw water, modification of electrical property
on the surface of a separationmenbrane, improvement of a modulse
step condition, 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

is known that a treatment using disinfectants such as chlorins
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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

wi13 sy {inked arganic polymer thaf 10 has & nonionic hygrophilc group on,
a reverse osmosis composite membrane’is proposed ( atent Document

si-HeAmethod of carrying.eut.hydrophilic.coating.on.a pg%/aégiggitgigéié@ic

using a non water-solublehighpolymerobtainedbycross linking of an epoxy

surkompeund is,proposed (Batent Rocument 2). ATEYEISEOSIOSISAS ¢ water

separation membrane having a nano structure is proposed, the membrane

as havingastructiuse withane partigles 1402 incorporated on the surface of
the separation membrane (Patent Document 3). Furthermore, a method of

[ 0dulending nano particles in a separation active layer, or a method of
providing a 20 hydrophilic layer containing nano particles on a separation
actividdayerris proposedy®atentDdcumrent) 0006 bHoweyers ¢hearation
method of Patent Document 1 only modifies the surface into electrically
neryaldrat State antitherefors; the 25 surfacé does hot have finsctiohs of ric
~ disinfection or suppression of increase against bacteria, once the bacteria
chagifeigplarty of a2 surface. For exanmple, a method of forming
a surface layer containing & cross-linked organic polymer that
has & nonionic hydrophilic group on a reverse osmosis composite
membrane is proposed (Patent Document 1). Amethod of carrying
out hydrophilic ccating 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
separation membrane having a nanco structure is proposed, the
membrane having a structure with nano particles TiOs
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
hydrophilic layer containing nano particles on a separation
active layer is proposed (Patent Document 4).
[000o]
However, the method of Patent Document 1 only mcodifies

the surface intoelectrically neutral state, and therefore, the

surface does not have functions of disinfection or suppression
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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 Docyment 3 uses a nana-sized photg catalyst, however
O e e Rt LAet st Yot Tt e STete matalyst dods. Erne
sufexert function for 13 decompasing organic substances, fherefore, .
since light does not reach the inside of spiral elements processed for use
sugB.aciual water treatipentsteps gfdgMerse-08Mmasis separalioNcs caused by
membranes, and of pressure-resistant vessels for storing the spiral
orelementsinia waterdreatmeniragiipment dheLatalyst=20,cannetexhibit < on
the catalytic activity. Accordingly, since the catalyst cannot decompose
resatlached materialsramthe surface of the membrane, an effect against

contamination is low. [0009] In the method of Patent Document 4,
. 0thé lseparation active 25 layer requires extremely advanced denseness in
a molecular

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
organism-originated contaminaticn is low.

[oces)

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
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
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.

[GO09]
In the method of Patent Document 4, the separation active

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 ¢

lel}ﬁ%r, [OB1G]7 & T PatdritDottiRTent 15 Japdiées PaisrrApplicdtion of nano

pakaideNes11:22636%Pateat Documents Ngs2004:-25102 Patent, . . .o
1 ;Document 3: No. 2003-53163  Patent Document 4: 06/098872
Eaﬁfphfér%%lééﬁ%“s{)}ﬁé%lr THE RVENTION PREBLEMS TOBE crmance

wiSOUVED BYITHEINVENTION{QG1Hn, dtisse-ebject ofihe present. ave
adisglosyre tq provide a composite semipermeable membrane having an

? excellent resist%%ceSpréggrtyatg%%%?gr%fnoarﬁon??par?i‘?:ﬂ%rbp an “eéxcetent and

thiesistahed properste micichial cbntamination, andla watertreatmept nance

?fggﬁ%%§$%égg£%g%§%ﬁg rmeableqnembrane, MEANS FOR 1,
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 WNo. 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
©%6fa pBFdus SHPPOFEEITE coRtxiRiAg e polyaniidebagetiaésin obtained by ion,

ankeacting a;pohfunctiopalamine-compopentwith a PIQ%/ functional %%gwpos i te
halide component, wherein an antibacterial layer containing a silver-baseé

S CRRAREAR Sg SRt AN A Dolymer component is formed on the skin layer
directly or with other layer interposed therebetween, and the weight ratio

MEQ& %thgoil{yg{i%?%gsagggﬁ@gl agent and the polymer component

In the antibacter 5:5 (silver-based antibacterial
{0&agent:polymer component). [0013a] In a second aspect, there is

provided a;water treatment &eﬁg%q ing the composite semipermeable.

membrane as dec%ined above. [0014 : Tﬁre%lomn%ggglféessem?gerrrﬁll?eeasﬁélb ed
AL HEmbrané of #5€ présentdis@psureshas aheantibdcterial tayesinatiiding aand

fosiver-based :antibagterial,agent %&Q?W@eggﬁwgpﬁ@taﬁpg CArpbrane

_maintain a resistance property to microbial contamination for a long term
3By thie Antibacterial layer TS ariiciaR =h 88cHenb FesistaRte property to
[ O pliérpbial contamination can be exerted by adjusting the weight ratio
between éhe Esgj\égr-based angbacterial agent and the polymer component.
in the anfibactefial layer to 55745 to 98-8 (silfer-BaSdd SfifbacteriaPAgant: te
sepolyrercedrhponest), andeaddingithe silver-basedcantibastesial agentied on
X | relative olymer component so that a part of the ,
th%il\%?ﬁ?%i% g)r?ﬁb\éac{Jgor%aﬁ].eiéllgge%'tu f N be ei%(gsé: %%Folfhjé SUrfacRorfRa t e~
ba gpfibattstidl lagsrih e height rativrstithesilver- based antibacterial agente

cotglassdbanbbisuchua resistangce.praperty to microbiglcontamination is. .
not sufficiently exerted because it becomes difficult to expose the

"NEfGerbal8d Antibatéial Gieht oty tHe StUFRABR GF e artibacterial ajers ed
an QO the: ethies hard,<f.the aveight rafie ofthe silverbased antibactegial o op
n89ent exceﬁgs 91:5’ tge rgsi§ ance hroper(%itjo microbial contamination
cannot be maintained for a-fong &fm.Bécaus i Silveriisded 1nterprosed
Cheartibatteriah agentexposed @t thersurfacecefitheantibaeterdak layer ba s = d
y to ut/flow out,during the water treatment step.
an%%gego%ﬁ%%ce ﬁl%{%}gtgreééqréﬁl dil;éc gsurgc%gg%enlﬁbaﬁgﬁgﬁg%rt is fofmed ®
AntoiPietsKin fayer dife @K or with othet fdyer interposed therebetween-smdsed

anthe antibacteriak agent isnokdispersed in the.skin layer,
[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 layer can be prevented, and not onl)_/ the
resistance property to contamination but also water permeation
performance as well antibacterial agent can be preferably a suppc_)rt_ed
material containing a silver ion_ Since the supported material containing a
silver ion 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

NfabR7 WHen'the aritibatteriafer & foRAédTRING thersupported matetial. can

maAs@arasult, the-contaghatea of the-silver with theprocessed Water 5 o5 op,
. becor‘ges Iarge to exert an excellent resistance Ero_perty to microbial
Fo%oftamingtion: [0018] "%t i€ Preferabi& Hatthe sGErbased aritibakeeria
anagentiasan averagecparticlediameter;of 5 iﬁlilmx@ﬁ%i- |E6dk$t%, 1Ygﬁg%ion
., parficle diameter of the silver-based antibacterjal agent exceeds 1.5 jim,
Ca?hegc%m%%gﬁg%%m%pyerrﬁgaﬁlset%rﬁg%bar%%% parformandeitends [falisy:  the
s1phgsicaPdanages sbelr as frictiondn erdase wheté thecedmpesitecomponent

:LnSet:’fﬂEpegﬂ@qglgd@@m'%neiigﬂ%ungoasﬁs;gigal 9!9%}'5[00{151]1‘76: r-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
SeNPERTABly BOlyViRy! affohdl WHEA diss6IvEE heftRer e skin Adyer noithe L t
reporaus>auppart, and ismet elitted at the dme ehwatgntreatmentoperation. e
r%OOZC)JeléThe d;;ér)%lj?/vinlyl %Icohol has pr ferably a saponification degree of
P99 or nfore.“THe polyvinyl &itohol with the ‘Saponificaiitn dEgreecdt 909 t°
co o anoresdarrdisbolve in hot wates (anoend-B80C), bubeannafhssadvesin we 11

as Water of around a normal temperature (around 25C) due to the influence
of the hydrogen 20 bonding between the molecular cRains, and even if its

[Oletasslinking degree islow, the polyvinyl alcohol is preferable because its

soluhility in-aR aguegussselution becomes lower. In gddition, since the, _ __

polyvinyl alcohol can impart a lot of hydroxyl groups to the surface of the

antiBateriat layef '35 isdlsd desirabléefiam! the Viewpsiratatot Bakerial
cormpreved; resistancerto-contaminated materials, but alsg.enhanced s rarial

con gg¥¥ggﬂ¥@@9?gg?ﬂgggwgggrfg?egﬂ%}lver 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
contamination.
[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]
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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

treatrheft fatiRpEaP BeGEdaced BAG brédictivity 8Rh beinfdF6vett BEST
MODE FOR CARRYING OUT THE INVENTION [0023]  Hereinafter,
he@hbodfmeRts Gfthé preSeRtinvetio will BE déschiffed 1R tie tafmposie =

semipermeable membrane of the present invention, a sk}rgJ ba%er
o]

A L RERG ot Eal roSiT SOt T feantiy Aoty Rietbhar=T

yfunction

- Eine component wih 2 polyfunctional acid e camrgnentis Jamed. .
on the ~surface of aporous support, and an antibacterial layer is further

and9ed 91 the skin layer dirsatly gr ofherlayerinterpoged therebetweep, 1
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.
[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

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
bonding between the molecular chains, and even 1f its
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

is also 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-
refr-phehfrnebiamifel fe P Lidisntinodniselel afmidolo kylyienesdiantné etos ed
hy{0Q26]11 i Jhejaliphatic pekyfunctional amings incluge . for example, ., 5 on
ethylenediamine, propylenedia ne, tris (2-aminoethyl) amine,
ejﬁégﬁ@ﬁﬁ%ﬁ%ylgﬁecﬁgﬁir?é’,n@’tff.séﬁ[%O??]“p STRE aPeycl RS RiRgtional
O@amiines include, for example, 1,3-diaminocyclohexane,
1,2-diaminogyclohexane, 1,4-diaminocyclohexane, piperazine, . ,
2,S-g?me%r??/%%%?giine‘ﬁdif“aérﬁrn%nrﬁgrt]lrl%ﬁiplé}gzing,fet&he antibacterial
layer at the ftime of water treatment operation may be

p
[

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.
[0022]

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
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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]
surfhecgrofiatic Polyfonetichitaeidchalived igglude Topesamplestiimesitcacid s
trichloride, terephthalic acid 15 dichloride, isophthalic acid dichloride,
Fupiptienyl didaiBorflic-as ddiclotidé SRapRthaiene tiearibxyiic atluer 1aver
.dichloride benzenetrisulfonic acid trichloride, benzenedisulfonic acid

INARISAEE citsrosGfdnyT BEnzenedicarPexylic acid dichloride etc.
[O(?é)lquBZ]

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.

[0025]

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,
Z2,4-diaminocaniscle, amidol, xylyliene diamine etc.
1602¢]

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

[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.

[0028]

11
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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
tricarboR§ic BEMAERIBHAE S el spentaietefrichfbdxyic agiglerendent 1y,
tetrachloride, cyclohexanetricarboxylic acid Trichlor

g .
anqetidRydrofiraitetratarbddHc iy tatraciofi g8ty idpentaned'Bafioklic =©
btacjd‘dictllor,ige,‘ 10 cyclobutanedicarboxylic acid dichloride, o
ORI eloexanedicarboxylie SeltfdicHGRaE tefrahydronitarn tithibbsificadid
; 5 dichloride, etc. [0034], _, These g!yfucnctignalgci% bal(iade; ma%be used
independently, and two or more Kinds maybe tsed in-combinafion. 17" °

1 o @rder to obtain a skin layer having higher salt-blocking property, it is
- preferred to use aromatic polyfunctional acid halides. In addition, it is

prefefred tg farpy a.cress linked strugture-ysing polyfynctional a%igfb@é%%t 5
having trivalency 20 or more as at least a part of the polyfunctional acid

ponghde €OMPENENtScid halides having twoe or more reactive
carbenyl groups. |
[C0030]

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.

dichloride, isophthealic acid dichloride, biphenyl

dicarboxylic acid dichloride, naphthalene dicarboxylic acid

. dichloride, benzenetrisulfonic acid trichloride,

benzenedisulfonic acid dichloride, chlorosulfonyl
benzenedicarboxylic acid dichloride etec.
100323

The aliphatic polyfunctional acid halides include, for
example, propansdicarboxvlic acid dichloride, butane
dicarboxylic acid dichloride, pentanedicarboxyvlic acid
dichloride, propane tricarboxylic acid trichleoride, butane

tricarboxylic acid trichloride, pentane tricarboxylic acid

Y
A
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[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
L Y500 angStidths hay préterably b assd) MatdrialsFofformation of
tge orous support include various materials, for example, 10
[cho%ﬁarylether sulfones, such as polysulfones and polyether sultanas;

polylﬁdes; lpjg)%quxl@engflupndeg,%tcu 19\z;\d E?ivoéy%lghoﬁngs and

polyaryleétﬁer stffones are; éféﬁle%{ija“l@ prf% a y used from a %i%\?\/]p%?ngt of - oF

chemical,_mechanical, and.thermal stabi%tgng% thickness, of é%/lf porous

pLe, . ropdre trilc 1
exasrrl}%p%rt IS us%%ﬂ)c/) pBroxwﬁéte?f%géfg um, and preTera

cyaPproximately 40.fo.75,1.1m, but the thickness is,notnegessarily fimited 1o, .
them- The porous support is reinforced with backing by cloths,”"nonwoven

tr falHG 816 (983214 trichloride, cyclopentanetetracarboxylic

acid tetrachloride, cyclohexanetricarboxyvlic acid trichloride,

tetrahydreofurantetiracarboxylic acid tetrachloride,

cyclopentanedicarboeoxyiic acid dichloride,

cycleobutanedicarboxylic acid dichloride,

cyclohexanedicarboxylic acid dichloride, tetrahydrofuran

dicarboxylic acid dichloride, etfc.

[0034)]

These polyfunctional acid halides may Dbe used
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
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

alcohol, polyvinylpyrrelidone, and polyacrylic acids etc., and

13
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20Processes for forming the skin layer including0 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
polaBiyidhdtondt aeidhatide EBMpoRént aré forted tFéshtatt together taay o€
forma skin layer by an interfacial polymerization, and then the obtained
CoRGirnYIAyEr i<34did on a porous support, and a method wherein a skin layer
“od polyamide resin is directly formed on a porous support by the
above-described interfacial polymerization on porous support. Details,

such.as_conditions of the ipteri%c;al c%]éjgpfs Ul n meth Q»' are . .
s e e S A S or i gt s not

e splaPanese Ratent-Applicaton, Laid;Open, No. 01-180208, and,these known

methods are suitably employable. [0038] The thickness of the skin layer
chdoemed on the poreusisuppestis \nof in:particular limited, apehitisusuallyy i ng

approximately 0.05 to 2 4m, and preferably 0.1 to 1 m.

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
usuvally approximately 25  tc 125  um, 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]

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

application method, etc. The interfacial condensaticn method

14
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[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 . |
1 GIVERbAREA aRtBACHarigdnt Used TRIHE pressrtHvaitior ot -7 n¢ 2

po1GAiculptly limjted, 5o Jong s i is. compound & containing A SIver. .. .
g é/omponent, and includes, for examﬁle,lmef%?sfllver, silver oxide, silver S

a pBﬁ'lf‘i’?ﬁ%dc a suppotted materialcontaining. a siiver,jone Amang these, s .

particularly preferable to use a supported material containing a silver ion.

= ogEXamples,of the,supported material include zeplite, silica.gel, 10 calcium .,

phosphate, and zirconium. phosphate. Among these, zirconium phosphate
andstpreterably used: Zircanium phosphate;has strenger Bygrophobicitythan +

that of other supported materials, and can maintain the antibacterial effect

andod thesilverdor atthe simeof waterireatmentioperatienfesatong directly
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
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.

ro03g]

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 um, and preferably 0.1 to 1 um.

roo3e?

After having formed the skin layer on the surface of the
porous support, an antibacterial layver containing a
silver~based antibacterial agent and a polymer component is
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

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

1%
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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,
redineh8hrement or the 25 average particle diameter is performed according
o the description of example. [0042] The silver-based antibacterial
& nt is preferably heat-treated at 700C or higher. By using the
sHve,p—basedlantlb tenal a ent that Is heatltreated at. 7OOC or hjhgher
retention properFy Ré SI ver component cont%med mn the S|Ive Sa%éfffsem

1 n-ANtibacterial ﬁgﬁfgn%ag D& impro eﬂja?t the time, qu;gteer{?suppt% 2 Gampound

Concretely, by us e silver-based antibacteria it Is possi

corRdjystithg silvercontent 10.in the antipacterial layer t0-50%. ot moye, aﬁt%tat

supplying raw water with an accumulated amount of water permeation of

s1i18kout 13im3im?2 relative to:thecontentprior 1o walesypply.«and fis e r141

even possible to adjust the content to 90% or more, depending on a
corheatrtieaimenttemperatuse. Theread-treatment tempesatuse isipreferably

900C or higher, and especially preferably 1000C or higher. The upper limit
prefor theoheat treatmentstemperatuieds not particudartslimited and itliser ion.

usually around 1300C, if it is a temperature at which the silver-based
Exsgmtivagtedial hgeht can réintistantibacterial L uce zeclite, silica gel,
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
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
component 1s improved.
[G041]

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

average particlie diameter is perfermed accerding to the

le
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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
desﬁo?ﬁé%ﬁ%l‘éﬁe%nﬁ%%@%f@ copolymer, etc. Among these, 5 polyvinyl

OOalcohol is preferably used, andespeciallypolyvinyl alcohol having a
{ sﬂé%bnification degree of 99% or more is preferably used, [0044] Elution of

the polyviny] plochal in.the watet igatment 1p operation may be._ .,
prevénted by using polilvmy"flalf:b ol having asagoniﬁcét?o 5égr‘éléaotf Y

nea20% oL More and crgsshinking fhe Q%'¥Yi“yéa'°°h%i'§§ e c:1ver-basea

polyamide-based resin of the sKir layer. Exgmglges of a'method for

2n:Crs3inki: g.polyyinyl.aleehol include methads of forming,an antibacterial .

layer on a skin layer and then immersing the antibacterial layer in
retapohaaientaldehyde solution.acidified with-hydrochleric.agid, Examples +1e

of the polyvalent aldehyde include diaidehydes such as dlutaraldehyde
s 1 Jangkterephihalaidehyder ©rganic cresslinking agents.suelk ag epoxyhe time

compounds and polycarboxylic acids and inorganic 20 crosslinking agents
of suehas Bonopcompoundsrmaybe employedias;theheross linking sgeat

[0045] The antibacterial layer is formed by coating an aqueous
antibacterial agent, 1% is possible to adjust the silver content
in the antibacterial layer tc 50% or more after supplyving 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
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
property and particles are not thermally decomposed so 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

support, and 1s not eluted at the time of water treatment

17
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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

OPESGErtE includedtipRaticalcoRlskuc iR mEPEREN @ffantl Grop&nol
and butanol; and lower alcohols such as methoxymethanol and

PO Igtibkyethandl TO[00%s! YV e ?&H&’éﬂrﬁnoﬁ%ﬁt‘ﬁé@%? Based -aone,

o Antibacterial agent in the aqueo lution is preferably 0.1 to 10% P
nydwéjlzéﬁg‘“8?@‘pre%era5l?/©65 t& gﬁél 8)% b weight™ gatL dition, thé& %oﬁ@@ncf%a"tloﬁ“d

Doiof th feynmerv%onm onent in Lhe agueous solutlon 15is eferably O.Q%3 to
]Y% Welg , more pre?eraﬁly 0. ftg8%y%y Welght [0 o

po wt%!B?ﬁt‘é@fo he aquequsesalution is natpadicularly, E@ESG’ 7 L&B‘Qyﬂ&'}ly |
IS in a’temperature range

alcohol having a sapcnification degree of 99% or more is

preferably used.

[0044]

Elution of the polyvinyl 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 layer
Examples of a method for crosslinking polyvinyl alcohol include
methods of forming an antibacterial layer on a skin layer and
then immersing the antibacterial laver in a polyvalent aldehvde
solution acidified with hydrochloric acid. Examples of ths

lyvalent aldehyde include dialidehvydes such as glutaraldehyde
and terephthalaldehyde. Organic crosslinking agents such as
epoxy compounds and polycarboxylic acids and incrganic
crogslinking agents such as bororn 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

the polymer component onto the skin layver directly or with other
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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
Lavgmperatufe 8Reedts 150C TRembrane Petformraticaterasd o fafdsprnilic
changing of the membrane structure due to heat. [0049] The thickness of
L€ 3HB antibaGEnaPRyer S Hot parittiary fifitdd, \anett is isudfly 6°05° 5
- M, rgf%'gbly %0 0.1t03 12;ntggd more. referapﬁ/ 01to 2§Iai:l‘f the .
2 HRicKRESS of the ahtibacterial layer i€ too thin, the ARtibabterial propert is ™
ot sufficiently_exhibited and salt-blogking -ate_ might d 2crease because
o B anG (A 16 b Gaimageiby Abbg Ao & curel Sbrants t°

watiound.Qn the-atierhand, if 13 the fhickngss af. the. anfibagleriaLlayer is. ..

too thick; water permeation flux might fall below the range of practical use.

oz [0080LThe silyercontentin the antibacteriallayerisipreferably, 30 MgANZ 1 e
or more, and more preferably 35 mg/m2 or more. 20 If the silver content is

of less:than:3 mg/m2; ithecomeas difficudt to maintain an gxeellents such as
antibacterial property for a long term. In addition, from a viewpoint of cost

metanghpreyentio: obmembrane damage; the:sibtes contentlinithezr alicohols
antibacterial layer is

such as methoxymethancl and methoxyethancl.

[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
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
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.

10048]

The temperature when dry processing is performed is not

19
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preferably 1000 mg/mz2 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
padu@BIAEE Knowh Wdter rdafinért rhétHors Ao sieh astiodetiondfc, more

ultrapure water desallqatlon of brackish water or seawater and

%a?srt@\?/é%rqtpegt%erﬁ EXAMPLE T@O%ﬁmpmlature is less than 20°C,
dry processing takes too much time, cr dryving 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
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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
Laysddiice®BEAPORRE SRAfiPEMIcHbhIE éMbrateswas BUi GGt ikfo &sperdfes -
6.mm to obtain a sample. The sample was placed in a container, and 4mL
(085t concentrate nitric acid and 1 mL of hydrofluoric acid were added

thereELo, %%d then the container . L .
urthermore, 1n order Lo improve salt-bleocking property,

water permeability, anti-oxidizing agent property, etc. of the
composite semipermeable membrane, various publicly known
conventional treatments may be applied to the film.

[0052]

The composite semipermeable membrane of the present
invention 1s used sultably for known water treatment methods
suchsnsproductioncﬁfultrapure*watery desalination of bracklsh
water or seawater and wastewater Treatment.

EXAMPLE
[0053]

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

[0054]
[BEvaluation and Measuring Method]
(Measurement of Average Particle Diameter)

The average particle diameter of a silver-based

antibacterial agent was measured on volume basis by laser

dif

Fh

ractometry using a laser diffraction particle size
analvzer.
[0055]

(Measurement of Silver Content in Antibacterial Layer)

21
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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 aqueous solution was measured using an inductive
coupling plasma mass spectrometry device (ICP-MS) thereby to
deterin& TS EiRfET COMBAREATE) FTT 1RE 6 BHBIAREE i Ty &2 foos6] o ut

_ (Measurement of permeation flux and salt-blocking rate) _The

NSy GceFcBimpbaite Beidthieablé membraie withca Shipe df b ed
is cut into a predetermined shape andsize, and is set to a cell for flat film

" gvsﬁagtfoanf*Aenréqﬁggug So s%I"uti%cr)lnc%%]ilai“irkli%(jﬁ\i’;l(rfilcgfra‘{'bcouct‘‘leBOafﬁ&/L1 ml

o= A0d adiisted to 8 pH.9f 65107, with NaOH was forced to contact toa, .
supply side, and a permeation side of the membrane at a differential

wa Pressureof 1.5 Mpa at 23C: A permeatign.velogity av@Qsa%ﬁﬁgfgté@ted to

conductivity of the permeated water obtained by this 25 operation were

midReasked foraand aiparmeatign dwe(m3/m2 dy.and-a,sait-blocking rate « vz ¢
(%) were calculated. The correlation (calibration curve) of the NaC1

theceneentrationant the:electiicreanductivity of the.agueeus selfien Wasre of
beforehand made, and the salt-blocking rate was calculated by a following

2 30éGuationn &rificadditiore $hve.composite semipesmeableomembraner the
produced In the form of a flat film was processed into a spiral shape to

deqpake aidpial elememaand dtsyermeation flatdm3/m2.dand:ontainer to
salt-blocking rate (5) were calculated in the same manner as above.

oL TEOSalRBIctkintrate (FIINGECE condehtration [Mg/kin: 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,

[C056]

(Measurement of permeation flux and salt-blocking rate)

The prcoduced compesite 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
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
gide, and & 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

operation were measured for, and a permeation flux (m’/m°d) and
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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 ,
2 SgitraTBwsresETte TBVErsé UsmiGEi§ coMposite: rfehbraneS(rrarutactired™
&y bNitto_ Denko Corgoragonhlyﬁe;ESZO, without antibacterial layer) and .
(3 hePdrodusEd Composite semipermeabie membrane. and after the fifr was:
corgp govered, culiuting was performed at 35¢ for 24.nqurs. After. thatulhe
schetich ey coli so utlon%vas collected from the ultra-low pressure reverse

£ neOSTIOSIS GOMposiie membrane and the compasite, seayRemeable ;o « 5 or |

membrane to measure the viable bacterial cell Count respectively. The

Tn Yiable bacterigl cell 3-count wasseaunted with Petrifilm, for-Eschecichia cgli; -

measurement (manufactured by 3M Corporation). A case where
tne(Viable hacteriat celt cetntindtradewpressure 1eYerse osMasIS shape to

composite membrane)/(viable bacterial cell count in composite
ma ksemipermeableamembrane)ds d0ik x 104 efmaresvasnanked@s 1R’ and
(excellent in antibacterial activity), and the case of 1 x 102 or less was
salfankédasi'ny (neantibacteralactivetyjulated in the same manner as
above.
Sait-blocking rate (%) = {1 - (NaCl concentration [mg/L] in
permeated liguid) / (NaCl concentration {mg/L] in supply
solution)t x 100
(00577
{Evaluation of Antibacterial Property)

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
Egcherichia coli solution. This Escherichia coll scilution 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

covered, culturing was performed at 35°C for 24 hours. After
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[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 ﬁﬁb%ﬁﬁ?ﬁﬁ%@é@.a%} s Hidasuted by e SHove measufing™ the
, [method), and subsequently dried in an oven at 130C for 3minutes to form_
i ant?oaé?énéﬁg);er,‘tﬁgre%y pro%luci'né“ a%%Wp%%ﬁéé@r%%eﬁ%ggbﬁen whe
confB8TPrane, I0059) xarpple 3.0, - LA LOMPOSits semipermeable, | .
membrane was produced in the 5 same manner as in FIaExampIe 1, except

badDato-7% by weight ot the silversbased antibagterial ageat was.changeddg, ;
2% by weight.

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
1 x 10° or more was ranksd 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

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
pressure reverse osmosis composite membrane (manufactured by
Nitto Denko Corporation, Type: ES20, skin layer:
polyamide~based resin, perfcormance: permeation flux 1.2
(m®/m®d) and salt-blocking rate 99.6 (%) as measured by the above
mezsuring method), and subseguently dried in an oven at 130°C

for 3 minutes to form an antibacterial layer, thereby producing
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[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

3 qeERGITAcAtioTFaegtee76G% ) fvaESpphigdnto the skin layer of an

[0 u#gi;low pressure reverse osmosis composite 20 membrane

anufactured by Nitto Denko Corporation, Type: ES20 ) and

EXErc,ngb_sgqliently dried in an oven at 130C for 3minutes to form an

antibacterial layer. After that, the resulting compos membrane was

immersed | aqueous. ' aining 0.001% by weight of L
g|uta%a|§§ﬁ%§eg é%?%iﬁ%%%%%%% Fiédé%%}f?l%?i%gz% aci fé’rr%ﬁhégc%jn&éf b

sar@nthdried again at 130G for 5 minuwes 10, produce @ GOMPYSIte : (e o=

semipermeable membrane.
silver-based antibacterial agent was changed to 2% by weight,

i
m

Tt
=
b

[0060]
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.
[00el]
Example 4

An aguecus sciution (isopropancl:water=3:7) containing
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
membrane (manufacturedby Nitto Denke Corporation, Type: ES20),
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 0.001%
by welght of glutaraldehyde acidified with 0.24N hydrochloric

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

25



10

15

20

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
pr Beén FidARfEated A BOOEKAEBSed. ISRRERA AL, the produced

ack posite semipermeable membrane was set in a metallic cell, and

-~ “operation was performed under the conditions of a membrane permeation

aﬂuxj%f 1522 (m3/m2(d) and a linear velocity of 0.33 (m3/m2-second) for 11
éné)y‘s, using RC water of 30C as raw water. Subsequently, the composite

20 semipermealle membrane yias. takep gut and the ggvg%%%}ggﬁgimethe

antibacterial layer was measured in the same manner as'above. T

= anfesklis are shown, in;Table1% J3064] Example - .79 vy weight of the

B

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]
Example 6

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.
ARfter 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
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

A composite semipermeable membrane was produced in the

26
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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

SANEy AMAPIRY: exEeptthat & ¥iver-basctraritibactdiial age St (haHUTRG R
b Toagosei Co., Ltd., ,NOVARONAG1100) which had been heat-treated
ki%%%?\kﬁ% LS AR RRY tRE STeF Contert ‘Pr?ﬁ%séﬁtuba%tenair Tayer

d in the same man in Exam er ults are

Nov%gi%ﬁov‘érr??r? ?Lﬂ’lfe 2. l[%ﬁéﬁ%ompa?hnve%Exéﬁr%%Ie Pe e 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]
Exanple &

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 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

shown in Table Z.
[CO66]
Comparative Exampie 1
An aqueous solution containing 0.25% by weight of

polyvinyl alcohol {saponification degres: 99

oe

 was applied to
the skin layer of an ultra-low pressure reverse OSmMOSis
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.

[0067]

27



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 osmosis 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
CompanferasinBXample £ except that 0.7% by weight of the silver -based

fIMET &= | .
antibacterial agent was chanded 10 0.04% By S.We10,. MR cea 1n e

same manner as in Example 1, except that 0.7% by weight of the
silver-based antibacterial agent was changed to 0.04% by

waight,

28



0068 ]

. 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 107gnd theweight ratio between the—msuverlb sed
. i i .
antlbactenglpagent and h¢ olymer component|in th@anﬂlbacte;rlal layer is
55:45to 95 5 (silvef-based antibacterial. agent: olymEGr cpIRpenent). 152,
The compésite sémipétfndablé meibrane accorditigito clajm 1| wherein
the silver-bagsed antibacterial agent is a supported m&ten alicontaining a
. - 1 . i L
silver ion. g 3. The composite semipermeabte f‘iﬁcmb ane-according to
20 claim/1 or 2, wherein the silver-based antibacterial agent kaé an
average pgrtlclg diamieter of| 1.5 pm qr less. 4. The eomposite
semipermeable membraneaceording to claim g&2, whereih the
silver-basddartivacteriatagent is 25 heat-treatef| at 700C or higher.
5. The &bmpositd semipermeablé membrane ac:ear@mg to claim 1,
o, A . . .
wherefii the silver corjtent inithe antibacterial layer 530 mg/m2 or more.
= " P = gL o[
56. Theicomposite semipermeable membrane civcco:rdgng (O] p I
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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.CABSTRACT 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 microbial contamination, and a water

treatrhent MetHBAUSHE e BbRHTSRE Sefmipefhaable FeRibraRéPhe skin

present invention relates to a composite semipermeable membrane
LagBmprisifgd skiniayerformaan the HPAfate 8PR pbrods Suppoitahy 19

containin olvamide-based resin obtained b reacting%a palyfunctional

a
b ram p . : ;

3 Rimif@ tonpotiett witha polytahe iohaf agid halite" ¢Sifponen &ﬁﬁ?ﬁéﬁ?xﬁ*al

antibacterial Iaxgr containing a. silver-based aptibactgriﬁll ﬁ%e-b and a ~
amiig COMpOnent Wil o §8$Xsﬁnc€aonam aci aldde Tomponent,

polymer éomponentis forméd on'the skinlayer
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,
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) .

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

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

heat-treated at 700°C 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).

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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ABSTRACT

It is an object of the present invention to provide z
composite semipermeable membrane having an excellent
resistance property to contamination, particularly an
excellent resistance property to microbial contamination, and
a water treatment method using the composite semipermeable

membrane. The present invention relates to a composite

n
o

mipermeable membrane comprising a skin layer formed on the

ace of a porous support and containing a pelvamide-based

Fh

w

ur
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 laver
directly or with other laver interposed therebetween, and the
welght 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).
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