.DESCRIPTION TITLE OF THE INVENTION: COMPOSITE SEMIPERMEABLE MEMBRANE AND
METHOD FOR PRODUCING THE SAME FIELD OF THE INVENTION [0001] The present
-invention relates to a composite semipeimeable membrane for selectively separating the components
of a liquid mixture and a method for producing the same. More specifically, the present invention
relates to a composite semipermeable membrane that includes a separation functional layer and a
porous support supporting the separation functional layer and has excellent selective permeability.
BACKGROUND ART [0002] There are various techniques for removing dissolved substances
(e.g., salts) from their solvents (e.g.,water), but in recent years, membrane separation processes have
been actively used in water treatment field&RSEREEFEL PRGcesses for saving energy and resources.
Typical membranes for use in membrane separation processes are microfiltration membranes,
ultrafiltration mémBrake$haRHitratiSi FMEMbte CEIFRRETIGEN SFMEHEERYEISS bEnosis
membranes (RO membranes). [0003] Most of RO membranes and NE membranes are composite
semipermeable m : aaﬁlﬁgst%?%War%%ié’&{?ﬁgﬁégﬁlp&{%ngmg a structure in which
a gel layer and a thin film layer (separation functional layer) formed by cross-linking a polymer are
provided on a microporous support membrane: and the other has a structure in which a thin film layer
(separation fgrRgtipnraldayerpfermeg Rypeiyggndensation of a monomer is provided on a microporous
support membrane. As materials of these thin film layers, cross-linked polyamides are often used.
Among them[ agggmposite semipermeable membrane, such as one disclosed in Patent Document 1 or
2, produced by coating a microporous support membrane with a thin film layer made of a cross-linked
polyamide obtained Bydhepadycondensation seaction begveen a muttifwiciional amine and a
multifunctional acid halide is widely used as a reverse osmosis membrane or an NF membrane due to
its high watefF fitik eierisighlsal meqdgione [(004selectively separating the

components of a liguid mixture and a method for producing the
same. More specifically, the present invention relates to a
composite semipermeable membrane that includes a separation
functional layer and a porous support supporting the separation

functional layer and has excellent selective permeability.

BACKGROUND ART
[0002]

Thgre are various techniques for removing dissolved
substances (e.g., salts) from their solvents {(e.g., water), but
in recent years, membrane separation processes have been
actively used in water treatment fields as low-cost processes
for saving energy and resources. Typical membranes for use in
membrane separation processes are microfiltration membranes,
ultrafiltration membranes, nanofiltration membranes (NF

membranes), and reverse osmosis membranes (RO membranes).

{0003] .



In addition to salt rejection performance, ion selective separation performance can also be considered
as a factor having an economic impact on water treatment using RO and NF membranes. For
example, in a case where a membrane has low selective separation performance even though the
membrane is required to allow the passage of monovalent ions but not of divalent ions, the
concentration of ions is excessively increased on one side of the membrane and the osmotic pressure
on that side of the membrane is increased. When the osmotic pressure on one side of the membrane
is increased, ions increasingly try to pass through the membrane to balance the pressure on each side
of the membrane, and therefore a higher pressure is required to allow desalinated water to forcibly
pass through the mégbfané. RRistHzegueatipreqdiresadoer@noant ofenergpliand therefore
increases costs for water treatment. (00051 Currently-used RD and/or NF membranes do not

satisfactorily>SEHiBGERALUR &' SBRARRDR o BV AIBRTIdHs V&Moo CHIBA RIS LRt Hifrefore overall

salt rejection,rate Is high and a large osmotic pressure difference fs created acioss the pembrane.
Accordingly, & higher pressure, that Is, a Targer amount of énergy is required to achieve a practical

flux. Por ths fgasan SUgEnllnusPd RO ANGlOINEQembiages ALa JoL selsferiandiam,he viewpoin

of energy conservation. [0006 On the other hand, in the fields of materials, organic-inorganic

hybrid materjals-arekaewnwhigh aieabiainac by omnininga hydrephiliserganie pelymer and a
condensation product of a silicon compound by utilizing molecular interaction (see, for example, Patent
Documents 3 &nelrdres BlomcPateniRocument éh However, SUth material$ dwmveraatileen previously
used in industrial applications. PRIOR ART DOCUMENTS PATENT DOCUMENTS [0007]

functional laver)} formed by polycondensation of a monomer is

provided on a microporous support membrane. As mate;rials of

these thin film layers, cross-linked polyamides are often used.

Among them, & composite semipermeable membrane, such as one

disclosed in Patent Document 1 or 2, produced by coating a

microporous support membrane with a thin £ilm laver made of a

crass-linked polvamide obtained by the polycondensation

reaction between a multifunctional amine and a multifunctional

acid halide is widely used ag & reverse osmosis membrane or an

NF membirane due to i1ts high water £lux and high salit rejection.

{00041 |

In addition to salt rejection performance, ion selective.

separation performance can also be considered as a factor having

an economic impact on water treatment using RO and NF membranes.

For rexample, in a case where a membrane has low selective

separation performance even though the membrane is required to

allow the passage of monovalent ions but not of divalent ions,

the concentration of iong is excessively increased on oneg side

of the membrane and the osmotic pressure on that side of the



Patent Document 1: JP-A-1-180208 Patent Document 2 JP-A-2005-144211 Patent Do;:ument 3:
JP-A-11-310720

membrane is increased. When the osmotic preséuxe on one side
¢t the membrane is increased, ions increasingly try to pass
through the membrans to balance the pressure on each side of
the membrane, and therefore a higher pressure ig réquifed to
aliow desalinated water *o forcibly pass through the membrane.
This consequently requires a large amount of energy and
- therefore increases costs for water treatment.
[0005]

Currently-used RO and/or NF membranes do not
satisfactorily achieve selective separation of divalent ions
over monovalent ions, and therefore overall salt rejection rate
is high and a large osmotic pressure difference is created
across the membrane. Accordingly, a higher pressure, that ig,
a larger amount of energy is required to achieve a practical
flux. For this reason, currently-used RO and/or NF membranes
are not satisfactory £rom the viewpoint of energy conservation.
[0006 ]

On the other hand, in the fields of materials,
organic-inorganic hybrid materials are known, which are
obtained by combining a hydrophilic organic polymer and a
condensation product of a silicon compound by utilizing.
molecular interaction {(see, for example, Patent Documents 3 and
4 and Non-Patent Document 1). Hoﬁever, such materials have not

been previocusly used in industrial applications.



Patent Document 4: W02004/067611 Non-Patent Document [0008] Non-Patent Document 1:
"Chemistry Letters", The Chemical Society of Japan, Vol. 37, pp. 580-581, 2008 SUMMARY OF THE
DISCLOSURE TECHNICAL PROBLEM [0009] In view of the above problems, it is an object of the

present disclosure to provide a composite semipermeable membrane that achieves excellent selective
separatiored DivRle ARG SDEVETMBABNElent ions and a method for producing the same.
PATENT DOCUMENTS
[0007]
Patent Document 1: JP-A-1-180208
Patent Document 2: JP-A-2005-144211
Patent Document 3: JP-A-11-310720
Patent Document 4: W02004/067611
Non-Patent Document
[0008]

Non-Patent Document 1: “Chemistryl@tters”,iﬂm&Chemical

Society of Japan, Vol. 37, pp. 580-581, 2008

SUMMARY OF THE DISCLOSURE
TECHNICAL PROBLEM
[0009]

In view of the above problems? it ig8 an object of the
present disclosure to provide a composite semipermeable
membrane that achieves excellent selective separation of
divalent ions over monovalent ions and a method for producing
the same.

TECHNICAL SOLUTION
[0010]

In order to achieve the above object, the present
disclosure provides the following.

(I) A composite semipermeable membrane including:

a microporous support membrane; and



. TECHNICAL SOLUTION [0010] In order to achieve the above object, the present disclosure
provides the following. (I)A composite semipermeable membrane including: a microporous support

- membrane; and a separation functional layer provided on the microporous support membrane,
wherein the separation functional layer contains a condensation product produced by condensation of
at least one selected from among ions represented by the following general formula (1) and a

conjugated base of a polymer having at least one acidic group: [0011] rTh N z N- (CHONSi(0OR2)3(1 )
R1

a separation functional layer provided on the microporous
support membrane, wherein the separation functional layer
contains a condensation product produced by condensation of at
least one selected £rom among ions represented by the following

general formula {1} and a conjugated base of a polymer having

at least one acidic group:

N @N s 2 1
N N (CHySiORY), ™
R!

{0011}

~o

{0012]

wherein n is an integer of 1 to 4 and R' and R? each
represent a h’yfirogen atom or an alkyl group having 1 to 4 carbon
atoms.

(I} The composite semipermeable membrane according to
the above (I}, wherein the acidic group is at least one selected
from among & carboxyl group, a sulfonate group, and a
phosphonate group.

(II1) The composite semipermeable membrane according to
the above (I) or (II)}, wherein the conjugated base of the polymer
i1s obtained by polymerizing a mono;ner or monomer mixture
containing at least one conjugated base of a compound having

at least onzs polymerizable double bond.



[0012] wherein n is an integer of 1 to 4 and RI and R2 each represent a hydrogen atom or an alkyl

group having 1 to 4 carbon atoms. (1) The composite semipermeable membrane according to the
above (I), wherein the acidic group is at least one selected from among a carboxyl group, a sulfonate
group, and a phosphonate group. (111) The composite semipermeable membrane according to the

above (1) or (Il) , wherein the conjugated base of the polymer is obtained by polymerizing a monomer
or monomer mixture containing at least one conjugated base of a compound having at least one
polymerizable double bond. (IV) A method for producing a composite semipermeable membrane
including the step of forming a separation functional layer by applying, onto a microporous support
membrane, a coatingliquid:capiainiag eseompaunek iepreseiegdy: the talleviaggeneral formula (2)
and a monomer or monomer mixture containing at least one compound having an acidic group and at
least one patymerizable deubtie hgntlh #rateting i€ with iererg\sreysrahdadryingdtisychedting: [0013] Y
Z N NV N-N- (CH2)nSKOR2)3(2) R1 [0014]

layer by applying, ontc a microporous support membrane, &

moating liguid containing a compound represented by the

following general formula (2] and a monomer or monomer mixture
containing at least one compound having an acidic group and at
Jeast one polvmerizable double bond, irradisating it with ehergy

rays, and drying it by heating:

[0013]

f“‘“‘\ v

N \// D (CH,)—Si(OR?, @
R'i
[00141

wherein n is an integer of 1 to 4, R* and R® each represent
a hydrogen atom or an alkyl group having 1 to 4 carbon atoms,

and ¥~ represents any anion.

EFFECTS OF THE INVENTION
[0015]

According to the present inventicn, it is possible to
obtain a composite semipermeable membrane that achieves
excellent selective separation of divalent ions over monovalent

ions. The compogite semipermesable membrane according to the



wherein n is an integer of 1 to 4, Rl and R2 each represent a hydrogen atom or an alkyl group having
1 to 4 carbon atoms, and Y- represents any anion. EFFECTS OF THE INVENTION According to
the present invention, it is possible to obtain a composite semipermeable membrane that achieves
excellent selective separation of divalent ions over monovalent ions. The composite semipermeable
membrane according to the present invention has excellent selective separation perfotiriarice. and is
therefore economically superior to conventional composite semipeLmeable membranes. Further, even
when the composite semipermeable membrane according to the present invention is sterilized by

allowing chlopiagseaniaining fRad walgr0pass URYoh Jyeoniygusly ocinjermitently, it s less likely
oLpass Huguon Jh o S

to be degraded as compared to conventional composite semipermea membranes. BRIEF

DESCRIPTIQN:@5rHAERRAMING 0016} £ 0Fd0 b isha gianh showing the, ratiq of the absorption
intensity of an absorption band at around 1034 cm-1 to the absorption intensity of an absorption band

at around 10&6:romasltdbasd mposiiessanipenmeabiemebraneoi-examples EMBODIMENTS [0017]
A composite semipermeable membrane according to the present invention is obtained by coating a

microporous SUpp ok atebils arrhavihteyirtslyarseparativnnpedoinance it @ separation
functional layer (thin film layer) virtually having separation performance.
present invention is sterilized by allowing
chlorine-containing feed water to pass through it continuously

or intermittently, it is less likely t¢ be degraded as compared

to conventional composite semipermeable membranes.

BRIEF DESCRIPTION OF THE DRAWING
[00le]

Fig. 1 is a graph showing 'the;- ratic of the absorption
intensity of an absorption band at around 1034 cm™ fo the
absorption intensity of an absorption band at around 1010 cm™?

of a composite semipermeable membrane of Example 1.

EMBODITMENTS
[60171

A composite semipermeable membrane according to the
present invention is obtained by coating a microporous support
membrane having virtually no separation performance with a
separation functional layer (thin £ilm layer) virtually having
geparation performance. |

fooig]

According to the present invention, the microporous



[0018] According to the present invention, the microporous support membrane has virtually no ability
to separate ions and the like, and is provided to impart strength to the separation functional layer ‘
virtually having separation performance. The size and distribution of pores are not particularly limited, .
but the microporous support membrane preferably has, for example, uniform fine pores or fine pores
that gradually become larger from one of the surfaces of the microporous support membrane on which
the separation functional layer is to be formed to the other surface, wherein the size of the fine pores
on the surface on which the separation functional layer is to be formed is 0.1 rim or more but 100 rim

or less. [0018}pporihasnatesiab anckshape ©f the micropoIaUs,suBPesnestyang arasnet particularly
limited, but the microporous support membrane is usually formed by forming a porous support on a
substrate. Fahexamipie, ené dbtgimed bjaeinfortmeepolystifengtteltulosecacetatesidlyvinyl chloride,
or a mixture of two or more of them (porous support) with fabric (substrate) mainly containing at least
one selected fidfit AfTohy Polpesiers bt amo Ravie po RRPfites i prefsraBassd: -AniBHy such
materials for use as porous supports, polysulfone is particularly preferred due to its high chemical,
mechanical, ShtfiEttha SEAGHRH F0G20 M oPe EpB cfiicalf C foREalfdre havig 418pE&tng unit

represented,by. the following chemical formula,is preferably used._fro e viewpoint of easy control of
o hore ize A P AL Epappore RLREIERY EECLOLY HERD oLy

example, uniform £ine pores or fine pores that gradually hecome
larger from one of the surfaces of the microporous support
membrane on which the separation functional layer is to be
formed to the other surface, wherein the size of the fine pores
on the surface on which the separation functional laver ig to
be formed is 0.1 nm or more but 100 nm of less.

[ool9}]

. The material and shape of the microporous support
membrane are not particularly limited, but the microporous
support membrane is usually formed by Forming a porous support
on a substrate. For example, one obtained by reinforcing
polysulfons, cellulose acetate, polyvinyl chloride, or a
mizxture of two or more of them (porcus support) with fabric
{substrate) mainly containing at least one selected from among
polyesters and aromatic polyamides is preferably used. Among
such materials for use as porous supports, polysulfone is
particularly preferred due to its high chemical, mechanical,
and thermal stability.

[0020]

More specifically, polysulfone having a repeating unit



.[0021] \ L-'3 CH3 [0022]

represented by the following chemical formula is preferably

used from the viewpoint of easy control of a pore size and high

dimensional siability.

[0021]
CHS__, —
/\
ﬁ({_/ \ /—Q\/

{00221

| A micropérous support membrane having a surface, most of
which has fine pores with a diameter of several tens of
nanometers or less can be ¢btained by, for example, casting an
N, N-dimethylformamide (DMF)} solutionm of the above-mentioned
polysulfone to a certain thickness on a densely-woven polyester |
fabric or a non-woven polyester fabric and solidifying it in
water by a wet process.
[0023]

The thickness of the microporous support membrane has an
influence on the strength of the composite semipermeable
membrane and the packing density of the composite semipermeable
membrane when it is used as an element. In order to obtain
sufficient mechanical strength and packing density, the
thickness of the microporous éuppo‘rt membrane- iz preferably in
the range of 50 to 300 pm, more preferably in the range of 100
to 250 pm. The thickness of the porous support of the

microporous support membrane is preferably in the range of 10



A microporous support membrane having a surface, most of which has fine pores with a diameter of
several tens of nanometers or less can be obtained by, for example, casting an
N,N-dimethylfoimamide (DMF) solution of the above-mentioned polysulfone to a certain thickness on a
densely-woven polyester fabric or a non-woven polyester fabric and solidifying it in water by a wet
process. [0023] The thickness of the microporous support membrane has an influence on the
strength of the composite semipermeable membrane and the packing density of the composite
semipermeable membrane when it is used as an element. In order to obtain sufficient mechanical
strength and packing density, the thickness of the microporous support membrane is preferably in the
range of 50 10,598 P Mg RLeleraliy G ranoe of 100,10 25005 The fijglgss of the porous
support of the microporous support membrane Is preferably in the range of 10 to 200 um, more
preferably infthexange of 30 to 100 um. [0024] The form of the porous support can be observed
with a scanning electron microscope, a transmission electron microscope, or an atomic force
microscope. In the cése dhabserfatibire usingyder exampls; acstansing electrorimidroscape, a sample
for cross-section observation is prepared by peeling off the porous support from the substrate and
sectioning tHECEEWRISFIFETEBY ™M Récrederitre Melicd: SThbstispreparddsample is thinly
coatedwithplatinum, platinum-palladium, or ruthenium tetrachloride, preferably with ruthenium
tetrachloride"SitF s BhseRledWith BoHiGR-reSbRtioh B2 ESion $8arffifig@8&u&F microscope

(UHR-FE-SE(M at an accgleratlréq;/ Itage of 3.to 6 kV. As thg. hgbégetsrotl)utlon field-emission scanning

electron microsc%rp%?%rp éx%%’ﬁl Igﬁa%afr%%&) Si&ctron: rjﬁlaoscope Canbe TG e thickness of

the porous synparkaeddhe diameteratsydacenores of ihe,PRIOYS SHRPAH 35 delermiged from an

electron micrograph obtained. It is to be noted that in the presentinvention, the thickness and pore

size mean averagasobReasyremepis-takanh tines. 40028 a t « Thesseparationifugcanal layer
virtually has separation performance and contains a condensation product produced by condensation
of at least onesetested fom @iy forrs: Fepiaserited dynthelakbye Teacrhlfopmeles@dand a
conjugated base of a polymer having at least one acidic group. It is considered that the reason why the

desired effectBIRAE Frésent Mve RRsH 88N BodinbENSBecRysE IMMIPsdsadiion furkctional layer, a

conjugated base of the acidic group is jonically bonded to an imidazolium group of the condensation
product ruthenium tetrachloride, preferably with ruthenium

tetrachloride and then observed with a high-rescliution
field-emission scanning electron microscope {UHR-FE-SEM) at an
accelerating voitage of 3 to 6 kV. As the high-resolution
field-emission gscanning electron microscope, for example, a
Hitachi $-900 electron microscope can be used. The thickness
of the porous supporit and the diameter of surface pores of the
porous support are determined from an electron micrograph
obtained. It is to be nocted that in the present invention, the
thickness and pore size mean averages of measurements taken 5
times.
[00625]

The separation functional layver virtually has separation
performance and contains a condensation product produced by

condensation of at least one selected from among ions

10



.[0026] A method for forming the separation functional layer is not particularly limited. For
example, a production method including the step of forming a separation functional layer by applying,

+ onto a microporous support membrane, a coating liquid that contains a monomer or monomer mixture
containing at least one compound having an acidic group and at least one polymerizable double bond
and a compound represented by the above general formula (2), irradiating it with energy rays, and
drying it by heating is preferably employed. [0027] In the above-described production method, the
coating liquid can be obtained by, for example, dissolving or dispersing a monomer or monomer

mixture contaigiiigeaideastone eormnaUBdNdng AmAeidic.4rosp @9d.afdeast.one polymerizable
double bond and a compound represented by the above general g‘ormula (2) in a'solvent, but a method

for obtaining e eoafing liguidyiseotiimitedy thereteas tonghas the goating-Higuid contains the two
compounds. It is to be noted that the compound having an acidic group and at least one polymerizable
double bond ¥#Hé ¢eRRSbEAE Fdireseeredbyiie b e gémerd idfmutad )b pattiadydanized in
water based on its dissociation equilibrium constant. [0028] A method for applying the coating liquid

onto the micropor8is SBpFBR enfthifé kAot SafearRAimiied, Hi¢ separation

functional layer, a conjugated base of the acidic group is
ienicalily bonded to an imidazolimm group of the condensation
product,

[0026]

A method for forming the separation functional layer is
pat Qarticularly'limited. For example, a production method
including the step of forming a separation functional layer by
applying, onto a microporous support membrane, a coating liquid
that contains a monomer or monomer mixture csontaining at least
one compound having an acldic group and at least one
polymerizable double bond and & compound represented by the
above general formula (2), irradiating it with energy rays, and
drying it by heating is preferably emploved,

[0027]

In the above-~described production method, the coating
liquidcanbeobtainedby,forexample.dissolvingordispersing
a monomer or monomer mixture containing at least one compound
having an acidic group and at least one polymerizable double
bond and a compound represented bﬁ the above general formula
(2} in a sclvent, but a method for obtaining the coating liguid

is not limited thereto as long as the coating liguid contains

11



the coating liquid can be applied by any well-known method such as dip coating, spin coating, spray
coating, or brush coating. However, in the present invention, the coating liquid is preferably applied
onto the microporous support membrane by placing an appropriate amount of the coating liquid on the
microporous support membrane, covering the microporous support membrane with a film made of, for
example, polyester whose degree of polymerization is not changed through contact with the solvent,
and allowing it to stand. This is because the required amount of coating liquid can be reduced and
operation is simple. In this case, the time during which the microporous

the two compounds. It is to be noted that the compound having
an acldic group and at least one polymerizable double bond or
the compound re@resenﬁed by the sbove general formula (2} is
partially ionized in water based on its dissociation
eguilibrium constant.

[6628]

2 method for applying the coating lmqu:;.d onto -the
microporous suppcort membrane is not particularly limited, and
the coating 1iguid can be applied by any well-known method such
as dip coating, spin coating, spray coating, or brush coating.
However, in the present invention, the coating liguid is
preferably applied onto the microporcus support membrane by
placing an appropriate amount of the coating liguid on the
microporous support membrane, covering the microporous support
membrane with a film made of, for example, polvester whose
lciegz:ee of polymerization is not changed through contact with
the solivent, and allowing it to stand. This is because the
reguired amount of coating liguid can be reduced and operation
ig simple. In this case. the time during which the microporous
suppo%t membrane covered with the £ilm is allowed to stand is
preferably 30 seconds to 2 minutes. Further, after the f£ilm
is peeled off, the membrane is preferably fully drained without
leaving droplets thereon. By fullﬁ:f’ draining the membrane, it
is possible to prevent the degradation of membrane performance

due to membrane defects formed in portions where droplets have

12



. support membrane covered with the film is allowed to stand is preferably 30 seconds to 2 minutes.
Further, after the film is peeled off, the membrane is preferably fully drained without leaving droplets
thereon. By fully draining the membrane, it is possible to prevent the degradation of membrane
perfoitnance due to membrane defects formed in portions where droplets have remained after
membrane formation. An example of a method for draining includes one in which draining is forcibly
performed by blowing a gas such as nitrogen through an air nozzle. [0029] According to the
above-described production method, the composite semipermeable membrane according to the

present inve%%ﬁggt%j@%gp%eq%%égg %pot%ljncaz?%izongan thﬁ Eg%gyn I'%uid onto tr‘l‘?h%’ |crogorous

support membrane, performing irradiation with energy rays an e%d?y‘fﬁ%. fCase, it is

considered that:a coniugatetihase ghiha MoRQET HrIRERQIEr MiXIYre; canfaining af least one

compound having an acidic group and at least one polymerizable double bond is polymerized by
irradiation witly ebeegyiraysa Fsam thearewpointof vrkabilitys the: time af iragdiation with energy rays
is preferably 5seconds tol5minutes. Further,byperformingheat drying, a condensation product is
obtained by ¢@ddérisation of at least one selected from among ions represented by the above general
formula (1). The temperature of heat drying is preferably 40C or higher, more preferably 80 to 150C.
The time of heat dryfiefFiRTsteRstably Yeenfihotes Selbngek efthereinpdratoreet hedt dejiag is less than
40C or the time of heating is less than 10 minutes, the condensation reaction of the ion of a silicon

compound rec:p%lggﬁtié%ebi TE-BB50E Yoher AABPhane (B RS HR S atierddisripmseeaéd, which causes
defects degr@ﬂ%@%bﬁ%n%?ggggggg%%e; ‘LQQQQ ]th,e application of the coating

liguld onto the microporous support membrane, performing
irradiation with energy rays and then heat drying. In this case,
it is considered that a conjugated base of the monomer or monomer
mixture containing at least one compound having an acidic group
and at least one polymerizable double bond is polymerized by
irradiation with energy rays. From the viewpoint of
workability, the time of irradiation with energy rays is

- preferably 5 secqnds to l5minutes. Further, by performing heat
dryving, a condensation pro@uct is obtained by condensation of
at least one selected from among ions represented by the above
general formula (1). The temperature of heat drying is
preferably 40°C oxr higher, more preferably 80 to 150°C. The time
of heat drying is preferably 10 minutes or longer. IFf the
temperature of heat drying is less than 40°C or the time of
heating is less than 10 minutes, the condensation reaction of
the ion of a silicon compound représented by the above general
formula (1) deoes not satisfactorily proceed, which causes

defects degrading membrane performance.

13



The composite semipermeable membrane obtained by the above production method is preferably
made hydrophilic by immersing it in an aqueous alcohol solution for 1 to 20 minutes. This is because
alcohol is soluble in water and has a high affinity for the hydrophobic surface of the membrane, and
therefore the surface of the membrane canbemadehydrophilic, which makes it possible to increase the
amount of water produced by the membrane. As an alcohol for use in making the surface of the
membrane hydrophilic, a 10 wt% aqueous isopropyl alcohol solution is generally used. [0031] In
the present invention, examples of the acidic group include, but are not limited to, a sulfonate group, a
sulfinate grop@@%cjarboxyl group, a phosphonate group, a phosphinate group, a hydroxyl group, and a
thiol group. Among these acidic groups, at least one selected from among a carboxyl group, a

sulfonate group, andigephesphonate gseud is prefered indhs PEeseniiRvaRiion from-the viewpoint of
acidity and ready availability of reagents. [0032] In the present invention, examples of.the
conjugated k&sevef apoijuner havingiaidéastone atiielgioupradtudey donpigatac: bages of
polyamides , polyesters. polycarbonates , polyacrylates , polyurethanes, polyethers , and polyimides
which contaif&¢ & grbuid e paftision fepbafihg LiFe THeyah frbelehh erhbiivchamers or
copolymers, and are not particularly limited as long as they are ionically bonded to an imidazolium

group of the ContlehBal§APrSEu SIthe or Fe fRESEME BY the EBEVETHE M El forRtB(1). In the

present mvear()jg(raghf{(t)m @aex%w%/goglnt é)foepehso (?Lf syrggggzgg%%cgggg%%% bgsg ’of a golymgr having at
least one acidic group and faci |tat|n36t & contol of 1onic bond Tormation withy the c6nidensation product

of the ion repesented by e above gengral farmulaclln he-canipaieshasa.af the pplymer is

preferably one obtained by polymerizing a monomer or monomer mixture containing at least one

conjugated khase-afates pcpd Seving aldeast ppeeohmecHzabiedeuklie hong J0833ka  In the
present invention, examples of the polymerizable double bond include, but are not limited to, a

(meth)acryloy¥ gtbep merimetinacrylbyley giowhe (Hreth)assylamidelgiogptba alytfeauwp, a vinyl
group, and a styryl group. [0034] In the present invention, examples of the compound having an
acidic grouphdt BaBPsRE DAY HerRabld BoubltDBid MEMERUANF SRR agkcate ks salts, allyl
sulfonic acid, o-st)c/r,ene sulfonic acid and its salts, p-styrenesulfonic acid and its salts, '

m-styrenesulfSAIEAGHR ahY ECBATE YYinli5&zoic acid and its salts, 3-vinylbenzoic acid and its

[0G31]

In the present invention, examples of the acidic group
include, but are not l1imited to, a sulfonate group, a sulfinate
group, a carboxyl group, a phosphonate group, a phosphinate
group. a hydroxyl group, and a thiocl group. Among these acidic
groups, at least one selected from among a carboxyl group, a
sulfonate group, and a phosphonate group is preferred in the
present invention from the viewpoint'of acidity and ready
availability of reagents.

[0032]

In the present invention, examples of the conjugated base
of a polymer having at least one acidic group include conjugated
bases of polyamides, polyesters, polycarbonates,

polyacrylates, polyurethsnes, polyvethers, and polyimides
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salts, 4-vinylbenzoic acid and its salts, acrylic acid and its salts, methacrylic acid and its salts,
2-acryloyloxyethylsuccinic acid, 2-methacryloyloxyethylsuccinic acid, 3,5-diacrylamidebenzoic acid,
-vinylphosphonic acid, allylphosphonic acid, o-styrenephosphonic acid and its salts,
p-styrenephosphonic acid and its salts, and m-styrenephosphonic acid and its salts. [0035] From the
viewpoint of obtaining a composite semipeLleable membrane having high selective separation
performance, the ion represented by the general formula (1) is preferably a compound whose nis 3
and Rl and R2 are each a methyl group, and the acidic group contained in the polymer present in the
thin film is preferably at least one selected from among a carboxylic acid group, a sulfonate group, and

a phosphonate 4 6 From the same viewpoint as described above, the amount of the ion
represented%%gbg)gé\%g %]é]r?enraa? Formuals fﬂ“@o%?a%%%r? thé ESRFTAAR A in TheY

above-described productign.matiasis Riaierably.abaut 4Q,10.90 W@g@epffé%fab'y about 10 to 50

wt% with respect to the weight of a reactive composition. [00371 The separation functional layer of

the compositessemipermenble membrane acsaiding tedhe pé%%e'i?dﬂieaﬁ%% ERLAINS @ composition

formed by ionic bonding between an imidazolium group contained in a condensation product produced
by condensationiofiatdeadtione gelacted fronhamongionsa eprsepted by the genesakfesmula (1) and
a conjugated base of an acidic group contained in an acidic group-containing polymer present in the
condensatioﬁ?ﬁ’@@ﬁ@t‘.ltea by the above general formula {(1). In the present

invention, from the viewpoint of ease of synthegizing a

conjugated base of a polymer having at least one acidic group

and facilitating the control of ionic bond formation with the

condensation product of the ion represented by the above general

formula (1), the conjugated base of the polymer is gﬁreferably

one obtained by polymerizing a monomer or monomer mixture

containing at least one conjugated base of a compound having

at least one polymerizable double bond.

{00331

In the present invention, examples of the polymerizable

double bond include, but are not limited to, a {meth}lacryloyl

group, a (meth)acryloyloxy group, a (meth)acrylamide group, an

allyl group, & vinyl group, and a styryl group.

[0034]

In the present invention, examples of the compound having

an acidic group and at least one polymerizable double bond

include vinyl sulfonic acid and its salts, allyl sulfonic acid,

o-styrene sulfonic acid and its salts, p-styrene sulfonic acid

and its salts, m-styrenesulfonic acid and its salts,

2-vinylbenzole acid and its salts, 3-vinylbenzoic acid and its

15



[0038] When the composite semipermeable membrane according to the present invention is
immersed in 1 mol/L hydrochloric acid for 2 hours under agitation, the acidic group-containing polymer
present in the separation functional layer is eluted. Such a change can be verified by a reduction in the,
ratio of the intensity of an absorption band derived from the acidic group to the intensity of an
absorption band (1010 cm-1) derived from Si-O-Si stretching vibration in an infrared absorption
spectrum measured by an infrared reflection absorption spectrum measuring device. The intensity
ratio does not change when an infrared absorption spectrum is measured in the same manner as
descried above except that the 1 mol/L hydrochloric acid is changed to pure water. This is because, in

acid conditiops, the agidig.aroua,in iis caniygaled base faimyis protonated and she gnjc pond is

broken, and therefore the acidic group-containing polymer held in thé separation functional layer is

eluted into the; selwtions By-ReHarming stehamsexperiment.dt is possible to confilui that, in the
separation functional layer, an imidazolium group contained in a condensation product produced by

condensation -of atjaastiansrselegted:frormamongiions represented by the general formula (1) has
been ionically bonded to a conjugated base of an acidic group contained in an acidic group-containing
polymer presemafithecphelehastien pydducicf0oB9rcid THe Soléacioriuselidethencoating liquid is not
particularly limited as _Iong as it does not dissolve the microporous support membrane and is miscible

with water. EB3&Apled £ BoRRHE Ifide aftohoteRaarLeMétanoR ethanol, 1-propanol, and

2-propanol. In order to promote condensation in.the heat drying process, the coating liquid preferably
eARBEREBHGASIaP of e do ThE UMD oo OB BABRE e

contains Wat%F ?ntgn al frlﬁ'cﬁar or morzé?o]tﬁg number‘o na?groups

contained in gt least,gne seleofed from jqns represented by ihe general farmyladDqving an

imidazolium group. [0040] ~ - In the present invention, the monomer or monomer mixture is not
particularly limitegkas long as it contains at least one compound having at least one polymerizable
double bond, and may contain two or more compounds having one or more polymerizable double
bonds depending orFtherdest ed eharacterist csakthe: separation dsnctonahtbyernemeaycontain a
polymerization initiator, a polymerization aid, or another additive without impairing the effects of the
present inve REHXANH dprodut ot SthbCAcctr ding 36 e predemfinventice, .a Putyhterization
initiator or a polymerization accelerator is preferably added to enhance polymerization reactivity. Here,

the polymeriZSRFE TR &¥d the SEY AL & atteldratdsabe fEEPARTA AR TR %GNd are
appropriatelxqﬁ%lggtgdicsle %@%n}glon tg%§téu%tuere %‘thee&%ﬂ %Q%ngir&ggr%%grarggéﬁgolymerizable
double bonds andthe method o pgl?/merlzarﬁon.a[ﬁ fl]"
group contained in the polymer present in the thin £ilm is
preferably at least one seéelected from among a carboxylic acid
group, a sulfonate group, and a phosphonate group.
[0036]
From the same viewpoint as described above, the amount
- of the ion represented by the sbove general formula (1)
contained in the coating liguid used in the above-desgcribed
production method is preferably about 10 to %0 wt%, more
preferably about 10 to 50 wi% with respect to the weight of a
reactive composition.
[00371]

The separation functional layver of the composite

semipermeable membrane according to the present invention

is



. As the polymerization initiator, any well-known one can be used without particular limitation as long as
it can be dissolved in a solvent used. Examples of such a polymerization initiator include:
acetophenones such as 2,2-dimethoxy-1,2-diphenylethane-1-one,
1-hydroxy-cyclohexyl-phenyl-ketone, 2-hydroxy-2-methyl-I-phenyl-propane-I-one,
1-[4-(2-hydroxyethoxy)-pheny1]-2-hydroxy-2-methy1-1-propane -1-one,
2-hydroxy-1-{4-[4-(2-hydroxy-2-methyl-propiony1)-benzyl]phe nyl)-2-methyl-propane-Il-one,
2-methyl-1-(4-methylthiophenyl)-2-morpholinopropane-1-one,

2-benzyl-2-dimethylamigo-l-{4smarpholin -1
2-(dimethylamino)-Z-[(4-€necgﬁy pﬁ%%]?ﬁfr%%t%j%%ﬁ%%)f)( Eg%%% |<r%/g§5ﬁ1gn?ﬁj:ﬁ%ﬁ?aﬁcﬁ1e, ,

2,4,6-trimethythenzeyl-diphemduhesphineaide.his@h8tHmethvinenzoxl)-phanyphesphineoxide,
bis(115-2,4-cyclopentadiene-1-y1)-bis(2,6-difluoro-3-(1H-pyr role-1-yl)phenyl)titanium,
1,2-octanedibie depii fatrenyithio)e 2 - @b érzaytoxine ) ethaneie, from among ions
1-[9-ethy1-6-(2-methylbenzoyl)-9H-carbazol-3-y1]-,1-(0-acet yloxime),

4-phenoxydiéiBrEAB6 BRe AdnEe-tasngirdichforoaedophéhoardat-atylitiched dsetephenone,
diethoxyacetoghenone,_ 2-_hydroxy-2-methyl-‘l-phenF?/Ipropane-l-one,

1-(4-dodecylBhefif1 o4 oRF- 2o eliRfipfoliffe-fongr acidic group-containing
4-(2-hydroxyethoxy)-phenyl(2-hydroxy-2-propyl)ketone, 1-hydroxycyclohexylphenylketone, and
2-methyl-1-[ %%%t@ﬁtﬁg%%%ﬁgl -g-ﬁ%?pﬁo 51%%%&%8}1- eofigégzmns such as benzoin, benzoin
methyl ether;lggAazqin ethyl ether, benzoin isopropyl ether, and benzoin isobutyl ether; benzophenones

such as benzophenone, benzoylbenzoic acid, 4-phenylbenzophenone, hydroxybenzophenone, and

alcrylated benzophennag; thiexasthenesuiGheas Hasxanthopexyalarathioxapthane, «o
2-methylthioxanthone, and 2,4-dimethylthioxanthone; and others such as 4,4-azobis(4-cyanovaleric

acid), 7,7-azobis(Freymmocapryko adiol, 66 anekis{6ayana-tmeygiDheyyieoisracdBeid
2,2-azobis(2-methylpropionic acid), 2,2-azobis(2-ethy1-4-methoxyvaleric acid), and
2,2-azobis(2858nzy | HrepichisRery. ATHpéioxide-Hased Thiipo ey for-exarhple; sugcinic acid
oK (P e T et o Bhle eparataon Funct ional 1ogor io elapad Jon be used
Such a change can be verified by a reduction in the ratio éf
The intensity of an absorption band devived from the acidic
group to the in_tensity of an absorption band (1010 cm™) éerivéé
from 8§i-0-8i stretching vibration in an infrared absorption
spectrumn@asuredlnraninfraredreflectionabsorptionspactruﬁ
measuring device. The‘intensity'ratio does not change when an
infréred.absarption spectrum is measured in the sameznanner.éé
descried above except that the 1 mol/L hydrochloric acid is
changed to pure water. This is because, in acid conditions,
the acidic group in its conjugated base form is ﬁrotonated.and
the ionic bond is broken, and therefore the acidic
group-containing polymer held in the separation functional

layer is eluted into the solution. By performing such an

experiment, it is possible to confirm that, in the separation
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[0042] As energy rays, ultraviolet rays, plasma, gamma rays, or electron rays can be used. Among
them, ultraviolet rays are preferably used from the viewpoint of simplicity of a device and easy
handling, and ultraviolet rays with a wavelength of 172 nm are more preferably used. [0043] If the
degree of polymerization of the polymer is too low, the polymer flows from the separation functional
layer by washing with RO water after membrane formation so that defects are caused. Therefore, the
concentration of the polymerization initiator to be added is preferably 5 wt% or less with respect to the

weight of aergactive,gamposision, [A044] ni adhe1campesis semiperyeable memprane according to
the present invention produced in such a manner as described above is suitable for use as a spiral

composite ssRipalonecable messiranenliemnentDmed byadndiag icaratndaa tukae pefferated water
collecting pipe together with a feed water channel member such as a plastic net, a permeate channel
member sgeilas tredts aod hneeessatys a-tiprtor enbadding presgetesresistancenurtien, a
composite semipermeable membrane module can also be formed by housing the elements connected
in series ohinsplaeaelinripetiyrbvedsal. {004 5jon ] uBattker Hhecomhposite sdiipermeable
membrane or the element or module using it can be combined with a pump for supplying feed water
thereto, a devit@ fergstetre @maTtic tRefooUVator! bic N6 kB RHR KA QY HESepaFatioh BYStem. The
use of such a separation system makes it possible to separate feed water into permeate as drinkable
water and E6RCEIRRE #at RSBt Passed through the membrane to obtain water fit for purpose.
Therefore, [sggg9a] separation system is expected to be used in industrial applications. Examples

The solvent for use in the coating liguid is not
particularly limited as long as it does not dissolve the
microporous support membrane and is miscible with water.
.Examples of such a solvent include alcoholg such ag methanol,
ethanol, l-propanol, and 2-propanol. In order to promote
condensation in the heat drying process, the coating liquid
preferably contains water in an amount equimolar or more to the
number of condensable functional groups contained in at least
one selected from ions represgented by the general formula (1)
having an imidazolium group.

[0040]

In the present invention, the monomer or monomer mixture
igs not particularly limited as leong as it containsg at least one
compound having at least one polymerizable double bond, and may
contain two or more compounds having one or more polymerizable
double bonds depending on the desired characteristics of the
separation functional layer or may contain a polymerization

initiator, a polymerization aid, or another additive without

18



- [0046] Hereinbelow, the present invention will be described in more detail with reference to the
following examples, but the present invention is not limited to these examples. [0047] It is to be
noted that in the following examples, the rejection rate (Rej) of a composite semipermeable membrane
is calculated by the following foLmula (3) and the petineation rate (Flux) of a composite semipeimeable
membrane is calculated by the following formula (4). [0048] Rej (%) = ((concentration of feed
liquid - concentration of permeate ) /concentration of feed liquid} x 100 (3) Flux (m3-m-2-day-I) =
(amount of permeate per day)/(area of membrane) (4) Example 1 A polyester non-woven fabric
with dimensions of 21 cm x 15 cm (air permeability: 0.5 to 1 cc/cm2/sec) was prepared, and a 15.3

wt% dimethylforrnamid @M%%QIM of palysulfone was cast ontp.the non-waqyen fabric to a
thickness of 200 um atgfoom tempgéa'gt)é]re0 S%Gaﬁ?f imme ia%@%%%g%”ed ?nnpg\ri’eawater and allowed

to stand er PPUBUISS O PIRPARS @ TUCIOPGHOUS SUPPAIEMEPINARE- i nvention, a

polymerization initiator or a polymerization accelerator is
preferably added to enhance polymerization reactivity. Here,
the polymerization initiator and the polymerization
accelerator are not particularly limited and are appropriately
selected depending on the structure of the compound having cone
or more polymerizable double bonds and the method of
polymerization.

[0041}

As the polymerization initiator, any well-known one can
be used without particular limitation as long as it can be
dissolved in a solvent used. Examples of such a polymerization
initiator include: acetophenones such as
2,2-dimethoxy-1, 2-diphenyiethane-l-one,
L-hydroxy-cyclohexyl-phenyl-ketone,
2-hydroxy-2-methyl-l-phenyl-propane-1i-one,
1-[4-(2-hydroxyethoxy)-phenyl]-2-hydroxy-2-methyl-1-propane
~l-gone,
Z-hydroxy—l—{é-[4—(2~hydroxy»2~methyl~propionyl)—banzyl]phe
nyil-Z-methyl-propane-l-one,
Z2-methyl-1-{4-methylthiophenyl)}-2-morpholinopropane-1l-one,
2-benzyl-2-dimethylamino-1-{4-morpholinophenyl)-butanone-1-
one,

2-(dimethylamino}-2-{ (4-methylphenyl )methyl]-1-{4~-{4-morpho

ig



[0049] 2 mL of a coating liquid A prepared by mixing 3.0 parts by weight of sodium
p-styrenesulfonate, 1.5 parts by weight of 3-methy1-1-(3-trimethoxysilylproPyl)imidazolium chrloride,
0.24 part by weight of 2, 2-dimethoxy-1 , 2-diphenylethane-1-one, and 95.26 parts by weight of a 65%
aqueous isopropyl alcohol solution was placed on the microporous support membrane, from the
surface of which droplets had been removed by nitrogen blowing. Then, the surface of the
microporous support membrane was covered with a polyester film (Lumirror(r) manufactured by Toray
Industries,ig&%gyg}ﬁggwg? tq stand.fox.lminute. Then, the Lumirrors was peeled off, and droplets

were removed from the surface by nitrogen blowing. Then, the surface of the microporous support

membraneywas gradiaigd v wiayiolet rays ko minies,Hsngani excimer lamp UER20-172
(manufactured byUSHIO INC. ) that can emit ultraviolet rays with a wavelength of 172 nm. At this time,

the distanceiketween dhe piicopaussRPOr) Mmerdianeasddhe tarop wes, set to 1 cm. Then, the
microporous support membrane was dried by a hot-air drier at 120C for 2 hours to obtain a composite

semipermesabie AenhraneyP050knt adheribus opliaingd eqmpesite. seminesreableimepibrane was
iimuersed in a 10% aqueous isopropyl alcohol solution for 20 minutes. Then, a reverse osmosis test
was performebeuridey theebendiliohs b0 78V Pa and 25C by using 500 ppm salt water adjusted to pH
6.5 as a feed liquid, and as a result, performance results shown in Table 1 were obtained. Likewise, a
reverse oskosiseseRas pererrhed 4moeh ey ddiditons 6 0.95Ra andesiangy lising a 1500 ppm
aqueous Mg504 solution as a feed liquid, and the results of the test are shown in Table 1. [0051]
Pieces of EEMBAPRAY were cut out from the composite semipeLueable membrane and immersed in 1
mol/L hydrochloric acid_under agitation, and infrared absorption spectra were measured after 10
minutes a2 RoG¥drn thd JTAIE GRAJIRRRACEY. 108 T gapRThtained Hfm&ﬂ%%ﬁéﬂ?&uo of the
absorption iqten:sLiI'%/ f a sulfonate %%p-lgljfrive% gbgm tigp1 baéld having an absorption peak at 1034
cm the ab%rp?lon ntensi y% A S Sibond-derved- sorf))tTilorf band having an absorption peak at

around 1010 %mb\{?rf%ﬂ%%@fho&%ge ic%?ﬂfe%@cgﬁég that a polymer having a sulfonate group which
Y

had been present inthe composite semipermeable membrane was washed off due to the cleavage of

ionic bonds, by the, acid. framyhich jtwas sonfitmed thai the gandensatign:pradycet and a conjugated
base of the acidic group-containing polymeri had been ionically bonded to"each other in the composite
semipermeablg, memkyafene thyl-1-phenylpropane-1-one,
1- (4-dodecylphenyl) ~-2-hydroxy-2-methylpropane-1-one,
4 - (2-hydroxyethoxy) -phenyl (2-hydroxy-2-propyl) ketone,
1-hydroxycyclohexylphenylketone, and
2-methyl-1-[4- {methylthio)phenyl] -2-morpholinopropane-1-cne
; benzoins such as benzoin, benzoin methyl ether, benzoin ethyl
ether, benzoin isopropyl ether, and benzoin isobutyl ether;
benzophenones such as benzophenone, benzoylbenzoic acid,
4-phenylbenzophenone, hydroxybenzophenone, and alcrylated
benzophenone; thioxanthones such as thioxanthone,
2-ghlorothioxanthone, 2-methylthioxanthone, and
2,4-dimethylthioxanthone; and others such as
4,4-azobils (4-cyanovaleric acid)}, 7,7-azobis(7-cyanocaprylic

acid), 6,6-azcobhis{6-cyanc-6-cyclohexylcaproic acid),
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[0052] Example 2 A composite semipermeable membrane was produced in the same manner as in
Example 1 except that 3-ethy1-1-(3-trimethoxysilylpropyl)imidazolium chloride is used instead of
-3-methy1-1-(3-trimethoxysilylpropyflimidazolium chloride. The thus obtained composite
semipermeable membrane was evaluated in the same manner as in Example 1, and as a_result,
performance results shown in Table 1 were obtained. [0053] Example 3 A composite semipermeable
membrane was produced in the same manner as in Example 1 except that
3-buty1-1-(3-trimethoxysilylpropyl)imidazolium chloride is used instead of

3-methyl-1-(§-tgq1§£%@§y§y¥l g%yﬁ%ﬁ'&%@ é:héocrid The thus obtained composite semipermeable
, £

membrane was evaluated in the same manner as in mple 1, and as a result, performance results
shown in Tablezl ywexe 0D{INEEN 00  me thoxyvaleric acid), ana

2,2-azobis(2-benzylpropionic acid). As a peroxide-based
compound, for example, succinic acid peroxide {PEROYL® SA

(registered trade name) manufactured by NOF CORPORATION) can

be used.
[e042]

As energy rays, ultraviolet rays, plasma, gamma rays, or
electron rays can be uéed. Among them, ultraviclet raye are
preferably used from the viewpoint of gimplicity of a device
and easy handling, and ultravioclet rays with a wavelength of
172 nm -are more preferably used.

[0043]

If the degree of polymerization of the polymer is too low,
the polymer flowsg froxﬁ the separation functional layer by
washing with RO water after mgmbrane fcrmai:icn 80 that defectis
are caused. Therefore, the concentration of the
polymerization initiator to be added is preferably 5 wi% or less
with respect to the weight of a reactive composition. .
fo044]

The composite semipermeable membrane according to the
present invention produced in such a manner as described above
is suitable for use as a spiral composite semipermeable membrane
element formed by winding it around a tubular perforated water

collecting pipe together with a feed water channel member such
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Example 4 A composite semipeimeable membrane was produced in the same manner as in
Example 1 except that 3-methy1-1-(3-trietboxysilylmethyl)imidazolium chloride is used instead of
3-methyl-1-(3-trimethoxysilylpropyl)imidazolium chloride. The thus obtained composite semipermeable.
membrane was evaluated in the same manner as in Example 1, and as a result, performance results
shown in Table | were obtained. [0055] Example 5 A composite semipermeable membrane was
produced in the same manner as in Example 1 except that the coating liquid A was changed to a
coating liquid B prepared by mixing 1.9 parts by weight of sodium p-styrenesulfonic acid, 2.6 parts by

weight of 1-methyd 3-43-4dmethoxysilvinreryRimidazoliur. chioddes Q.45 part by weight of
2,2-dimethoxy-1,2-diphenylethane-1-one, and 94.76 parts by weight of a 65% aqueous isopropyl

alcohol solutien asddbatihe, pecesswofiradiaihgrbedgicsapateus suppeiizngatyane with ultraviolet
rays for 10 minutes using an excimer lamp UER2D-172 (manufactured by USHIO INC.) that can emit
ultraviolet raysatittea wavetength iof < Z2nhparasiatbeverd i distadué detwreen faetight exit
window of the lamp and the microporous support membrane was set to 1 cm was changed to the
process of irf&diafifg e AfEfRFoGESUPEREMEMTanBSAtFEGIrAYicier s BF 28Mminutes at an
irradiation intenséi%/ of 20 mW/cm2 using a UV irradiation device (TOSCURE 752 manufactured by

i

Hanson TosRAEELiGRting T SpBF&Rs) that 88K @hiit ultraviolet rays with a wavelength of 365 rim. The

thus obtainegoqpi’g osite semipermeable membrane was evaluated in the same manner as in Example
1, and a result, performance results shown in Table | were obtained. [0056] Comparative Example 1

Further, the composite semipermeable membrane or the
element or module using it can be combined with a pump for
supplying feed wate;; thereto, a device for pretreatment of the
feed water, etc. to constitute a fluld separation system. The
use of such a separation system makes it possible to separate
feed water into permeate as drinkable water and concentrate that
has not passed through the membrane to obtain water fit for
purpose. Therefozje, such a separation system is expected to
be used in industrial applications.

Examples
[0046]

Hereinbelow, the present lnvention will be described in
mere detall with reference to the following examples, but the
present invention is not limited to These examples.

[0G47]
It is to be noted that in the f£ollowing examples, the
- redjection rate (Rej) of a composité senipermeable membrane is
calculated by the following formula {(3) and the permeation rate

(Flux) of a composite semipermeable membrane is calculated by
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A composite semipeLmeable membrane was produced in the same manner as in Example 1 except
that 3-chloropropyltrimethOxYsilane is used instead of3-methy1-1-(3-trimethoxysilYIpropyl)imidazolium
- chloride. The thus obtained composite semipermeable membrane was evaluated in the same manner
as in Example 1, and as a result, performance results shown in Table 1 were obtained. [0057]
As can be seen from Table 1, in the case of the composite semipet [sable membrane obtained in
Comparative Example 1, its ability to reject monovalent ions is low, but its ability to reject divalent ions
is also low. On the other hand, in the case of the composite semipeimeable membranes obtained in
Examples 1 and 2, the difference between the monovalent ion rejection rate and the divalent ion

rejection ratg,js I@@ﬁ&ﬂg@ indicatesthatthese composite semipermeable membranes have high
selective separation performance. [0058] Comparative Example 2 A composite semipeteable

membrane Wwas 4¢@duced in the same manner as in Example 1 except that
3-aminopropyltrimethoxysilane is used instead of 3-methy1-1-(3-trimethoxysilylpropyflimidazolium
chloride. The thus abtdiriéd corbposite seiipdrheabié merbrahgidds eFabatat FRthe“¥ame manner
as in Example 1, and as a result, performance results shown in Table 1 were obtained. [0059] As
can be seerfopeTabltes ) thexompdsid semigdmiesie ehibfahe obtfineb3h Comparative

Example 2 is inferior in water, pejteability to the composite semixgar neable n&empr?nes obtained
Flux {m m “-day ¥ = {amount of permeate per day)/(area

of membrane} {(4)

Exemple 1

A polyester non-woven fabric with dimensions of 21 cm x
15 om {air permeability: 0.5 to 1 cc/cm’/sec) was prepared, and
a 15.3 wt¥ dimethylformamide {DMF) solution of polysulfone was
cast onto the non-woven fabric to a thickness of 2060 um at reom
temperature (25°C) and immediately immersed in pure water and
allowed to stand for 5 minutes to prepare a microporous support
membrane.

[00491]

2 mL of a coating liquid A prepared by mixing 3.0 parts
by weight of sodium p-styrenesulfonate, 1.5 parts by welght of
3-methyl-1-(3-trimethoxysilylpropyl)imidazo lium chrioxrdide,
0.24 part by weight of 2,2-dimethoxy-1, 2-diphenylethane-1l-one,
and 95.26 parts by weilght of a 65% agueous isopropyl alcohol
solution was placed on the microporous support membrane, from
the surface of which droplets had been removed by nitrogen
blowing. Then, the surface of the micropoerous support membrane

was covered with a polyester film (Lumirror® manufactured by

23



in Examples 1 and 2, which indicates that the composite semipermeable membrane according to the
present invention is excellent in both water permeability and selective separation performance. [0060]
Comparative Example 3 A microporous support membrane was prepared in the same manner as .
in Example 1. An aqueous solution containing 0.8 wt% of piperazine, 0.2 wt% of
1,3-bis(4-piperidyl)propane, 0.5 wt% of a surfactant (Newcol 271A manufactured by Nippon Nyukazai
Co., Ltd.) and 1.0 wt% of trisodium phosphate was applied onto the microporous support membrane
and dried by hot air at 120C for 40 seconds after draining by an air knife. Then, a 0.3 wt% decane
solution of trimesic acid chloride was applied thereonto and then heat treated by hot air at 100C for 5
minutes to afswasdotibrstorpresecthd herpdndqueedstaikaking saution conataining SxRwt% of sodium
carbonate and 0.1 wt% of sodium dodecyl sulfate was applied thereonto to stop the reaction to obtain
a composite %’é%ib@ﬁﬁéﬁ@l@{@n@ﬁbméﬁw@ fHus ebthided pomipositersemipasmenhie saembrane was
evaluated in the same manner as in Example 1, and as a result, performance results shown in Table 1
were obtained J00&T] 2°© ARV AR BERERR Fdmtasle 1TBRLonpEsifisénisemicable membrane

obtained in %g@gg{%%t;:\eeulsixsa{p I% 3 isngg;‘negioagg selectjve S%ﬁiaration of divalent ions over monovalent
ions to the composite semipermeable Membranes obtained i Exghhpidsh ghgeeviolet

rays for 10 minutes using an excimexr lamp UER20-172
(manufactured by USHIO INC.} that can emit ultraviolet rays with
a wavelength of 172 nm. At this time, the distance between the
microporous gupport membrane and the lampwas set to Ll ocm. Then,
the microporous support membrane was dried by a hot-air drier
at 120°C for 2 hours to obtain a composite semipermeable
membrane.,
60501

The thus obtained composite semipermeable membrane was
immersed in a 10% agueous isopropyl alcohol solution for 20
minutes. Then, a reverse osmosis test was performed vnder the
conditions of 0.75 MPa and 25°C by using 500 ppm salt watexr
adjusted topH 6.5 as a feed liguid, and as a result, performance
results shown in Table 1 were obtained. Likewise, a reverse
osmosis test was performed under the conditions of 0.75 MPa and
25°C by using a 1500 ppm aqueous Mgs0, solution as a feed liquid,
and the results of the test are shown in Table 1.
[o051]

Pieces of 1 cm x 1 om were cut out from the composgite
semipermeable membrane and immersed in 1 mol/L hydrochloric

acid under agitation, and infrared abgorption spectra were
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[00621 Table 1 NaCl 500ppm MgSO4 1500131m Rej.(%) Flux (mid) Rej.(%) Flux (mid)

measured after 10 minutes and 2 hours £xrom the start cf agitation.

Fig. 1l is a graph obtained by plotting the ratio of the absocrption

‘iptensity of a sulfonate group-derived absorption band having

s

an absorption peak at 1034 cm ' to the absorption intensity of
a $i-0-Si bond-derived absorption band having an abzgorption
peak at around 1010 cmq'versus agitation time. Fig. 1 shows
that a polymer having a sulfonate group which had been present
in the composite semipermeable membrane was washed off due 1o
the cleavage of ionic bonds by the acid, from which it was

confirmed that the condensation product and a conjugated base
of the acidic group-containing polymer had been ionically

bonded to each other in the composite semipermeable membrane.

[0052]

Example 2

A composite semipermeable membrane was produced in the
zame manner as in Example 1 except that
3~eth§l~1w(3~trimethoxysilylpropyl)imidazolium chloride is
used instead of
3-methyl—l—(3~trimethoxysilylpropyl}imidazolium chloride.
The thus obtained composite semipermeable membrane was
evaluated in the same manner as in Example 1, and as a result,
performance results shown in Table 1 were obtained.
(00531

Example 3

A composite semipermeable membrane was produced in the
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Example 1 13.7 1.10 82.7 0.96 Example 2 15.5 0.87 71.4 0.91 Example 3

same manner as in Example 1 except that
3-butyl-1-{3-trimethoxysilylpropyl)imidazeliom chloride is
used instead of
3-methyl-1-(3-trimethoxysilylpropyl}imidazeolium chloride,
The thus obtained composite semipermeable membrane Was
evaluated in the same manner as in Example 1, and as a result,
performance results shown in Table 1 were obtained.
[0054]

Example 4

- A composite semipermesble membrane was produced in the

same manner as in Example 1 except that
3-methyl-1-(3-triethoxys ilylmethyl)imidazolium chloride is
used ingtead of
3-methyl-1-(3-trimethoxysilylpropyl}imidazolium chloride .
The thus obtained composite semipermeable membrane was
evaiuvated in the same manner as in Example 1, and as a result,
performance results shown in Table 1 were obtained.
[¢0585]

Example 5

A composite semipermeable membrane was produced in the
same manner as in Example 1 except that the coating liguid A
was changed to a coating liquid B prepared by mixing 1.9 parts
by weight of sodium p-styrenesulfonic écid, '2. 6 parts by weight
of L-methyl-3-( 3-trimethoxysilylpropyl)imidazolium chloride,

0.15 part by weight of 2,2 -dimethoxy~1, 2-diphenylethane-1-one,

26



- 5.20.1060.5 0.10 Example 4 37.8 1.15 86.0 1.13 Example.5 8.8

and 24.76 parts by welght of a 65% agueous isopropvl alcohol
solution and that the process of irradiating the microporous
support membrane with ultraviolet rays for 10 minutes using an
excimeyr lamp UER20-172 (manufactured by USHIO INC.) that can
emit ultravioclet rays with a wavelength of 172 nm in a state
whera the distance between the light exit window of the lamp
and the microporous support membrane was set to 1 cmwas changed
to the process of irradiating the microporous support membrane
with ultraviolet rays for 20 minutes at an irradiation intensity
of 20 mW/cm’ using a UV irradiation device (TOSCURE 752
manufactured by Harison Toshiba Lighting Corporation) that can
emit ultraviolet rays with a wavelength of 365 nm. The thus
obtained composite semipermeable membraﬁe was evaluated in the
same manner as in Example 1, and a result, performance results
shown in Table 1 were obtained.
[0656]

Comparative Example 1

A composite semipermeable membrane was produced in the
same manner as in Example 1 except that
3~chloropropfltrimethcxysiiane isg .used instead
of3-methyl-1-{3-trimethoxysilylpropyl)imidazolium chloride.
The thus obtained composife semipermeable membrane was
evaluated in the same manner as in Example 1, and as a result,
performance results shown in Table 1 were ocbtained.

[00657]
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1.52 61.6 1.03 Comparative Example 1 13.2 11.04 2.3 8.70 Comparative Example 2 22.6 0.60

As can be seen from Table 1, in the case of the composite
semipermeable membrane obtained in Comparative Example 1, its
abllity to reject monovalent ions is low, but its ability to
reject divalent ions is also low. On the other hand, in the
case of the composite semipermeable membranes obtained in
Examples 1 and 2, the difference between the monovalent ion
rejectlion rate and the divalent ion rejection rate is large,
which indicates that these composite semipermeable membranes
have high selective separation performance.

{6058}

Comparative Example 2

A composite semipermeable membrane was produced in the
Same manner as in Example 1 except that
S-aminopropyltrimethoxysilane is used instead of
3—methyl—l—{3~trimethoxysilylpxopyl}imidazolium chloride.
The thus obtained composite semipermeable membrane was
evaluated in the same manner as in Example 1, and as a result,
performance results shown in Table 1 were obtained.
foos9]

As can be seen from Table 1, the composite semipermeable
membrane obtained in Comparative Example 2 is inferior in water
permeabilityix;theccmpositesemipermeablanmmbranasobtained
in Examples 1 and 2, which indicates that the composite
semipermeable membrane accarding t0 the present invention is

excellent in both water permeability and selective separation
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82.6 0.60 Comparative Example 3 82.8 1.22 99.8 1.15 INDUSTRIAL APPLICABILITY [00631

The composite semipermeable membrane according to the present invention can be used in water
treatment fields such as solid-liquid separation, liquid separation, filtration, purification, concentration,
sludge treatment, seawater desalination, drinking water production, pure water production, wastewater
reuse, wastewater volume reduction, and valuable resource recovery. According to the present
invention, it is possible not only to provide a high-perfoilance membrane but also to expect
improvemenis sych.as&nergy conservation and reduction in running costs.

[0060]

Comparative Example 3

A microporous support membrane was prepared in the same
manner as in Example 1. An agueous solution containing 0.8 wt%
of piperazine, 0.2 wt% of 1,3-bis(4-piperidyl)propane, C¢.5 wt%
of a surfactant (Newcol 271A manufactured by Nippon Nyukazai
Co., Ltd.) and 1.0 wt% of trisodium phosphate was applied onto
the microporous support membrane and dried by hot air at 120°C
for 40 seconds after draining by an air knife. Then, a 0.3 wt%
decane solution of trimesic acid chloride was applied thereonto
and then heat treated by hot air at 100°C for 5 minutes to allow
reaction to proceed. Then, an agqueous alkaline solution
containing 5.0 wt% of sodium carbonate and 0.1 wt% of sodium
dodecyl sulfate was applied thereonto to stop the reaction to
obtain a composite semipermeable membrane. The thus cbtained
composite semipermeable membrane was evaluated in the same
manner as in Example 1, and as a result, performance results
shown in Table 1 were cbtained.

[0061]

As can be seen from Table 1, the composite semipermeable
membrane obtained in Comparative Example 3 is inferior in
selective separation of divalent ions over monovalent ionsg to
the composite semipermeable membranes obtained in Examples 1

and 2.
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WHAT IS CLAIMED IS: 1. A composite semipermeable membrane comprising: a microporous support
membrane; and aseparationfunctionallayerprovidedonthemicroporous support membrane,
wherein the separation functional layer contains of a condensation product produced by condensation
of at least one selected from among ions represented by the followinggeneralformula(l)anda
conjugated base of a polymer having at least one acidic group: Nr7(r)(C1-12),Si(OR(1) R1

wherein n is an integer of 1 to 4 and RI and R2 each represent a hydrogen atom or an alkyl group

having 1 to 4 carbon atoms. 2. The composite semipeiineable membrane according to claim 1,
wherein the acidic %roup is at least one selected from among a carboxyl group, a sulfonate group, and
a phosphona{tgﬁ b p. The composite semipermeable membrane according to claim 1 or 2,

wherein the conjug%%?gsg of the polymer is

NaCl 500ppm MgS0, 1500ppm
Rej. (%} Flux {m/d} | Rej. (%) Flux {m/4}
Example 1 13.7 1.10 82.7 0.96
Ewample 2 15.8 0.87 71.4 0.91
Example 3 5.2 0.10 50.5 ¢.10
Example 4 37.8 1.15 B6.0 1.13
Example 5 8.8 1.52 61.86 1.03
Comparative
Example 1 13.2 11.04 Z2.3 8.70
Comparative
Example 2 22.6 0.60 82.6 0.60
Comparative
Example 3 82.8 1.22 99.8 1.15

INDUSTRIAL APPLICABILITY
[0063]

The composite semipermeable membrane according to the
present Invention can be used in water treatment fields such
as solid-liquid separation, liguid separation, filtration,
purification, concentration, sludge treatment, seawater
ﬁesaiinaticn,dxinkingwaﬁarproduction,yurewaterprﬁduction,
wastewater reuse, wastewater volume reduction, and valuable
rescurce recovery. According to the present invention, it isg
possible not only to provide a high-performance membrane but
also to expect improvements such as energy conservation aﬁd

reduction in running costs.
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. Obtained by polymerizing a monomer or-monomer mixture containing at least one conjugated base of
a compound having at least one polymerizable double bond. 4. A method for producing a
composite semipermeable membrane comprising the step of forming a separation functional layer by
applying, onto a microporous support membrane, a coating liquid containing a compound represented
by the following general formula (2) and a monomer or monomer mixture containing at least one
compound having an acidic group and at least one polymerizable double bond, irradiating it with
energy rays, and drying it by heating: Y N z7 N- (CH2 31(0R2)3(2) R1 wherein n is an integer of .
to 4, R1 and R2 each represent a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, and Y-
represents anyzanion. ARSHRAGE:  Disclosed herein are a composite semipermerable membrane
and a method for producing the same. The composite semipermeable membrane comprises a
microporous support membrane and a separation functional layer provided on the microporous
support membrane, wherein the separation functional layer contains a condensation product produced
by condensation of &t ledstTHROSE&ERESRBAPHIEGHRUPCCANSISHRBTST IBRERT HFaRExysilanes each
having an imidazolium group and a conjugated base of a polymer having at least. one acidic group.
The composite sembefAfTe AL AHE AL VEE B RentEfective separation of divalent ions

over monovalent ions, and is %uitab for.use in Vfll’iOUS water tgfaémené[ fields such as seawater
L L E BE ar? ion qutlonal aver provided on the microporous
desalination and drlr?klnj)wa er production.

support membrane, wherein the separation functional laver
containe of a condensation product produced by condansation of
at least one selected from among ions represented by the
following general formula {1) and a conjugated base of & polymer
having at least one acidic group:
| S—
anx

N N— (CH—SI(OR?),
jf/ H\\w/ff 24n 3
R |

wherein n is an integer of 1 to 4 and R’ and R? each
rapresent a hydrogen atom or an alkyl group baving 1 to 4 carbon

atoms.

2. The composite semipermeable membrane according to
claim 1, wherein the acidic group is at least one selected £rom
among a carboxyl group, a sulfonate group, and a phosphonate

group.

3. The composite semipermeable membrane according to

claim 1 or 2, wherein the conjugated base of the polymer is
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obtained Iby poelymerizing a monomer or monomer mixture
containing at least one cenjugated base of a compound having

at least one polvmerizable doubls bond.

4. A method for producing a compesite semipermeable
membrane comprising the step of forming a separation funcltional
laver by applying, onto a microporous support membrane, a
coating liguid containing a compound represented by the
following general formula (2} and a monomer or monomer mixture
containing at least one compound having an acidic group and at
least one'polymerizable double bond, irradiating it with energy

rays, and drying it by heating:

Y
N N— (CH,); S{OR?), @

R'l

wherein n is an integer of 1 to 4, R and R? each represent
a hydrogen atom or an alkyl group having 1 to 4 carbon atoms,

and ¥ represents any anion.
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ABSTRACY

Discloged herelin are a composite semipermerable membrane
and a method for producing the same. The composite
semipermeable membrane comprises z microporous support
membrane and a separation functional layer provided on the
microporous support membrane, wherein the separation
functional layer contains a condensation product produced by
condensation of at least one selected from the group consisting
of ioms of trialkoxysilanes each having an imidazolium group
ané a conjugated base of a polymer having at least one acidic
group. The composite semipermeable membrane achieves
excellent selective separation of divalent ions over monovalent
long, and is suitable for use in various water treatment fields

such as seawater desalination and drinking water production.
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