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 semipermeable 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) Butd-teEpRi 8RS, membrane separation processes have
been actively used in water treatment fields as low-cost processes for saving energy and resources.

Typical membraneg far age iTARMPRPESSNARION@NMEEESES At ierafiftratioppiemliranes,

ultrafiltration membranes, nanofiltration membranes (NF membranes); and reverse osmosis
membranes (RO riMB&IGSE [Q098] METHOD FOR PRODUCING THE SAME

FIELD OF THE INVENTION
[0001]

The present invention relates to a composite
semipermeable membrane for selectively separating the
components of a liguid mixture and a method for Qroducing the
same. More specifically, the present invention relates to a
composite semipermeable membrane that includes a separation
functionallayerauulaporoussupportsupportingtheseparation

functional layer and has excellent selective permeability.

BACKGROUND ART
[006G21

There are various techniques for removing dissolved
substances (e.g., salts) from their solvents (e.qg., 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]



Most of RO membranes and NF membranes are composite semipermeable membranes, and most of
them are divided into two types: one has 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 functional layer) formed
by polycondensation 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, a composite
semipermeable membrane, such as one disclosed in Patent Document 1 or 2, produced by coating a
microporous suppaitRenyirans Witk thin dm dayeriprade alba srass-linke dpalya/aidesobtained by
the polycondensation reaction between a multifunctional amine and a multifunctional acid halide is
widely used:ag Boeraesthosmasisonendansal an NF aferoheane duedtovtisikighiwaterdfitx and high
salt rejection. [0004] In addition to salt rejection performance, ion selective separation
performanceysrsalsokeicon sideredas-afecton havindian econdmicempact en weter frediiment using
RO and NF membranes. For example, in a case where a membrane has low selective separation
performanckagisen it imantbrand ioreguitaywrdl ow theefabyage ©f tndniovialerd iens but not
of divalent ions, the concentration of ions is excessively increased on one side of the membrane and
the osmoticgrEEsaie BFetHE Ftidsife fmarhBIH RS IHE CHIBE OWh BR TRE 88fotRIsrddstire on one
side of the membrane is increased, ions increasingly try to pass through the membrane to balance the
pressure o ERER sﬂfé;oﬁtf%%%ﬁ?ﬁ?gﬁe,%&’Wé?@f&eé‘ﬁi@hgll%s%ﬁf@ﬁ reteRatas HBw
desalinated water to forcibly pass through the membrane. This consequently requires a large amount
of energy ahdferetGRlint FRaREs CoRE et WatePTEBiBRC o] o ‘ﬁpu effiy:08&d RS and/or NF
membranes do nlo(tisgtisfactorli\%éaglgieg}e: sglsecstil\l(e se %1r%tt(iaoﬁqbcl);c drii\éalen;&isorgé %verrinégréo%@ent ions,
and therefore ovarall salt’ re?‘ec iOR Tate |soh|gh andka arge osmotic pressure difference is created

across the meaIane: ¢ ¢GaigInaly. 2 DioBeb BLesPHIS. I3k 5 g araes amaury of gnerguds required to

achieve a practical flux. For this réason, currently-used RO and/or NF membranes are not satisfactory

from the viexyRaigt QhRAETO% CoBsRIVatYR [00A8he rmOuhe atlaiiant. in thefields of materials,

organic-inorganic hybrid materials are known, which are obtained by combining a hydrophilic organic
polymer ang psconslensatian pradict ohaslisoncompeund, by uillizing malscWakiniergcton (see, for

example, PatentDocuments3 and 4 and Non-Patent Document 1). However, such materials have not
been previchstyrused thindusisied appheationsne with a thin £ilm layer made of a
cross-linked polyamide obtained by the polycondensation
reaction between a multifunctional amine and a multifunctional
acid halide is widely used ag a reverse osmosis membrane or an
NF membrane due to its high water £flux and high salt rejection.
[0004]

In addition to salt rejection performance, ion selective
separation performance can also be considered as a factor having
an economic impact on watexr treaiment using RO and NF membranes.
For example, in a case where a membrane has low selective
separation performance even though the membrane is reguired to
allow the passage of monovalent ions but not of divalent ions,

the concentration of ions i1s excessively increased on one side

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



| PRIOR ART DOCUMENTS PATENT DOCUMENTS [0007] Patent Document 1: JP-A-1-180208
Patent Document 2: JP-A-2005-144211 Patent

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 réquired to
ailow desalinated water to 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 is,
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.
100061

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). However, such materials have not

been previously used in industrial applications.



Document 3: JP-A-11-310720 Patent Document 4: W02004/067611 Non-Patent Document

PRIOR ART DOCT

ENTS
PATENT DOCUMENTS
[0c07]
Patent Document 1: JP-A-1-180208
Patent Document 2: JP-A-20(05-144211
Patent Dogcument 3: JP-A-11-310720
Patent Document 4: WC2004/067611
Non-Patent Document
[0008]
Non-Patent Document 1: "Chemistrv Letters”, The Chemical

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

SUMMARY OF THE INVENTION
TECHANICAL PROBLEM
[0009]

In view of the above problems, it is an object of the
present invention to provide a composite semipermeable membrane
that achieves excellent selective separation of divalent ions
over monovalent ions and a method for preoducing the same.
THRCHNICAL SOLUTION
[0010]

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

{I) A composite semipermeable membrane including:

a microporous support membrane; and



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

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]

L@

e
R1/ N

N— (CH,)~Si(OR?,

f0012]

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

(IT) 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.

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

at least one polymerizable double bond.



(DA 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] Nz N- (CHAT Si(OR2)3(1 ) IR1 [0012] wherein n is an
integer of 1 to 4 and R1 and R2 each represent a hydrogen 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 a carboxgl rOUf, a sulfonate rOlﬁ) and a
phosphonate grou I A method for produding a < mgos te semiparmeable

membrane including the step of forming a separation functicnal
layer by applying, onto a microporous support membrane, a
cecating liguid containing a compound represented by the
following general formula (2) and a monomer or moncmer 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:

[0013]
| \ Y@
O, .
N~ N=(CH)SI(OR?), @
R T
[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]

Accoxrding to the present lnvention, 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



(1) The composite semipermeable membrane according to the above (I) or (II), 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 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
polymerizai& GdtiBie bohe HaRatRg i vﬁﬁ‘?@ﬂ@ﬁﬂ}?ﬁ&?ﬁnﬂt&f‘ﬁﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁ& [0013] y NN
(CH2)nSi(ORQ:3é%}rTF§1 0014] V.Vhergiin n 11% an inte%er of 1to 4, le and R2 each represent a
hydrogen aton 6F G AT grotihaving 1o eF CaBoR GRS 15ad- VY r§HREERR T anion. EFFECTS

OF-nﬂEIN%%NJgB@ional composite semipermeable membranes. Further,
even when the composite semipermeable membrane according to the
present invention is sterilized by allowing
chlorine-containing feed water to pass through it continuously
or intermittently, it is less likely to be degraded as compared

to conventional composite semipermeable membranes.

BRIEF DESCRIPTION OF THE DRAWING
[0016]

Fig. 1 is a graph showing the ratio of the absorption
intensity of an absorption band at around 1034 cm? to the
absorption intensity of an absorption band at around 1010 cm™t

of a composite semipermeable membrane of Example 1.

EMBODIMENTS

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
separation performance.
{o018]

According to the present invention, the microporous



[0015] 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 performance, and is therefore economically superior to conventional composite
semipermeable membranes. Further, even when the composite semipermeable membrane according
to the present invention is sterilized by allowing chlorine-containing feed water to pass through it

continuously ar intermittently, it is, less likel tOI?F degraded as compared._to onve ional composite
semipermeggf%?r%g#g%rﬁ%gy?gﬁlﬁéﬁ%% %Iﬁl%%%%%i%ﬁ\%) ?C? %6? &tllgiggiijl 1‘ﬁ is a graph
showing the fatiq pf the ahsorption.itensily ehanabsorntien-band At aound 1034.6m4d Ig,the
absorption intensity of an absorption band at around 1010 cm-1 of a composite Semipermeable

membrane gf Example 1. EMBOPIMENTS [P8L4L ng s&f0rposis seminermeable membrane

according to the present invention is obtained by coating a microporous support membrane having
virtually no separaion perfarmance:with arseparalion functivnaplayen thindfimyayenividaally having

separation performance.
but the microporous support membrane preferably has, for
example, uniform fine pores or f£ine 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 nm or more but 100 nm or less.
[0019]

The material and shape of the microporous support
membrane are not pariticularly limited, but the microporous
support membrane is usually formed by forming a porous support
on a substrate. For example, one obtained by reinforcing
polysulfone, cellulose acetate, polyvinyl chloride, or a
mixture of two or more of them (porous suppert) with fabric
{substrate) mainly containing at least one selected from among
polyesters and arcmatic 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.

[0020C]

More specifically, polysulfone having a repeating unit



[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 nm or more but 100 nm
or less. [0019] The material and shape of the microporous support membrane are not particularly
limited, but 5@ RAGBPEFGLLIUPPER hembtaies gheaiydeinddbitdmnihg apperbasabpport on a
substrate. For example, one obtained by reinforcing polysulfone, cellulose acetate, polyvinyl chloride,
or a mixturé'§FvG orhEREoY 3R GItbURTS GEFaTtF RAth T80 @ fs@hBraR )ShamIieentdiafhg at least
one selected from among polyesters and aromatic polyamides is preferably used. Among such
materials fo hrg%na%lﬁ&%%]s%%ﬁB&Pt%,tgdlysulfone is particularly preferred due to its high chemical,
mechanical[ %gmermal stability. [0020] More specifically, polysulfone having a repeating unit

. CHa
; 3/*\ TN
@““C%?x/f@ \_/

CH;

[6022]

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-dimethvliformamide (DMF) socolution 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 to 300 ym, 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



represented by the following chemical formula is preferably used from the viewpoint of easy control of
a pore size and high dimensional stability. [0021] [0022] 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-dimethylformamide (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'GtdéPtb dhtairlSificieRthfichahital BtréhGth Z#agracking®dertSty! e tickness of the
microporou qu%%rt membrane is preferably in the range of 50 to 300 Fm, more preferably in the
range of 10 o Rm. The thickness of the porous support of the microporous support membrane is

preferably in the rangg o£40,. 0,200 yn. more, prefergbly i e fange of 300,400 1y, 09241

The form of the porous support can be observe scanning electron microscope, a transmission

electron migrascope, 1R At frce icroseope, In. the case of ahsepvation ising, for example, a

scanning electron microscope, a sample for cross-section observation is prepared by peeling off the

porous SUpREK.fuR dhe Substrale aNdeCtoRIIbePRERUSSIRRONT by:a freezediactye method. The
thus prepared sample is thinly coated with platinum, platinum-palladium, or ruthenium tetrachloride,

preferably with &xtheniven tel asbloride-anesthenobsesvethwith a Bigh-raselutien figkkemission
scanning electron microscope (UHR-FE-SEM) at an accelerating voltage of 3 to 6 kV. As the
high-resolutios disid-e nfissiotrscanning-eleciioaunierascopenion e xarnpler adlbgchics-000«lectron
microscope can be used. The thickness of the porous support and the diameter of surface pores of the
porous suppdit arbelatermemed $Eppanteléctoon biierogripit obteenedhdt setotieonadteg thaein the
present invention, the thickness and pore size mean averages of measurements taken 5 times.
porcus suppoxrt by a freeze-fracture method. The thus prepared
gample is thinly coated with platinum, platinum-palladium, or
ruthenium tetrachloride, preferably with ruthenium
tetrachloride and then observed with a high-resolution
field-emisgion gcanning electron microgcope (UHR-FE-SEM} at an
accelerating voltage of 3 toc 6 kV. As the high-resolution
field-emissicn scanning electron microscope, for example, a
Hitachi S-900 electron microscope can be used. The thickness
of the porous support and the diameter of surface pores of the
porous support are determined from an electron micrograph
obtained. It is to be noted that in the present invention, the
thickness and pore size mean averages of measurements taken 5
fimes.
[0025]
The separation functional layer virtually has separation

performance and contains a condensation product produced by

condensation of at least one selected from among ions

10



[0025] The separation functional layer virtually has separation performance and contains a
condensation product produced by condensation of at least one selected from among ions
represented by the above general formula (1) and a conjugated base of a polymer having at least one
acidic group. It is considered that the reason why the desired effect of the present invention can be
obtained is because, in this separation functional layer, a conjugated base of the acidic group is
ionically bonded to an imidazolium group of the condensation product. (00261 A method for
forming the ration functional layer is not particularly limited. For example, a production method
including thggsge%pegfe%}“r%%ghg s%ellﬁ)%rgtgfgﬁf?u% 64 %yé?ﬁ?ggﬁl ing, 8R0S & MiehopivatEupport

membrane,@a%%at@g IEg;gq%&%ggn%qg%ﬁé%ns%r%oqgg%ntmgﬁgmer xture contalnlngtatjeast one

compound having an acidic group a t one po ymerlzab?ec&o&tﬁe%rooh%pa‘nd a cojfﬁpound

representecBy, inabave generehipimdada iipdialng L uila easey 18y, AN dring Ly heating is

preferably employed. [0027] In the above-déscribed production method, the ¢ at%geﬁ(lqwd can be
obtained by faréxemple AssUINGAHSRRISIY HEVNRMET of MeROMer mixiye Gopfaining at least

one compound having an acidic group and at least one polymerizable double bond and a compound

representedthy: dte aheve gareral farmsda (Rda fewolvaidebya methed - fos abtajpingthe coating liquid
is not limited thereto as long as the coating liquid contains

lonically bonded to an imidazolium group of the condensation
product.

[6026]

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 liguid
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
liguid can be obtained by, for example, dissolving or dispersing
a monomer ox monomer mixture containing at least one compound
having an acidic group and at least one polymerizable double
bond and a compound represented bj the above general formula
(2) in a solvent, but a method for obtaining the coating liguid

is not limited thereto as long as the coating liquid contains

11



the two compounds. It is to be noted that the compound having an acidic group and at least one
polymerizable double bond or the compound represented by the above general formula (2) is partially
ionized in water based on its dissociation equilibrium constant. [0028] A method for applying the
coating liquid onto the microporous support membrane is not particularly limited, and 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

mICrOporoughsgpipv%t E:noemrgg@‘r?gsbwy It is to be noted that the compound having

an acidic group and at least one polymerizable double bond or
the compound reﬁresented by the above general formula {2} is
partially ionized in watexr based on its dissociation
equilibrium constant.

fo028]

A method for applying the ceoating liquid ontc the
microporous support membrane is not particularly limited, and
the coating liguid 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 liguid on the
microporous support membrane, covering the microporous support
membrane with a £ilm 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 liguid can be reduced and operation
is simple. In this case, the time during which the microporous
support membrane covered with the f£ilm 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 performance

due to membrane defects formed in portions where droplets have

12



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 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 _
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 semlipermeable membrane according tc the present
invention is obtained by, after the application of the coating
liguid onto the microporous support membrane, performing
irradiation with energy rays and then heat drving. 1In 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 polyvmerized by
irradiation with energy rays. From the viewpoint of
workability, the time of irradiation with energy rays is
preferably 5 seconds to 15minutes. Further, by performingheat
drying, a condensation pro@uct is obtained by condensation of
at least one selected from among ions represented by the above
general feormula (1}. The temperature of heat drying is
preferably 40°C or higher, more preferably 80 to 150°C. The time
of heat drying is preferably 10 minutes or longer. If 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 represented by the above general
formula (1) does not satisfactorily proceed, which causes

defects degrading membrane performance.

13



leaving droplets thereon. By fully draining the membrane, it is possible to prevent the degradation of
membrane performance 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 invention is obtained by, after the application of the coating liquid onto the microporous
support membrane, performing irradiation with energy rays and then heat drying. In this case, it is
considered tR4r4 %onjugated base of the monomer or monomer mixture containing at least one
compound having %gcig(i}cm%@gg and agnlgast oneaggl%meriz%ble doubé ikig:cL)nd_d'ls_Boly erized by

irradiation with energyrays. romifﬁ‘e Viewpormt of wor a%lﬁii‘t—ﬂ, fiie time of irradiation wi eenergy rays

s preferably,5,5e000ds 405 BinYIEsFar By DPUOIRINg heat ding. 3 6Radansation product s

obtained by co ast one selected from among ions represented by the above general

-Primula (1) .. The femperature of heat dryinaisugferably 40G ok highet, morynrgferakiy 80 to 150C.

The time of heat drying is preferably 10 minutes or longer. If the temperature of heat drying is less than

40C or the fifesofihealing s dess-thaprld minutes. the Londansation.reastion 95 the wncpf a silicon
compound represented by the above general formula (1) does not satisfactorily proceed, which causes
defects degiadingirnemibsana perfaraanedo 080k urrdde mpositensamipenacableanembrane
obtained by the above production method is preferably made hydrophilic by immersing it in an
aqueous alephatstlutiortfor btn-2@ crinuteshEhisisthetas se alcbkohsdo upleropkdtei and has a
high affinity for the hydrophobic surface of the membrane, and therefore the surface of the membrane
can be madehydroptiks Whicl srrekeddt podsilsiede secidusatheuarhcuhwefigatereddoeed by the
membrane. As an alcohol for use in making the surface of the membrane hydrophilic, a 10 wt%
aqueous isEpTopYE aIAbrselationds gehcrdifrlisdd fop3EFe in making the surface

of the membrane hydrophilic, a 10 wt% aqueous isopropyl alcohol
golution is generally used.
[0031]

In the present invention, examples of the acidic group
include, but are not limited to, a sulfonate group, a sulfinate
group, a carboxyl group, a phosphonate group. a phosphinate
group, & hydroxyl group, and a thiol 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 peclvamides, polyesters, polycarbonates,

polvacrylates, polyurethanes, polyethers, and polyimides

14



In the present invention, examples of the acidic group include, but are not limited to, a sulfonate group,
a sulfinate group, a carboxyl 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, 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 , polyurethanes. polyethers , and polyimides
which contain an acidic group as part of a repeating unit. They may be either homopolymers or
copolymersWah&areaidt phirtietl &/ irhftegiras b s asttheyodt e towipait bomded 16 an Hiegzolium
group of the condensation product of the ion represented by the above general formula (1). In the
present invERorP froft HEHelpBRI OF BESE 9f 8YntHBBRNGHLESnjuaR dAFRselsta polymer having at
least one acidic group and facilitating the control of ionic bond formation with the condensation product
of the ion réfft&EdertBd B the HHOVESE T alORAURS (1P @rfudBdtasEorane o rier is

preferably one obtaged?@é%olymerizing a mQnomer or monomer mixture containing at least one

FompothPRaviRg &t 1€ie o8 ITHIE ZEBe BEGREHontf [G683] 297 In the

conjugated PHase ot 5%

present inventi xam of the polymerizable double bond include, but are not limited to, a
(meth)acryl%%}%%gg,n é: E(E)r(r%ee%ﬁf)a%:brﬁo? o%‘&% rgﬁf)l,eﬁ: f'r%ejfehcﬁlggrlf/ ami e)g‘rou“‘prf' %hgll)ﬁ @?&?ﬁta vinyl

group, and gﬂ)ét‘%ltg_@llilp. 0034 1o IQ%%BE)e_Lsﬁ@t 5‘%’%&};’%% eoxgmsﬁ%% é tshf compound having an

.. . 1 Z 11k &, .
acidic group and at least one polymerizable ‘double bond include vin onic acidand its salts, allyl

sulfonic acidgershgane auifanic agidand,issalls R-stirens sufaic agid and itsaltsy oy
m-styrenesulfonic acid and its salts, 2-vinylbenzoic acid and its salts, 3-vinylbenzoic acid and its
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 preferably
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.
[0033]

In the present invention, examples of the polymerizable
double bond include, but are not limited to, a {(meth)acrylovl
group, a {meth)acryloyloxy group, & (meth)acrylamide group, an
allyl group, a 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-styrenesulfenic acid and its salts,

2-vinylbenzoic acid and its salts, 3-vinylbenzoic acid and its
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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 semipermeable membrane having high selective separation
performance, the ion represented by the general formula (1) is preferably a compound whose n is 3
and R1 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 phosphoriité GFoup: [oFE6} Pen 498 Al o ki SftdS deEriBdd Sodve e dmididnt of the ion
represented by the above general formula (1zacor1tained in the coating liquid used in the

above-descibedhrolGEiGTmEtisd R tétaBly atbutdn'ts 90 wi%, more preferably about 10 to 50

wt% with rezspect to.the wei hgc?lf zireactive com osgion. [0037] The separation functional layer of
—a_cnfﬁflo?lox g uocinic acid, . . . 2.
the composite 'semipermeable membrané according to the present invention contains a composition

formed by igniganding bewieen an ipidazalium aroupeenained i 2 condansaign praduct produced

by condensatio ast rom among ions represented by the general fotmula (1) and

a conjugateg ase gfi@%@g%g%pﬁprg@%q in, 2R-pCidic gEaRsqeNtainiRg polymer present in the
condensation product. [0038]

o-styrenephosphonic acid and its salts, p-styrenephosphonic

acid and its salts, and m-styrenephosphonic acid and its salts.

[0035]

From the viewpoint of ocbtaining & composite semipermeable
membrane having high selective separation performance, the lon
represented by the general fdrmula {1) is preferably a compound
whose o is 3 and R® and R? are each a methyl group, and the acidic
group contained in the pcolymer present in the thin £film is
preferably at least one selected 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 above general formula (1)

contained in the coating liguid used in the above-described
production method is preferably about 10 to %0 wt%, more
preferably about 10 to 50 wi% with respect te the weight of a
reactive compoesition.
fG037]

The separation functiocnal layer of the composite

semipermeable membrane acceording to the present invention

16



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
(1010cm-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 abs%rg)tion spectrum is measured in the same manner as descried above except that the 1
mol/L hydrocRlbre Adid Ts SRAREH b Hilte WARE T HY is'athsROMHEAS BREFBRE, B acidic group

in its conjugﬁ;&%gasE form is rotongt%%_and éhe ionic bond is broken, and therefore the acidic

group-containing polymer held I the Separaton funcional ayer is Slited Hts HiePstitic By
performing gych, ap experment, ILis nossiple to canfirm that, in the separation fungtional layer, an

I . X SAMOTL 10Ns
imidazolium group contained in a condensation product produced by condensation of at least one

S £ BANGo0 ey eeRl YLK ING 0PRoIRL B TR (s, besn s b ded fo &

conjugated base of an acidic’group contained in an acidic group-containing pofymer present in the

condensatigyx peafuck 8939y rouphe salvenk iof use inihe eqating liguid is nebRayticylagy limited as

long as it does not dissolve the microporous support membrane and is miscible with water. Examples

of such a sqlvertiseluge sdeahols suathas setbanela ethanob dopreganol, and 2-propanol. In order to
promote condensation in the heat drying process, the coating liquid preferably contains water in an

amount equim@s Jor more to the number of condensable functional groups contained in ions
represented by the general formula (1) having an imidazolium group. [0040] In the present
invention, the mondferortimenomepesiktieessmbp particalatly lmdtgdras: longae tdbntaing at least
one compound having at least one polymerizable double bond, and may contain two or more
compoundstiigvibgestrndr ifore pbieredizablargaising bonds vepdidimgdomtiieldesiedchdracteristics
of the separation functional layer or may contain a polymerization initiator, a polymerization aid, or
another addifife withBUE SmpBaifiny tAELHRELDBY thé e seht hivengsAvIAthepradudtith method
according to the present invention, a polymerization initiator or a polymerization accelerator is
preferably RIS eRRGRE Yol MdrRaRRRaERiviRR HetB Sthi i mEfiYaton ikt efhd the

polymerizat ncgc%elggaégr are not %%amcular_l%ellmlted and are appropriately selected depending on the

structure of the compotmthaving oRe of thare §8lyRerabRArstbte Bonlls Hiel the Mgl of

pOIVmerizati:cllPe [qg%gnsity of an absorption band derived from the acidic
group to the intensity of an absorption band (1010 cm™!) derived
from Si-0-Si stretching vibration in an infrared absorption
spectrummeasured by an infrared reflection absorption spectrum
measuring device. The intensity ratio does not change when an
infrared absorption spectrum igs 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 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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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-I-one, 1-hydroxy-cyclohexyl-phenyl-ketone,
2-hydroxy-2-methyl-1-phenyl-propane-1-one,
1-[4-(2-hydroxyethoxy)-pheny11-2-hydroxy-2-methyl-I-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 benzy1-2 SO AMIG. oo ChaRs b By dionipy Cgpi ained 4n o
2-(dimethylamino)2-[(¢smethviphenyh metydldd4(4-narphg, Jinyhahepyl il putanong,e
2,4,6-trimethylbenzoyl-diphenyl-phosphineoxide, bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide,
bis(115-2,4:cyclopentadiens-dnehPist2:6-dilypros 3:(LEpys relgal dinbeny ttaniums. (1)

1,2-octanedione,1-[4-(phenylthio)-,2-(0-benzoyloxime)], ethanone,
1-[9-ethy1-6r42-methylbsnzexh)1Htsatbazel 3rdn i (dacetyid@e) an acidic group
4-phenoxydichloroacetophenone, 4-t-butyl-dichloroacetophenone, 4-t-butyl-trichloroacetophenone,
diethoxyaceiephenensa; 2-hysioxy-23methybhpheytprapane-d-ppe¥mer present in the
1-(4-dodecylpheny1)-2-hydroxy-2-methylpropane-1-one,
4-(2-hydroxyethixy rphanyl (Bdudroxy-2-propyl)ketone, 1-hydroxycyclohexylphenylketone, and
2-methyl-1-[4-(methylthio)phenyl]-2-morpholinopropane-1-one ;benzoins such as benzoin,
benzoinmeth§E#3dr, benzoin ethyl ether, benzoin isopropyl ether, and benzoin isobutyl ether;
benzophenones such as benzophenone, benzoylbenzoic acid, 4-phenylbenzophenone,
hydroxybenzophen8ie dilaigidted YerizdphéRortd ehioRaithBAed S8R As*RioXahthone,
2-chlorothioxanthone, 2-methylthioxanthone, and 2,4-dimethylthioxanthone; and others such as
4. 4-az0bis (R ERGVAER Bcili T ol obs (3R AnBEaprsli6R6E) ot dissolve the
6,6-azobis(6-cyano-6-c cIohexglcaﬂEroic acidh), 2,2-az§bis 2-meth _I%rlo ioni%gtcid k
2.2-a70bis(BLAyTRET Mo GURTE Bd B A 22 208n st BaRstErbpichc oty HRE &

peroxide-baged compound, for £xample. 45enis ARG RIS (PERQNSAS methano1,
ethanol, 1-propanol. and 2-propancl. In crder to promote
condensation in the heat drying process, the ccating liguid
preferably contains water in an amount egquimolar or more to the
number of condensable functional groups contained in lons
represented by the general formula (1) having an imidazolium
group.
[0040]

In the present invention, the monomer or monomer mixture
is not particularly limited as long as it contains at least one
compound having at least one pelymerizable 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
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(registered trade name) manufactured by NOP CORPORATION) can be used. [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 S wt% or less with respect to the weight of a reactive
composition. [0044] The composite semipermeable membrane according to the present invention
produced iF88H & HRanfdasdésivedabotess BhRalss foriusead A%piral Ebmpssite
semipermeable membrane element formed by winding it around a tubular perforated water collecting
pipe togethBF AtHSLERY WaikteRaARSdRERDBEr §acrtits PPRERE hel V8 HICAte channel member

such as tricot, and if necessary, a film for enhancing pressure resistance. Further, a composite

semipermeBBYREmb?and Foduld t4A &0 6& R B RSUSAYT 1 e RATEE TBRAECEE in series or

in parallel i%raéafrg%%%r f’%%fgééotoésénhance 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 one
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
Z2,2-dimethoxy-1,2-diphenylethane-1-cne,
l-hydroxy-cyclohexyl-phenyl-ketone,
2-hydroxy-2-methyl-1-phenyl-propane-1-one,
1-[4-(2-hydroxyethoxy)-phenyl]-2-hydroxy-2-methyl-1-propane
-l-one,
2-hydroxy-1-{4-{4-(2-hydroxy-2-methyl-propionyl)-benzyl]phe
nyll}-2-methyl-propane-1l-one,
Z2-methyl-1-(4-methylthiophenyl)-2-morpholinopropane-1l-one,
2-benzyl-2-dimethylaminoe-1-(4-morpholinophenyl)-butancne-1-
one,

2-{dimethylaminc)}-2-[(4-methylphenyl Jmethyl]-1-{4-(4-morpho
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Further, the composite semipermeable membrane or the element or module using it can be combined
with a pump for supplying feed water thereto, a device for pretreatment of the feed water, etc. to
constitute a fluid 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. Therefore, such a separation system is expected to be used
in industrial applications. Examples [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 éﬂﬁ%e}%%%%é}ﬁﬁ?ﬁﬁél@aglculated by the following formula (3) and the permeation

rate (Flux) of a composite semipermeable membrane is calculated by . the following formula (4). [0048]
el 06) = (Coheart STETE o FELRRIEAT L NN oo B Reok1dS.

bis(2,4,6-trimethylbenzoyl)-phenyliphosphineoxide,
bis{n5-2,.4-cyclopentadiene-1-yl}-bis(2,6-difluorc-3-{(1H-pvyr
role-1-yl)phenyl)titanium,
1,2~octanediocne,i~[4~{phenylthic}-,2-{(0~benzoyloxime)],
ethanone,
1-[{9-ethyl-6-{2-methylbenzcyl)-9H-carbazol-3-y1l]-.,1-(0-acet
vloxime), 4-phenoxydichloroacetophenone,
4-t-butyl-dichloroacetophenone,
4-t-butyl-trichloroacetophenone, diethoxyacetophenone,
2-hydroxy-~2-methyl-1-phenylpropane-1-one,
l~(4~dodecylphenyl)—Z—hydroxy—z-methylpropane-l—one;
4-{2Z2-hydroxyethoxy)-phenyl{2-hydroxy-2-propyl)ketone,
l1-hydroxycyclohexylphenylketone, and
2-methyl-i-{4-(methylthio)}phenyl]-2-morpholinopropane-1l-one
: benzoins such as benzoin, benzoin methyl ether, benzoin ethyl
ether, benzoin isopropyl ether, and benze¢in isobutyl ether;
benzophenones such as benzophenone, benzoylbenzoic acid,
4-phenylbenzophencne, hydroxybenzophenone, and allylated
henzophencone; thioxanthones such as thioxanthone,
2~chlorothioxanthone, 2-methylthioxanthone, and
2,4-dimethylthioxanthone; and others such as
4,4-azobis(4-cyancvaleric acid}, 7,7-azobis{7-cyanocaprylic

acid), 6.6-azobis(6-cyano-6-cyclohexylcaproic acid),
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of permeate)/concentration of feed liquid) x 100 (3) Flux (m3111-2.day-1) = (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/cm?2/sec) was prepared, and a 15.3 wt% dimethylformamide
(DMF) solution of polysulfone was cast onto the non-woven fabric to a thickness of 200 um at room
temperature (25C) and immediately immersed in pure water and allowed to stand for Sminutes to
prepare a microporous support membrane. [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-methy1-143%4rifftRéRy/sTiypromyDRRazomMdf chfidfde, 0.24 part by weight of 2 , 2-dimethoxy- 1 ,
2-diphenylethane-l-one, and 95.26 parts by weight of a 65% aqueous isopropyl alcohol solution was

placed on tHe fiigroporsULsSigertmbnis Bhe iy e striace 8¢ whithdroplets had been removed
by nitrogen plowing. Then, the surface of the microporous support membrane was covered with a
polyester filff a_lﬁ’glﬁ%} UTERGREPEY PrSYAY ndiEtfds, Int§ dhdBawed® &afgfor 1 minute.

Then, the Lumirro was peeled off, and droplets were removed from the surface by njtrogen blowing.

Then, the sGAREE BFthe midrofaroTR Sippdhtifidthbrafswis Redhztedtnith B foleErays for 10
i | ER20-1/72 fact by U it ultraviolet
T

minutes using eaé}i%)%% s) nit u
rays with a waveélength o nm IS’ time, MmiCroporous support

membrane ggd,ie jamp was 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 semipermeable membrane.

[0042]

Ag 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 ultraviclet rays with a wavelength of
172 nm are more preferably used.

[0043]

If the degree of polymerization of the polymer is too Low,
the polyvmer flows frorﬁ the separation functional layver by
washing with RO water after mgmbrane formation 80 that defects
are caused. Therefore, the concentration of the
polymerization initiator to be added is preferably 5wt 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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[0050] The thus obtained composite semipermeable membrane was immersed in a 10% aqueous
isopropyl alcohol solution for 20 minutes. Then, a reverse osmosis test was performed under the
conditions of 0.75 MPa 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 osmosis test was
performed under the conditions of 0.75 MPa and 25C by using a 1500 ppm aqueous MgSO4 solution
as a feed liquid, and the results of the test are shown in Table 1. [0051] Piecesof 1 cm x 1 cm
were cut out from the composite semipermeable membrane and immersed in 1 mol/L %drochloric acid

under agitafiSrf dhdinfrafed Absot ol BT EpREF NN e RETBE BB Th Hintte$8id 2R8urs from the

start of agita%'or;l. Iéig,sé isra gr%p%? }gi%e%bg&cggn 3%he ra};ﬂigsosfltlhee absor éi%)g inteensity of a
sulfonate grloup-gerlveda a%orption an cflavmg ana sgrp?lon peaE at 1034 °tri-196 the absorption

ntensiy of 4 SkQ:S) bandeted absupion baod beyind ag abse pienpeal Al round 1010 cm-

versus agitation time: ows that a pélymer having a sulfonate group w een present in

the composite, semipsimagplemsmMPiane yaswashed off due o the,cleayage ofionig,bonds by the

acid, from which it was confirmed that the condensation product and a conjugated base of the acidic
group-contajpingiplymen had beepdarically. barded to each other in the composite semipermeable

membrane. [00521 Example 2 A composite semipermeable membrane was produced in the same
manner as jpgxample 1 except that 3-ethy1-1-(3-trimethoxysily1prOpyl)1midazolium chloride is

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 £it for
purpose. Therefore, such a separation system is expected to
be used in industrial applications.

Examples
[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 composité semipermeable 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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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. [00531 Example 3 A composite semipermeable
membrane was produced in the same manner as in Example 1 except that

3-butyl-1-(3-trimethoxysilylpropyl)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 1 were obtained. [0054] Ex%mple 4
the fellowing formula (4).

[0048]
Rej (%)=={(aoncentrationcﬁ?feed.liquid—“concentration
of permeate}/concentration of feed liguid} x 100 (3)

Flux (m>m*day '} = (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 toi[cc/cnﬁ/séc) was prepared, and
a 15.3 wt% dimethylformamide (DMF) solution of peclysulfone was
cast onto the non-woven fabric to a thickness of 200 jm at room
temperature (25°C) and immediately immersed in pure water and
allowed to stand for 5 minutes to prepare a microporous support
membrane.

[0049]

2 mL of a coating liguid A prepared by mixing 3.0 parts
by weight of sodium p-styrenesulfonate, 1.5 parts by weight of
3—methyl—l~(3~trimethoxysilylpropyl)imidazolium chrloride,
0.24 part by weight of 2,2-dimethoxy-1,2-diphenylethane-1l-cne,
and 95.26 parts by weight of a 65% agueous isopropyl alcochol
solution was placed on the microporous support membrane, from
the surface of which droplets had been removed by nitrogen
blowing. Then,thesurfacecﬁfthemicroporousSupportmembrane

was covered with a polyester film (Lumirror® manufactured by
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A composite semipermeable membrane was produced in the same manner as in Example 1 except
that 3-methy1-1-(3-triethoxysilylmethyl)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 1 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-styrenesuffgpic.agidy 2.6 parts b I fil- =3r(3-1ri ilylpropyl)imidgzOlium chloride,
0.15 part by weight of 2@,36-%&r%%%hyo}gﬁ,%&%&?ﬁ%@%%diﬁo%gg%ﬁ%ﬁ%g %rallcr)l%(g%y qu‘?b%rtl of a 65%

aqueous isqpepyl.alee It ro iradiating the microporoys support
membrane with uItravio?glglg %%: J’?Ogrgh%%l?ftetg%sngg g?e%%in?egrﬁr%gv}uéﬁﬁ?ﬁ ol ?r%aﬁﬁi%%tured by

USHIO INCiishakcat emit uliravioletsays witha,wayelengih af 172 8msina state wherp the distance
between the light exit window of the lamp and the microporous support membrane was set to 1 cm

was changed torthiequrocess af iradiatirgiheamicrogerdus-sippatidnembrang with yiiraviglet rays for
20 minutes at an irradiation intensity of 20 mW/cm2 using a UV irradiation device (TOSCURE 752
manufactureé by HawsdrCToshiba 4ightngrorporatian)ribat ceargmitkitravialekrays with a
wavelength of 365 nm. The thus obtained composite semipermeable membrane was evaluated in the
same mann€raRUAFEmSIE Pyanoe feSdiE pefbrhante eesits:ghowy i Tabledyweare dbtained.

[0056] Comparative Example 1
a wavelength of 172 nm. At this time, the distance between the

microporous support membrane and the lamp was set to 1 cm. Then,
the microporous support membrane was dried by a hot-air drier

at 120°C for 2 hours to obtain a composite semipermeable

membrane.
[0050]

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 under the
conditions of .75 MPa and 25°C by using 500 ppm salt water
adjusted to pH 6.5 as a feed 1iquid, 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 agueous Mg50,; solution as a feed liquid,
and the results of the test are shown in Table 1.

[0051]

Pieces of 1 cm x 1 cm were cut cut from the compoesite

semipermeable membrane and immersed in 1 mol/L hydrochlopic

acid under agitation, and infrared absorpticn spectra were
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A composite semipermeable membrane was produced in the same manner as in Example 1 except
that 3-chloropropYltrimethoxysilane is used instead of3-methy1-1-(3-trimethoxysilylpropyl)imidaz0I3um
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 semipermeable membrane obtained in
Comparative Example 1, its ability to reject monovalent tons 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 &{fe;eggemggtavtigg %%@%@Mé@%&i% rejection rate, anchthedivalant ion
indicates that t

rejection rﬁ%éfﬁﬁ?ﬁ ,Swhich indica ese composite semipermeable membranes have high

selective sggarat_{og grforarpp nee.{99a8% @@@g@iyg@x@fgp}gﬁio ofAreRimpasiesemipermeable
membrane Was pro UCed in‘the same manner as in Example 1 except that

3-aminoprc%9¥%tém%gtg ylaneisusarhinstead o 3deethvid -hrnethoxysihdpropgydrhitazolium

chloride. The thus obtained composite semipermeable membrane was evaluated in the same manner

as in Example 1, and.asa fegiib performanceciesults shownah Sabfe 1overendistaiietly [0659] As
can be seen from Table 1, the composite semipermeable membrane obtained in Comparative

Example 2 js ifedrdn walespesaaakility 4o she parhposive semiperimeabinehistaRed 8btained in
Examples 1 and 2, which indicates that the composite semipermeable membrane according to the
present invgatian is-exeelientinbath wafér permeabityidmitdetectviSeparilign 1 Shovs
that a polymer having a sulfonate group which had been pregent
in the composite semipermeable membrane was washed off due to
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.
[o0521
Example 2
A composite semipermeable membrane was produced in the
same manner as in Example 1 except that
3~ethyl~1—{3mtrimethoxysilylpropyl)imidazolium chloride is
used instead of
3—methyl—l—(3~trimathoxysilylpropyl)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 cobtained.
«[0053]
Example 3

A composite semipermeable membrane was produced in the
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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-piperidY1)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
5minutes to allow reaction to proceed. Then, an aqueous alkaline solution containing 5.0 wt% of

sodium carkenate madi®i o of sedidmpdedecybseliaie was.applied thereonto to stop the reaction to
obtain a composite semipermeable membrane. The thus obtained composite semipermeable

membrane #aswevaludied in-thei sembangricrdasindpEmple lq apd BSqa: resull, pegarmance results
shown in Table | were obtained. [0061] As can be seen from Table 1, the composite
semiperme&isiednémbradaiobtained in Comparative Example 3 is inferior in selective permeability of
divalent ions over monovalent ions to the composite semipermeable membranes obtained in
Exan“ﬂes]gaﬁﬁghylml—(3~trim®thoxysilylpropy1)imidazolium chloride.
The thus obtained composite semipermeable membrane was
evaluated in the same manner as in Example 1, and as a resulii,
performance results shown in Table 1 were obtained.
[0054]
Example 4
A composite semipermeable membrane was produced in the
same manner as 1in Example 1 except that
3-methyl-i-{3-triethoxysilylmethyl)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 resﬁlt,
performance results shown in Table 1 were obtained.
[0055]
Example 5
A composite semipermeable membrane was prdduced in the
same manner as in Example 1 except that the coating liguid A
was changed to a coating ligquid B prepared by mixing 1.9 parts
by weight of sodium p~styrenesulfonic acid, 2.6 parts by weight
of l-methyl—3~(3—trimethoxysilylpropyl)imidazoliun&chloride,

0.15 part by weight of 2,2-dimethoxy-1, 2-diphenylethane-1l-one,
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[0062] Table 1 NaCl 500ppm mgso4 1500ppm Rej.(%) Flux (mid) Rej.(%) Flux (mid)

and 94.76 parts by weight of a 65% agueous isopropyl alcohol
solution and that the process of irradiating the microporous
support membrane with ultraviolet rays for 10 minutes using an
excimer lamp UER20-172 (manufactured by USHIO INC.) that can
emit ultraviolet rays with a wavelength of 172 nm in a state
where the distance between the light exit window of the lamp
and the microporous support membrane was set to 1 cm was 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 7532
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.
[0056]

Comparative Example 1

A composite semipermeable membrane was produced in the
same manner as in Example 1 except that
3-chloropropyltrimethoxysilane is-used instead
of3-methyl-1-(3-trimethoxysilylpropyl yimidazolium chloride.
The thus obtained composite semipermeable membrane wWas
evaluated in the same manner as in Example 1, and as a result,
performance results shown in Table 1 were obtained.

[0057]
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Example 1 13.7 1.10 82.7 0.96 Example 2 15.5 0.87 71.4 0.91

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

[0058]

Comparative Example 2

A composite semipermeable membrane was produced in the
same manner as in Example 1 except that
3-aminopropyltrimethoxysilane 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 1 were obtained.

[0059]

As can be seen from Table 1, the composite semipermeable
membrane obtained in Comparative Example 2 is inferior in water
permeability to the composite semipermeable membranes obtained
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
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Example 3 5.2 0.10 60.5 0.10 Example 4 37.8 1.15 86.0 1.13

performance.
[0060]

Comparative Example 3

A microporous support membrane was prepared in the same
manner as in Example 1. An agueous solution containing 0.8 wta
of piperazine, 0.2 wt% of 1,3-bis(4-piperidyl)propane, 0.5 wt®
of a surfactant (Newcol 271A manufactured by Nippon Nyukazail
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 soluticn 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 aqueous alkaline solution
containing 5.0 wt% of scdium carbonate and 0.1 wt% of sodium
dodecyl sulfate was applied thereonto to stop the reaction to
obtain a composite semipermeable membrane. 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.

[0061]

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

1 and 2.
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Example 5 8.8 1.52 61.6 1.03 Comparative Example 1 13.2 11.04 2.3 8.70

0062}
Table 1
NaCl 5C0ppm Mg50Q, 1500ppm
Rej. (%} Fiux {m/d} | Rej. (%) Flux {(m/d4d}
Example 1 13.7 1.10 82.7 0.96
Example 2 15.5 0.87 71.4 0.91
Exampls 3 5.2 0.10 60.5 0.10
Example 4 37.8 1.15 86.0 1.13
Example 5 8.8 i.52 61.6 1.03
Comparative |, ; , 11.04 2.3 8.70
Example 1
Comparative
Example 2 22.6 0.60 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, liguid separation, filtration,
purification, concentration, sludge treatment, seawater
desalinatiocn, drinking water production, pure water lproduction,
wastewater reuse, wastewater volume reduction, and valuable
resource recovery. According tc the present invention, it is
possible not only to provide a hidgh-performance membrane but
also tc expect improvements such as energy conservation and

reduction in running costs.
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Comparative Example 2 22.6 0.60 82.6 0.60 Comparative Example 3 82.8 1.22 99.8 1.15

WHAT IS CLAIMED IS:

1. A& composite semipermeable membrane comprising:
a microporous support membrane; and
a separation functional layer provided on the microporous
support membrane, wherein the separation functiocnal layer
contains of a condensation product produced by condensation of
at least one selected from among ions represented by the
followinggeneralformula(1)andezconjugatedbaseofeipolymer
having at least one acidic group:
i 4}§
N g

N

N— (CH, ;- S(OR2),

wherein n is an integer of 1 to 4 and R' and R’ each

represent a hydrogen atom or an alkyl group having 1 to 4 carbon

atoms.

2. The composite semipermeable membrane according to
claim 1, wherein the acidic group is at least one selected from

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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INDUSTRIAL APPLICABILITY [0063] 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-performance membrane but also to expect improvements such as energy conservation and
reduction in running costs. WHAT IS CLAIMED IS: 1. A composite semipermeable membrane

comprisinga fAIERROreYs sUNRAME Membiang; ABdomer2 eaPafatimiunctionaljayer provided on the
microporous support membrane, wherein the separation functional layer contains of a condensation

product progiieed hyicondensatias of ahleast onedgelested om amangionssepeseatad.gy the
following general formula (1) and a conjugated base of a polymer having at least one acidic group: R1
at least one polymerizable double bond.

4. A method for producing a composite semipermeable
membrane comprising the step of forming a separation functicnal
layer by applying, onto a microporous support membrane, a
coating liguid containing a compound represenited by the
folliowing 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 enexrgy
rays, and drying it by heating:

S
RN | \(
/ ‘k

| NN (CH,;—Si(OR?), @
=

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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(CH2),Sip R2)3 (1) wherein n is an integer of 1 to 4 and Rl .and R2 each represent a hydrogen
atom or an alkyl group having 1 to 4 carbon atoms. 2. The composite semipermeable membrane
according to claim 1, wherein the acidic group is at least one selected from 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 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 sen d%r W nctional layer by applying, onto a
microporous support membrane, a coating liquid contaiing a compound represented by the following

general formula (2) and.& MONPMEL Q% MORAMEL. mkgu@l%@@émn% 2ELRIE GRBeHRA having an

acidic group and at least one polymerizable doubl nd, irradiati energy rays, and drying it
by heating:s¥a a method for producing the same. The composite

semipermeable membrane comprises a microporous support
membrane and a separation functional laver provided on the
microporous support membrane, wherein the separation
functicnal layer contains a condensation product produced by
condensation of at least one selected £from the group consisting
of ions of trialkoxysilanes each having an imidazolium group
and 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
ions, and is suitable for use in various water treatment fields

such as seawater desalination and drinking water production.
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N,,, N- (CNASI(0R2)3(2) R1 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.
ABSTRACT 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 at least
one selected from the group consisting of ions of trialkoxysilanes each having an imidazolium group
and 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 ions, and is
suitable for use in various water treatment fields such as seawater desalination and drinking water
production.



