DESCRIPTION COMPOSITE SEMITRANSPARENT FILM AND MANUFACTURING METHOD THE
TECHNICAL FIELD [0001] The present invention relates to a composite semipermeable membrane
which has excellent durability and water permeability and is preferable for water treatment, and a
method for manufacturing the composite semipermeable membrane. BACKGROUND ART [0002]

DESCRIPTION
COMPOSITE SEMITRANSPARENT FILM AND MANUFACTURING METHOD

THEREFOR
TECHNICAL FIELD
[0001]

The present invention relates to a composite
semipermeable membrane which has excellent durabllity and
water permeability and is preferable for water treatment,
and a method for manufacturing the composite semipermeable

membrane.

BACKGROUND ART
(00021

Cenventiocnally, semipermeable membranes including a
cellulose acetate membrane which has an asymmetric structure
have been used as water-treatment separation membranes for
blocking permeation of dissolved components such as salts
{(for example, Patent Document 1). ‘However, this membrane
has low hydrolysis resistance and microbial resistance, and
ig further insufficient in fundamental performance as a
water—treatment separation membrane, such as salt rejection
rate and water permeability. Therefore, the cellulose
acetate membrane which has an asymmetric structure has not
yet been put to practical use in a wide range of

applications, while the membrane has been used for some



Conventionally, semipermeable membranes including a cellulose acetate membrane which has an
asymmetric structure have been used as water-treatment separation membranes for blocking
permeation of dissolved components such as salts (for example, Patent Document 1). However, this
membrane has low hydrolysis resistance and microbial resistance, and is further insufficient in
fundamental performance as a water-treatment separation membrane, such as salt rejection rate and
water permeability. Therefore, the cellulose acetate membrane which has an asymmetric structure has
not yet beearpuit i@ practical use in a wide range of applications, while the membrane has been used
for some applications. [0003]  In order to correct these defects, a composite semipermeable
membrane,[Whi¢h]has a microporous supporting membrane with a different material provided thereon
to serve as a separation function layer for substantially providing membrane separation performance,
has been proposdd:as agemipermeatie rhefmbfate Whichdiffersdfrornthe fiermbrane of the
asymmetric structure in terms of configuration. In the case of the composite semipermeable
membrane Sit sl pEssilsie é Seleetian dptmun AidteRdlfor eBél 6P e MItFoforoRs Suppérting
membrane and the separation function layer, and also a variety of methods can be selected for the
membrane f6fiRg tEchiGie. MEStidfeoriposie iemipermeésbié FRembFsteawhieh e Been
commercially available so far have a separation function layer composed of a polyamide, which is
obtained by mtéradiRIpshcotdehLaiin 6R a'fordas SUppoHing Embrdre, BXEmpes BF such

composite semipermeable membranes include the invention described in Patent Document 2.

Fu rthermpf@?ﬁgﬁﬁ Doctinterit B§iEclBSed 8%%%?&?0%?\0%?&? herisTaRe Tayérwith the structure of

s povamide conabin 2 oo compeund oo sk ioup (904 e compse
the asymmetric structure in terms of configuration. In the
case of the compesite semipermeable membrane, it is possible
to select an optimum material for each of the microporous
supporting membrane and the separation function layer, and
also a variety of methods can be_selected for the membrane
forming technigue. Most of composite semipermeable.
membranes which have been commercially available so far have
a separation function layer compesed of a polyamide, which
is obtained by interfacial polycondensation on a porous
supperting membrane. Examples of such composite
semipermeable membranes include the‘invention described in
Patent Document 2. Furthermore, Patent Document 3 discloses
a separation function membrane layer with the structure of a
polyamide containing a silicon compound having an alkoxy
group.
[00604]

These composite semipermeable membranes described above



provide higher desalination performance, and higher water permeability at the same time, than the:
cellulose acetate asymmetric membrane. However, such a composite semipermeable membrane
using a polyamide has an amide linkage in its main chain, and thus still has insufficient resistance to
oxidizing agents, and it is known that the desalination performance and selective separation
performance are significantly degraded due to a treatment with chlorine, hydrogen peroxide, etc., for
use in sterilization of the membrane. [0005]  In that regard, for example, Patent Document 4 and
Patent Document Scditdlode a sépardtion:fuhction tayes abtained by palymierizing an ethylenically
unsaturated compound, which has high general versatility for the membrane forming technique and
has a wide range:efséléctivitytfor rew smaterialsmEpwevern, whike the coniposite seatipérmeable
membrane produced with the use of the compound as described above has excellent chemical
resistance, ®itfisrwaterpermeabilitg or séparation,perfarmahcedsiinsafficient. Prior Art Documents

Patent Documents [0006] [Patent Document 1] U.S. Patent No. 3,133,132
semipermeable membrane using a polyvamide hnas an amide

linkage in its main chain, and thus still has insufficient
resistance to oxlidizing agents, and it is known that the
desalin@tion performance and selective separation
performance are significantly degraded due to a treatment
with chlorine, hydrogen peroxide, etc., for use in
steriiization of the membrane.

[0GG5]

In that regard, for example, Patent Document 4 and
Patent Document 5 disclose a separation function layer
obtained by polymerizing an ethylenically unsaturated
compound, which has high general versatility for the
membrane forming technigue and has & wide range of
selectivity for raw materials. However, while the composite
semipermeable membrane produced with the use of the compound
as described above has excellent chemical resistance, either
water permeability cr separation performance is insufficient.
Pricr Art Documents
Patent Documents
[CO0&]

[Patent Document 1] U.3. Patent No. 3,133,132

[Patent Document 2] U.S. Patent No. 4,277,344



[Patent Document 2] U.S. Patent No. 4,277,344 [Patent Document 3] Japanese Patent Application
Laid-Open No. 9-99228 [Patent Document 4] Japanese Patent Application Laid-Open No.
2000-117077 [Patent Document 5] Japanese Patent Application Laid-Open No. 2004-17002
DISCLOSURE OF THE INVENTION Problem to be solved by the invention [0007]

[Patent Document 3] Japanese Patent Application Laid-Open No.
$-99228

[Patent Document 4] Japanese Patent Application Laid-Open No.
2000-117077

[Patent Document 51 Japanese Patent Application Laid-Cpen No.

2004-17002

DISCLOSURE CF THE INVENTION
Problem to be solved by the invention
[0G07]

Therefore, an object of the present invention is to
obtain a composite semipermeable membrane which has high
durabkility, high separation performance, and high water

permeability.

Means for solving the problem
[0008]

The present invention is achieved by the following
aspects (1) to (5) for sclving the problem described above.
(1) A composite semipermeable membrane with a separation
function layer formed on a microporous supporting membrane,
wherein the separation function laver 1s formed from |
(A} a silicon compound in which a reactive group having an
ethylenically unsaturated group and a hydrolyzable group are

directly bonded to silicon atoms, and



Therefore, an object of the present invention is to obtain a composite semipermeable membrane which
has high durability, high separation performance, and high water permeability. Means for solving the
problem [0008]  The present invention is achieved by the following aspects (1) to (5) for solving the
problem described above. (1) A composite semipermeable membrane with a separation function layer
formed on a microporous supporting membrane, wherein the separation function layer is formed from
(A) a silicon compound in which a reactive group having an ethylenically unsaturated group and a
hydrolyzablergroup arerdirectly bended 4o siticen ataras,iand 1({B)a.eervpeund havingan ethylenically
unsaturated group other than the silicon compound, by condensation of the hydrolyzable group of
the .silicon campound 4A) and poiymerizatioonaf dhe €thylenically unsaturated group of the silicon
compound (A) and the ethylenically unsaturated group of the compound (B) having the ethylenically
unsaturated grouppy condensation of the hydrelyzable group of the

silicon compound (A) and polymerization of the ethylenically

unsaturated group of the silicon compound (A) and the

ethylenically unsaturated group of the compcound (B) having

the ethylenically unsaturated group.

(2} The compesite semipermealble membrane according to (1),

wherein the microporous supporting membrane has an average

pore size of 1 to 100 nm,

(3) The composite semipermeable membrane according toe {1)

or (2}, wherein the hydrolyzable group of the compound (A}

is an alkoxy group, an alkenylioxy group, a carboxy Jgroup, a

ketoxime group, a halogen atom, or an isocyanate group.

{4) The composite semipermeable membrane according toc any

of {1} to (3), wherein the silicon compound {A) is

represented by the following general feormula {(a):

S (R w(R) 4 (R 4pen (&)

(R' represents a reactive group including an ethylenically

unsaturated group; R? is an alkoxy group, an alkenyloxy

group, a carboxy group, a ketoxime group, a haloegen atom, or

an isocyanate group; R> represents a hydrogen atom or an

alkyl group; m and n are integers, and m + n = 4, m 2 1, and

n = 1; and when two or more functional groups in each of R,

1

R*, and R’ are bonded to a silicon atom, R , R?, and R°® may be



(2) The composite semipermeable membrane according to (1), wherein the microporous supporting
membrane has an average pore size of 1 to 100 nm. (3) The composite semipermeable membrane
according to (1) or (2), wherein the hydrolyzable group of the compound (A) is an alkoxy group, an
alkenyloxy group, a carboxy group, a ke o i e group, a halogen atom, or an isocyanate group. (4) The
composite semipermeable membrane according to any of (1) to (3), wherein the silicon compound (A)
is represented by the following general formula (a): Si(R1).(R2),(133)43(an (a) (Rl represents a
reactive group<nelugingean ethytenieallyyunsaturated group; R2 is an alkoxy group, an alkenyloxy

group, a carboxy group, a ketoxime group, a halogen atom, or an isocyanate group; 133 represents a
hydrogen atdim orzanualkylcgrotip;-mwandifare intégerss andim dsn4,em {Ryrihcand=mR1LE, and when
two or more functional groups in each of RI, R2, and R3 are bonded to a silicon atom, RI, R2, and R.3
may be thewsarheardifferent)a separation function layer formed on a

microporous supporting membrane, wherein the separation

function layer is formed by applying {A) a silicon compound

in which a reactive group having an ethylenically

unsaturated group and a hydrolyzable group are directly

bonded fo silicon atoms, and (B} a compound having an

ethylenically unsaturated group other than the silicon

compound, and condensing the hydrolyzable group of the

silicon compound (a) and polymerizing the ethylenically

unsaturated group of the silicon compound (A) and the

ethylenically unsaturated group of the compound (B) having

the ethylenically unsaturated group.

Advantagecus effect of the invention
[0009)

According to the present invention, a composite
semipermeable membrane can be provided which has excellent
chemical resistance to chemicals typified by chiorine and
water permeability. The industrial improvements of
reduction in running cost, reduction in cest, and energy

saving are expected through tThe use of this membrane.

BEST MODE FOR CARRYING OUT THE INVENTION



(5) A method for manufacturing a composite semipermeable membrane with a separation function
layer formed on a microporous supporting membrane, wherein the separation function layer is formed
by applying (A) a silicon compound in which a reactive group having an ethylenically unsaturated
group and a hydrolyzable group are directly bonded to silicon atoms, and (B) a compound having an
ethylenically unsaturated group other than the silicon compound, and condensing the hydrolyzable
group of the silicon compound (a) and polymerizing the ethyle ically unsaturated group of the silicon
compound (Axand the ethylenically unsaturated group of the compound (B) having the ethylenically
unsaturated group. Advantageous effect of the invention [0009]  According to the present invention,
a composite semipermeahlespembranescamnbe provjdedwihicinhas excellent ghemicat sesistance to
chemicals typified by chlorine and water permeability. The industrial improvements of reduction in
running cosiyeeguction inveost i and @nery\ssanving arewgxpested treudh the ise of this membrane.
BEST MODE FOR CARRYING OUT THE INVENTION [0010] The microporous supporting
membrane aepeordirig toth& presentrinvention as asupportingememiparse for the separation function
layer provides the composite semipermeable membrane according to the present invention with
strength. THeBéparatioafdsctivtitayeris provided orcattieastionersigé of thel micropérwius supporting
membrane. While a plurality of separation function layers may be provided, it is typically enough to
provide oné séparatisfifdrction [Byer eawhesdiden function layer is provided on

at least cne side of the microporous supporting membrane.
While a plurality of separation function lavers may be
provided, 1t is typically enough to provide one separation
function layer on cone side.

[0011]

The microporocus suppoerting membrane for use in the
present invention preferably has a pore size in its surface
within the range of 1 to 100 nm. The lower limit is
preferably 5 nm, more preferably 10 nm, and the upper limit
is preferably 50 nm.
r0012]

When the micropercous supporting membrane has a pore
gize in its surface within this range, the resulting
composite semipermeable membrane has a high pure water
permeability rate, and can maintain the structure without
causing the separation function layer to fall into pores of
the suppeorting membrane during operation under pressure,
[0013]

In this case, the pcore size of the microporous



[0011] The microporous supporting membrane for use in the present invention preferably has a
pore size in its surface within the range of 1 to 100 nm. The lower limit is preferably 5 nm, more
preferably 10 nm, and the upper limit is preferably 50 nm. [0012] When the microporous supporting
membrane has a pore size in its surface within this range, the resulting composite semipermeable
membrane has a high pure water permeability rate, and can maintain the structure without causing the
separation function layer to fall into pores of the supporting membrane during operation under
pressure. [GQk3]4n this caserthepore sizei oftheunitseporous: suppoding:membiane imitssurface
can be calculated from an electron micrograph. The pore size refers to a value obtained by taking a
photographesdnd: measuring and avenaging therdiameters of alt 6f perescthat gan be observed. In the
case of a noncircular pore, the pore size can be obtained in accordance with a method of obtaining a
circle with itscareareguivatentad the azea bb thegpene(eguivaler sircle): withrite aise of @nritage
processing apparatus or the like, and determining the diameter of the equivalent circle as the diameter
of the pore.tAs adothet vezns; the porecdize canhe-obtainedrbyodiffekeritial s€annihg calor etry (DSC).
The details thereof are described in Ishikiriyama et al., "Journal of Colloid and Interface Science”, 171,
p. 103, Acadeftic Pfess Inen¢EgoB)lar pore, the pore size can be obtained in

accordance with a method of cbtaining a circle with its area
equivalent to the area of the pore (eguivalent circle) with
the use of an lmage processing apparatus or the like, and
determining the diameter of the equivalent circle as the
diameter of the pore. As another means, the pore size can
be cbtained by differential scanning calorimetry (DSC). The
detalls thereof are described in Ishikirivyama et al.,
“Journal of Colloid and Interface Science”, 171, p. 103,
Academic Press Inc. (19885).

[0014]

The microporous supporting membrane preferably has a
thickness within the range of 1 uym to - mm, more preferably
within the range of 10 to 100 um. A small thickness is more
likely to decrsase the strength of the microporous
supporting membrane, thereby resulting in a tendency to
decrease the strength of the composite semipermeable
membrane. A large thickness makes it difficult to handle
the microporous supporting membrane and the composite
semipermeable membrane obtained from the microporous

supporting membrane, for example, when the membranes are



[0014] The microporous supporting membrane preferably has a thickness within the range of 1 um
to 5 mm, more preferably within the range of 10 to 100 um. A small thickness is more likely to
decrease the strength of the microporous supporting membrane, thereby resulting in a tendency to
decrease the strength of the composite semipermeable membrane. A large thickness makes it difficult
to handle the microporous supporting membrane and the composite semipermeable membrane
obtained from the microporous supporting membrane, for example, when the membranes are bent for
use. In addition; incardlen ta:increase the: strength of the-gempesite semiparmeable membrane, the
microporous supporting membrane may be reinforced with cloth, nonwoven fabric, paper, etc. These
reinforcement meatetialscarefarablyhavesa thicknessof Afkt0:150 praxfPodbt, +The material used for
the microporous supporting membrane is not particularly limited. For example, homopolymers or

copolymersrafcpalysutfone, polyethet suljonesrpotyamideapolipester; celiulosedasedpotymers,
vinyl-based polymers, polyphenylene sulfide, polyphenylene sulfide sulfone, polyphenylene sulfone,
and polypheryiene exideztanibe useg.cFhesetpolynigdrscaniyeiuged singhyrdar inaterials
preferakly have a thickness of 50 to 150 pm.
[0015]

The material used for the microporous supporting
membrane is not particularly limited. For example,
homopolymers or copolymers of polysulfone, polyether sulfone,
polyamide, polyester, cellulose-based polymers, vinyli-based

. polymers, polyphenylene sulfide, polyphenylene sulfide
sulfone, polyphenylene sulfone, and polyphenylene oxide can
be used. These polymers can be used singly or in
combination. Ameong the polymers mentioned above, examples
of the cellulocse-based polymers include cellulose acetate
and cellulose nitrate. Preferable examples of the vinyi-
based polymers include polyethylene, polypropylens,
polyvinyl chleride, and polyacrylonitrile. BAbove all,
heomopolymers or copolymers of polysulfone, polyether sulfone,
polyamide, polyester, cellulose acetate, cellulose nitrate,
polyvinyl chloride, polvacrylonitrile, polyphenylene sulfide,
and polyphenylene sulfide sulfone are preferable.

Furthermere, among these materials, it is particularly

preferabie to use polysulfcne or polyether sulfone which has

high chemical stability, mechanical stability, and thermal



combination. Among the polymers mentioned above, examples of the cellulose-based polymers
include cellulose acetate and cellulose nitrate. Preferable examples of the vinyl-based polymers
include polyethylene, polypropylene, polyvinyl chloride, and polyacrylonitrile. Above all, homopolymers
or copolymers of polysulfone, polyether sulfone, polyamide, polyester, cellulose acetate, cellulose
nitrate, polyvinyl chloride, polyacrylonitrile, polyphenylene sulfide, and polyphenylene sulfide sulfone
are preferable. Furthermore, among these materials, it is particularly preferable to use polysulfone or

polyether sufene;which haschigh chgmical stability, mechanical stability, and thermal stability and is
easy to mold. [0016] The separation function layer in the composite semipermeable membrane

according tg thelpresent invention preferably has a thickness within the range of 5 to 500 nm. The
lower limit of the thickness is more preferably 5 nm. The upper limit of the thickness is more preferably
200 nm. The reductien iethicknessis lessdikelyrto cause crackshand sapdhus avoid the decrease in
removal rate due to defects. Furthermore, the separation function layer with its thickness -educed can
improve waterrpermeabiity.00&7pbrane according to the present invention
preferably has a thickness within the range of 5 to 500 nm.
The lower limit of the thickness is more preferably 5 nm.
The upper limit of the thickness is more preferably 200 nm.
The reduction in thickness is less likely to cause cracks,
and can thus aveid the decrease in removal rate due to
defects. Furthermore, the separation function layer with
its thickness reduced can improve water permeability.
[GC17]
The separation function layer according to the present
inventicn is formed on the microporous supporting membrane
in accordance with the following reaction:
from (A) a silicon compound in which a reactive group
having an ethylenically unsaturated group and a2 hydrolyzable
group are directly bended to silicon atoms, and (B) a
compound having an ethylenically unsaturated group other
than the silicon compound,
by condensation of the hydrolyzable group of the
silicon compound (A) and peolymerization of the ethylenically
unsaturated group of the silicon compound (A) and the

ethylenically unsaturated group of the compound (B) having

the ethylenically unsaturated group.
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The separation function layer according to the present invention is formed on the microporous
supporting membrane in accordance with the following reaction: from (A) a silicon compound in
which a reactive group having an ethylenically unsaturated group and a hydrolyzable group are directly
bonded to silicon atoms, and (B) a compound having an ethylenically unsaturated group other than the
silicon compound, by condensation of the hydrolyzable group of the silicon compound (A) and
polymerization of the ethylenically unsaturated group of the silicon compound (A) and the ethylenically
unsaturated group; of the compound (B) having the ethylenically unsaturated group. [0018]  First,
the silicon compound (A) will be described in which the reactive group having the ethylenically
unsaturated grou and the bydrolyzable-groupare directly bonded te silicer atamsd0049]  The
reactive group having the ethylenically unsaturated group is directly bonded to a silicon atom.
Examples ofithisireattivergroupiinelude @ayinylgroup, amallylgrouera methacryloxyethyl group, a
methacryloxypropy! group, an acryloxyethyl group, an acryloxypropy! group, and a styryl group. In
terms of polymerizability,ca methacryloxypitopyhgroup] anschyoxypropylagreup,iand-a styryl group are

preferable.
bonded to silicon atoms.
[001¢]

The reactive group having the ethylenically unsaturated
group is.directly bonded to a silicon atom. Examples of
this reactive greoup include a2 vinyl group, an allyl group, a
methacryloxyethyl group, & methacryloxypropyl group, an
acryloxyvethyl group, an acryloxypropyl group, and a styryl
group. In terms of polymerizability, a methacryloxypropyl
group, an acryloxypropyl group, and a styryl group are
preferable.

10020]

In addition, through the process such as change of the
hydreclyzable group directly bonded to a silicon atom to a
hydroxyl group, the condensation reaction takes place in
which silicon compounds are bonded to each other by a
siloxane linkage to produce a polymer. Examples of the
hydrolyzable group include the fcllowing functional groups:
an alkoxy group; an alkenyloxy group; a carboxy group; a
ketoxime group; an aminchydroxy group; a halogen atom; and
an isocyanate group. The alkoxy group has preferably 1 to

10 carbon atoms, and more preferably 1 to 2 carbon atoms.



[0020] In addition, through the process such as change of the hydrolyzable group directly bonded to
a silicon atom to a hydroxyl group, the condensation reaction takes place in which silicon compounds
are bonded to each other by a siloxane linkage to produce a polymer. Examples of the hydrolyzable
group include the following functional groups: an alkoxy group; an alkenyloxy group; a carboxy group;
a ketoxime group; an aminohydroxy group; a halogen atom; and an isocyanate group. The alkoxy
group has preferably 1 to 10 carbon atoms, and more preferably 1 to 2 carbon atoms. The alkenyloxy

group has preferably-2 to 10 Garben.atomss more freferably 2 to4 carbenatems: ane fyrther
preferably 3 atoms. The carboxy group has preferably 2 to 10 carbon atoms, and further preferably 2

carbon atoms-thab is; the earbpxy greup is-anacetoxy greyp.=oxanples iof thecketoximae group include
a methyl ethyl ketoxime group, a dimethyl ketoxi e group, and a diethyl ketoxime group. The
aminohydraxy=group hasrar amind grqupbondechteasilicdn aabmhywith an okggen atom interposed
therebetween. Examples of the aminohydroxy group include a dimethyl aminohydroxy group, a diethyl
aminohydrexycgreupaand aunéethyletbyleafmmahydroXy cpaup:rAs:thenrhalogeratons, .a thlorine atom is
preferably used. [00211 For the formation of the separation function layer, a silicon compound can
also be usetiwhichshastthehydsolyzalle grouy partially hydiolyzed & provide e sianol>strueture. In
addition, two or more silicon compounds can also be used which have the hydrolyzable group partially
hydrolyzed @#elicondensed o have Bhighertmplecliar weight torstish arfexdeéRethay ho cross-linking is

caused. [0022] The silicon compound (A) is preferably represented by the following general
fownma(a)ketoxime group, and a diethyl ketoxime group. The

aminchydroxy group has an amino group bonded to a silicen
atom with an oxygen atom interposed therebetween. Examples
of the aﬁidohydroxy group include a dimethyl aminchydroxy
group, a diethyl aminohydroxy group, and a methylethyl
aminchydroxy group. As the halogen atom, a chlorine atom is
preferably used,

[0021]

For the formation of the separation function laver, a
gsilicon compound can also ke used which has the hydrolyzable
group partially hydrolyzed to provide a silanol structure.
In addition, two or more silicon compounds can alsc be used
which have the hydrolyzable group partially hvdrolvzed and
condensed to have a higher molecular weight to such an
extent that no cross-linking is caused.

[0022]

The silicen compound (A} is preferably represented by

the folliowing general formula (a).

S (RY n (R n(R%) gopen (&)
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Si(R1)m(R2)4(R3)AdAn (a) (Rl represents a reactive group including an ethylenically unsaturated
group. R2 is an alkoxy group, an alkenyloxy group, a carboxy group, a ketoxime group, a halogen
atom, or an isocyanate group. R3 represents a hydrogen atom or an alkyl group. m and n are integers,
and m +4, m1, and n 1. When two or more functional groups in each of Rl, R2, and R3 are bonded to
a silicon atom, Ri, R2, and R3 may be the same or different.) IS a reactive group including an
ethylenically unsaturated group, which is as described above. [0023] is a hydrolyzable group,

which is as describgd abovesThe alkylgraup tor R3:has preferably 1 fo 40icarhoen atoms; and more

preferably 1 to 2 carbon atoms. In addition, other functional groups may be bonded to the alkyl group.
[0024] unsaturated group. R? is an alkoxy greoup, an alkenyloxy

group, a carboxy group, a ketoxime group, a halogen atom, or
an lsocyanate group. R’ represents a hydrogen atom or an
alkyl group. m and n are integers, and m+ n £ 4, m =2 1,

and n = 1. When two.or more functional groups in each of RY,
R?, and R’ are bonded to a silicon atom, R', R?, and R® may be
the same or different.)

R! is a reactive group including an ethylenically
unsaturated group, which is as described above.

[0023]

R®* is a hydrolyzable group, which is as described above.
The alkyl group for R’ has preferably 1 to 10 carbon atoms,
and moere preferably 1 to 2 carbon atoms. In addition, other
functicnal groups may be bonded tc the alkyl group.

[0024]

As the hvydrolyzable group, an alkoxy group is
preferabkly used Iin terms of the viscosity of tThe reaction
solution, for the formation of the separation function layer.
[0025]

Examples cof this silicon compound include vinyl
trimethoxy silane, vinyl triethoxy silane, styryl trimethoxy
silane, methacrvloxypropylmethyldimethoxy silane,
methacryloxypropyltrimethoxzy silane,

methacryloxypropyimethyldiethoxy silane,

13



As the hydrolyzable group, an alkoxy group is preferably used in terms of the viscosity of the reaction
solution, for the formation of the separation function layer. [0025] Examples of this silicon
compound include vinyl trimethoxy silane, vinyl triethoxy silane, styryl trimethoxy silane,
methacryloxypropylmethyldimethoxy silane, methacry]oxyprobyltrimethoxy silane,
methacryloxypropylmethyldiethoxy silane, methacryloxybropyltriethoxy silane, and
acryloxypropyltrimethoxy silane. [0026] In addition to the silicon compound (A), another silicon

compound gar heusedin combination, whieh has nogactive.group having an ethylenically
unsaturated group, but has a hydrolyzable group. Such a silicon compound may be a compound with

m = 0 in the,gererak {orma; (a)r altbeughp isidefined as "m A 1" in the general formula (a). Examples
of the silicon compound with m = 0 in the general formula (a) include tetramethoxy silane, tetraethoxy
silane, methyltsimethoxy silane, and methyltriethoxy silane.  Next, the compound (B) having the
ethylenically unsaturated group will be described, which is other than the silicon compound (A).

In addition to the silicon compound (A), anocther
silicon compound can be used in gombination, which has no
reactive greoup having an ethylenically unsaturated group,
but has a hydrolyzable group. Such a silicon compound may
be a compound with m = ¢ in the general formula (a},
although m is defined as “m = 1” in the general formula (a).
Examples of the szilicon compound with m = 0 in the general
formula (a) include tetramethoxy silane, tetracthoxy silane,
methyltrimethoxy silane, and methyltriethoxy silane.

Next, the compound (B) having the ethylenically
unsaturated group will be described, which is other than the
silicon compound (A).

[C027]

The ethylenically unsaturated group is addition-
polymerizable. Examples of such a compound include ethylene,
propylene, methacrylic acid, acrylic acid, styrene and
derivatives therecf.

[0028]

In addition, this compound is preferably an alkali-

scluble compound having an acid group; in order to improve

the selective water permeability and increase the salt

rejection rate when the composite semipermeable membrane 1is

14



[0027]  The ethylenically unsaturated group is additionpolymerizable. Examples of such a
compound include ethylene, propylene, methacrylic acid, acrylic acid, styrene and derivatives thereof.
[0028] In addition, this compound is preferably an alkali-soluble compound having an acid group, in
order to improve the selective water permeability and increase the salt rejection rate when the
composite semipermeable membrane is used for the separation of an aqueous solution. [0029]
Preferable structures of the acid include carboxylic acid, phosphonic acid, phosphoric acid, and

sulfonic acid,-and theseacid sttuctures;may be presgpbinany formof an-acid, an ester compound,
and a metal salt. Compounds having one or more of these ethylenically unsaturated groups can

contain two [of gnore acids, and above all, compounds containing one to two acid groups are
preferable.
Preferable structures of the acid include carboxylic

aclid, phosphonic acid, phosphoric acid, and sulfonic acid,
and these acid structures may be present in any form of an
acid, an ester compound, and a metal salt. Compounds having
one or more of these ethylenically unsaturated groups can
contain twoe or more acids, and above all, compounds
containing one to two acid groups are preferable.

[C030]

Examples of compounds having a carboxylic acid group
among the compounds having one or more ethylenically
unsaturated groups mentionsd zbove include the following
compounds: maleic acid, maleic anhydride, acrylic acid,
methacrylic acid, Z-(hydroxymethyl) acrylic acid, 4~
(meth)acryloyloxyethyl trimellitic acid and corresponding
anhydrides, l0-methacryloyloxydecyl maleonic acid, N-{(2-
hydroxy-3-methacrylovloxypropyl) -N-phenylgiveine, and 4-
vinyl benzoic acid.

[0031]

Examples of the compounds having a phosphonic acid
group among the compounds having one or more ethylenically
unsaturated groups mentioned above include vinylphosphonic
acid, 4-vinylphenylphosphonic acid, 4-vinylbenzylphosphonic

acid, Z-methacryloyloxyethylphosphonic acid, 2-
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[0030] Examples of compounds having a carboxylic acid group among the compounds having one
or more ethylenically unsaturated groups mentioned above include the following compounds: maleic
acid, maleic anhydride, acrylic acid, methacrylic acid, 2-(hydroxymethyl) acrylic acid, 4- (
eth)acryloyloxyethyl trimellitic acid and corresponding anhydrides, 10-methacryloyloxydecyl malonic
acid, N-(2- hydroxy-3-methacryloyloxypropy1)-N-phenylglycine, and 4- vinyl benzoic acid. [00311
Examples of the compounds having a phosphonic acid group among the compounds having one or

more ethylgnically unsaturated. groups spentionad; above; inclugde.yinylphasphanicsacid.- o
4-vinylphenylphosphonic acid, 4-vinylbenzylphosphonic acid, 2-methacryloyloxyethylphosphonic acid,

2- methacrytamideethyt phosphonic.aeid; 4-methacrylamide:4r; methvl-phenyl-phesphonicacid,
2-[4-(dihydroxyphosphoryl)-2- oxa-butyl]-acrylic acid, and 2-[2-(dihydroxyphosphory1)-
ethoxymethysl}-asiti¢ acid:2:4,6-timethykphenylester o[0032} ydroxyphosphoryl) -
ethoxymethyl]~acrylic acid-2,4, 6-trimethyl-phenylester.
[0032]

Examples of the phosphate compounds among the compounds
having one or more sthylenically unsaturated groups
mentioned above include 2-methacrvloyloxypropyl
monohydrogenphesphate and Z-methacryloyloxypropyl
dihvdrogenphosphate, Z-methacryvloyloxyethyl
monohydrogenphosphate and Z-methacryvloyloxyethyl
dihydrogenphosphate, 2-methacryloylioxyethyl-phenyl-
nonohyvdrogenphosphate, digentaerythriftol-
pentamethacryloyloxyphosphate, 10-methacryloyloxydecyl-
dihydrogenphosphate, dipentaeryvthritol
pentamethacryloyloxyphosphate, phosphoric acid mono-(1-
acryloyl-piperidine-4-ylj)-ester, 0-(methacrylamide)hexyl
dihydrogenghosphate, and 1,3-big~{(N-acryloyl-N-propyl-
amino} -propane-Z-yi- dihvdrogenphosphate.

[C033]

Fxamples of the compounds having a sulfonic acid group
among the compounds having one or more ethylenically
unsaturated groups menticned above include vinyi sulfonic
acid, 4-vinvlpheny! sulfonic acid, and 3-

(methacrylamide)propyl sulfonic acid.
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Examples of the phosphate compounds among the compounds having one or more ethylenically
unsaturated groups mentioned above include 2-methacryloyloxypropyl monohydrogenphosphate and
2-methacryloyloxypropyi dihydrogenphosphate, 2-methacryloyloxyethyl monohydrogenphosphate and
2-methacryloyloxyethyl dihydrogenphosphate,
2-methacryloyloxyethyl-phenylmonohydrogenphosphate,
dipentaerythritolpentamethacryloyloxyphosphate, 10-methacryloyloxydecyldihydrogenphosphate,
dipentaerythgitol pentamethacryloyloxyphosphate, phosphoric acid mono-(1-
acryloyl-piperidine-4-y1)-ester, 6-(methacrylamide)hexyl dihydrogenphosphate, and
1,3-bis-(N-acryloyt-N-propylamine)-prepanas2y=dihydrogenpbpsphate. [0038he Examples of the
compounds having a sulfonic acid group among the compounds having one or more ethylenically
unsaturated greupsi mentianed: above inciude vinyl-sultonic.aeid nd-vinytphenyl: sulfonie asig, and 3-
(methacrylamide)propyl sulfonic acid. [0034] For the composite semipermeable membrane of the
present inventiom,:a feaction solutionicontaining-a cempound having-ene:arimore ethylenically
unsaturated groups and a polymerization initiator is used besides the silicon compound (A) in order to
form the sepatation-fupnetian tayer.ilt issmecessaryutocapply shis¢eaction soluticroonto a porous
membrane, further condense the hydrolyzable group, and additionally polymerize the ethylenically
unsaturated groups; thereby providing:thése Compounds svthea highen nioleculacweight.awhen the
silicon compound (A) is condensed singly, the linking of cross-linked chains will be concentrated on
silicon atom$ to. increasesthe ensity differencé betweeretheopars arotindosilicortatoms and the part
away from silicon atoms, thus developing a tendency to produce ununiform pore sizes in the
separation firiction @& Omthe dtHathand, avhsiethegecompoind! (B) vaiing thedéthiylenically
unsaturated group is copolymerized in addition to the increase of the molecular weight and
cross-linkingf'6f the Gilicoh cokdpbiiel (X ik Stheloss-linkifg Hoints deriéd frohi thie-condensation
of the hydrolyzable group and the cross-linking points derived from the polymerization of the
ethylenicalj utigaturatettgrotipsire dispersed- r&teRP THS Moldéfate YisperSidh of the
cross-linking points_constitutes a separation function layer which has uniform pore sizes, thereby
allowing fof*g t8hipusite ‘Senfipérme b mehibrane kE8ping ABAHAECE hetweeh water permeability
performance and removal performance. In this case, the molecﬁar Weight of the com %und having

one or mor& BRABRICAIY UASAtrated Groups nedds o ¢ fticieaset- beciise therd s & gossibility that

the compound will %e elcuted to cause a decrecase in membrane gerf%rman e wh%n in use for the
coqpen ra e? on 81 1co% a omﬁ)to 1?%¥ea & the densi %
manufacture of a composite Semipermeable’mémbrane, if the'’compound has a lower molecular

We@ht[ooé?kference between the part around silicon atoms and the
part away from silicon atoms, thus developing a tendency to
produce ununiform pore sizes 1n the separation function
layer. On the other hand, when the compound (B) having the
ethylenically unsaturated group 1s copolymerized in addition
to the increase of the molecular weight and cross-linking of
the silicon compound (A) itself, the cross-linking points
derived from the condensation of the hvydrolyzable group and
the cross-linking points derived from the polymerization of
The ethylenically unsaturated groups are dispersed
moderately. This moderate dispersion of the cross-linking

points constitutes a separation function layer which has
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In the manufacturing method according to the present invention, the content of the silicon compound
(A) in which the reactive group having the ethylenically unsaturated group and the hydrolyzable group
are directly bonded to silicon atoms is preferably 10 parts by weight or more, and more preferably 20
to 50 parts by weight with respect to 100 parts by weight of the solid content contained in the reaction
solution. In this case, the solid content contained in the reaction solution refers to a component
excluding the solvent and the distilled component among all of the components contained in the

reaction solytioncwhichds finally, eantained-as the-separation functign Jayes insthe.composite

semipermeable membrane obtained in accordance with the manufacturing method according to the

present investion: A-s@all amewnt:of he silicen campoupd (A) tendsdeprevide zar insufficient degree
of cross-linking, and there is thus a possibility that problems will be caused such as a decrease in

separation petfernance: dye te-elttion0f the separatenfunctisadayenduiing membrane diltration.
[0036] The content of the compound (B) having the ethylenically unsaturated group is preferably 90
parts by weight«or less; andlnerel preferablyn30 tor8Q parts dy weight with ftespect to 300 parts by
weight of the solid content contained in the reaction solution. When the content of the compound (B)
falls within these ranges,dhe cesulting separation dunctioniayenwiidmveda highéndegree=af,
cross-linking, and stable membrane filtration can be thus carried out without elution of the separation
function layeed0087] thiNext, semetiyodsfor forming the separation dumctiondayerldn agporous
supporting membrane in the method for manufacturing a composite semipermeable membrane
according t6 thé present irvention Wik bedeseribad 1fo0B8kne performance when in

use for the manufacture of a composite semipermeable
menbrane, if the compound has.a lower molecular weight.
[0035]

In the manufacturing method accerding Lo The present
invention, the content of the silicon compound (A) in which
the reactive group having the ethylenically unsaturated
group and the hvdrolvzable group are directly bonded to
silicon atoms is preferably 10 parts by weight or more, and
more preferably 20 to 50 parts by weight with respect to 100
parts by weight of the =solid content contained in the
réacﬁion soluticn. In this case, the solid content
contained in fthe reaction scolution refers to a component
excluding the sclvent and the distilled component among all
of the components contained in the reaction sclution, which
is finally contained as the separation function layer in the
composite semipermeable membrane obtained in accordance.with
the manufacturing method according to the present invention.

A small amount of the silicon compound (A) tends fto provide
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An example of the method for the formation of the separation function layer includes a step of applying
a reaction solution containing the silicon compound (A) and the compound (B) having an ethylenically
unsaturated group, a step of removing the solvent, a step of polymerizing the ethylenically
unsaturated groups, and a step of condensing the hydrolyzable group, which are carried out in this
order. The hydrolyzable group may be condensed at the same time in the step of polymerizing the
ethylenically unsaturated groups. [0039] First, the reaction solution containing the silicon

compound () and;the.compoynd, () s broyght,into.confagt with a migroporous SUpparing ,

membrane. The reaction solution is typically a solution containing a solvent, and the solvent is not

particularly %6%@9%1'9@9 a§H_Q_% solvent bas ne:ability to destroy the, microporous.suUppoLing o
membrane but dissolves the silicon compound (A) and the compound (B), as well as a polymerization

initiator added ik Beeassary: rl Q- Wis reagiiopsaluion; walter s prefesably added along-with an inorganic
acid or an organic acid, by 1 to 10 times, preferably 1 to 5 times in terms of molar quantity with respect

to the mole number<of the sdiconcompouns (/) e pramote-theihydrolysis of the silicon compound (A).
[0040] As the solvent of the reaction solution, water, alcohol-based organic solvents, ether-based
organic solvenis,&ketone-based organic solvents, and mixtures thereof are preferable. Examples of the
alcohol-based organic solvents
The content of the compound (B) having the
ethylenically unsaturated group is preferably 90 parts by
welght or less, and more preferably 50 to 80 parts by weight
with respect to 100 parts by weight of the solid cont@ht
contained in the reaction sclution. When the content of the
compound (B) falls within these ranges, the resulting
separation function layer will have a higher degree of
cross~linking, and stable membrane filtration can he thus
carried out without eluticn of the separation function iayer.
[0037]
Next, a method for forming the sepazatiop function
layer on a porous supporting membrane in the method for
manufacturing a composite semipermeable membrane according
to the present invention will be describked.
[0038]
An example of the method for the formation of the
separation function layer includes a step of applying a
reaction solution containing the silicon compound (A} and

the compound (B) having an ethylenically unsaturated group,

a step of removing the solvent, a step of polymerizing the
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include methanol, ethbxy methanol, ethanol, propanol, butanol, amyl alcohol, cyclohexanol,
methylcyclohexanol, ethylene glycol monomethyl ether (2-methoxy ethanol), ethylene glycol
monoaceto ester, diethylene glycol monomethyl ether, diethylene glycol monoacetate, propylene
glycol monoethyl ether, propylene glycol monoacetate, dipropylene glycol monoethyl ether, and
methoxy butanol. In addition, examples of the ether-based organic solvents include methylel, diethyl
ether, dipropyf ether, dibutyl ether, diamyl ether, diethyl acetal, dihexyl ether, trioxane, and dioxane. In

addition, exé‘ﬂ?ﬂ}%%Hﬁ@@lﬁ?o%@éﬁ_%@&%ﬂi&§81¥§Qt,5 inglyde @@é@%fﬂ@@%h@%%ﬁ}one, methyl

propyl ketone, methyl isobutyl ketone, methyl amyl ketone, methyl cyclohexyl ketone, diethyl ketone,

ethyl butyl ketene, timethyl onangne, acetonitrile agetone, dimethyloxide; phorone, cyglohexanone,
and diacetone alcohol. In addition, the additive amount of the solvent is preferably 50 to 99 parts% by

weight, andrmere, peeferabh:80 to 99 partsie by meight, doa largean additive amountef the solvent

tends to cause defects in the membrane, whereas too small an additive amount of the solvent tends to
decrease thehwater permeapility,afthe resuting compegite semipermeable membrane. [0041] The

contact between the microporous supporting membrane

groups.
(00397

First, the reaction sclution containing the silicon
compeund (A} and the compound {B) is brought into contact
with a microporocus supporting membrane. The reaction
solution is'typically a scolution containing a solvent, and
the solvent is not particularly iimited as long as the
solvent has no ability to destroy the microporous supporting
membrane pbut disscolves the silicon compound (A) and the
compound (B}, as well as a polymerization initiator addsd if
necessary. To this reaction solution, water is preferably
added along with an incorganic acid or an organic acid, by 1
to 10 times, preferably 1 to 5 times in terms of molar
gquantity with respect to the mole number of the silicon
compound (A) to promote the hydrolysis of the silicon
compound {A).
[0040]

As the solvent of the reaction scolution, water,
alcohol-kased organic solvents, ether-based organic solwvents,

ketone-based organic sclvents, and mixtures thereof are

preferable. Examples of the alcohol-based organic solvents
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and the reaction solution is preferably made uniformly and continuously on the surface of the
microporous supporting membrane. Specifically, for example, there is a method of coating the
microporous supporting membrane with the reaction solution with the use of a coating applicator such
as a spin coater, a wire bar, a flow coater, a die coater, a roll coater, or a sprayer. In addition, there is
also a method of immersing the microporous supporting membrane into the reaction solution. [00421
In the case of immersing the microporous supporting membrane, the duration of contact between the

microporous supporing.membrane and reaction solution preferably; falls within he range of 0.5 to 10

minutes, more preferably within the range of 1 to 3 minutes. After the reaction soiution is brought into

contact with;the-micropereys SUPpeHing, membrane, drippings.areRreferably, rsmaved so sufficiently
that no droplet is left on the membrane. The sufficient removal of drippings can prevent remaining

droplets froatleadingstojnembrang defects toidecrease the-membrane berformance after the
formation of the membrane. As the method for the removal of drippings, a method of vertically

grasping the frigriopesous supporting saembrangsafter camingrntocontact withithe reaction solution to
naturally drop the excess reaction solution, a method of blowing wind such as nitrogen from an air
nozzle for ferciblesemovakafidrippings; €ts: ] ear: bg Used! Inmaddition; :aftes the rerpovalaf drippings,
the surface of the membrane can be dried to partially remove the solvent of the reaction solution.
[0043] Theystep ofcondehnsihgdhédhydralyzable greupyafithe siliconds carriedequt by a heat
treatment after bringing the reaction solution into contact with the microporous supporting membrane.
The heating!tamperaturedn ¢his case s regriitedltodishlower dhah thettemperatureatwhich the
microporous supporting membrane is melted to decrease the performance as a separation membrane.
In order to prddiéssthe corelensatiorr fedctionsapidly; the heatinp s preferablyssarded out typically at
0C or more, and more preferably at 20C or more. In addition, the reaction temperature mentioned
above is préfefablya 50etéress, arbl fioke preferably 1008 6ress. A Feaiction {émperature of 0C or
more progresses the hydrol{sis and the condensation reaction rapidly, whereas a reaction
temperaturé bF-E50C BraEss makes it eadict 16 conf6rthe hydfbljsis ahd #hé esndenshtivAeaction. In
addition, the addition of a catalyst for promoting the hydrolysis or the condensation allows the reaction
to be progréSsed’atIERRE tempBrattifest FefthefrhBie + thepreseft TERGH, 1HE Rating condition

organic solvents include acetone, methyl ethyl ketone,
methyl propyl ketone, methyl isobutyl ketone, methyl amyl
ketone, methyl cyclohexyl ketone, diethyl ketone, ethyl
butyl ketone, trimethyl nonanone, acetonitrile acetone,
dimethyloxide, phorone, cyclohexanone, and diacetone alcohol.
In additicn, the additive amecunt of the solvent is
preferably 50 tc 99 parts® by weight, and more preferably 8C
to 99 parts% by weight. Too large an additive amount of the
solvent tends to cause defects in the membrane, whereas too
small an additive amount of the solvent tends to decrease
the water permeability of the resulting composite
semipermeable membrane.

[0041]

The contact between the microporous supporting membrane
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and humidity condition are selected to provide the separation function layer with pores, in such a way
that the condensation reaction is carried out appropriately. [0044]  As a method for the
polymerization of the ethylenically unsaturated group of the silicon compound (A) and the ethylenically
unsaturated group of the compound (B) having the ethylenically unsaturated group, the polymerization
can be carried out by a heat treatment, electromagnetic wave irradiation, electron beam irradiation,
and plasma radiation. The electromagnetic wave herein includes infrared rays, ultraviolet rays, X
rays, and 74ays.\While ap.apfigium selection of the, palymerization method may-he made;

appropriately, polymerization by electromagnetic wave irradiation is preferable in terms of running
cost, produgtivity; st olymerization by, infrared ray irradiation.oriitravialet ray isradiation is more
preferable among the electromagnetic waves in terms of convenience. In the case of actually carrying
out polymetizationawith theiseof infrared rays er ultraviolet rays.these fight seurees dg not have to
selectively generate only light rays in these wavelength ranges, and it is enough for the light sources to
generate light says:including electromagnetie rays-intthese mavelength ranges: However, the strength
of these electromagnetic waves is preferably higher as compared with electromagnetic waves in other
wavelengthrrangescin terms of the atility toreducestherpalymesization time andcentrad the,
polymerization conditions. [0045] The electromagnetic waves can be generated from a halogen
lamp, a xerson lamgy aUYdarmpr an @xeiimer lamp, asméfab hatide: laamp, ebaresgasfuerescent lamp, a
mercury lamp, etc. While the energy of the electromagnetic waves is not particularly limited as long as
polymerization ¢arrbetcarried out: abpve v low-Waveleligth uitravidletrayswith-ahigh degree of
efficiency have high thin film forming properties. Such ultraviolet rays can be generated by low
pressure niéecurptaraps andexeiner [hsér Rpse Thethikaessand form bEtherseparativrofunction
layer according to the present invention may vary significantly depending also on the respective
polymerizatiéi¥ céfdifiorsantrmay Y@y significantly depending on the wavelengths and intensity of
the electromagnetic waves, the distance to an object to be irradiated, and the processing time, in the
case of pol;}ﬁﬁ]%ﬁ%étion with electromagnetic waves. Therefore, these conductions need to be

appropriately optimized. , , _ .
. In the case of immersing the microporous supporting

mempbrane, the duration of contact between the microporous
supporting membrane and reaction solution preferably falls
within the range of 0.5 to 10 minutes, more preferably
within the range of 1 to 3 minutes. Aftef the reéction
solution is brought into contact with the microporous
supporting membrane, drippings are preferably removed so
sufficiently that no droplet is left on the membrane. The
sufficient removal of drippings can prevent remaining
droplets from leading to membrane defects to decrease the
membrane performance after the formation of the membrane.
As the methed for the removal of drippings, a method of
vertically grasping the microporcus supporting membrane
after coming into contact with the reaction solution to

naturally drop the excess reaction scluticon, a method of
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[0046] It is preferable to add a polymerization initiator, a polymerization promoter, etc., in the
formation of the separation function layer for the purpose of increasing the polymerization rate. The
polymerization initiator and the polymerization promoter herein are not particularly limited, and
appropriately selected according to the structures of the compounds used, the polymerization
approach, etc. [0047] Examples of the polymerization initiator are given below. Examples of the
initiator for the polymerization with electromagnetic waves include benzoin ether, dialkyl benzil ketal,

dialkoxyacetaphenane, aeylphosphing oxide-arbisacylphosphing oxidea-diketones (for example,
9,10- phenanthrene quinone), diacetyl quinone, furylquinone, anisyl guinone, 4,4'-dichloro

benzylguinang-ang 44 vdialkexy benzylguinonesand camphor guingne, Examples, of the initiator for
the polymerization with heat include azo compounds (for example, 2,2'-azobis(isobutyronitrile) (AIBN)

or azobis-(4-gyanovaleriante agid}), or peraxidas (ar examplendibenzey perexide ~dilatirgylderoxide,
tert-butyl octaneperoxoate, tert-butyl perbenzoate, or di-(tertbutyl)peroxide), further aromatic
diazonium salts:, bigsalfeniunm:salts; asematic iedonium Salts caromaticisulfepilnz salts, potassium
persulfate, ammonium persulfate, alkyl lithium, cumyl potassium, sodium naphthalene, and distyryl
dianion. Above all ibenzopinacahand 2,2'- dialkylbenzopinacol are particularly preferable as initiators
for radical polymerization.

[0043]

The step of condensing the hydrolyzable group of the

silicon 1is carried out by a heat treatment after bringing

the reaction sclution into contact with the microporous

supporting membrane. The heating temperature in this case

is regquired to be lower than the temperature at which the

micreporous supperting membrane is melted Lo decrease the

performance as a separation membrane. In order fo progress

the condensation reaction rapidly, the heating is preferably

carried out typically at 0°C or more, and more preferably at

20°C or more. In addition, the reaction temperature

mentioned above is preferably 150°C or less, and more

preferably 100°C or less. A reaction temperature of (°C or

more progresses the hydrelysis and the condensation reaction

rapidly, whereas a reaction temperature of 150°C or less

makes it easier to control the hydrolysis and the

condensation reaction. In addition, the addition of a

catalyst for promoting the hydrolysis or the condensation

allows the reactiocn to ke progressed at lower femperatures.

Furthermore, in the present invention, the heating condition
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[0048] The peroxides and a-diketones are preferably used in combination with an aromatic amine
in order to accelerate the initiation. These combinations are also referred to as redox series. An
example of these series is a combination of benzoyl peroxide or camphor quinine with an amine (for
example, N,N-dimethyl-p-toluidine, N,N-dihydroxyethyl-ptoluidine, p-dimethyl-ethyl aminobenzoate
ester, or a derivative thereof). Furthermore, another series are also preferable which contain a
peroxide in combination with ascorbic acid, barbiturate, or sulfinic acid as a reducing agent. [0049]

Then, a heat{reatment at abeut 100 ta-200G for-en the:erger of 10 Mmindtesttp3 hours produces a
condensation reaction, thereby giving a composite semipermeable membrane according to the present

invention ingkisling: a separationtfupetion layer derved reasthe:silicon-compeund, whieh istormed on
the surface of the microporous supporting membrane. While the heating temperature depends on the

material of thenmicteparous supporiing-membrane,iteo high aeating temperature causes dissolution
to block pores of the microporous supporting membrane, thus decreasing the water desalination
amount achiévediby the composite semipermeable membrane. On the other hand, too low a heating
temperature produces an insufficient condensation reaction to elute the function layer, thereby
decreasing the refmoval rete.{0O50br tihéhe mamuadtusingsnethod descrliéd above,zhé step of
providing the silicon compound (A) and the compound (B) having one or more ethylenically
unsaturatedgroupsiwited highermmolectlae weightanay bervarried outbeforel ok bfter the step of

condensing the silicon compound. Alternatively, these steps may be carried out at the same time.
ethylenically unsaturated group of the compound (B} having

the ethylenically unsaturated group, the pclymerization can
be carried out by a heat treatment, electromagnetic wave
irradiation, electron beam ilrradiation, and plasma
irradiation. The electromagnetic wave herein includes
infrared rays, ultraviolet rays, ¥ rays, and v rays. While
an optimum selection of the polymerization method may be
made appropriately, polymerization by electromagnetic wave
irradiation is preferable in terms of running cost,
productivity, etc. Polymerization by infrared ray
irradiation or ultraviolet ray irradiation is more
preferable among the electromagnetic waves in terms of
convenience. In the case of actually carrying out
polymerization with the use of infrared rays or ultraviolet
ravs, these light sources do not have to selectively
generate only light rayvs in these wavelength ranges, and it
is enough for the light scurces toc generate light rays
including electromagnetic rays in these wavelength ranges.

However, the strength of these electromagnetic waves is
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[0051] While the composite semipermeable membrane thus obtained can be used as it is, the
surface of the membrane is preferably provided with hydrophilicity before use with the use of, for
example, an alcohol-containing aqueous solution or an alkaline aqueous solution. Examples [0052]
The present invention will be more specifically described below with reference to examples. However,
the present invention is not to be considered limited to these examples. [0053] In the following
examples, the removal rate of the

preferably higher as compared with electromagnetic waves in
other wavelength ranges, in terms of the ability to reduce
the polymerization time and control the polymerization
conditions.

[0045]

The electromagnetic waves can be generated from a
halogen lamp, & xenon lamp, a UV lamp, an excimer lamp, a
metal halide lamp, a rare gas fluorescent lamp, a mercury
lamp, etc. While the energy of the electromagnetic waves 1s
not particularly limited as loﬁg as polymerization can be
carri@q cut, above all, low-wavelength ultraviolet rays with
a high degree of efficiency have high thin film forming
properties. Such ultraviclet rays can be generated by low
pressure mercury lamps and excimer laser lamps; The
thickness and form of the separation function layer
according to the present invention may vary significantly
depending also on the respective polymerization conditions,
and may vary significantly depending on the wavelengths and
intensity of the electromagnetic waves, the distance to an
object to be irradiated, and the processing time, in fhe
case of polymerization with electromagnetic waves.
Therefore, these conductions need to be appropriately
optimized.

[0046]

It 1s preferable to add a polymerization initiator, a
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composite semipermeable membrane, the permeability rate of the composite semipermeable
membrane, and the performance retention rate after immersion in chlorine are calculated by the
following equations (b), (c), and (d), respectively. Removal Rate (%) = {(Concentration of Supplied
Solution - Concentration of Permeated Solution)/Concentration of Supplied Solution} x 100Equation (b)
Permeability Rate (m3/m2/day) - (Amount of Permeated Solution per Day)/(Area of Membrane)
Equation (c) Performance Retention Rate after Immersion in Chlorine (%) = (Removal Rate after

Immersion in-E€hlptine)/ (Remgval-Ratedasfore.immersign in Chioring) x100Equatign (d)  In

addition, the pore size of the microporous supporting membrane in its surface was calculated from an

electron micrggsaph observed at 60;000:fold magnificadioputxasaple 1) 1 nAd S5/ weight¥ solution of

polysulfone in dimethylformamide was cast onto a polyester nonwoven fabric at room temperature
(25C) to haye B thickness 06200 P, andiramesliatelydmmersed in pure water angddeftHer 5 minutes to
manufacture a microporous supporting membrane. The surface of the thus obtained microporous
supporting memhrané twadia pore-size of 2 1nemeand the: micropprousisupperting membrane had a
thickness of 150 pm. [00541

and appropriately selected according to the structures of

the compounds used, the polymerization approach, etc.

[0047]

Examples of the polymerizaticn initiator are given

below. Examples of the initiator for the polymerization

with electromagnetic waves include benzoin ether, dialkyl

benzil ketal, dialkoxyaéetophenone, acylphosphine oxide or

bisacylphosphine oxide, o-diketones (for example, 9,10-

phenanthrene guincne), diacetyl guinone, furylguinone,

anisyl quinone, 4,4'~dichloro benzyvlquinone and 4,47 -

dialkoxy benzylguinone, and camphcr guincne. Examples of

the initiator for the polvyvmerization with heat include azo

compounds {for example, 2,2’ -azobis(iscbutyronitrile) (AIBN)

or azobis~{4-cyanovalerianic acid)), or peroxides {for

example, dibenzoyl peroxide, dilauroyl peroxide, tert-butyl

octaneperoxocate, tert-butyl perbenzoate, or di-(tert-

_butyl}peroxide), further aromatic diazonium salts, bis-

sulfonium salts, aromatic lodonium salts, aromatic sulfonium

salts, potassium persulfate, ammonium persulfate, alkyl

ilithium, cumyl potassium, sodium naphthalene, and distyryl

dianion. Above all, benzopinacol and 2,2'-
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The obtained microporous supporting membrane was brought into contact with an isopropyl alcohol
solution containing 0.8 weight% of 3-acryloxypropyltrimethoxy silane corresponding to the compound
(A), 3.2 weight% of sodium 4- vinyl phenyl sulfonate corresponding to the compound (B), 0.24
weight% of 2,2-dimethoxy-2-phenylacetophenone, and 33.5 weight% of pure water for | minute, and
nitrogen was blown from an air nozzle to remove the extra solution from the surface of the supporting
membrane, thereby forming a layer of the solution on the microporous supporting membrane. Then,
with the use; of an exsimerdamp(LER 20:172) produced-by, Ushios inc.aapable of irradiation with
ultraviolet rays with a wavelength of 172 nm, the distance between the lamp and the microporous
supporting memhbrane wasset te ddemaindes apittegen atmesphere with an oxygen concentration of
0.1% or less, and irradiation with ultraviolet rays was carried out for 5 minutes to produce a composite
semipermeablezfaembrane with a separation function layer formed on the surface of the microporous
supporting membrane, which is formed from 3-acryloxypropyltrimethoxy s lane and sodium 4-vinyl
phenyl sulfonate. 0855}« ro Néxt the nbtained éemposite semipermeable-membrane was held in a
hot air drying machine at 100C for 2 hours to condense 3-acryloxypropyltrimethoxy silane, thereby
providing adrigdicompasiterxserhipermeabieahembraneiwith the separation dunctiondayer on the
microporous supporting membrane. After that, the dried composite semipermeable membrane was
immersed ifi'ae10 Welght¥%iagueods: isoprapyhialcohol solatien foralsminutés to prbvide the membrane
with hydrophilicity. To the thus obtained composite semipermeable membrane, a 500 ppm salt solution
adjusted tofH!8:5 Wwas sappliedundéptielcoritions=6f0.5 MP& and R5€ toosdrey:obtthe operation of
membrane filtration under pressure in which the permeated water and the supplied water were
measured foF waterZquality tHeréby obtdiningithe d8sdts $Hotn iTabler. 4 additioR the thickness of
the separation function layer obtained in this case was 180 nm on average, which was measured from
a cross-sectionaFintage’of the Hiembrand obsehved by S fidld EmisSivRtype scanting electron
microscope (FE-SEM). (Example 2) A composite semipermeable membrane was manufactured in
the same way &5 T ExXample L BxEEHhat 3Y A PRSPy RAMeth S SfaneUsed in Example | was
replaced with 3-.methacrylgn>t<€/§ropyigimethox%/ silane. The separation function layer had a thickness of

230 nm on av&rage; The dbtaihed composite semiPereabie thembrarie was evafuated th the same

way as in Example 1 to obtain the , . . . . :
y prgy%rabge w%lc contaln a peroxide 1n combination with

ascorbic acid, barbiturate, or sulfinic acid as a reducing
agent.
[0049]

Then, a heat treatment at about 100 to 200°C for on the
order of 10 minutes to 3 hours produces a condensation
reaction, thereby giving a composite semipermeable membrane
according to the present invention including a separation
function layer derived from the silicon compound, which is
formed con the surface of the microporous supporting membrane.
While the heating temperature depends on the material of the
microporous supporting membrane, toc high a heating
temperature causes dissolution to bklock pores of the

microporous supporting membrane, thus decreasing the water
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results shown in Table 1. (Example 3) A composite semipermeable membrane was manufactured
in the same way as in Example 1, except that 3- acryloxypropyltrimethoxy silane used in Example 1
was replaced with p-styryltrimethoxy silane. The separation function layer had a thickness of 240 nm
on average. The obtained composite semipermeable membrane was evaluated in the same way as in
Example 1 to obtain the results shown in Table 1. (Example 4) A composite semipermeable
membrane was manufactured in the same way as in Example 1, except that the reaction solution in

Example | wassteplaged; with andsepropylaleqhel %S)%?t%c%%i@mgi% WelghtY.Qf eab1e _
3-acryloxypropyltrimethoxy silane corresponding to the compound (A), 2 weight% of potassium 4-vinyl

phenyl sulfopate earresponding:te the gempoung, (B) Q.24 weight%e 9f 2 2;dimethex:2n re
phenylacetophenone, and 33.5 weight% of pure water. The separation function layer had a thickness

of 300 nm onraverage. the ohtaifed eorposite seripermeable-membrane wasevalyateddn the same
way as in Example 1 to obtain the results shown in Table 1. (Example 5) The concentration of the
DMF solutioh:ef-qpalysulfongsdn, thereby decreasing the removal rate.

(00507

In the manufacturing method described above, the step
of providing the silicon compound (A) and the compound (B)
having one or more ethylenically unsaturated groups with a
higher molecular weight may be carried out before or afier
the step of condensing the silicon compound. Alternatively,
these steps mav be carried out at the same time.

[0051]

While the composite semipermeable membrane thus
obtained can be used as it is, the surface of the membrane
is preferably provided with hydrophilicity before use with
the use cof, for exzample, an aléohol—containing agueous
sclution or an alkaline aguecus sclution.

Examples
[0052]

The present invention will be more specifically
described below with reference to examples. However, the
present invention is not to be considered limited to these
examples.

[0053]

In the following examples, the removal rate of the
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Example 1 was changed to 18 weight% to manufacture and obtain a polysulfone microporous
supporting membrane with a pore size of 16.4 nm in the obtained surface and a total thickness of 224
to 229 pm. After that, a separation function layer was provided in the same way as in Example 1 to
manufacture a composite semipermeable membrane. The separation function layer had a thickness of
200 nm on average. The obtained composite semipermeable membrane was evaluated in the same
way as in Example 1 to obtain the results shown in Table 1. (Example 6)  The concentration of the

DMF solutienafpelysulfenaninxample ke wasiehanged te 26 weight¥ata manufactiuee and obtain a
polysulfone microporous supporting membrane with a pore size of 13.1 nm and a total thickness of

232 to 237 pnw: Afterthat; acsepardtion-fopstion: layermwasrroviged in the samedvay:asdin Example 1
to manufacture a composite semipermeable membrane. The separation function layer had a thickness
of 250 nm ar: averagen The iobtaified composite semipermeable membraneswas evaluated.in the same
way as in Example 1 to obtain the results shown in Table 1. (Comparative Example 1) An aqueous
solution containidg 3.C-werght¥oofanetapheniiene diamirenand 6.5, weightd#of sodium hydrogen
sulfite was applied to the same microporous supporting membrane as in Example 1, and dried with
hot air at 70€forvE iiRatec After that,{dif nrdecanesolution-dorftaining @4 Weight% of isophthalic acid
chloride and 0.1 weight% of trimesic acid trichloride was applied, and treated with hot air at 100C for 5
minutes. A€ that) e micropofoldesiipportiny Arehviirape Was furthier imimersedin a 100 ppm
aqueous chlorine solution adjusted to pH 7 for 2 minutes, and then washed with pure water, thereby
resulting in‘BE6mMpEsite>semipermeablelmeémbrane provided with a sépardtionrfurietion layer
composed of a polyamide. The obtaingd composite semipermeable membrane was evaluated in the

same way 4§ TExarmple- 16 8btair the festits’showr i T4ble {CBRiparaivs EXamiplet o)

per Day)/(Area of Membrane)

Equation (c)

Performance Retention Rate after Immersion in Chlorine (%) =
(Removal Rate after Immersion in Chlorine)/{Removal Rate
pefore Immersion in Chlorine) x 100 Equation (d)

In addition, the pore size of the microporous
supporting membrane in its surface was calculated from an
electron micrograph observed at 60,000-fold magnification.
(Example 1)

A 15,7 welght% solution of polysulfone in
dimethylformamide was cast onto a polyester nonwoven fabric
at room temperature (25°C) to have a thickness of 200 um,
and immediately immersed in pure water and left for 5
minutes to manufacture a microporous supporting membrane.
The surface of the thus obtained microporous supporting
membrane had a pore size of 21 nm, and the microporous

supporting membrane had a thickness of 150 pm.
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A composite semipermeable membrane was manufactured in the same way as in Example 1, except
That the reaction solution in Example 1 contained therein no 3- methacryloxypropyltrimethoxy silane
and the content of sodium 4-vinyl phenyl sultanate was changed to 4 weight%. The obtained
composite semipermeable membrane was evaluated in the same way as in Example 1 to obtain the
results shown in Table 1. The initial performance of the composite semipermeable membrane obtained
according to Comparative Example 2 had a significantly low salt rejection rate, as compared with the
composite semipermeable membranes obtained according to Examples 1 to 6. [00561 The
composite semipermeable membranes obtained according to each of Examples 1 to 6 and
Comparative Examplesobto: 2 weredmmersed éua 500ppmanueouschlosine seigion adjusted to pH
7 for 1 week to carry out a chlorine resistance test. The performance retention rates after the
immersion inthe @gueous chlosinesalutiort aresshovwn i able 1a (Comparativedtxample 3) A
composite semipermeable membrane was manufactured in the same way as in Example 1, except

that 3- acryloxypropyitrimethexysifapetbvas feplaced with:3ychlgrgpropyitdmethoxy silanedaving no
ethylenically unsaturated group. The thus obtained composite semipermeable membrane was
evaluated irrther samperwidy:gs ire Examplehio result(ihla remévat sateraf 1396 and@ perndeability rate
of 11 m3/m2/day, which means that the removal rate was significantly decreased. (Comparative
Example 4)vinyl phenyl sulfonate corresponding to the compound (B),

0.24 weight% of 2,2-dimethoxy~2-phenylacetophenone, and 33.5

welght® of pure water for 1 minute, and nitrogen was blown

from an air nozzle to remove the extra solution from the

surface of the suppcrting membrane, théreby forming a layer

of the sclution on the microporous supporting membrane,

Then, with the use of an excimer lamp (UER 20-172) produced

by Ushio, Inc., capable of irradiation with ultraviolet rays

with a wavelength of 172 nm, the distance between the lamp

and the microporous supporting membrane was set to 1 cm

under a nitrogen atmosphere with an oxygen concentration of

0.1% or less, and irradiation with ultraviolet rays was

carried out for 5 minutes to produce a composite

semipermeable membrane with a separation function layer

formed on the surface of the microporous sup?orting membrane,

which is formed from 3-acryloxypropyltrimethoxy silane and

sodium 4-vinyl phenyl sulfonate.

[0055]

Next, the cbtained composite semipermeable membrane was

held in a hot air drying machine at 100°C for 2 hours to
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A composite semipermeable membrane was obtained in the same way as in Example 1 by using an

isopropyl alcohol solution containing 4 weight% of 3- methacryloxypropyltrimethoxy silane and 33.6

weight% of pure water as the reaction solution. However, no ultraviolet radiation was carried out. While

the obtained composite semipermeable membrane was evaluated in the same way as in Example 1,

the composite semipermeable membrane exhibited no water permeability at all, and neither the

removal rate nor permeability rate was able to be measured. [0057] [Table 1] Initial Performance
condense 3-acryloxypropyltrimethoxy silane, thereby

providing a dried composite semipermeable membrane with the
separation functicn layer on the microporous supporting
membrane. After that, the dried composite semipermeable
membrane was immersed in a 10 weight$% aqueocus isopropyl
alcohol solution for 10 minutes to provide the membrane with
hydrophilicity. To the thus obtained composite
semipermeable membrane, a 500 ppm salt solution adjusted to
pH 6.9% was supplied under the conditions of 0.5 MPa and 25°C
to carry out the cperation of membrane filtration under
pregsure in which the permeated water and the supplied water
were measured for water guality, thereby obtaining the
resuits shown in Table 1. In addition, the thickness of the
separation function laver obtained in this case was 180 nm
on average, which was measured from a cross-sectional image
of the membrané observed by a field-emission-tvpe scanning
electron microscope (FE-SEM).
(Example 2)

A composite semipermeable membrane was manufactured in
the same way as in Example 1, except that 3-
acryloxypropyltrimethoxy silane used in Example 1 was
replaced with 3~methaéryloxypropyitrimethoxy silane. The
separation function layer had & thickness of 230 nm on
average. The obitained composite semipermeable membrane was

evaluated in the same way as in Example 1 to cbtain the
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Performance Retention Rate (%)after Immersion in Aqueous Chlorine Solution

results shown in Table 1.
(Example 3)

A composite semipermeable membrane was manufactured in
the same way as in Example 1, except that 3-
acryloxypropyltrimethoxy silane used in Example 1 was
replaced with p-styryltrimethoxy silane. The separation
functicn layer had a thickness of 240 nm on average. The
obtained composite semipermeable membrane was evaluated in
the same way as in Example 1 tTo obtain the results shown in
Table 1.

{Example 4}

A composite semipermeable membrane was manufactured in
the same way as in Example 1, except that the reaction
solution in Example 1 was replaced with an isopropyl alcchol
solution containing 2 welight$% of 3-acryloxypropyltrimethoxy
silane corresponding to the compound {A}, 2 weight% of
potassium 4-vinyl phenyl sulfonate corresponding to the
compound (B}, 0.24 welght® of 2,Z2-dimethoxy-2-
phenylacetophenone, and 33.5 weight% of pure water. The
separation function layer had a thickness of 300 nm on
average. The obtained composite Semiperﬁeabie membrane was
evaluated in the same way as in Example 1 to obtain the
results shown in Table 1.

{(Example 5)

The concentration of the DMF solution of polysulfone in
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Removal Rate (%) Permeability Rate (m3/m2/day) Example 1 78.9

Example 1 was changed to 18 weight% to manufacture and
obtain a polysulforne microporous supporting membrane with a
pore size of 16.4 nm in the obtained surface and a total
thickness of 224 to 229 um. After that, & separation
function layer was provided in the same way as in Example 1
to manufacture a composite semipermeable membrane. The
separation function laver had a thickness of 200 nm on
average. The obtained composite semipermeable membrane was
evaluated in the same way as in Example 1 to obtain the
results shown in Table 1.

(Example 6).

The ceoncentration of the DMF solution of polysulfone in
Example 1 was changed to 25 weight% to manufacture and
obtain a polysulfone microporous supporting membrane with a
peore size of 13.1 nm and a total thickness:of 232 to 237 um.
After that, a separation function layer was provided in the
same way as in Example 1 to manufacture a composite
semipermeable membrane. The separation function laver had a
thickness of 250 nm on average. The obtained composite
semipermeable membrane was evaluated in the same way as in
Example 1 to obtain the results shown in Table 1.
(Comparative Example 1)

An agueous solution containing 3.0 welight% of meta-
phenylene diamine and 0.5 weight% of sodium hydrogen sulfite

was applied to the same microporous supporting membrane as
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1.89 106 Example 2 75.4 1.51 98 Example 3 76.4

in Example 1, and dried with hot air at 70°C for 1 minute.
After that, an n-decane scolution containing 0.4 weight% of
isophthalic acid chloride and 0.1 weight$% of trimesic acid
trichloride was applied, and treated with hot air at 100°C
for 5 minutes. After that, the microporous supporting
membrane was further immersed in a 100 ppm aquecus chlorine
solution adjusted to pH 7 for 2 minutes, and then washed
with pure water, thereby resulting in a composite
semipermeable membrane provided with a separation function
layer compesed of a polyamide. The cbtained composite
semipermeable membrane was evaluated in the same way as in
Example 1 te obtain the results shown in Table 1.
(Comparative Example 2)

A composite Semipermeable membrane was manufactured in
the same way as in Example 1, except that the reaction
solution in Example 1 contained therein no 3-
methacryloxypropyltrimethoxy silane and the content of
socium 4-vinyl phenyl sulfonate was changed to 4 weight%.
The thained_composite semipermeable membrane was evaluated
in the same way as in Example 1 to obtain the results shown
in Table 1. The initial performance of the composite
semipermeable membrane obtained accoxding to Comparative
Example 2 had a significantly low salt reiection rate, as
compared with the composite semipermeable membranes obtalned

acceording to Examples 1 to 6.
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1.40 102 Example 4 92.6 0.53 96 Example 5 80.1

[00b6]

The composite semipermeable membranes obtained
according to sach of Exanmples 1 to & and Comparativé
Examples 1 to 2 were immersed in a 500 ppm agueocus chlorine
solution adjusted to pH 7 for 1 week to carry out a chlorine
resistance test. The performance retention rates after the
lmmersion in the aguecus chlorine sclution are shown in
Table 1.

(Comparative Example 3)

A composite semipermeable membrane was manufactured in
the same way as in Example 1, except that 3-
acryloxypropyliltrimethoxy silane was replaced with 3-
chloropropyltrimethoxy silane having no ethylenically
unsaturated greoup. The thus obtained composite
semipermeable membrane was evaluated in the same way as in
Example 1 to result in a removal rate of 13% and a
permeability rate of 11 m*/m“/day, which means that the
removal rate was significantly decreased.

{Comparative Example 4)

A composite semipermeable membrane was obtained in the
same way as in Example 1 by using an isopropyl alcohol
solution containing 4 weight% of 3-
methacryloxypropyltrimethoxy silane and 33.6 weight% of pure
water as the reaction solution. However, no ultraviolet

irradiation was carried out. While the obtained composite
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1.42 100 Example 6 77.9 0.92 103 Comparative Example 1

semipermeable membrane was evaluated in the same way as in
Example 1, the composite semipermeable membrane exhibited no
water permeability at all, and neither the removal rate nor

permeability rate was able to be measured.
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93.2 0.83 55 Comparative Example 2 8.9 10.1

[CO57]
[Table 1]
Initial Performance Performance
Retention Rate
L (%) after
Permeability . .
Removal Rate Immersion in
(%) Rate a
% 1, 0 gquecus
1 d
(m/m”/day) Chlorine
Solution
Example 1 78.9 1.89 106
Example 2 75.4 1.51 94
Example 3 76.4 1.40 102
Example 4 92.6 0.53 96
Example 5 30.1 1.42 100
Example 6 T7.9 g.92 103
Comparative
P 93.2 0.83 55
Example 1
Comparative
e 8.9 10.1 -
Example 2
[0058]
From Table 1, it is determined that the composite

semipermeable membrane cbhtalined according to Comparative
Example 2 exhibits a significantly decreased performance
retention rate after the immersion in the agueous chlorine
solution, whe;eas the composite semipermeable membranes
obtained according to Examples 1 to 6 keép the performance
comparable to that before the immersion, even after the
immersion in the aqueous chlorine solution. Accordingly, it
is determined that the composite semipermeable membranes

obtained in accordance with the manufacturing method

37



[0058] From Table 1, it is determined that the composite semipermeable membrane obtained
according to Comparative Example 2 exhibits a significantly decreased performance retention rate
after the immersion in the aqueous chlorine solution, whereas the composite semipermeable
membranes obtained according to Examples 1 to 6 keep the performance comparable to that before
the immersion, even after the immersion in the aqueous chlorine solution. Accordingly, it is determined
that the composite semipermeable membranes obtained in accordance with )ihe manufacturing method

according t8 preséht ifvertion Hiave excel&At ¢hiSiing Fesistaf e, Indlstrial ApgiicaBility [0059]

The composite Segwipermeable membrane of the present invention can be used in the fields of water

treatment, SUCH &s aél(r)\llcljae-l'lquid separation, liquid separation, filtration, purification, concentration,

sludge dis sgl sgawa&er des?lina ian, drinking water production, pure water production, discharged
gl u? riza %&P 1cabh1 it .

water recycle, volume reduction of disc arﬁed water, and valuable resource collection. As a result,

improvements.s! as energy saving and reduction in running cost are expected in addition to

provision o higﬁ-performance membranes.

The composite semipermeable membrane of the present
invention can be used in the fields of water treatment, such
as sclid-liguid separation, ligquid separatiocn, filtration,
purification, concentration, sludge disposal, seawater
desalination, drinking water production, pure water
production, discharged water recycle, volume reduction of
discharged water, and valuable resourcé collecticon. As a
result, Improvements such as energy saving and reduction in
running cost are expected in addition to provision of high-

performance membranes.
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CLAIMS 1. A composite semipermeable membrane with a separation function layer formed on a
microporous supporting membrane, wherein the separation function layer is formed from (A) a silicon
compound in which a reactive group having an ethylenically unsaturated group and a hydrolyzable
group are directly bonded to silicon atoms, and (B) a compound having an ethylenically unsaturated
group other than the silicon compound, by condensation of the hydrolyzable group of the silicon
compound (A) and polymerization of the ethylen'&qﬂgﬁgsaturated group of the silicon compound (A)
and the ethylenically unsaturated group of the compound (B) having the ethylenically unsaturated
group. 2. The composite semipermeable membrane according to claim 1, wherein the microporous
supporting membrane has an average pore size of 1 to 100 nm. 3. The composite semipermeable

membrane accogding;ip clajm. L. harsin the-ydrolyzable graup, of fhe;silicon, campaynd

function layer formed on a microporoug supporting membrane,
wherein the separation function layer 1s formed from
(AY a silicon compound in which a reactive group having an
ethylenically unsaturated group and a hydrolyzable group are
directly bonded to silicon atoms, and
(B} a compound having an ethylenically unsaturated group
other than the silicon compound,

by condensation of the hydrelyzable group of the
silicon compound (A) and polymerization of the ethylenically
unsaturated group of the silicon compound (A} and the
ethylenically unsaturated group of the compound (B) having

the ethylenically unsaturated group.

2. The composite semipermeable membrane according to claim
1, wherein the microporcus supporting membrane has an

average pore size of 1 te 100 nm.

3. The composite semipermeable membrane according to claim
1, wherein the hydrolyzable group of the silicon compound
(A) 1s an alkoxy group, an alkenvloxy group, a carboexy group,

a ketoxime group, a halcgen atom, ¢r an isocyanate group.
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(A) is an alkoxy group, an alkenyloxy group, a carboxy group, a ketoxime group, a halogen atom, or an
isocyanate group. 4. The composite semipermeable membrane according to claim 1, wherein the
silicon compound (A) is represented by the following general formula (a): Si(R1)m(R2)n(R3)4giAB
General Formula (a) (RI represents a reactive group including an ethylenically unsaturated group; R2
is an alkoxy group, an alkenyloxy group, a carboxy group, a ketoxime group, a halogen atom, or an
isocyanate group; R3 re%reser{ggea g%%ro en atom.or an a kél roug; m and n are integers, and m +

: ) atho

o) ifers RF B4 4l R3 are bofded to a

n4, ml, and ni; and whei two or more functiona glr%ulﬁ}g%
silicon atom, RI, R2, and R3 may be the sacrg%géglffﬁeref%?. . A method for mgn%;?cg%lgg a

. i, elB iioon i Tl %s ﬁ@ r%sent -
composite semipermea le ' mémbrane with a separation function a)?er orme MICroporous

supporting %af%%@%?w 8[%'} he %%p:%gliign (Lé ction layer is formed by applying (A) a silicon
ea

compound in which a five group having an ethyienically unsaturated group and a hydrolyzable

group are directlyQppge)dm@sglinc%s%qm? @%‘?1@%@,09%99 h('aé/;ng an ethylenically unsaturated

group other than the silicon compound, and condensing the hydrolyzable group of the silicon

compound (g)1and pelymerizing.the ethylenically ynsaturated group of the silison, ¢ompoynd (A) and
the ethylenically unsaturated group of the compound (B) having

unsaturated group; R® is an alkoxy groug, an alkenyloky

group, a carboxy group, a ketoxime group, a halogen atom, or

an isocyanate group; R® represents a hydrogen atom or an

alkyl group; m and n are integers, andm + n £ 4, m 2 1, and

n 2 1; and when two or more functional groups in each of RY,

2

R?, and R® are bonded to a silicon atom, Rl, R?, and R’ nay be

the same or different).

5. A method for manufacturing a composite semipermeable
membrane with a separation function layver formed cn a
microporous supporting membrane, wherein the separation
function layer is formed by applying {A) a silicon compound
in which a reactive group having an ethylenically
unsaturated group and a hydrolyzable group are directly
bonded to silicon atoms, and (B) a compound having an
ethylenically unsaturated group other than the silicon
compound, and condensing the hydrolyzable group of the
silicon compound (a) and polymerizing the ethylenically
unsaturated group of the silicon compound (A} and the

ethylenically unsaturated group of the compound (B) having
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the ethylenically unsaturated group.

the ethylenically unsaturated group.

47



