DESCRIPTION COMPOSITE SEPARATION MEMBRANE TECHNICAL FIELD = The present
invention relates to a composite separation membrane which has excellent chemical resistance,
separation performance, and water permeability. BACKGROUND ART conventionally,
separationmembranes h chhavebeenused industrially include an asymtetric membrane from cellulose
acetate (for example, Patent Document 1). However, this membrane has problems with hydrolysis
resistance, Microbial resistance, etc., and is also insufficient in salt removal rate and water

. permeability. Therefore, the cellulose acetate asymmetric membrane has not been put to practical use
yet in a wide range of applications, while thBHA€mbranekas been uSed for one applications. It
order to correct these defects, a composite separation membrane which has a porous Membrane
coated with a separation functiGiPt&/e? Wtcl iF & 'dhifferet iHaiEHarEhd substantially responsible for
- mernbtare separation performance has been created as a separation membrane which differs from the
asymmetric membrane in terms of configuration. In the case of the composite separationmembrane, it

is possible &;ﬁ%‘ﬁ%ﬁﬂ oﬂi&/]l}gnmaterial

The present invention relates to a composite separation
memprane which has excellent chemical resistance, separation

performance, and water permeability.

BACKGROUND ART

Conventioﬁally,separationmembraneswhichhévebeeﬁused
'industrially inclqde anJasymmetriq membrane from cellulose
acetételﬁfor exaﬁplé; Patent Document 1). However, this
membrane haé pkoblems:withwhydrolysié‘resiétané&, microbial
resistance, étc., and is éiso.insufficient:in salt removal rate
and water permeability. Therefore, the éeilulose acetate
asymretric membrane has ﬁot been pﬁf to practical use yet in
a wide range of appliéatioﬁs; while the membrane has been used
for‘Some‘applications;

In order to correct these defects, a composite separation
membrane which has a'porous membrane coated with a separation
function layer which is a different material and substantially
responsibleformembranesepérationperformancehasbeencreated
as a separation membrane which differs from the asymmetric
membranejj1termscﬁfConfiguration._ZhlthecaSe(xfthecomposite

separationmembrane, it ispossible toselect anoptimummaterial




for each of the separation function layer and the microporous supporting membrane , and a variety of
methods can also be selected for the membrane forming technique. Most of composite separation
membranes which are currently commercially available have a monomer subjected-to interfacial
polycondensation on a porous membrane, and a polyamide is used for the separation function layer.
Specific examples thereof include Patent Document 2. These composite.separation membranes
provide higher desalination performance, and higher water permeability at the same time, than the
cellulose acetate asymmetric membrane. - very such a composite separation membrane using a
polyamide fefugesarcantidie linkage #F iSmain cHalerafd s sl Hasd nsffiedEstchamical
resistance, and it is known that the desalination performance and selective separation performance

are significEHI BB raHERHRF /518 tréathfeRB Wit ChibrMB ChydrogeR perskife SeteFbrdise in
sterilization_of the membrane. In ;%at re%%rd for examL_PIe, in Patent ocument,%and Patent Document
i

4, while stutfids AP SRS At A thec[ﬁ%rﬁﬂlgyée‘r‘ob?%fﬁgd By polyReriZzing a vinyl based

compound..which has high,geperal versatiity for the fagmp &r&%@@l%ﬁ%%&'&%%ﬁ@as a wide

range of sele tivity for raw materials. However, the composite separation m rane produced with the

use of a vinyl pased compornd as desaibed 'abave has exeelientchamicak Jesistance it can hardly
be said that either water permeabllity or separation performance is sufficient. On the other hand,

~ in Patent DesumenthsRatentDosument oPatent Rocumenrtcd and-NonPatgnt Pocusent 1,

- techniques are known for forming space in a membrane containing therein a polyhedral silsesquioxane
which has @ithreeidimensienally Stexicistiuctaresmptidor Rampie, Patent DbeuRw:S:discloses a
multi-layer film with a polyhedral silsesquioxane containing membrane formed on a transparent base
material; liktwisBeRateht Document 6 discloses a gas separation membrane which has a polyhedral
silsesquioxane mixed with a single-layer gas separation membrane made of a resin; Patent Document
7 discloses a filtratiGH R FARRNTiE R haS P BESE HilteREMETABE Wiltr 2 Polihetran&ilsesquioxane

~ containing gol mer, a{ld Non-Patent Document -1hdisgoses a gas se ara,gog r’r%emkgcra%r%le with-a
polyhedral $7882dUiBxaTa i RTFEGIEER NS pytyréfe SHREGE: PRe i deparitibn mémbranes

described %%%‘ée whyeh h%%%ﬁi?{‘ﬂgécaé@ﬁ%‘%é%aete%BS@H%%b@EY %Er?e’%‘%ti%b'ﬁé%}?z?a%se‘?d as separation

if
membranes for water tfeatments, because separation membraries for water treatments are required to

satisfy all qfyyater permeability sepavatiensgriormanse nang physical duysability:ang.chemical

durability. B 7 :
Jincludes an amidellinkagf@ in its main chain, and thus still has
insufficient chemical resistance, and if*is kno@n that the.
desalination perfbrman.ée -and selec*;,tive separation performance
are significantly degraded due to a treatment with chlorine,
hydrogen peroxide, etc., f£or use in sferilization of the
membrane.

Enthatrggardhforegample,inPatehtDocumentSandPatent

Document 4, while studies aremade on a separation function layer
cbtained by poZymerizingla vinyl based compound, which has high
genéral versatility for the meﬁbrané forming technique and has
a wide range of selectivity for raW'materials.‘ However, the
composite separation membrane produced with the use of a vinyl

based compound as described above has excellent chemical
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resistance,itcanhardbgbesaidthateitherﬁatexpermeability
or separation pérformance is sufficient.

on ﬁhe other hand, in Patent Document 5, Patent Document
6} Patent Document 7, anéiNonmPatent Document 1,'techniqués aré
known for forming space in a membrane containing therein a -
polyhedral silsesquioxane which haé-a three~dimensionally
ste&ic struétuIQ{ and for example, Patent Document 5 discloses
amulti~layer £film with a polyhedral silsesquicxane containing
m@mbranefcrmEd;nuatxanSParentbasenmierial;likewise,Patent'
Document 6 discloses a gas Se?aration membrane which has a
polyhearal silsesguioxane mixed with a single-laver gas”
separaﬁionnembzanen@decﬁfaresin;PatentDocument'7discléses
a filtration medium which has a base material coated with a
polvhedral silsesquioxah@ containing polymer; and Non-Patént
Document]_discloseéaagassepafationnembranewithazpoiyhedrél
silsesguicxane introduced into polysiyrene. HQweﬁer, the gas
separation membranes described above which have significantlj
low Waté; permeability are not able to be used as_separaﬁioﬁ
-membranes for water treatments, because separation membranes
for wétei treatments are requiréd to satisfy all of water
permeability, separation_gerformancé, anciphysical dg;ability

and chemical durability.
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[Non-Patent Document el] H. Rioa-Dominguezi another three, MD-Oa:roe' of MemSrane Suence" 271,
.(20:06)! p. 94-100 DISCLOSURE Op THE :INVENTION Problem to.he:solved-bythe invention
Therefore, an objeCt of the present invention is to obtain a coMpnsite separation m.!>mbrane which
has excellent chegical reSistance and satisfies. high setarationperformence and high water,
permeability. SUMMARY In a first aspect, there is provided a composite separation membrane
comprising a separation function layer on a porous supporting membrane, characterized in that the

separation functjon layer
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DISCLOSURE QE“:Eﬁ THVENTTION
Probl Emv_to e s‘olivad‘ by the iﬁ%entiap

Therefors, an Ob] ect of the present invention is to ob"l:a:_n
a c'omaesi & sepa En.:.on mambrane whz.cb has exc»l'? ent f::h.m:j_ca"

res_a_stance and sztis I' s h:..gh s=paration pm**ormance and hig’q

water permsability.
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contains at least a polymer of a polyhedral silsesquioxane represented by the following general

formula (a) and an acid monomer. (R1S101.5)",(R2Si01.5)m General Formula (a) (In the formula, R1
includes a polymerizable reactive moiety; R2 represents a hydrogen atom or an alkyl group, which
may be substituted with a substituent; and n and m each represent an integer satisfying n a 2 and m 0,

with n + m-bejng 8, 10 or 12.) (R1Si01.5),(R2Si01.5),,General Formula (a) (In the formula, R1 includes
a polymerizaﬁﬁwﬁ@@é moiety; R2 represents a hydrogen atom or an alkyl group, which may be

substituted with.a;spbstl - and n and m each represent an integer satiSfying n 2 and m 0, with n +
m being 8, 10 or ZII. 2.%%%5%%%@8%@\% Sgtﬁ gogggﬁg%separatlon membrane comprising a separation function layer

On a porous supporting membrane, characterized in that the separation function layer
contains at least a polymer of a polyhedral slisesquioxane represented by the following
general formula (a) and an acid ménomer.
(R'SIOs)(R®Si0.5)m  General Formula (a)
(In the formula, R includes a polymerizabie reacﬁva moiety; R? represents a hydrogen
‘atom or an a}kyi-group? which may be substituted with a subsﬁtﬁent and n and m each
represent an integer saﬁsfying nz2andmz0, with n + m baing 8, 10 or 12.)
(R'SIO16)n(R¥SI0-5),  General Formula (a)
(In the formula, R includes a poiymerizabfe reactive moiety; R? represents a hydrogen

atom or an alkyl group, which may be substituied with a substituent; and n and m each

represent an integer _satié“r’ying nzZandm=z0, withn+m being 8, 10 or 12.)
Means for so_.llviinglgl the problem

‘The présent imfenﬁion for solving the probiem‘ deéscribed
above is achieved by thé fellowing aspects (1) to {4).

(1). A composite separation membrane having & Separation

fu oy ' - 3 ’
nction layer on a porous Supporting membrane, characterized

4a



The present invention for solving the problem described above is achieved by the following aspects (1)
to (4) . (1) . A composite separation Membrane having a separation function layer on a porous '
stpporting membrane, characterized in thatthe separation function layer contains at least a polymer of
a polyhedral silsesguioxane represented by the following general formula (a) and a hydrophilic
monomer. (RiSiOi:5)ncR2Si01.sYni General Formula (a)

inthat the separation function layer contains at least a polymer
of a polyhedral silsesquioxane represented by the followiné
generai formula (a) arnd a hydrophilic monomer.
(R*'$104.5) o (R®8107 5)m General Formula (&)

(In the formula, R' includes a peciymerizable reactive,moiety}
R? represents a'hydxogen atom or an alkyl group, which may be
=s_ubstituted with a substituent; and'ﬁ'and:m each represent an
iﬁtéger satisfying n 2 2 and m 2 0, with n +m being 8, 10 or
12.) |

(25 Thé'cmeOSite separation membrane accqrding to (1),
wherein the porous 5up§ortingwnembfane has aﬂ.avérage pore size
of 1 to 100 nm.

(3}  The composite separation membrane according to (1),
wherein the séparation.function layer has a tﬁickﬁess of 500
nm Dr less., k

(4) The composite separation membrane acéording to (1),

wherein the hydrophilic monomer is an acid monomer.

Advantageoﬁs Effect;of the Invention
7'AccordingtothepresentinVention,acompdsitesepaxation
.membfaneCanbeprovidedwhichhasexcellentchemicairesistance
and water permeability, and the industrial improvements of
redacticn.in.rﬁnning'cost, reduction in cost, and energy saving

are-expected through the use of this membrane.

(W29



(In the formula, RI includes a poiymerizable reactive moiety; R2 represents a hydrogen atom or an
alkyl group, which may be substituted with a substituent; and ri and m each represent an integer
satisfying n 2 and m O, with n m being 8, 10 or 12.) (2) The composite separation Membrane
according to (), wherein the porous supporting membrane has an average pore size of 1 to 100 nra.
(3) The composite separation membrane according to (1), wherein the separation function layer has a
thickness of 500 nm or less. (4) The composite separation membrane acCording to (1), wherein the
hydrophilic monomer is an acid monomer. Advantageous Effect of the Invention According to the

present inventipnygreonepasiteaseparmionmemprangcanbegquovided which has excellent chemical
resistance and water permeability, and the industrial improvements of reduction in running cost,

reduction in cost, and®mnesgy savingrareexpectasihrangh dbe tseiofghiomemipranse rBEST MODE
FOR CARRYING OUT THE INVENTION
invention includes a separation function layer w-i:}lch has a fluid
separation function such as désalination p'erfo:mance or water
permeability‘performa.ﬁc:e and a porous supporting membrane for
supportinrg the separation function layer.

The separation function layer is charéc’berized in that
it contains a-t‘l.e‘ast a polymer of a polyhedxal silses‘cg;uioxa.ne
represented by the following gerneral fdrmula (a). and a

' hydréphilic- MONOMEL .

(R'Si01.5)a(R*S101.s)x  General Formula' (a)

{In the formula, -VRl includes a polymerizable reactive moliety;
R? represents a hydrogen atom or an alkyl group, which may be
gubs*i:itutecﬁ with a substittent; and n and m each represent an
integer satisfying n 2 2 and m 2 0, with n + m being 8, 10 Q::.
12.)

I'n the polyhedral silsesquioxane f£or use in thé present
inve:ntion,, the moiety-rep-r_e‘sented'by R* represents a reactive
mdiety which is polymerizable withthe hydrophilicmonomer. The
polyhedral silsesquioxanebondedtothe hydrophilicmonomer with
two or more (n 2 2) reactitve moieties interposed therebetweeln
. forma cross—1linked structure, thereby resulting rin improvement
of the resistance to dissolution in a variety of solvents, in
particular, water. Inthecaseofaseparationmenmbrane obtained

by polymerizing a hydrophilic monomex singly with a polyhedral



A composite separation membrane according to the present inVention includes a separation function
layer whith has a fluid separation function such as desalination performance or water permeability
performance and a porous supporting membrane for supporting the separation function layer. The
separation function layer is characterized in that it contains at least a polymer of a polyhedral
silsesguioxane represented by the following general formula (a) and a hydrophilic monomer.
(R1SiOi.$)n (R2,9101.5) raGeneral Formula (a) (In the formula, R1 includes a polymerizable reactive
moiety; Rg represents a hydrogen atom or.an alkyl group, which may be substituted with a substituent;

and n and igjeachrrpresentaninteger satistying 402 Apd Mo?e Oy With B M-heing:8, 46 or 12.)
In the polyhedral silsesguioxane for use in the present invention, the moiety represented by RI

represents gnkeactivermoiety whith:apolymenzable avih thedydraphilieoaenomeenTitespolyhedral
silsesguioxane bonded to the hydrophilic monomer with two or more (n 2) reactive moieties interposed
therebetweendoopia tiasstlinked strachurér thereby cesakingan improvensdntiofdhe resistance to
dissolution in a variety of solvents, in particular, water. In the case of a separat ion membrane obtained
by polymeriZieg @ hydedptsilietheramdrisiighh \withealpoiyie draP sl3sdcuidxahedneIndiffy no reactive

- moiety, the structure of the separation membrane is changed by swelling depending on the

hydrophilicHy-bf the AFEoRARR-mohBfT L 6F By SRtGGiTRTAtherS B HE 80RcEATHRA T membrane

separation performance will b raded. Therefore, the separation membrane compased of the. |
polymer of getglcﬁ%% aeé“]lggfs%%%%% glrii3 ﬁ?ﬁgﬁf{]fﬁgsﬁﬁgﬁ&%gﬁoﬁett}éyhé:vogog%%ér%ely high water

e AT ) S slon gl s e e terves fom
hydrophilicity with the-hydipphilic mepetestion of voids at the molecpl.ar level,
which derives ffon{the three—dimensionally'steric—structurelof
the polyhedral silsesquioxane, and the improvement in
hydrophilicity with the hydrophilic monoter.
‘In the pcélyhedral silsesquioxane fcr use in the present
in‘vant.ion, the n and m in the geheral formﬁla (g} each :r:ep::ies:e_.nt
" an inﬁeger satisfying nz2andme 0, and the n + m needs to
be .8, 10 or 12. The n + m which takes the vaiue of 8, 10 or
12 brings about sufficient‘homogéneity for the separétion
fUmctién-layer and a sufficient thin film formation property
for the separation function layer, and the present.inﬁention
thus producesldesired'effecfs. In particular, {he polyvhedral
silsesqguioxane with n + ﬁ 2'8;.which is referred to as T-8
silsesquioxane, produces particularly hiéh effectsxfrom its
cubic structiire in the present inventicén, and is thus thé most
preferable embbdim_ent. )
Inaddition, the respective values of the n andmdetermine

the content ratio between R' and R® in the polyhedral



In the pelyhedral silsesquioxane for use in the present invention, then and in in the general formula (a)
each represent an integer satisfying n 2 and in 0, and the n + m needs to be 8, 10 or 12. Then+ m
which takes the value of 8, 10 or 12 bring S about sufficient homogeneity for the separation function
layer and a sufficient thin film formation property for the separation function layer., and the present
invention thus produces desired effects. In particular, the polyhedral silsesquioxane with n + in = 8,
which is referred to as T-8 silsesquioxane, produces particularly high effects from its cubie structure in
the present inven len; and is thus the most preferable embodiment. In addition, the respective
values of theih smekmidetermine The contend datio- between Rl dnd-R24n ¢lse podyhedral
silsesguioxane. The introduttion of Rl increases the composition ratio of the reactive moiety which is
polymerizaBROBRE iié ¢y drophitic Moherien Whsreascthetintrdteiors B RYTrrerdasdsithe composition
ratio of the nonpolymerizable .moiety. Thus, the values of n and m can be appropriately determined
depending bhdediféd BEBRRRNCE fo BeBtGed 316G dsftfie ana i safisty the Rquirements
mentioned above. amples of R1 include, b%tp%limited tol, a \ggglz%rgfg,ma\zin lhalidegroup,

. INCTEea s i atio [ T .
avmylestergroup,ot?f"‘esrwnﬁo':errf\i/{‘?;fi)ﬁ/:és?‘8%'11 géiryﬁc group,eanr%%%oa ylic group, an other acrylic

derivativesdegddiggg, amaon thg ehc%rHBOHngggog ainin A @grgj_i% roun..a, ]r:nn%:[h%%rylic group, or |
ivatfi ' ﬁbﬁﬁer?zat 3 gg :

~other acrylic derivative are preferable as R1in terms of po ion reactivity, andncompounds
containing aJdpethaghylic grerpwighds peorly-vdrolyzed aremarticdarlyspieferable imterms of the

chemical durability of the membrane. The alkyl group represented by R2 may be a straight-chain

alkyl grouprptmbranchesk:elfginaley| group. anckmay be subskiyted:witha, substituent, Specifically,
examples of R2 include a hydrogen atom, a Methyl group, an ethyl group, a cyclopentyl group, a

.cyclohexyl group, &xisgptepybdratp,rac2:ethyliexylgriup ia2chtbroethylgroupl ametiracyloxypropyl
group, an allyl group, a 3-aminopropyl group, a a-mereaptopropy! group, a 3-glycidoxy propyl group,

and a pheriyFgrotbnThePolifedral silsesglioXane J6ruse inthepresent derivatives, -
- _an'aCrylic'group, a methacryiiC'group, and other atrylic

derivatives. Ih addition, émong:these,'comp@undé)containiné

an acrylic group, a methacrylic group, or oﬁﬁer acrylic
derivative are préférable as R* in terms of pQIYmezizétién

' réactivity, and.coméounds cgntaining'alnethacrylic:grOup’which
is,pobrly hydrolyzed are particularlylpreszable in terms 6f
the chemical durability éf the meﬁbrane.

The alkyl group repr‘ééented by R? may be a sfraight—cbain
alkyl group or a branched-chain alkyl group, and may be
subsﬁituted.with a subsﬁituent. Specifically, examplés of R?
inqiude a hydrogen atdm¢ a methyl group, an ethyl group, a
cyclepantyvl group, a cycldhexyl group, an isopropyl group, a
2~ethylhexylgr0up,aZ;Chloroethylgroﬁp,an@thacryioxypropyl
g:oup;ana&lylgroup;a3+aminopropylgr0up,a3wmercaptoprqpyl
group, a 3-glycidoxy propyl group, and a phenvl group.

The polyhedral silsesquioXane'for use in the present



invention may be an article on the market or can be produced in accordance with a known synthesis
method. For example, a silsesguioxane containing a methacrylic group (n = 8 and m = 0 in the general °
formula (a) ) is sold as "Methacryl-POSS (registered trademark) " from Sigma-Aldrich Japan. As the
known synthesis method, as described in, for example, Japanese Patent Application Laid-Open No.
2004-143449, 3-rnethacryloxy propyl trimethoxysilane is hydrolyzed and partially condensed in the
presence of an polar organic solvent and a basic catalyst, and the hydrolysis product is further
condensed again in the presence of a nonpolar product and a basic catalyst, thereby allowing the
polyhedral silsesquioxa tained. _ - e rophiic. omer, far.use. i resent

_ invention néeds It% Jb%)lgla%%/gorogp%%% m%?%rﬁére incﬁjd%aﬁr%%%%\%ggo%%gw%%cé?s%k%% be bonded to
the polymerizable reagtive moiety, ok the,Balyhegdralsilsesguiexane:.In additienathe Bydeophilic:
monomer needs to be a monomer containing a hetero atom in order to increase the selective water
permeability \whesns the eemposiiersepasation memhbrenerigilisedfossepanatiod ofacsalution or the like.
This hydrophilic monomer may be a compound of a straight-chain monomer containing a hetero atom
or a compolnikwhich has.aheterboingtudtare. Theseohydrephiliéahbacmiets FdFbe used singly, or
multiple types of the hydrophilic monomers can be used in combination. The hetero atom herein -
means atomsahet taricarbeisnagk hydFsgenSaenss; SLeh Edafr8diyen Afohi S/ Hitt8gen atom; a

sulfur atom, and a phosphorous atom. Pimong these hetero atoms, hydrophilic monomers containing

at least oné ¥8leRfed-fi A the Grdtip CBASIKTRG DFdh SR ATBM a MTtrOgER Hiom, cahd a sulfur atom

are preferable becausge the effect descrjbed Ve i tensively produce n. i _@9 , functional

-groups cort&iRim AT afdh a¢ “eorﬁﬁrﬁedodbg\%é gﬁ? %%ghﬁg hy:g_r%lgﬁ(i)ﬂg ?Jr?clt‘l%ngl goéé’é include an

alkoxyl oroup. 3 carbayL 9iaup. 3 cAbARYI BrOuR: 2410.LE0URNTY GSiGlgAOURa & Gathpnate group, an
0

amide group, a sulfoneamide group, a cyano group, a formyl g oup, a hydroxyl group, a mercapto

group, an %@QQQ{QQp@‘ﬁ%ﬁ”ﬂ@lﬁ@%@ﬂﬁ'@ﬁﬁi@v@@@Fhr@d%i'ﬁﬁ/éﬂ@d@a:@ﬁﬁﬁ@ﬂ%ﬂwup, a sulfo
group, a nitro group, a nitroso group, an-ether group, a thioether group, and a phosphoester group.

Above all, whemtherlongdesmn stahility 0 theecmposiindepasatiogenerbrane is eorsidered in terms
of resistance to fouling, the hydrophilic functional group preferably contains an acid group containing .
monomer vehich isanpacid groupdTinesaadicegivapicomaimidy sfondmensire alkéreéferded to as acid
monomers hereinafter. Preferable acid groups are a carboxyl group and a sulfo group, and these

" groups may-haveehyisd fefm sdd esTSL BRSSP 0M. ThHEedEHiBnomers can contain two or more

acid groups, and monomers containing one to twg acid grougs %re ,gre_ferable, _ .
o The hydrophilic monomer for use inh the present inventlioen

‘needs to be a hyd,.xép'hilic monomer iﬂcludiﬁg a xeactivé ;‘noiety
which \is able to be bonded to the polymerizable reactive moiety
of the polyhedr.ai silsésquioxane . Inaddition, the hydrophilic
monomer needs to be a monomer contaiﬁing a_heterb'atom in order
to increasé the selective watérpermeability- when the cémposite
separation membrane is used for .se,paration of a solution or the
like. This hydrophilic monomer may be a c.ompound of a
straight-chain monomer con_taining' a hetero atom or a compound

_which has a heterg ring structure. These hy{ir'ophiiic:-:ﬂdmom@rs
may be Used singly, ormultiple t-yp-esof the hydz":o'phili‘c MONomers
can be used in combination.

The hetero atom herein means atoms other than carbon and



Preferable monomers containing a carboxyl group includes, for example, a maleic acid, an acrylic
acid, a methacrylic acid, a 2- (hydroxymethyl ) acrylic acid, and a 4-vinylbenzoic acid. - Preferable
monomers containing a sulfo group include, for example, a vinyl sulfonic acid, a 8 tyrenesulfonic acid,
or 3- (methactylamide) propy! sulfonic acid. ‘As a method for the polymerization of the polyhedral
silsesguiokane and the hydrophilic monomer, the polymerization can be carried out by a heat
treatment, electromagnetic wave irradijation, electron beam irradiation, exposure to radiation, and
plasma irradiation, The electromagnetic wave herein includes infrared rays, ultraviolet rays, X ray,

and), ray . While 2 antinuw selectiensof thepelymerization methed mayheanmade agprepriately
depending on the structure Of the mon productivity, cost, etc., polymerization by a heat-treatment
andelectromagnetic mavesgs peefiecatie dn serons of mmaning Gesteeths andopalymresization by infrared
rays or ultraviolet rays is more preferable among electromagnetic waves. In the case of actually
carrying ouit polyopériZatiomuithrthe use of mfrated raysloadtraviclet ¢aps; thdsétighttdsurces do not
have to selectively generate these light rays, and it is enough for the light sources to generate light
easy includiF@tiese eidctioaghe fe PRI PoFeddr, tha SteriitR SfPiese B StroiMagifetic waves is
preferably higher as toMpared with electromagnetic waves in other wavelength rangge, in terms of the

ability to reBGEE 1R BoRhTdriLG6H SRS E6nirofthe pElym&THtioh Eshditions ©

extensively produced. In addition, functicnal groups
containing an atom as mentioned above and highly hydrophilic
funciional gioups include an alkoxy;l group, a é::-arb‘oﬁr:yl group,
a carbonyl group, a kétcﬁ_ gr‘oﬁp, an e,ste'r group, a carbonate group,
an amide group, a su’l_foné amide éroup',, a cyano group, a formyl
‘g‘roup, a4 hydroxyl gi‘:‘ou-p,' a mercapto group, an amino group, an
iminé group, an alk‘ylth:}.o group, a sulfinyl group, a sulfonyl
g'r-'oup, a sulfo gr-:oup, a nitro: grdup, a nitrosc group, aﬁ ether
group, a thioether group, and a phaosphoester group.

Above all, when the long—t-erm stability cof the composite
separation membrane is considered in terms of resistance to
fouling, the hydrophilic functional group preferably contains
anra,cid group containing meonomer which is an acid group. T-hese_
acid group containing‘monomers are also refa—réed to as acid
monomers hereinafter. Preferable %cid groups are a carboxyl
group and 2 sulfq group, and these groups may have an ar‘:id form,
an e&steéer fb.r, or a salt form. These monomérs can contalrn two
or more acid groups, and monomers containing one to two acid
groups are preferable.

Preferablemonomers containing a carboxyl group includes,



Further, the electromagnetic waves used for the polymerization can be generated from a halogen
lamp, a xenon lamp, a UV lamp, an excimer lamp, a metal halide lamp, a rare gas fluorescent lamp, a
- mercury lamp, etc. While the strength of the electromagnetic waves is not particularly limited as long
as the cross-linking s agent and the reactive monomer can be polymerized with each other, low
pressure mercury lamps and excimer lamps which are capable of short-wavelength ultraviolet
irradiation with a high degree of efficiency arepreferable above all because of their high thin film
forming properties. The thickness and form of the polymer according to the present inventionmay also

very sianifiganfy gepending %5%%;@3@%%@%%9 fization;conditions, andmay.vary significantly

depending on the wavelength and intensity o t, the distance to an object to be irradiated, the

processing fime, if $he 6356 OfpQhyrmerizationvwithelectiomaneticwayes.gherefate sthese conductions
need to be appropriately optimized. In addition, it is preferable to add a polymerization initiator, a

polymerization prometere et 18 e formation of thensepasasioh fungtiondayer forthe purposed of
increasing the polymerization rate. The polymerization initiator and the polymerization promoter herein
are not particuady dmitedy andlappréfiatety selédteddepanding enitherstuctgres ofehe polyhedral
silsesquioxane and hydrophilic monomer, the polymerization approach, etc. Examples of
polymerizafiorl itftidtae stitableéde) Bropiesedtinieniionasddde benzoin, benzil ketal,
a-hydroxyacetophenene, a-aminoacetophenone and derivatives thereof, and mixture thereof. Azo
‘compounds (for exAfple 2251850 HiSfs Gty RNHIES (ARG bPAz8BistScyhoUaféHdhic acid)), or
peroxides (for_.example, dibenzo é(pero ide, lauroy] peroxide, tert-butylperoctanaate, tert-butyl
perbenzoatd’ bF 8 ﬁgﬁiﬁﬁ}ﬁp‘?’e’i}/ Hé%?fé’&ﬁgp g ke s %%g%?%@gﬁl%ozrﬁﬁrjhogalts, aromatic

romatic diazonidn sal

odonium sgily, potasayn paralkats, a apluppetsuliair.alc . atemiEBiAbls 88 Jaligigys for thermal

curing. S the polymetiation prormoter for accelerating the initiation of the polymerization, a

reducing agent, g hydrogendanor sych,as aminesyq alcohoks. ardsthets ta sensitizingdye, etc., may

he added appropriately. The separation functiqn layer according to the present
and plasma irradiation. The electrcomagnetic wave herein

‘includesinﬁraredkays,ulfraviéletréys,Xray,andyray. While

an optimum selection of the‘polymerization method may be made
appropriately depending on the structure.bf thelménomer,
productivity, cost, etc.; polymerizatidn by a heat tréatment
andeledtromagpetigwavesispreferableinte:msofrﬁzﬁingcost,‘
etc., and polymerization by infrared_rayé or ultravioclet rays
is more preferable among electrcﬁagn@tic waves. In thelcase
ofactuallycarr?ingoutpolyﬁ@rizatiénwitﬁthezmxaofiﬁfrared
rays or ultraviéleﬁ rays, these light ;ourées do not have to
seleqtively generate these light rays, and it is enocugh for the
light scurces to generate light easy including these
electromagnetic ways. However, the strength of these
electromagnetic waves is preferably higher és compared with
electromagnetic waves in other wavelength range, in terms of

the ability to reduce the polymerization time and control the



invention__is characterized in that it includes at least a polymer of the polyhedral silsesquioxane and
“hydrophilic monomer. The separation function layer according to the present invention may contain
compositions other than the polymer to such an extent that the advantageous effect of the present
invention is not impaired, and for example, a surfactant and a filler may be added . The surfactant is
not particularly limited, and selected appropriately depending on the structures of the polyhedral

polymerization conditions.

,Fuxther, the eiectromégnetic waves used foé the
polymerization can be generated from a halogen lamp, a xenon
lamp, a UV lamp, an excimer lamp, a metal halide lamp, a2 rare
gas fluorescent lanm#_a,mercury lamp, etc. While the strength
oftheeleétromagnaticwavesjjsnotparticularlylimitedasinng
aslthe cross—iinking‘agent and £he reactive monomer can be
pelymerized with eacﬁ other, low pressure mercury lanmps and
excimer 1amps._whiéh are capable of sho;rt—wa'velen‘gt-h ultraviolet
irradiationwithahighdegreeofefficiencyarepreférableabove
all bscause of theii high thiﬁ fiim‘formihg érogerties. The
-tﬁickness and form of the polymer according to theApresent
inventionmayalsovaxysignificantlydePendingontheresyective
polymerizationconditions,andmayvaryéigmificantlydependingv
oﬁ the wavelenéih and intensity of the light, the distance to
an cbject te be irradiated, the processing time, In the case
of polymerizationwithelectromagneticwaves, Therefére,these
conductions_neé& to be appropriately optimized.

In addition, it is preferable to add a2 polymerization
initiator, a polymerizétion‘promotér, étc., in the formation

" of the separation function layer for the purposed of incréasing
the polymerization rate. The polymerization initiator and the
polymerization promoter hersein are not particularly limited,
and appropriately selected depending on the structures of the

polyhedral silseéquioxane and hydrophilic monomer, the.
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silsesquioxane and hydrophilic monomer, etc., for the purpoSe Of providing desired wettability.

The filler is not particularly limited, and May appropriately contain metal nanopatrticles; organic
nanoparticles, for the purpose of improving the mechanical strength of the composite separation
"membrane. - In order to control the thickness of the Separation function layer according to the
present invention, it is preferable to add a solvent in the polymerization of the polyhedral
silsesquioxane and hydrophilic monomer. The solvent herenot particularly limited as long as the
solvent can dilute the mixture of the polyhedral silsesquioxane and hydrophilic monomer. Example of

the solvent jn¢ Pygg%ga%@pgyéﬁpit%ng, water, alcohols, ketones, esters, aliphatic

hydrocarbons, aIOgenated hydrocarbons, and other common organic solvents In addition, when the

monomer is a salt gf anacid mangraar,sekeris thay be mixed andlisetksueh asithetadditionofwater
forthepurpose of increase in solubility. However, since the porous supporting membrane is attacked by
the solventinessame casesmepending-dmthe typezofithe foroas Supptring membrane, it is necessary
to select a solvent which does not attack the porous supporting membrane. In the polymer of the
polyhedralsilsgsquinyare bodhwmroghilic rronomecesrigtitgtimy theassharation 3GActish layer, the
content of the hydrophilic monomer in the mixture before the polymerization is preferably 10 to 99
weight% typhGiC BepBRdingisritHe hyarGHRfdtyoffHe IRRBRHIIEMohbiTer> FHBR% ditent of the

hydrophilic monoMer controlled within this range ¢ ieve desirable water permeability, separation
yarop 2,2’~azobis{isobutyro&ltr?l%? ?ﬂf§§§ or P Y, Sep

azobis-{4-cyanovalerianic acid)), or peroxides {for example,
dibenzoylperbxide,lauroylpafoxide,texﬁ—but?lperoctanoate,
tert~butyl perbenzééte, or di—(tert—bﬁtyl)peroxide}, further
a;ematic diazonium éalts, bis—sulfoniﬁm sdlts, aromatic
iodoniumsalts,potaséiﬁmpersulfate,ammbniwnpersulfate,etc.,
are preferable as initiators for thermal curing.

As the polymerization promoter for abceleiating the
initiafion of thelpolymerizatiOn, a reducing'égent,.a hydrogen
donor such as amines, alcohols, and ethérs, a sensitizing dye,
etc., may_be added appropriately.

The'sepération function layex according to the presant
-inventimnischaract@rizedinthatitinclud@satlgastapolymer
ofiﬂwapolyhedxal.siléesquioxaneemuihydrophiliqnwnomer. The
sepafation fqnotion layer according to the present inventidh
maycontaincompositionsotherthanth@polymertosuchanextent
that the advarntageous effect ofrthe present inventﬁon is not
jﬂ@aireﬁ,andforexample,aéurfactantandafillermaybeaddéd.

The surfactant is not particularly limited, and selected

appropriately depending on the structures of the polyhedral
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performance, and physical and chemical durability. On the other hand; When the content of the
hydrophilic monomer is too low, the degree of cross linkage of the separation function layer is
increased to densify the separation function layer, thereby easily resulting in a decrease in the amount
of a permeated substance. When the content is too high; the separation function layer is at risk of
swelling or dissolving more with the solute to result in the inability to function as a separation function
layer. The separation function layer is preferably provided on at least one side of the porous
supporting membrane. While a plurality of separation function layers may be provided, one separation
function layer, on one side s normally.suffiient, The thigksess.afthe separation.(upiction laver is
preferably 10"nm or more and nm or fesa typically, also’depending on the pressure applied in use.
The,thickngss of (e Separagion funcfioplayer egniglledwithinthis range can achieve desirable water
permeability, separation performance, and physical and chemical durability. On the other hand, when
the separation fungtign layer és-less thar 1910 theLmerhanical stengtnwilltzeydecreased to give rise
to the possibility of decrease in durability and occurrence of defects. On the contrary, when the
separationfupetir layes Exceeds 508 nmetthe permezdility catesof thegerireated substance will be
slowed down. The thickness of the separation function layer can be measured by analyzing a scanning
electron microgrephitdred transfigsith elairrrmcrescop AT ¢ nidthol 6 e RSaring the film
thickness of the separation function layer, there is the following method, for example. The composite
separationFHériFate WMthhe [SERaidial PRRRRIEE B @R fit accordance with a
freeze-fracture tethod to obtain a sample for cross tsrtgcti%n é)st‘)s'ervLat@é Tsheiis %%@gkeogan be coated
with thin platinum JPp@HREM-PRIGE S rutheniam’'tstroide for — ® - -
obsemvatignatanpacceletatingvoltageof3to6kNu ascanning electron microsgape (FE-SEM).
Thefilmthi%gggﬁa&e?rﬁﬁﬁé% ?r%cr#%%l(%aﬁ&rfeg%%c ron,mi%%ogl%ph o.n%qg'bggs%% the observation

magnificatig. Fheylue ebihefimhideipssof fhe spoapiopfungian layerda thapresent invention

mean the average value of measurements. at 10 or more points. The porous supporting

membrane acCording40 e pEasaM Hventien dsnisechas alsuppoingmemtenedor thecseparation
function layer in order to provide strength to the composite separation membrane according to ‘the

present inveatienn Thetefore;avhitectheporgus iSuppstting hembranetismotpartailargtimited as long
as the membrane has multiple pores, the membrane preferably has:substantially uniform pores or
pores withdthéirpore sizesigizeoally hcrbasapfrshrene bidel by athestRér, 2d preferably has a
structure in which the surface oneither side has a pore size of 100 nm or_less. Furthermore, the
average porE SRR Hbre PrErstaBRallsTHEHR te PangEDEP Y 885 i THE v dtigeBore size of the
‘porous supporting mem rang.co t_rocged within this range cﬁm achirive desirable ater permeability,

separation PeFoHmahte - an < 5h dHiemical darabi ff)}?.s(f)h the other hand, whén the average

pore size fallsbeloye ., g permsation fluxgads I dectpase: Wit averageare size

exceeds 100 nth, e,streﬁgt of t € porous .
common organic solvents. In addition, when the monomer is a
salt of an‘acid.ﬁonomer, solvéhts may Ee mixed,ané used, éuch
%stheadditionofwaterfcrthepurposeofincreaseinsolubility.
However, since the porous supportiné membrane is attacked bf
the solvent in éome céses depending on the type of the porous
supporting membrane, it is necessary to sélect a solvent which
does not attack the porous supporting meﬁbrane.

In the polymer of the polyhedral silsesquioxane and

hydrophilicmonomerconstitutingtheséparatiomfunétionlayer{

the content of the hydrophilic monomer in the mixture before

i4



supporting membrane is likely to be dec eased. The average pore size can be obtained by, for
example, observing a surface layer of the porous supporting membrare at 60,000-fold magnification
under a FE-SEM. More specifically, an image shot under 'a FE-SEM is binarized to carry out an image
analysis and obtain the area of a pore section, and the obtained area of the pore section is subjected
to sphere approi.mation to recalculate a pore size. The pore size measurement is carried out for 1,000
ormore pores, andtheaverageporesizeisdatermiped from the respective pore sizes. In addition, the
porous supporting membrane preferably has a thickness within the range of 1 pm to 5mm, andmore
preferably witlkinctherange ofd0-t0 160 prefEhedilicknassof the perogistsuppastiag membrane
controlled within this range can provide desirable physical and chemical durability and handling ability.
On the othetfepamd the thickne $3/elom: 1 Xinist likedyf tordebreliserthe Istremgtivokthe pBious supporting
membrane, whereas the thickness exceeding 5 mm akes it more difficult to handle the porous -

" supporting fféthbranel therhedneribrahe Mrkeiess oPMensoroad stifporing iembgite herein can
be obtained by averaging values measured 10 or more times on a membrane thickness measuring
apparatus F6Peple? MIGTFFO 810 ¥“F05DS- PeTHRPIdrotd -suPPofthiR Af¥nbrane has, as a base

rnateial, a nonwoven fabric com osed of ;?OI ester fiber ar a polyamide fiher qQr Cl%tkb such as a plain
E)er ﬁmance [=hs) gs%ca&a I’l?\éc Smlca ur \}\);ihlty. n.Lne g elr-
weave fab €,"and has a pdrous fayer to ed on the base material. le“the tésin material; used for the

porouS Iayq{gﬁﬁptmﬁ%%cﬁlﬁgyém%eeqit of the hydrophiiic monomer is too'_low,

'the'éegree of cfoss linkage of the separation funhction layer
Wis increased to densify the separation functiom layer, thereby
éasily resulting inla decrease in the amount of a permeated
substance. Whenthacontentigtdohigh;theseparationfﬁnction-
layéz is at risk of sweliingjor'dissolvingznoke with the solute
to resﬁlt in the inability to functiﬁnlas a sepafétion function
layer.

The.separatiom.fUnction layef is preferably'pravided_on
at least one zide 5f the porous‘supporting membrane.- While a
plurality of separation function layers may be provided, one
separation function layer on cne side is normally sufficient.
The thickness of the'sapaxatibn fﬁnctian iayer is prefexabiy
10 nm or more and 500 nm or less typically, also depending on
the ﬁressure applied in use. The.thickness of the separation
functioﬁ1aye£¢ontrolledwithinthisrangecénachievedesirabie
water permeability, separation performance, and phjsioal and
chemical durability. On the other hand, when the separation
function layer i1s less than 10 nm, the:nechanical strength will

be decresased to give rise to the possibility of decrease in
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homepolymers or copolymers such ag polysulfone, polyamide, polyester, cellulose based polymers,
vinyl based polymers, polyphenylene sulfide, polyphenylene sulfide sulfone, polyphenylenesulfone,
andpolyphenylene oxide canbe -or example used singly or in combination. Among the polymers
mentioned above, it is preferable to use cellulose acetate, cellulose nitrate, etc., as a cellulose based
polymer, and polyethylene, polypropylene, polyvinyl chloride, polyacrylonitrile, etc., as a vinyl based
polymer. Above all, homopolymers or copolymers such as polysulfone, polyamide, polyester, cellulose
acetate, cellulose nitrate, polyvinyl chloride, polyacrylonitrile, polyphenylene sulfide, polyphenylene

‘sulfide sulfge a1¢ pieferhle Furhermore, smongelhese maierialsl s Aasisup i isierable to use
IC as

polysulfone w igh chemical, mechanical, and thermal stability and is easy to mold. The
porous suppegingfnembraneas,desciibad abevecan-be aaingd bynfopexampte, applying a
dimethyl sulfoxide solution of polysulfone onto a base material such as a polyester fiber to provide a
substantiallyatrifaym tieknessnand damensingthedasel material Wittegolysulfionedpplied in a water
bath to remove the solvent. The composite separation membrane according to the present
‘invention cah bekioemedby tipplying zrhydrophilicmohomeratiation eoptainfig theefolthedral
silsesquioxane, polymerization initiator, and hydrophilic ono er respectively at desirable ratios by
weight ont@fHel sdiace of FEpBoUS SUbPOFHTT nierbRME G taiedAin BordEice ®ith the method

as described above, and polymerizing the-hydrophilic mpnomer solution by electromagnetic wave
irradiation. ©+SCAEtHeMEARS FEFApplyng t %qﬁﬁf?(‘?%ﬁﬁ?lc '%nlg%aé?us%ﬁﬁénﬁfﬁ L

ere’is a variety of

methods used, conventionally, for example, dip coati in,C ti@g, @cqagi%grush coating, etc.
In the presz_’?ﬁj.‘iﬁ%relﬁﬁg’nﬁﬁt ]el%aség%? ha§ 'égﬁaé%ggrjﬁégnbzrg e dfiegﬂln tﬁe process of polymerization

by electromagnetic.wave irradiation 4 methad may bercombinsdJor eawyipg,quta hydrophilicity

imparting treatment with a hydrophilic agent as a post-treatment. While the hydrophilic
fmemb.ran.e_ with the base material p.eelgd therefrom is cut in
accordance wlith a freaze_wfrac_;ture method to obtain a sample for
cfoss section observation. Tﬁis sample can be coated with thin
platinum or platinum—;ﬁlladium or l;uthéniz‘lm t_etrox_ide for
ob-éerﬁration atanacceleratingvoltage @kf 3to6 kV.und@r a scanning
'electr‘ox; microscope (FE-SEM). The film thi.ckne.és is determined
from the obtained 'elec:trpn micro‘graph on the ij_asis‘ of thé '
observation magnification. The ‘;ralue of the film thickness of
the separation function laysr inr the present inventien means
the average value of measurements at 10 or more points.

The porous supporting membrane according to the present -
invention is uged as a supporting membrane for the separation
function layer in order to pfovide strength to the composite
seia_a(ration merﬁbrane according to the present :L.nv‘ention'.
Therefore, wﬁile the porous supporting membrane is not
particularily limited as long as the membrane has multiple pores,

the membrane preferably has substantially uniformpores or pores
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agent for use in the hydrophilicity imparting treatment is not particularly limited as long as the

hydrophilic agent has wettability to both water and the separation membrane, a miXed solvent of water |

and alcohol is preferable in terms of safety, cost, etc. The time period of the hydrophilicity
imparting treatment is typleally about 1.() minutes in the case of carrying out the hydrophilicity’ |mpat|ng
treatment at ordinary temperatures, because all that is required is that the separation membrane
ispermeatedwiththe hydrophilic agent. Inthis case, depending on the type of the membrane, the
temperature of hydrbphilic agent maybe increased t0.40C or more in order to enhance reduction in

time and the; hydraphilic gffect JExampleskua The prasent vention wilk beimsrespeeifically
described below with reference to examples However, the present invention is not to-be considered

limited to these eXamqlesn Specidegeatiereagent products:produeet byhMalke Pure Shemical
Industries, Ltd. were used for the regents, unless otherwise stated. In the following examples, the
removal ratenoé fheh eonspasitdnseparatiore Membrane! tie peratedbitity. ratE Ot iherosmpesite
separation membrane, and the perfomance retention rate after immersion in chlorine are calculated
 respectively by BesoReRIMPEquaicts TDT 2P BREYBED Réravel Rate 04y= {{Salf ©¥entration of

Supplied Solution - Salt Concentration of Permeated Solutlon) / Salt Concentration of Supplied
Solution} X‘i%d‘EE]antI%ﬂ m The average pore size of’the porous supporting

membrane controliedwithinthisrangecanachievedesirablewater
permeability, sep'aration performance, andphysical and chemical

du:r:-abiii‘ty. Cn the cher hand, when tThe aver-agé gore sizé falls

belo-w 1 nm, the permeation flux tends to decrease. When.the
'éveraf);.e pore si;e eﬁ;cee‘dsrléo nm, the stzeng;th of the pm&‘,ous

supportiﬁg membr‘ane' is likely to be dec;reased.

| )T’he average p.ore size can be obtained by, for example,

observihg- a surf&c-e layer of the porocus smzp@orting mémbrane at
60,000-fold mégnification under a FE-SEM. More spec'ificall.y,'
an image shot under a FE-SEM is binarized tor carry out an image?
azﬁalysis“and obtain the areei of a poré section, é'nd the obtained
area of the pore secticn is subjected to sphere approximation
to recalculate é po;;:e size. The pore.-size measurement is carried
out £f0oxr 1,000 0rmore pofes, a'nd"the avérage poresizeisdetermined
from the respective pore sizes.

In addition, the porous supporiting membrane preferably
hasathicknesswithinthe range of Lumto 5mm, andmorepreferably
within the range c;f 10 to 100 wum. The thickness of the porcus
supporting membrane ccntrolled within this range .can provide

desirablephysical andchemical durabilityandhandlingability.



Permeability Rate (M3/m2/day) = (The Amount of Permeated Solution per Day) / (Area of Permeation
Membrane) Equation (2) Performance Retention Rate after Immersion in Chlorine (%) = (Salt Removal
Rate after Immersion in Chlorine) / (Salt Removal Rate before Immersion in Chlorine) x 100 Equation
(3) (Reference Example 1) The porous supporting membrane reinforced with a fiber, used in the
present invention, was produced in accordance with the following approach. Taffeta (150-denier
multifilament yarn for both warp yarn and weft yarn, weaving density: 90 yarns/inch in the length
direction and 67 yarns/inch;, thickness ; 16011m) composed of a 30 cm long x 20 cm wide polyester

fiber was fixgd.i0,2 9lass plate; and,a 15 weight%s dimeshyiformamide salytion 9t pelysulf one (Udel

(Registered Trademark) produced by Amoco, P-3500) was casted thereon at room temperature (25C)
to provide athickress.gk20@ pnhinmediaielyfotipwed hygmmetsiemin pulteswates artceleaving as it
was for 5 minutes, thereby obtaining a porous supporting membrane. The pure water permeation
coefficient oh thétss obtained poyobissuppdrtiagihaembans Was®005%0 O dgichi®seciatm
(about 0.001 to 0.002 g/cm2/sec/MRa) , which was measured at a pressure of 0.1 MPa and a
temperaturBGIRET . JHRRRFtOM IhBeeFEgepore size at the surface of the obtained porous

supporting membrane was 20 to 50 mm, and the thickness of the Bogsulfone mori%)é thereof was 50
pm. The membrane thickness of the porous supporting me ane

herein can be obtained by averaging values measured 10 orxmqre
timesbnéimémbranethicknessnﬁasuringépparatus(forexample,
MITUTOYO No. 7050}.

Thé porous supporting membrane has, as a bdse matexial,
aAnonwoven.faBric composed of a polyestéx fiber or a polyamide
fiber or & ¢loth such as a plain waave'fabric, and has a porous
layer formedlon the base material. While the resin méterial
used for the porous layer is not particularly limited,
homopalymers 5r'copolymexs such as polysulfone, polyamide,
polyester, cellulose based poiymeré,'vinyl bésed ﬁolymers;
polyphenylene éulfidé, polyphenylene sulfide sulfone,
pélyphenylenesulfdhe,aﬁdpolyphenylenéoxidecanbeforegample

- useéd singly or-in compination. Among the polymers mentidned‘
above, it is preferable to use cellulose acetate, céllulose
nitrate, etc., as % cellulose based polymer, and pélyethylene,
polypropylene,poleinylchloride,leyacryldnitrile,etc.,as_
a vinyl based polymer. Above all, hom0polyme:s'pr copolymers
such as péiysulfone, polyamide, polyestef; cellulose acetate,
cellﬁlosa,nitrate, polyvinyl chloride, polyacrylonitrile,‘

polyphenylene sulfide, polyphenylene sulfide sulfone are
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(Example 1) - The porous supporting membrane produced in accordance with Reference Example
| was brought into contact with an isopropyl alcohol solution containing 3.6 weight% of sodium
styrenesulfonate 0.4 weight of Methacryl-POSS (polyhedral oligomeric silsesquioxane) , 0.24 weight%
~ of 2,2-dimethoxy-2-phenylacetoph o e as.an a-hydroxyacetophenone type photopolymerization
initiator, and 33.5 weight% of pure water for 1 minute, and nitrogen was sprayed from an air nozzle to
remove the extra solution from the surface of the porous supporting membrane, thereby forming a
layer of the solution on the porous supporting membrane. Then, with the use of an excimer lamp (UER
20-172) preduged-by Ushiopingt reapable:of krashafiorhwith ultravplet Yays 0f172 nm, the distance
between the excimer lamp and the porous supporting membrane was set to 1 cm under a nitrogen
atmosphereanitii an bxygen coatentrhfien tb01196 apdésss wnthirradidgtionnwith silthaviblet rays was
carried out for 5 minutes to produce a composite separation membrane with a polymer of a polyhedral
silsesquioxanerditrd hyhdphilicaadnaner ToRrned o 1R 3dradeertHe Sordlistsuppbiting membrane.
Then, immersion in a 10 weight% isopropyl alcohol solution for 10 minutes was cargljﬁ%out for
development of hydFSpRRERFT & ek o‘flﬁﬁ@offﬁf%eoﬁt%iﬂ%%ﬁﬁ‘gr%%’sv%ﬁ 5n average
according to, confirmati UHR-FE-SEM, Iniadditionﬁthe %JS obtﬁiﬁed c m_ggﬁi&%.

ion
separationMenBraREWAS d7h) EERE0A AvBrsE-Oshiosia test Uihder the-conditions of 05 MPa and

25C, with the serof, s gaualer. » 500, salsalyion adjusied. ippH S & withihydrachoric acid o
, ﬁere%y% ¢ ' '

sodium hya)roﬁcfe, taining the performance shown in Table 1 as the result of the test. In

addition, the JhickRess.0f, theithus-abtained pRlyresmMas: 209 Hakoravetageascardingdo confirmation
by UHR-FE-SEM. (Example 2) A composite separation membrane was produced in the same way

as in Examples . :exeept thatam isppropyh alcehe| sepltionicontainingelk Sweightdaeharvacrylic acid,
0.2 weight96.of Methacryl-POSS, and 0:12 weight% of 2,2-dimethoxy-2-phenyl acetophenone was
used insteachef thelsetution applied onto the porous supporting memhbrane in Example 1. The thus
obtained composite separation membrane was evaluated in the same way as in EXample 1 to obtain
the performance sHdwrrirIPabletE $EBRRFAMNEERIPBRED CCO T THthE PERSUR SEHPofing
membrane produced in accordance with Reference Example 1,1.0 w,eiglht% of piperazine, 02
weight% invention can be formed by applying a hydrophilic monomer -
solution containing the polyhedral silsesquioxan@,
polymerizationinitiaﬁor,andhydrophiliczmnomerrespectiveiy
at desirable ratios by weigﬁt onto the surface of the porous
supporting membrane obtained in accordance with the method as
described‘above;-and polymerizing the hydrophilic monomer
solution by eélectromagnetic wave irradiation.
Asthemeansforapplyingthehydrophilicmonomexsolution,
there is a variety of methods used conventionally, for example,
dip coating, spin coating, spray coating, brush coatigg,‘etc.
In the present invention, in the case of the separation
membrahe dried in the process of polymerization by
' electromagnetic wave irradiation, a method may be combined for

carrying out a hydrophilicity imparting treatment with a

hydrophilic agent as a post-treatment. While the hydrophilic
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of 1,3-di(4-piperidyl)propane, 0.5 weight% of sodium alkyl diphenyl ether disulfonate, and 1.0 weight%
of tri odiumsphosphate were applied, followed by drying carried out with hot air at 70C fort minute.
Then,-an n-decane solution containing 0.4 weight% of isophthalic chloride and 0.1 weight% of trimesic
chloride was applied, followed by a treatment carried out with hot air at 100C for 5 minutes. Then,
immersion in a 100 opm chlorine solution adjusted to pH 7 was further carried out for 2minutes, fol
lowed by washing with pure water . The thus obtained composite separation membrane was evaluated
in the same way as in Example 1 to obtain the performance shown in Table 1. (Comparative Example
2) A compositerseparation rhentbydmenvas produgeedrinethe isame veay asExampletl except that
the Methacryl-POSS in the solution applied onto the porous supporting membrane in Example 1 was

changed tordivinyiberizehe. Theithgs obtaihet Tonfpddie Separatidn iemBRictwas ®valuated in the
same way as in Example 1 to obtain the performance shown in Table 1. The composite

separation ifémBPanes dcEordifgo Bk pes 1502 HRPEBMpPRafiTE B aRtpIcs T8 were
immersed in a 500 ppm chlorine solution adjusted to pH 7 for 1 week to carry out a chemical resistant
tost The reHL TS SR T D8 1o e Gk AREd o TAE T e o hoste

separation meq;br%nces according to the present invention have excellent chemical resistance in
.- COSL, C. . -
addition to éxcellent separation performance and water pelmeability. :

Thetimeperi@dofthehydrophilicityimpartingireatment
is typibally‘about 10 minutes iﬁ the case of carrying out the
hydrébhilicity impartiné treatment at ordinary témperatures,
because all that is reguiréd is that the sepération.meﬁbrane
’ispermeétedwiththehydrcphilicéqent. Inthiscase, depending
onthetypeoftheﬁwmbrane,thetémperatﬁreofﬁydxd?hilicagent
may be iﬁcreased to 40°C or more in érdér to~enhance reduction
in time and the hydrophilic effect. |
[Examples] \

fhepresentinvenﬁioﬁwillkxamdrespecificallydescribed
below with reference to examples. Howevez,.the preseﬂt
inventioa.is ndt‘té*be Considéred limited to these eXampies.
Special grade reagent products produced by Wako Pure Chemical'
Industries, Lﬁd. were used for the regenté, unless ptherwise
stated. |

| In the following examples,lthe removal rate 5f the
composite separation membrane, the pérmeability rate of the
combosite separation.membrane, and the pgrformance retention
rate after immersion in chiorine are calculated respectivel?

by the following equations (1}, (2), and (3).
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[Table 1] Initial Performance Performance Retention Rate after Immersion in Chlorine(90)

Bemoval Rate (%) = {{Salf Conﬁentration oj Supplied Solution
~Sa;tConcentrationofE@rmeatedSolutien)/SaltC@neéntration
of Supplied Solution} x 100 Egquation (1)

PermeabilityRate (m°/m?/day) = (The Amount of Permeated Solution
per ﬁay)/{Afea of Permeation Membrane) |

.Eqﬁation_{2f

Performance Retention Rate after Immersion in'Chiorinejt%) =
(Sait Reﬁbval Rate after Immersion in Chlorine)/(Salt Removal

Rate before Immersion in Chlorine) x 100 Equation (3)

{Reference Example 1)

The porous‘supportingHmemb;ane reinforced with a fiber,
used in the present invention; was produced in accerdance with
the fOllawinglapproa5h;-

Taffeta(150—deni@rnm1tifilamentyarnforbothwarpyarn
and weft yarn, weaving density: 90 yarns/inch in the length
direction and 67 yarns/inch,.fhickness: 160um) composed of a
30 om iong x 20 cm wide polyester fiber was figgd to a glass
plate, andalSweight%dimethylformamide solutionofpolysulfone
(Udel (Registered Trademark) produced by BAmoco; P-3500) was
caStedthereonatrbomtemperature(25%3 to provide a thickness
of 200 jm, immediately followed by‘immEKSion,in,éuze water and
leaving as it was for 5 minutes, thereby obtaining a porous

supperting membrane. The pure water permeation coefficient of
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Removal Rate(%) Permeability Rate .(143/m2/day) Example 1 62.3 2.52

the thus obtained porcus supporting membrane was 0.005% to 0.01
kg/crn?/sec/atm (about 0.001 to 0.002 g/cmz/sec/MPa), which was
measured_at a pressure of 0.1 MPa and a £empexétur@ of 25°C.
In addition‘, the average pore size at the surface of the cbtained
porouS‘supporting'membrane was 20 to 50 nm, and the thickness
of the polysulfone,moietylthereof Was SO'um.
(Exampie 1}
Theporoussupportingmembxaneproducédinaceordan;éwith
-RefereHCe Example 1 was brought into contact with‘an isopropyl
alcohol sclution containing 3.6 wéiqht% of‘sédium |
sty?én@sulfonate, Opé welght$ of Methacryl—?QSS {polvhedral
oligomeric silsesguioxane), (.24 weight% of
2,2-dimethoxy-2~phenylacetophenone as an-
a~hydxoxyacetophenonetypephotogolymérizationiﬁitiétor,and
33.5weigﬁﬂ%ofp&zewaterforﬂimiﬂute,andnitrogénwassprayed
from an air nozzle to remove the extra solution from the sufface
of the poréus supporting membrané, thereby forming a layer of
. the so;ution bpﬁth@ porcus supporting membrane. Then, with the
use of an @xcimer lamp.(UER 20-172)‘produced by Ushio, inc.,
capable of irradiation with ultravioclet rays‘of 172 nm, the
distance between the excimer lamp and the porous supporting
membrane was set to 1 c¢m under a hitrogen atmosphere with an
oxygen concentxét&on of 0.1% or less, and irradiation with
ultraviolet rays was carried out for 5 minutes to produce a

composite separation membrane with a polymer of a polyhedral
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- 105 Example 2 81.4 0.82 98 Comparative EXaM1:5-1-el 65.5

silsesquicxane and.a.hfdrophilic:monomer formed on the surface
of the pérous supporting membrane. Tﬁen,_immersiOn in a 10
weight% isopropyl alcohol solution for 10 minutes was carried
-out for development.of hydrophilicity. The thickness of the
thus cbtained polymer was 250 nm on average‘acéording to
confirmation by UHR-FE-SEM. In addition, the thus obtained
compositeseparationmeﬁbranewaasubjectedtoaaxeverseosmosis
test under the conditions of 0.5 MPa and 25°C, with‘tﬁe use 55,
as raw water, a 500 ppm salt sclution adjésted,to pH 6,5 with
- hydrochleric acid or sodium,hydroxiae,'theieby‘Obtaining the
performance showﬂlin Table 1 as the result of the test. 1In
addition, the thickness of the thus obtained polymer was 250
nm on average according to confirmatiqn by UHR%EE“SEM.
(I’Exam;ﬁ.le 2) |
A composite separation.mémbrane was produced.in the same
way as in Example 1, except thaﬁ-an isoprppyl alcohol solution
containing 1.8 weight% of an acrylic acid, 0.2 weight%. of
Methacryl-POSS, and 0.12 weight% of 2,2-dimethoxy-2-phenyl
acetoéhenone‘was used instead of the sclution applied onto the -
pcrous supporting membraﬁe in Example 1. The thus obtained
composite separation membrane was evaluated in the same way as
in Example 1 to cbtain the_?erfermance shown iﬁ.Table i.
(Comparative Example 1},
To the porous supporting membrane produced in accordance

withReferenceExample]q 1.0 weight?® of piperazine, 0.2 weight%
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1.10 55 Comparative Example 2 27.6 5.76 101

of 1, 3—di{%—piperidyl)propéne, 0.5 weight% of sodium alkyl
diphenyl ether disulfonate, and 1.0 weight% of triscodium
pho;phate‘ were applied, followéd by drying carried out with hot

air a-t 70°C for 1 minute. Then, ann-decane solution containing
0.4 weight% of isophthalic chloride and 0.1 weight$ of trimesic

" chloride w"as applied, followed by a treatment carried out with
hot air at lOé°C for 5 minﬁtes. Then, immersion in a 160 ppm
chlorine sclution adﬁusted.tngH'Twas further cairi@dcmﬁ:for-
annutes,fOllOWBdbywashingwitbpurewater; Thethﬁsobtainedi
cemposite separation membrane was evaluated in the same waﬁ'as
in Example 1 tq obtain the performance shown in Table 1.
(Comparative Example 2)

A composite .séparétion membrahe was produced in the same
wayasingxamplel,exCeptthattheMethacryl~?®SSintheSolutiom_
gpplied énto the porous suppofting membrgne in Examplé 1 was
changed to divinylbenzene. The thué obtained ;ompogiﬁ@
'Separatifwlmeﬁbrane was evaluated in the same way as in Example
1 t6 obtaih the performance shown ianable 1.

The composite separatiCW1ﬁembranes according to Examples
1 to 2 and Comparative Examples 1 to 2 were immersed in a 500
ppm chlorine sclution adjusted ‘to pH 7 for 1 weék to carry out
a chemical ;esistant test: The results are shown in Table 1.

ItisdéterminedeOmTablelthatthecompositeseparaﬁioﬂ
membranes according to the pfesent inventicn have excellent

chemical resistance in addition to excellent separation

24



CLAIMS 1. A composite separation membrane comprising a separation function layer on a
porous supporting membrane, characterized in that the separation function layer contains at least a
polymer of a polyhedral silsesquioxane represented by the following general formula (a) and an acid
monomer. (R15i015),(R25i01,5)n,General Formula (a) (In the formula, R' includes a polymerizable
reactive moiety; R2 represents a hydrogen atom or an alkyl group, which may be substituted with a
substituent; and n and m each represent an integer satisfying n 2 and m 0, with n + m being 8, 10 or
12)) 2. The composite separation membrane according to claim 1, wherein the acid monomer
contains a BAbORYTTGratH &flola tMoRfols a1 1 18YThe composite separation membrane
according to claim 1, wherein the porous supporting membrane has an average pore size of 1 to 100
nm. 4. The composite separation membrane according to claim 1, wherein the separation
function Iaytafg}gﬁea tlhj'ckness of 500 nm or less. :

I'ni{:ial Performance : -Pérforman;:'e
' 4 Retention
Removal Permeability Rate Rate after
Rate (%) (m®/m?/day) Immersion in
: . Chlorine (%)
Example 1 62.3 2.52 i05
Example 2 81.4 ' 0.82 98
Comparative . R ‘
Example 1 65-3 1.10 IR 55
Comparative o .
Example 2 27.% . 5.76 N 101




CLAIMS

1. A composite separation membrane comprising a separation function layer
on a porous supporting membrane, characterized in that the separation function layer
contains at least a polymer of a polyhedral silsesquioxane represented by the following
general formula (a) and an acid monomer,

(R'Si045),(R*Si045)m  General Formula (a)

(In the formula, R’ includes a polymerizable reactive moiety; R? represents a hydrogen
atom or an alkyl group, which may be substituted with a substituent; and n and m each

represent an integer satisfying n 2 2 and m 2 0, with n + m being 8, 10 or 12.)

2. The composite separation membrane according to claim 1, wherein the

acid monomer contains a carboxyl group and/or a sulfo group.

3. The composite separation membrane according to claim 1, wherein the

porous supporting membrane has an average pore size of 1 to 100 nm.

4, The composite separation membrane according to claim 1, wherein the

separation function layer has a thickness of 500 nm or less.
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