DESCRIPTION TITLE OF THE INVENTION: Composite Semipermeable Membrane TECHNICAL
FIELD [0001] The present invention relates to a composite semipermeable membrane for selectively
separating a component of a liquid mixture, and a production method thereof In detail, this invention
relates to a composite semipermeable membrane consisting of a separation functional layer and a
microporous support for supporting it and excellent in selective separation performance.
BACKGROUND ART [0002] There are varigysdefhpifj¢qs for removing a material (for example, a salt)
dissolv er), and n recenty s a low cost process for energy
saving %ﬂ&ﬁ fggﬁﬁéﬁéﬁf § %W%FBE%%% Mwe@heposmvely used in the water
treatmentidNIypledllFidMmbranes used in the membrane separation process include microfiltration
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composn semipermeable membranes, an moéto th marée o pe fh WRIG ér and a thin

layer (s&peiaion fisvigontal |ayéppmaﬁ¢e§eﬁym%§§ﬁht@n@mme¢%sf@rmé& oh acmmp@rous
support fandtahaltypeetn adich antbivpayeis (seppoatidorfuappionaldayeshabiaingidyipokgendensing a
monomg%;griggpgg@&ﬁﬁégoporous support. As the materials of these thin layers, crosslinked
polyamides are ularly used. Above all, a composite semipermeable membrane in which a
mlcropo%g M NOcoBered with a thin layer made of a crosslinked polyamidc obtained by a
polyconf#hgatidrere actioarbatveemaypalffunctionahaminetand &@palytimplitonakbgididsalide] as

descrlb%dsmmtee%ﬂ%met%@nd a%ld%ﬂv@@&a@mt@da@%wvedee 9§£e9§t%mrtt(n?§QMtg'\'F

membrane, since it is Ilkel tobeh h|n water permeabilit salt removal rate, [0004] Economic

factors ifi" eeWé‘tr&ﬁtPé‘éitﬂﬁ’er?tﬁ’f %ﬁﬁ?ﬁ\? RN ?n Hé’8§§é(ﬁ guﬁ%(tfb‘t ‘?lé‘éaﬁt‘ﬁd also
ion selettetnsopaiaiidn parfoinangebrorexavplé) ithheasbraite seiaistitsigddessramsinite

monovajeitiene-a tnledkdivalentdans: i mambranamwith lano seleeiive seaaminespergrmance
is used, the g)n co centratlon excesswe é’m creas§§ n on% side of the membrane, to increase the

osmotic pressure DRTHESEMS GHOHT BSTREBTARS, EAD Bhestic pressure on one side increases,
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[0004] Economic factors in the water treatment using RO and NF membranes include
desalting performance and also ion selective separation performance. For example, in the case
where it is desired to transmit monovalent ions and to block divalent ions, if a membrane with
low selective separation performance is used, the ion concentration excessively increases on
one side of the membrane, to increase the osmotic pressure on the same side of the membrane.
If the osmotic pressure on one side increases, more and more ions are going to permeate
through the membrane, in order to achieve the balance between the pressures on both sides of
the membrane. Consequently a larger pressure is necessary to forcibly make the desalted
water permeate through the membrane. As a result, high energy is required to raise the cost of
water treatment.

[0005] The present RO and/or NF membranes are insufficient in the selective separation
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Patent document 4: WO 2004/067611 NON-PATENT DOCUMENT [0008] Non-patent document 1.

-Chemist Letters-, vol. 37, The Chemical Society of Japan, 2008, pages 580-581 SUMMARY OF THE
INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0009] In view of the abovementioned
problem, the object of this invention is to provide a composite semipermeable membrane excellent in
the selective separation performance for separating divalent ions from monovalent ions and excellent

alsoin | gf(t%mn@e rﬁ«plg%a@mgodmmel&@rﬁgﬁpmmﬁfmmg@ﬁf %ﬁgﬂ&ﬂ%@ SREVNG THE
PROBL %Blf present %,vegxg%mfor achieving the abovem tloned oiect has the following
conflgurﬁﬁfB v RESALSsH ﬁ%’r?r?éﬁ?ﬁ‘ér?ﬁéﬁﬁ?é REETEMABRS layer
ona muc&@@)onoggigu;@@mbmvwmcm Qh@%bpﬁb}ﬂti@dd%tl@dagl@emssmmje of, ahighrdesrsatigniproduct
of a poly{g@gsmymgsaggiag(@ggslﬁww@@@geaéyggwgg represented by general formula (1) in side

chains. hemical formula 1] R1R 12nSl 001 en eral formula
1), n de@otej [:(t%nlﬁ 3}1 Sf Fato%l IA-QT}én§ ﬂ% can b Neegse Scte respec‘%\?ﬂ{ ql%]f?ar e% %\?ﬂ?drogen

atom an@rwowéspﬁbﬁrgr@bﬁw&]Wteomémwdt@ﬁﬁgm%@rg@b%@omkmw %éﬁ@@@lwgémer and
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groups, sulfonic acid groups, and p osphonic aci A composite semlpermeable
membrakfs v igusby ﬁ‘ét@ (Bdé‘ls’(’i‘lf) fiRdissiiofe polymer is obtained by polymerizing a compound
represemMREIR HRMEPAIFRFMIEIS TS) and at least one compound having an acid group and a

polymerizgpiadosle RMEN TS
[0007] Patent document 1: JP 1-180208 A
Patent document 2: JP 2005-144211 A
Patent document 3: JP 11-310720 A
Patent document 4: WO 2004/067611
NON-PATENT DOCUMENT
[0008] Non-patent document 1: “Chemistry Letters”, vol. 37, The Chemical Society of Japan,
2008, pages 580-581
SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0009] In view of the abovementioned problem, the object of this invention is to provide a
composite semipermeable membrane excellent in the selective separation performance for
separating divalent ions from monovalent ions and excellent also in long-term durability, and
to provide a production method thereof.
MEANS FOR SOLVING THE PROBLEM
[0010] The present invention for achieving the abovementioned object has the following
configuration.
[0011] (I) A composite semipermeable membrane having a separation functional layer on a
microporous support, in which the separation functional layer is made of a condensation
product of a polymer having acid groups and functional groups represented by general
formula (1) in side chains.
[0012] [Chemical formula 1]

R! R2

e
___N\?N—(CHz)n-Si(OR% - (1)



[0015] [Chemical formula 2] R,R2 ye )-(e N 7 N-(CH2)n-Si(OR3)3 (9 ) [0016] (in the general formula
(2), n denotes an integer of 1 to 4; Rl and R2 can be selected respectively arbitrarily from a hydrogen
atom and hydrocarbon group with 1 to 7 carbon atoms or can also be covalently bonded together; R3
denotes a hydrogen atom or alkyl group with | to 4 carbon atoms; R4 denotes a functional group
having a polymerizable double bond; and Y- denotes an arbitrary anion). EFFECTS OF THE

IEVEI\llT[@msﬂO@MMg@@é@H?mmlm§(ipy%§%t@§ogfgﬁ&§ée §em{?e¢m@‘a£zla m?«leaala@@%@éa%uent in

the selective separati erformance,for. separating divalent ions, from monovalent jons can be
obtaineé?sé’fancile ?ﬁé %rgr%gagg%e@énm%lyr%@ Sle ?T%]Oerﬁ]@fﬁlgyégf?ﬁ%?ﬁ\r}e foR i g?(cllzzlfé)r:?inc E%.rcle)Per%:tive
separatiAPeAbEAARE Riscaraisaricerdsdjeaethes:co ntisnaiesompebrassepiise rmeziid
membraaespanchevendifctieomerirane is sterilized by continuously or intermittently passing

chlorine ni el 0 -as the copyentional composite semipermeable
B e T e S S
semiperSaBenTERbPalTEted tHIdInGabesy! LTS pBHSoR s HsHb rEslips it Mr R gci paration

performgregss covered with a separation functional layer (thin layer) substantially having separation
performagge, [PRBINN- IS RMENiaR b BISIORQIAS.SUPROLLARRS ROt sHBSteialnbAYE the
separatlor][\gﬁrfo.rm nce fgr se§jrat|n lons or the like and gives téength to, the Sseparation functional
layer suBLRARERH PGIREISBHAY W%@ﬁ%ﬁn%@?%?@pé RGP MG ;’r}nﬁﬂ’g‘}%%aﬁ%ﬁr?@‘?h@ size and
distributiessiottheqrapeyrio imen grathecidigrommrod s Subporri Fi esewhpidopreferred is a microporous
support navig chéartaapehiing ppres or having fine pores showing gradually increasing change from
the surface of the side where the separation functional layer is fommd to the other surface and having
fine pores :—ﬁm a sizegf0.1 nf@to 100 tun on the surface of the side where the separation functional
layer is for ] Ther® are no particular limits regarding the material used tbr the microporous
support and th @reof, and usually the microporous support is configured as a porous support
formed on ’:Nbstra JEecema ple -mﬁgyne, cellulose acetate, polyvinyl chloride or a mixture
thereof (Eo%ous‘s@port) Sinfordd l§] dubstrate) with at least one selected, for example, from
polyesters and aromatic polyamides as a main component can be preferably used. As the material
used fof thé@dioubespppod, foimekpEdiatydprofesrad inagse af jotystliRhenditt’ high iehealicald

mechanjcgl apddiermak-stabiliy iPA2H Esaificaliv LIk PIeiereehin use &PRis ulfepe campiising
repeatl_ngé units reegrei?enhe]d bz tﬂze ;I%I owing chen%ca.l %rg%ula}( for such reasons thaéi‘?ie pore size can
be easil§ ¥05tPOIREE AR M PiGIT A SRR CasBlfy tatF DY SN EEP 4eb 3o R asikhefSHRula 3]

with 1 to 4 carbon atoms; R* denotes a functional group having a polymerizable double bond;

and Y~ denotes an arbitrary anion).

EFFECTS OF THE INVENTION

[0017] According to this invention, a composite semipermeable membrane excellent in the
selective separation performance for separating divalent ions from monovalent ions can be
obtained. Since the composite semipermeable membrane of this invention is excellent in
selective separation performance, it is economically superior to conventional composite
semipermeable membranes, and even if the membrane is sterilized by continuously or
intermittently passing chlorine-containing water, it is not deteriorated so much as the
conventional composite semipermeable membranes.

MODES FOR CARRYING OUT THE INVENTION

[0018] In the composite semipermeable membrane of this invention, a microporous support
substantially not having separation performance is covered with a separation functional layer
(thin layer) substantially having separation performance.

[0019] In this invention, the microporous support does not substantially have the separation
performance for separating ions or the like and gives strength to the separation functional
layer substantially having separation performance. There are no particular limits regarding the

size and distribution of the pores formed in the microporous support. For example, preferred



CH30\ \\ KO% OH\/ CH3 [0023] For example, an N,N-dimethylformamide (DMF) solution of the
abovementioned polysulfone can be cast onto a densely woven polyester fabric or nonwoven fabric in
a certain thickness, and is solidified in water by a wet process, to obtain a microporous support with a
surface occupied mostly by fine holes with a diameter of less than tens of nanometers. [0024] The
thickness of the microporous support affects the strength of the composite semipermeable membrane

and the Ragking fpasiysobipsoiemeniphiainesd nashe thecoropasitemsemiRepvrabiamamprane. In
order to in.sufficient mechanical strength and king, density..it is preferred.that the,thickness is
ina ran&%g #%%11%6{ ﬁljrga%gpgocg‘ Um; Or%noree%%lé%??e(géglﬁﬁgi 51 %%%r%etg%gﬁ%ﬁ%&ﬁﬁ%h%r}ﬂt@g %rreferred

that the thikrsssterthseo gt @6pE8R e firg ausrsrs upper /S it b Ranie 8nemooanhe 200
um, andsarfacte Prisdeiteduiasigehs SPaatén Lo tvnal0H2blid hemtdicture of the porous support can

e ObsefysupY HEIOAR SEARING RIAGHAAQ FOIGKARAORR. fanNyIRa feteéﬁé%%g&%%%p&g%&{omic

three micrqscope. For example, in ease of observation using a scanning electron microscope, the

porous §B§pt§ﬁ @%r{%\’i QfFrENeh Al G A CEPRP RS BPR B S stFE a8 th 84T OBHERPH sample

for obsetvingdhencrosbgettiohoT beasanieple pelyunifoseatetulitie ptatitanpopyatindmipatiddiormaor

rutheniulmauaqh@e@e%ptﬁ%@@ sthenimdarachiQiige. §egst¥aqes%fﬁﬂa%q&@d%i§e QRpengd atan
0 [

accelerating voltage of 6 kV by using a high-resolution field-emission scanning electro
microsc%%ﬁegfﬁrﬁé%ié)-ogﬁm }.yfl’féefﬁ & rfﬁgaﬁ% %gggﬁ%gfaﬁgﬁégéﬁﬁgé%ﬂ%ﬁgﬁﬁ My 88‘&8 i mf:c,%l%g%]é’pe,
5-900 eledorfyhitheserperistodsrseddy thistautitos thephiestcah tse aspedialiomrehareBtdinetelectron
microscepl ahaipgraphhibe thisknassand dhie SuHacBparg siagialthe porous support are decided.

Meanwhj hi nd the-pore size in this.invention are mean valyes obtained by measuring
fve fmde e L Sy g
separatidh herfimaineechrmichiare vr EsHeR Fe08s hasdbePerasislyrebhawHy aemrghsdps and
the functiochdlayioghsineprerenladabilithe geberditiaradula (1). In the separation functional layer, it is
conside[ggzt he.dcid groLRs §pd the functional groups represented by the general formula (1) are
ionically bonded to each other, to provide the effects desired in this invention. [0027] The method

presented as an e/@ le delfd)gn}igg:Ihe separatign functidpal 'Z}‘-%L—C?‘ be method comprising the
step of co t@g_a(lcoatir%’éo tioq’cont inin zilg/aasnt—ﬁxe cgnpodnd havihg an acid group and at least
one polym zabW'le b Wﬁ%un& xreppé’s_(ﬁ Mthe mzvementioned general formula
(2), the step of removing th&kblvent, the step of polymerizify the potymerizable double bonds, and the
step of condensing the hydrolyzable groups in this order. In the step of polymerizing the polymerizable
double H8PHY #r HyarpRizalie Hrdligaedyldso tridenddMdadssittittandothslya OR8] dntipreed
abover’lr'ipcﬂ@@m@&l' er@dus&f éensmathad g&h@em@hoarifgbgle@wimﬂa%faﬁda%%@mm&g@a%ﬁ%d
examp od of dissojving or dispersing at least one compound having an acid group,and at
least onEEelp1 %gﬁ/%%r%gﬁés Sgébf?reégbgln %nla{) cz:%“rﬁef) linc Srségtge(s)%?r%élda &llﬁ%pggeonuesrgll%?%u%ﬂ ?into a

solvent. MRS RGCHRE TR By dtraisiesay ithriediaagisy Ydrerdhasdsig A6 IRROBG E8mpounds.
Meanwtille2#jeTdampicind savinghanmsicidgraip angmiteatitasetpolymatizablé daviklenhendgtand the
compounshiperRable e Aenriatiomlade) RIRRATURIKIARED WRBIAN IPRAARP f:(he
dissociation equilibrium constant thereof [0029] Further; there are no particular limits regarding the
method $87PE6aR T ' ¢ JUEPRIE r it dfe R0 IAG: ﬂm%ﬁ?taﬁﬁ%iﬁﬁ‘lﬂvm%ﬂb%ﬂ%ly
known mathiogsdsustiyag dipodating flspithesbithgespiain coatigg frooh i simcoaiitycan Aenssed for
coating praweyeFa kNS 1086THAR. 5is Rrefeterkioie Ry a-Baeihadief miaking AprapproRtiate

amount of the coating solution on the microporous support and subsequently covering it with a film
e s e N e A G AR
solvent,fixgsliowihgthte d&Perat microporous support to stand. The reasons are that the necessary
amount[oDii% quatisguealwion e hecapallppstthahtie opasatianys sknple: keihisGasedtisipreferred

that the fime duying wiich; e covered syppoisalianad iaetand is,30.s8conde do 2 mipytes, Further,
it is desirable t%gt ’aﬁ'ﬁ/er_t e fQﬂm is removed, su |é?er]t raining Is per ormed i order no Bfeave liquid
droplet<Bif el A AR SHMCIeTTRBRARg L5 CEPN BPAOSEIRa: THePRIONS BHBRRSt iIeFAminNeg Sortions
becomet}baymbqema@tasn_dftett Iblyerﬁeﬂ_naﬁ(amm Immabﬂje@ayﬁﬁipeerfmmaeqer ABsHTeidgaﬂHngrdS@ethod, a
method REfRrcibiydraining OY SRIAYINIR AT SHER ?%ﬁa%nﬁg,er})fmmn i 0gFe & thenlke gan be

used. [OO30%I the abovementioned production method, after the microporous support is coated with
the coafflf l&?ﬂ’ﬂ fr, Prl§a60n Wf'f?‘?ﬁ‘ﬁ’@n?}t&?@é’%eaﬁadsﬁ}b%é&ﬁ@ﬂt RIS P RRTNE R PRrformed
to obtainat@ecammgosilétage migetone &b e mesnty arte gif- this linv@nfich]-kntsisccasantnedreetiation with an
energy beam is considered to cause the copolymerization between the at least one compound having
an acid group and at least one polyrnerizable douhje bond and the compound represented by the
general formula (2), the horno-polymerization of the compound having an acid group and at least one
polyrnerizable double bond and the homo-polymerization of the compound represented by the general
formula (2). In view of workability, it is preferred that the time of the irradiation with an energy beam is

5 seconds to 30 minutes. [0031] Further, the heating for drying condenses the functional groups
reanreacaented hyv the adenaral formiila (1) to nrovide 3 condencatinn nrodiict The haatinA temparatiire in




[0033] The acid groups in this invention include sulfonic acid groups, sulfinic acid groups, carboxyl
groups, phosphonic acid groups, phosphinic acid groups, hydroxyl groups, thiol groups, etc., though
not limited thereto. In this invention, among these acid groups, in view of acidity and availability of the
reagent, it is preferred to use at least one type selected from carboxyl groups, sulfonic acid groups and
phosphonic acid groups. [0034] In this invention, in view of the simplicity in synthesizing the polymer
having aﬁidﬁ@@@@s @H‘HRhEHLHE)UQHaAQFOtHES ﬁ@@g&@%ﬁﬁ%l@y mﬁdg?ﬁg@ad)ﬁorlmmi@ aa@dxh@nfatgligy in
preparing.the ionic between the acid agr the fungtional grou resgnted by
the et oo G AR e e B R L O R o
represeRIEAPRAISECHERRR R FERRTARE (mslqéoemarhe %;}fpekménﬂﬁlgt%ﬂéa@“ﬁ%@@enmm KB%ing at
least onpapoligreesizaber-&ldakib:-bontt atvehil apucich sepresemiegdry the:genkialivemida (29. [0035]

Examp'%’?e%Wh‘?&?'&(ﬁ@zﬁﬂé@@?rﬁ@é&'ﬂ@n@%'Hxﬁ'%'ssﬂe%%@ﬁ%y”c'“de a (meth)acryloyl group,

acrylamide group, allyl group, vinyl group, styrylgroup, and the like,

(meth)acr grou
though r[i%}é ﬁﬁm.tﬁ\é&he%ffoSf@@@@ﬁh@%ﬁlﬁf}a{,damavﬁﬁgaam%ﬁdsglaaw Ul AP IARE GiRP R HRSre
polymernzafiisrdoublendondsaik exiplaioedehsioon prmding tie pobyeandntionedeod gpopndsdigwing an

acid grogp anshane AIpNRISROYRE iZAlIe é&%@iﬁf@%% (1% axamplesLitha m&quwmg a
carboxylic amd(geEe thegnﬁr(‘)wm g can be enu ﬁﬁ?d meizelc acid, maleic agl-%/drl e, acr e acid,

methacrylié Beid B0 Bty B tRdid SHORE S B JSRIgREItY Aot %
anhydriderndmethasridoitelly deoded & gamh@(tj@r to provide the effects desired in this invention.

N-(2- hytﬁmmmmaﬁadqy@émmwlan%mwlgbmm@ﬂg fyiybenzaiaacdod@0BAlAmaNg the
abovemgntlonﬁodcom ounds haV|e Oe%ncgat é_;ro%tend ape.or more. % r|z bIe double bo ds, as

ef com r151 the st 3 o&cofn ihm
exampleso e com Fhavin hosp nic acl ggroup e followi gcan eenum e

Vlnylphd%%@m %Qﬂﬁ)ﬂ%éh %@glﬁmllyéngaéable double bond and a compound represented
4- VInylbByM@@Sp&@Efﬁ&&d&gﬁ&tﬂﬁd@ﬂﬂW@tthWhﬁm@a@lﬁng the solvent, the step of
2-methagiylamide cthylRaspReDIG ACL BN EIIREYIRIHE s‘%e%‘%WXMP&%}ﬂ

2[4-(dihydroxyphosphory1)-2-oxa-but Ipacr I|ca0|dand 2[2 dihydroxyphosph ryI| etf?oxy yII acrylic

acid-2,4%8°4hnethyRhSrifeder e SOPRE 08 e bR ofitRlhRaRg Sarf id group
and onehgdmbraigelgmepizatie a:lmjbbecbnddsed$mxwlruapmme compound of a phosphoric acid ester,

the fo”OI’WME?% Qﬁ&@%@@ﬁ%ﬁ%@em IJES@EEY 1V |M&P¥!@%%ﬁqr%ﬁ%ﬁtﬁﬂnﬂi y@{é)ec%rzltm
phosphat 2 metha loxyethylin oth (é an d|h dro enpho 2 m eth acr g
iR R oI G et b e

10- metmmemﬁymie@wumIaydmdmmmmwmmyﬁiﬁMpémmhmmﬁmmﬂate,
mono- (Jbgal%sé@Aneiﬁpf&m@rélm;)nesters@mhﬂm@vemﬁlaaﬁedmi{é@bﬁ&ﬁhﬁ&h}/d{@ﬂ@@dﬂmphate
and 1,3-bi u(tN ac%ga\{lle}p I amlnol) AroRRNE: 2h¥]]é) %\h)édr hosphate. %QB%AmonOg tthe
compoun(Js aving an augllc group D ANd ofie of more po mer| oublilgf)1 58 e?ampfles of the

com pouh’»aSﬁém%@%lm%mélsﬁe%dw%wﬁéﬁaé@@mw&/@aﬁﬁm%w hyiashsEenirsamhic acid
and 3-(n®thacpylailiga)miopy iswariciacigpbuithertkxdingleiatiol egei NbijtsuEonscaacitl @sdlf salts

:Eereof s ITRRiG AcdngrstyeneRulionic.aGd andsalisRaree’ RSHERGIUIGN cagld ndsalts
ere microporous support with the coating solution, and any of various publicly known methods

such as dip coating, spin coating, spray coating and brush coating can be used for coating.
However, in this invention, it is preferred to employ a method of placing an appropriate
amount of the coating solution on the microporous support and subsequently covering it with
a film such as a polyester film incapable of being changed in polymerization degree by
contact with the solvent, for allowing the covered microporous support to stand. The reasons
are that the necessary amount of the coating solution can be small and that the operation is
simple. In this case, it is preferred that the time during which the covered support is allowed
to stand is 30 seconds to 2 minutes. Further, it is desirable that after the film is removed,
sufficient draining is performed in order not to leave liquid droplets on the film layer.
Sufficient draining can prevent that the liquid droplet remaining portions become layer

defects after layer formation, to lower the layer performance. As the draining method, a
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m-styrenesulfonic acid and salts thereof, 2-vinylbenzoic acid and salts thereof, 3-vinylbenzoic acid and
salts thereof, 4-vinylbenzoic acid and salts thereof, acrylic acid and salts thereof; rnethacryli ¢ acid and
salts thereof, 2 -acryloyl ox yethylsuccinic acid, 2-methacryloyloxyethylsuccinic acid,
3,5-diacrylamidebenzoic acid, vinylphosphonic acid, allylphosphonic acid, o-styrenephosphonic acid
and salts thereof, p-styrenephosphonic acid, m-styrenephosphonic acid and salts thereof, etc. [0040]

In view of ftigh Slesitiys! pAPAIRHED PEPIANmANee 4f e CRIGIRSd SOMRR SHESCRIPALBe RIS ike

membran%, as tp%compound represented by the general formula (2), a compound, in which each of RI

and R2 dendtes s hydrogen atom. R4 denotes an allyl group and n denotes 3, is preferred. Further, it
is prefert@@PthaltrBeaehe ywwops ofahermsiyehien arigting. inftae frintfileroacscars|suppornd typesdiected
from carbakylie acisigposstishlfanigiasich grauns andphesphonid ackl @resnh Al iiramithe same
viewpoi lone e, in t vementioned production methed, it is preferred that the
conte nt%%‘%ﬁ)g(%?rﬁ%g u%d%?gglr%esﬂg ﬁt%%%%gﬁ%% gS gﬁé?gﬁoergr%%l al (%] % The %?odgﬂﬁd ns%l?;%%% (ijénag)ﬁ?ox. 10
Wi% to &B3pToNCof 36ies BALE G GRETEMBEHT of A8 TEAESE COHSSShRieRPAYMBTE it b seihge is
approx. (@ wit6ato appraxn Himd%ha (@42} Buidhetnthisnd\enton isehatasiertizeddshal o acid
groups and We ividpraliynHruRt indhedfingtional grauas _@wﬁfgﬂmﬁgoﬁ%gﬁ%%f Qpmkla (1)

existing in the gr%:g%nsatlon product as the separation functional layer of the composite

semiperf84] BrhéToAfifosioBornie Bodsh e RUNBARIEEIE ifoMR c Ry 2etlitBh, any
solvent invapabibywicdisgoting the mricrppordussappoet dnd thiisgiblealithrmater(@anlheviise dowithout

any limitghigmbang, as RIS ol ihaseivRntr enuimsraiadaiamisrhals sHsh.asethapgliethanol,

1-propa?8l and 2-propanol and the like. In order to accelerate the condensation in the heating and
. minutes. . . . .
drying step, TR preferred that the coating solution contains more than an equimolar amount of water

with resptt b Hvethgimtber sftagden sdibia gupenibamar g rdapsiagtiony tawfpnotorcgtodipy répresented
bﬁ éhe geaesal formula (1), t[@QﬂdlZIiE@ﬁtb@ﬁd&lﬁﬁﬂwﬁ\%f%?ﬂﬂ&}%t?ﬁﬂngﬁﬂﬁfﬁa@ﬂ] aiﬂsaéa@quﬂer )
additive ine S n extent that tk ects of this invention .are not j ired. In the
producti%%ﬁ%gg é] ﬁ?gﬁ?{w}é%nn#o%r?,%l%%bar% gr?%éi” ?5%35%“8819 Oéﬁ%%ﬁ%ﬁ%ﬁiﬁt@r?%&?r@%%ion
promotef & RATRENAS o fhie FEBBATRM B THE sty In erderioreresetivithe rradiensaiden isagsioRmierization
initiator anaddhelpopyeferization peamatedaedtohagpecialy limitedpatea-can kexplectad Riggpropriate

for adaptati : t ini j ouble bonds,
po.yme‘??g}‘;ﬁ%%%ﬁ ﬁ%‘ﬁ%&s%ﬁiﬁ%%‘gfg%%%ﬁ‘ﬁ%%%%E%ﬁ?%géﬂb%?%ﬁ% PRl A

A ! F{Ju -ly known polymerization
initiator BT FRS LR LFIRABLIYSHY inbitgtidiehes: teydralysisioad FnAensaicsricasden F%‘?eﬁééﬁ?ple,
usable areddgtopidenbriédstckas? edinhethyryelyidipitb ol dtivaniedl remgion can be easily

t&y?zroi?zséﬁy@h@aemﬁlaeeaﬂ1"564@3& QYRROXYcrineihy diP RS BYLIDERPEN Eohid¥€ation is added,
-(Z- Me rox

ethoxy)-pheny1]-2-hydroxy-2-methyl-1-propane-l-one, . . . . .
2-hydroxy-fﬁ¥4{l{ﬁ?2°-%’£/tr)r%§§ -@-ﬁqeé/%lyﬁ?paréﬁ%%rf/ - gﬁaz%ﬂep ?eurf{i,}fql’z}g}]g{m{lﬁg%ﬁgﬁeﬁqgﬁg}ng
2-methyand Juniditay Rondpiary i astestphoninugrophmicthe sparation functional layer may have
2-benzygozdimethytaminonliddsaorkatinepkenylk bulasonsptairud;(dimethylamino)-2-[(4-rn
ethy'phiﬁb@ﬁ’]‘ gtk e 3{)8“?1%‘93’%8“65‘%’1

} -1 -butanone,. .2,4.6-trimethylbenzoyl -diphenyl -ph
osphineoxide, bis(2,4,6-trimethylbenzoyl)-pl eny%phsggﬁ) ineoxi g, e brine O?) e g}}_)%e
bis(n5-2A%RIGPEARSAiBFRI4C 3 Bsth s difitisrsTac in-pyrtsrehal papeisnialiamilan | minute
1,2-octaetlionéhitd; phérylihiodbphi[Ddie ritoylexsme )} eitathendcbAOethyolubiE2iinmwater and is
ethY'be'Tﬂé%)'9&'*Bé‘r*?%‘?l'ﬁﬁ'a}’&l'-Jvi(i?'aac%¥l°}}8§5ﬂl?9fc4'r8%§&%ﬁ¥d'sﬁﬂlace, and therefore can
oroacet% Hen%nleA- -butyl- |chIoroa(%etophenone,
9 rophilize the membrane surface and can enhance the amount of fresh water generated by
the membrane. As the alcohol aqueous solution used for hydrophilization, it is general to use
10% 1sopropyl alcohol aqueous solution.
[0033] The acid groups in this invention include sulfonic acid groups, sulfinic acid groups,
carboxyl groups, phosphonic acid groups, phosphinic acid groups, hydroxyl groups, thiol
groups, etc., though not limited thereto. In this invention, among these acid groups, in view of
acidity and availability of the reagent, it is preferred to use at least one type selected from
carboxyl groups, sulfonic acid groups and phosphonic acid groups.

[0034] In this invention, in view of the simplicity in synthesizing the polymer having acid
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4-t-butyl-trichloroacetophenone,diethox yacetophenone, 2-hydroxy-2-methyl-I-phenylpropane- | -one,
1-(4-dodecylpheny1)-2-hydroxy-2-methylpropanc-1-one, 4-(2
-hydroxyethoxy)-pheny1(2-hydroxy-2-propyl )ketone, 1-hydroxycycl ohexylphenylketone and 2-m
ethy1-144-(methylthio)phenyl]-2-morpholinopropan e-1 -one, ben zoi ns such as benzoin, benzoin
methyl ether, benzoin ethyl ether, benzoin isopropy! ether and benzoin isobutyl ether, benzophenones

such as hengopRenapaubabARY haotpAsIhddPe mibeszenhrRRRea Yy BrNERRIGNGNE and
aIIyIatedbenzthltte qQne th|0%<an Qopes sgjcglegs thlo%ﬁjaentgcolge 2-chlorot loxan hone eEhygIthl%anthone

and 2,4-pcf Thet % F?}ngirrftcon(e). urthgr, 6,: -az0b1 S 4-cyan ovaﬁT eneacit : unctional “grou

7,7-azobfrrsepitorn gy rasid), B emdobld(6t éyardcsed deh g RaApmsie Aeidng acid groups and
2,2-azohig( ZameityAprepignicaeidknls2-by ahis 2reday Ifonmiatoxievatesiaarish) ,polymerizing at

2,2-azobis(2-henz jonicaci : i X sy.for.e le inic,acid
peroxidgé(%t%dgeg %a%ﬁ%ggiggylk%%%ls %?ehéﬁgd%%xagggi%ﬁg rggﬂge%ﬂélg Nbé%dcéago%aﬁ §#§%§At e like

can be GERESFOEAR N s AN ZYltraviolet light, plasma, gamma radiation, electron beam
and the [IK8 thRbenpdexd, bt avigng tizehis idovidw wfrsimpticityrinedevicénahd dhardlinly) atiglpyéferred to
use ultrayiglgt Iigggﬂllt)gé BLeR IGO0 Usad NANEIRRIth 86142 Ay [O%%Z&Dl’n (};gﬁas}g(yﬁ?_gre the
polymerlzatlgn e}gree 0 t\%%go m%ls tqé) low t&ev\;)olymer flows out of the separation functional
layer, toSBPoY g eaf’é%tt © nRESOARE rfla\g?éirt “fi%hed with RO water. Therefbre, it is preferred
that the 3ée nthetiormatoived gulyme dration Bitiknomdddddas Dwetd ondespdlasedtiorbthedmaittht of the
reactiverRRSHRMLI HA4R JhecapHositeasetRiReHMGRIR MgHRana Ak hisinkeatioo fprmead as
described above can be wouq)q arougul% aw ter coIIecthgSp&% with many Qcﬁlg& drllledattgggietﬁgough

one, or morepo €rizabic aou S S €Xxam h compo neg a Ny
together with a raw%va%?r ghanne member such as a plastic ne?, a permeate cﬁa%necl memmper such as

tricot, arddidagriatuitbel, faliingr erhhacREpPESsdandlsistasice, Mo aigirbudasts ascaytisiratidomposite
semipermeaahieyiemhtadehsiemenhctitaery e elémeamistioach hsideseed meiive: aald ad

connectgﬂ]%ﬁgges or parallel to eachtherf gg}gf@%ﬁﬁ:ﬁg@?ﬁﬁl gemipermeable membarcall@e

module accommodated in a pressure vessel, ovementioned composite

semipenieaBRImSHBrasthary IS ment tRsHs BheRY ghysdsedetadrdls e Eaidined with a pump
for suppl9ii3y Fahnveate rthiee pbto,candetvicedocpratveatinghtvéenppwniwatelr anchitherdiéeoto eanfigure a fluid

separatigh ARPRSaHS dbhkiSERMAtINARRRIBLUS ¢AD &%53%%9&%%9@@%%1&%@%@4@&%@ such
as drinki g\évzier and the ch))ncentrate(tj é\(a er %\gergea |ng.%[:e4£nem%§ ne, from the raw water, for
obtaininbvARI TS Sihabie TBPRSLRSH Ve BURIOSREC AR 66 LRy EOE B SB K Husirial
applicattbienEbearybesie080] This imsidntion is explaivetyvelowyiethntreodehaitin referencalto
examplesnfudidsrininimndechinsreipimiberabys [RRELMaamabilerpthe falawing Syaomiescithe
removal ;}E &I%%j%r%fx e (f)]scg(r)rg _s%'t_% sqgwip?'j'_ryceaglce membrane was accell!fulated from the f%Irlltawing
formula%r , :gn the p%?me lon rate (ﬁw&\t’) each composite semipermeable membrane was
calculatéd fréfhvfr fopdaaReHnctheax m clodsarrEk ey 2 e orssdiprear kisaiseed liquid -
Concenf®) ofihe pahsesieysaontrntaticonpioinel setaviagidh xat QD grompramdadid) Pikpa(sned) =
(Amouny, of IRE-DEBREAGNE" ShALMEMRIANER ) cofBUTHE I ERRG e acid ester, the
following can be enumerated: 2-methacryloyloxypropyl monohydrogen and dihydrogen
phosphate,  2-methacryloyloxyethyl =~ monohydrogen and  dihydrogen  phosphate,
2-methyacryloyloxyethyl-phenyl monohydrogen phosphate,
dipentaerythritol-pentamethacryloyloxy = phosphate, 10-methacryloyloxydecyl-dihydrogen
phosphate, dipentaerythritolpentamethacryloyloxy phosphate,
mono-(1-acryloyl-piperidine-4-yl)-ester phosphate, 6-(methacrylamide)hexyl dihydrogen
phosphate and 1,3-bis(N-acryloyl-N-propyl-amino)-propane-2-yl)-dihydrogen phosphate.
[0039] Among the compounds having an acidic group and one or more polymerizable double
bonds, as examples of the compound having a sulfonic acid group, enumerated are
vinylsulfonic acid, 4-vinylphenylsulfonic acid and 3-(methacrylamide)propylsulfonic acid.
Further examples include vinylsulfonic acid and salts thereof, allylsulfonic acid,

o-styrenesulfonic acid and salts thereof, p-styrenesulfonic acid and salts thereof,
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A dimethylformamide (DMF) solution containing 15.3 wt% of polysulfone was cast onto a 21 cm x 15
cm polyester nonwoven fabric (air permeability 0.5 to | ec/cm2/sec) in a thickness of 200 urn at room
temperature (25C), and the coated fabric was immediately immersed in pure water and allowed to
stand for 5 minutes, for preparing a microporous support. [0053] Two milliliters of a coating solution (A)
consisting of 3.0 parts by weight of sodium p-styrenesulfonate, 2.0 parts by weight of

1-ally1- M@tWéﬂ@@h%ﬁﬁ'ﬁ@Mﬂ)%l@m&mm&%@iﬂ%ngegéﬁﬁ'ﬂta?ﬁﬂ‘é‘cﬁigmé%of 3-vinylbenzoic

2,2- drmethgxay & 2- g @erné/o?ﬂlqgﬁ ]Ib%ﬁgo?cngc% 76 dpartt Wel ht (r)f16c521/81 (f.o%ﬂp I alriphol aqueous
solution was 11ace fhe microporous support from'w he water fops on the SUHARERAd been

removedrpﬁlﬁﬁrrﬂgen b|@wrhg aﬁdda polyakser f||ﬁherq9M|RR®Rcrnégr§r§naafw&@ém@zﬂ<) prodided by
'Foray Industiiasryingloxasthiaced it caed, thesstidasead iR saieied-an] coafRhajHORRIGldsisupport

was aloged i SHOR CI MDY T HIMIBROR (sdissred pademand uesenaved. and e

liquid drops on the surface were’rem y nltrogen owrng XCl
UER_20M7oTsrsaheR o ¢ fsisi nfheal sdbsineloftradiating with ultraviolet light of 172 nm Was used

to irradiat®4é¢ doatedwniofoparbusestppert withrativaviptefdighiniar 13 nileutdsaiitid adisipoge:of 1 cm
set betwegy tﬁ@r‘?ﬂ@éﬁfé 3RE B AUCTRPRRRUSHYRAATE Th5RBsAfat gg dryepuRmpseiiaidry 8t 120C for 2

hours, to obtain § composijte semi g membrane. [0054] The caiposite semipermeable
membraf S HSHEie i VB S IAL #r%’néif‘gebé S Id P’(Slp%ﬁ?c%tﬁgf a%ugsrd%t%soﬁﬁ‘n%ﬁyﬂogrﬂ‘)‘ﬂnrnutes
and therBD0 sisnvtsalide iadjugfiedteh ﬁ%@:wassmsmfea@dhéweeddrqdnd gowppesfofntha nevlbrserosmosis
test at O&&iwga@mk pied fﬁﬁlaareauIremeoaerfwaaeaé@%ﬁql@J@&Lﬁ;ﬂ&@d@ beghtainegnfurther,

likewise lgOO Ueous ; solution was used as the feed liquid, to perform a reverse
0Smosis f;esté’a?p ﬁ dgﬂgc?c nd the results are shown in Table . [0055] Example 2 A
compos h@ééhfp@%émo@mmsm%aé prepasagdaghescripetisnabreensietibnest ceisidiritan coating
solutionlktid)d;ansistirgad. hpatts bynneight aisosivpounstivpreswdanstehs sepais Ryrmaight of
l-allyl r I li rt by to

2 oo R 10 D R i J D
aqueou§e§’6fb‘fFo?PW§§Su%%‘d fhSREEHINSF EFEeETaEe 'SR (A >é B tRAnPre%steP Bt itradiating the
coated rifi0A3) drodBesu dporinwetitiotirévidietadighifed 30 thanutesaoydusiogpa b ithadiatidnzdeviae,

TOSCU zg; Rroglucai By HansAn.JosalR @saﬂémgé%?/ga%% G3RaRlS 41 {radiafing with,pltraviolet

light of ‘?,éun and settlnlﬁ the |rrad|at|on intensity at /cm2 was performed instead of the step of
imadiatifgURASARPR TR hrroﬂlfoSﬁﬂ?rafé%nb%grwdméx rr?ércramﬁ CRERROSI 7 BrBSIRRSANy USHIO
Inc. capalsielokireddiaingnwitoudisaviolet light of 172 nm and setting the distance between the

irradiatignoasdew @BdhemNiGEeR Ot %éﬁaﬁg 381,66 Falrrgtme]wﬁ?@ ﬁwa%%t%ﬁemupﬁrmgabée

membranecpbtalned like t% I@s eva ate‘z)vdlt grcrcl;ta)lg%lg Esé%m‘ﬁ% U nd thlenper orman%e shown in
Table 1 Was obtained. If88 xample § C6mpsits semlperm(ea membrana-was prepared
as descﬁﬁ@BHWEREthIéOlVe@kc@pﬂﬂfé@tfd(zfﬁ Wsl:rsaﬁsnrﬁrh@mbwbﬁyrprdpymnﬁaab@mm

chlorideavaspised angteadikbihe dr@élyt@a(&éw%@éhﬁ&éﬁiﬂdﬁ[@mdﬁﬁﬂdﬁz(h@uﬁhgf&lﬁﬂdﬁjﬂﬁg%déﬁ
Example, 'lstgr*aﬁfedtlaasar@esegrﬁ MIRSENS grﬁp %%bégrﬂsb '%erg ggg evaluated as
own n t

described In Exam le I, and the pérformance s aine xampIe 4 A

com posff’e“é@m|perm%dﬁiglﬁ?érﬁ’r§r§ﬁ8%‘a%a}p¥’ed&%&%de@@ﬂﬁ%o@‘fﬁ@%aﬁhﬁleﬁfné%%ﬂt tBupS
1-(4-vinytipeerenigdI (3Hte methakyisityydrodypimidazoliuin chloride was used instead of the

1-ally-3{(Gotrimethensily propwiiimidazol Hma@morr%ﬂee%ﬂdixampiﬁdloﬁrém%m%&% °§éte
semlpermeableénemb ne obtained |j lBke tr% s eval gﬁﬁg as described in Example and the

performSREE8ROVIA |?1u H8 £5EY JBin 6%%] Igl‘éentmn&’i?om?}ogﬁgaé 1p8rm1e%1ble

membra,vre@vaeqzrelpa‘rerzﬂagﬁéhtsrrbecbwﬁxamplfe hrefwept thatadd a polymerization initiator,

1-viny 1-go(3ntdRaieny WM&MB%Q@E&'Eﬂfﬂrﬁlamde%ﬂﬁﬁﬁé%%m%&%%Hﬁereactmty In this

1-ally-3- 53 -tri etholx ”XP at 1%azolr chlo |de used in Exam le 1. Fu[EeeréCtQar {9 (ﬁa:te
]

T an erizatio oter ar
semlpermeab rane o tame |ke t s eva uate dmscrlbe

performawééaghbvvﬁ:}ﬁcqe&baé Z]PW%%‘Fafﬁeéd‘fB%@]nERah?p?e‘B?tme iy Mm&émpamble
membrasie: wiam prepalad i siiseldubitibondapplenieexaapt thehadeading solutlon (C) consisting of

0.8 part i auria oL iAol i .t by MBI ol el G mat ol promlridgzoium

chloride, 0.14 part by dimethoxy-1,2-d -1 -one an 6 parts By weight of
65% |SO}§|‘3}5§H attd Buéf §6Iﬁ%fbrﬁ’%’§i?§}é?filﬁ%t@§d58f‘fﬁ’ét b5ing %roﬁﬁd“rpk?\) He8lriRExample

1. Furthecpthrdlenmnpesne semiparineable membrane obfalaéduhkideothis] iad givalyktédnasldeseribed in
Example 1, and the performance shown in Table 1 was obtained. [0060] Example 7
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A composite semipermeable membrane was prepared as described in Example 1, except that a
coating solution (C) consisting of 1.0 part by weight of p-vinylbenzoic acid, 3.0 parts by weight of
1-ally]-3-(3-trimethoxysilylpropyl)imidazolium chloride, 0.14 part by weight of
2,2-dimethoxy-1,2-diphenylethane-1 -one and 95.86 parts by weight of 65% isopropyl alcohol aqueous
solution was used instead of the coating solution (A) used in Example 1. Further, the composite

semipermeahiexyendshee, bbtaindddkenthis was evaluateskas2desaiined jhdnyapiplade angnthe
performance st ' . 0taj 05 parative Example 1 The microporous
supportéﬂgpgzlﬁ%%kéﬁsgaﬁg?ﬁgﬁx%%@?#g# %?%%gm T:a 1p\% \éngogt%%%vith an aqueous solution
containiRg BB O g A Y2 BT 1SOBREUE e BRTERANG. DS WbBioPansala8ant
(NeweoR2vibdhpiad(eadthy MipgordyuRazaifboljddpkd@md-1-0net% of trisodium phosphate, and the

coated MIGLAPOrOUS; SIHARALNAS Hrained- B AR HIh &R Andhign.dggd in hot air of 120C for 40
secondszfdeseqL{ently, it was coate%it 5 de%?[ne solution containing 0.3 wit% of trimesic acid
chloride= AAEAEN AR ROafad RSO GTRTRY Ssov Wak réanpambeiny syl dr ieecRs 5 minutes,
to perfocht & reaetibnlHenasltdameondtetospthizn alkali aqueous solution containing 5.0 w%dsf sodium
carbonaﬁ%@w’&t}img%}qgé%ymm§%§§ﬂﬁ%@, to terminate the reaction, for obtainingajgemposite

semipermeahle membrane. Eurther, the.c jte semipeymeable membyrane obtained like this was
evaluatea*as d(ie’g::? ‘gaﬂ%“%‘éé %12‘{5%?&%@%‘} %]ﬁ%%{mklﬂ] ﬁﬁéefwgéa%‘fg?ned. [0062] As
can be dedmsiaradramid 14t eavipisdite $erbapepyieabliehembrane obtained in Comparative Example
1 was fagRehtnbe-ioterioio-tharrigtbve sgnyRtionRedRMancy fu-sepaiatingflivalent ions from

monovalentIRns sAMRAISHI, 16 gomposite semipermeable mempbyangs,abiained i Examples L to
7. [0063] Comparative Example " A composite semipermeable me¥nbrane was p paredﬁ’as
describétt XA PRI WA SB-methyl-1-(3-trimethoxysilylpropyflikigfRssharstersmgasvas used

instead dfliydiby-3 3rictinetheptysihtinrgpypinicazoli um chloride. Further, the composite
semiperm@gg&égm%} _Q_Q%pgg,[%gn@l?ﬁgg%%gwg;gg as described in Example 1, and the

performance strlown [ lel1 was,)obtaine 064] As can be seen from Table 1, the salt removal
performgfééhé’ fﬂéygg?ﬂff) sRE S BYHTaREIS RIBRbIHE S htal AR TR SHillsIBER K pIR"S was
found toabé |odvareith Wid S S4methpikicpenforyhatceymhdlihepedpre ¢Hewwempbsiteosemipenneatsle
membrang 2fit0nRA6AIVE dxampier? MasdaHre e RevinfasiarindheRplgslivenePaiatiseRsformance

for sepalrsa(l)ttl)ngb ival ntrlon%from onovalent igns compgredv\%tﬁhthe co?gosn semipermeable

membrafies Shtairnaain EXSHOIBLEES | 0B8] Caparati® EsiSHile 32 OROBAGsitd'd:

semiperfniidiEl bsarphenensadpfeparbenasrissenipeenih Elzlsisibazepbeponsat hicanthones
loropropydtimethaxysilagheowashisrd insteat Rk ddaliyastttemethoxysiyiprepyeiithgazoliunghloride.

Further,the £omposite. semipermeable r?qpb ne obtained like this was evaluated as degcribed in
Example’l. an%%g per%rma%céé shown?n]f% agﬁe 1 was orlt?’tg%é%ﬁ 066] As can be seen fzrlglr(% Table 1,

the salt fefFPRIYErfaiRasREYbFthe cafifPosite SERPRNHEABIRRTEMRBFEIS BEtaRTSFIN Cotfidarative
Examplé . 3-ambiseynirfbyipropionpared withdihe compesitbis@nifigirdeabliongmbanes ohidid)ed in
Examp'9,52335%%s@%@zﬁé@ﬁ%ﬁﬂ@‘é@iﬁ%%P!@s‘}aeroxiﬁe‘?%'@&%g&ﬁ&[ﬂﬁ%e'?H}e&f%'r%f%e, MREAR was

prepared as described in Example 1, except that the reaction solution of Example_1 did not contain
1-a||y-3-£(”§‘-cfrﬁﬁré¥ﬁ6g Tﬁﬁﬁr’&?ﬁ?ﬁirﬁﬁfﬁ%’ %ﬁﬂ%ﬁ% idfRIBBARONPAM LS Vfsh RF Stidiufrprporation
p-styrerasliferidte cThbobtedned composite semipermeable membrane was evaluated as described in
Examplepbagnd $hed eauis, shann il aRiRware RREINe S ma radiation, electron beam and the

like can be used, but among them, in view of simplicity in device and handling, it is preferred

to use ultraviolet light. It is more preferred to use a wavelength of 172 nm.

[0047] In the case where the polymerization degree of the polymer is too low, the polymer

flows out of the separation functional layer, to produce defects, when the formed layer is

washed with RO water. Therefore, it is preferred that the concentration of the polymerization

initiator added is 5 wt% or less based on the weight of the reactive composition.

[0048] The composite semipermeable membrane of this invention formed as described above

can be wound around a water collecting pipe with many holes drilled therethrough together

with a raw water channel member such as a plastic net, a permeate channel member such as
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[0068] As can be seen from Table 1, the salt removal performance of the composite semipermeable
membrane obtained in Comparative Example 4 was very inferior compared with the composite
semipermeable membranes obtained in Examples 1 to 7. [0069] Comparative Example 5 A
composite semipermeable membrane was prepared as described in Example 1, except that the
reaction solution of Example 1 did not contain sodium p-styrenesulfonate, but contained 5 wt% of
1-ally-3-{3esimeiioxy sdyiprenyd) it ase baaabinsigecskhe obininac.cannositeisamiparmepiie
membragsWesie AhiiethAnse sURarIL AR 400 the desliasiounOglanip yais, ghtained.
[0070] As can be seen from Table 1, the salt removal performance of the composite semipermieable
membraff RLPRRFHCE M pHiative BRAHRI& 5 WsAd B |8tvarGPINRg St S FatRsya) cable
performangebrnd thedobmpcsitensdatgdarmaabisunembiene of Comparative Example 5 was found to

be inferipsjAdNE.SRIECHNE ARRRIAUAN REITOSMANG R 'UseRArRIRE divalephions framjaanaualspt ions
compared \ﬁlt th léi:o osite semipeimeable membranes obtained in ExamPIeshl to 7. [8071] [Table
17 (a1 eSS L AR GESOB B R U ) FEER (R PR Ay water thto. a device

for pretreating the raw water and the like, to configure a fluid separation apparatus. This
separation apparatus can be used to separate the permeating water such as drinking water and
the concentrated water not permeating the membrane, from the raw water, for obtaining water
types suitable for respective purposes, and can be expected to be used for industrial
applications.
EXAMPLES
[0050] This invention is explained below in more detail in reference to examples, but is not
limited thereto or thereby.
[0051] Meanwhile, in the following examples, the removal rate (Rej) of each composite
semipermeable membrane was calculated from the following formula (3), and the permeation
rate (Flux) of each composite semipermeable membrane was calculated from the following
formula (4).
[0052] Rej(%) = {(Concentration of the feed liquid — Concentration of the
permeate)/Concentration of the feed liquid} x 100 ... Formula (3)
Flux (m/d) = (Amount of the permeate per day)/(Membrane area) ... Formula (4)
Example 1

A dimethylformamide (DMF) solution containing 15.3 wt% of polysulfone was cast
onto a 21 cm x 15 cm polyester nonwoven fabric (air permeability 0.5 to 1 cc/cmz/sec) in a
thickness of 200 pm at room temperature (25°C), and the coated fabric was immediately
immersed in pure water and allowed to stand for 5 minutes, for preparing a microporous
support.
[0053] Two milliliters of a coating solution (A) consisting of 3.0 parts by weight of sodium
p-styrenesulfonate, 2.0 parts by weight of 1-allyl-3-(3-trimethoxysilylpropyl)imidazolium
chloride, 0.24 part by weight of 2,2-dimethoxy-1,2-diphenylethane-1-one and 94.76 parts by
weight of 65% isopropyl alcohol aqueous solution was placed on the microporous support
from which the water drops on the surface had been removed by nitrogen blowing, and a
polyester film, LUMIRROR (registered trademark) produced by Toray Industries, Inc. was
placed to cover the surface. The covered and coated microporous support was allowed to
stand for 1 minute. The LUMIRROR (registered trademark) was removed, and the liquid
drops on the surface were removed by nitrogen blowing. Subsequently Excimer Lamp
UER20-172 produced by USHIO Inc. capable of irradiating with ultraviolet light of 172 nm
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Flux (tuki) Example 1 39.0 0.34 97.3 0.30 Example 2 40.4 0.12 95.8 0.08 Example 3 65.5 0.38 98.0
0.28

was used to irradiate the coated microporous support with ultraviolet light for 10 minutes with
a distance of 1 cm set between the lamp and the microporous support. Then, a hot air dryer
was used to dry at 120°C for 2 hours, to obtain a composite semipermeable membrane.
[0054] The composite semipermeable membrane obtained like this was immersed in 10%
1sopropyl alcohol aqueous solution for 10 minutes, and then 500 ppm saline adjusted to pH
6.5 was used as the feed liquid, to perform a reverse osmosis test at 0.75 MPa and 25°C. As a
result, the performance shown in Table 1 could be obtained. Further, likewise, 1500 ppm
MgSO;, aqueous solution was used as the feed liquid, to perform a reverse osmosis test at 0.75
MPa and 25°C, and the results are shown in Table 1.
[0055] Example 2

A composite semipermeable membrane was prepared as described in Example 1,
except that a coating solution (B) consisting of 1.5 parts by weight of sodium
p-styrenesulfonate, 3.5 parts by weight of 1-allyl-3-(3-trimethoxysilylpropyl)imidazolium
chloride, 0.15 part by weight of 2,2-dimethoxy-1,2-diphenylethane-1-one and 94.76 parts by
weight of 65% isopropyl alcohol aqueous solution was used instead of the coating solution
(A) and that the step of irradiating the coated microporous support with ultraviolet light for 30
minutes by using a UV irradiation device, TOSCURE752 produced by Harison Toshiba
Lighting Corporation capable of irradiating with ultraviolet light of 365 nm and setting the
irradiation intensity at 20 mW/cm® was performed instead of the step of irradiating with
ultraviolet light for 10 minutes by using Excimer Lamp UER20-172 produced by USHIO Inc.
capable of irradiating with ultraviolet light of 172 nm and setting the distance between the
irradiation window and the microporous support at 1 cm. Further, the composite
semipermeable membrane obtained like this was evaluated as described in Example 1, and the
performance shown in Table 1 was obtained.
[0056] Example 3

A composite semipermeable membrane was prepared as described in Example 1,
except that 1-(2-acryloylethyl)-3-(3-trimethoxysilylpropyl)imidazolium chloride was used
instead of the 1-ally-3-(3-trimethoxysilylpropyl)imidazolium chloride used in Example 1.
Further, the composite semipermeable membrane obtained like this was evaluated as
described in Example 1, and the performance shown in Table 1 was obtained.
[0057] Example 4

A composite semipermeable membrane was prepared as described in Example 1,
except that 1-(4-vinylbenzyl)-3-(3-trimethoxysilylpropyl)imidazolium chloride was used
instead of the 1-ally-3-(3-trimethoxysilylpropyl)imidazolium chloride used in Example 1.
Further, the composite semipermeable membrane obtained like this was evaluated as
described in Example 1, and the performance shown in Table 1 was obtained.
[0058] Example 5
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Example 4 60.0 0.30 98.2 0.25 Example 5 35.0 0.31 95.8 0.26 Example 6 65.2 0.15 98.5 0.13
Example? 55.7

A composite semipermeable membrane was prepared as described in Example 1,
except that 1-vinyl-3-(3-trimethoxysilylpropyl)imidazolium chloride was used instead of the
1-ally-3-(3-trimethoxysilylpropyl)imidazolium chloride used in Example 1. Further, the
composite semipermeable membrane obtained like this was evaluated as described in
Example 1, and the performance shown in Table 1 was obtained.

[0059] Example 6

A composite semipermeable membrane was prepared as described in Example 1,
except that a coating solution (C) consisting of 0.8 part by weight of acrylic acid, 3.0 parts by
weight of 1-allyl-3-(3-trimethoxysilylpropyl)imidazolium chloride, 0.14 part by weight of
2,2-dimethoxy-1,2-diphenylethane-1-one and 96.06 parts by weight of 65% isopropyl alcohol
aqueous solution was used instead of the coating solution (A) used in Example 1. Further, the
composite semipermeable membrane obtained like this was evaluated as described in
Example 1, and the performance shown in Table 1 was obtained.

[0060] Example 7

A composite semipermeable membrane was prepared as described in Example 1,
except that a coating solution (C) consisting of 1.0 part by weight of p-vinylbenzoic acid, 3.0
parts by weight of I-allyl-3-(3-trimethoxysilylpropyl)imidazolium chloride, 0.14 part by
weight of 2,2-dimethoxy-1,2-diphenylethane-1-one and 95.86 parts by weight of 65%
isopropyl alcohol aqueous solution was used instead of the coating solution (A) used in
Example 1. Further, the composite semipermeable membrane obtained like this was evaluated
as described in Example 1, and the performance shown in Table 1 was obtained.

[0061] Comparative Example 1

The microporous support prepared by the same method as that of Example 1 was
coated with an aqueous solution containing 0.8 wt% of piperazine, 0.2 wt% of
1,3-bis(4-piperidyl)propane, 0.5 wt% of a surfactant (Newcol 271A produced by Nippon
Nyukazai Co., Ltd.) and 1.0 wt% of trisodium phosphate, and the coated microporous support
was drained by an air knife and then dried in hot air of 120°C for 40 seconds. Subsequently, it
was coated with a decane solution containing 0.3 wt% of trimesic acid chloride, and then the
coated microporous support was heat-treated by hot air of 100°C for 5 minutes, to perform a
reaction. It was then coated with an alkali aqueous solution containing 5.0 wt% of sodium
carbonate and 0.1 wt% of sodium dodecyl sulfate, to terminate the reaction, for obtaining a
composite semipermeable membrane. Further, the composite semipermeable membrane
obtained like this was evaluated as described in Example 1, and the performance shown in
Table 1 was obtained.

[0062] As can be seen from Table 1, the composite semipermeable membrane obtained in
Comparative Example 1 was found to be inferior in the selective separation performance for

separating divalent ions from monovalent ions compared with the composite semipermeable
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0.12 97.5 0.11 Comparative Example 1 82.8 1.77 99.8 1.15 Comparative Example 2 37.8 1.15 86.0
1.13 Comparative Example 3 13.2 11.04 2.3

membranes obtained in Examples 1 to 7.
[0063] Comparative Example 2

A composite semipermeable membrane was prepared as described in Example 1,
except that 3-methyl-1-(3-trimethoxysilylpropyl)imidazolium chloride was used instead of
1-ally-3-(3-trimethoxysilylpropyl)imidazolium chloride. Further, the  composite
semipermeable membrane obtained like this was evaluated as described in Example 1, and the
performance shown in Table 1 was obtained.
[0064] As can be seen from Table 1, the salt removal performance of the composite
semipermeable membrane obtained in Comparative Example 2 was found to be lower in
MgSO4 removal performance, and therefore the composite semipermeable membrane of
Comparative Example 2 was found to be inferior in the selective separation performance for
separating divalent ions from monovalent ions compared with the composite semipermeable
membranes obtained in Examples 1 to 7.
[0065] Comparative Example 3

A composite semipermeable membrane was prepared as described in Example 1,
except that 3-chloropropyltrimethoxysilane was used instead of
I-ally-3-(3-trimethoxysilylpropyl)imidazolium chloride. Further, the  composite
semipermeable membrane obtained like this was evaluated as described in Example 1, and the
performance shown in Table 1 was obtained.
[0066] As can be seen from Table 1, the salt removal performance of the composite
semipermeable membrane obtained in Comparative Example 3 was very inferior compared
with the composite semipermeable membranes obtained in Examples 1 to 7.
[0067] Comparative Example 4

A composite semipermeable membrane was prepared as described in Example 1,
except that the reaction solution of Example 1 did not  contain
1-ally-3-(3-trimethoxysilylpropyl)imidazolium chloride, but contained 5 wt% of sodium
p-styrenesulfonate. The obtained composite semipermeable membrane was evaluated as
described in Example 1, and the results shown in Table 1 were obtained.
[0068] As can be seen from Table 1, the salt removal performance of the composite
semipermeable membrane obtained in Comparative Example 4 was very inferior compared
with the composite semipermeable membranes obtained in Examples 1 to 7.
[0069] Comparative Example 5

A composite semipermeable membrane was prepared as described in Example 1,
except that the reaction solution of Example 1 did not contain sodium p-styrenesulfonate, but
contained 5 wt% of I1-ally-3-(3-trimethoxysilylpropyl)imidazolium chloride. The obtained
composite semipermeable membrane was evaluated as described in Example 1, and the

results shown in Table 1 were obtained.
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8.70 Comparative Example 4 8.9 10.1 9.8 9.8 Comparative Example 5 32.8 0.09 68.6 0.08 CLAIMS
[Claim 1] A composite semipermeable membrane having a separation functional layer on a
microporous support, in which the separation functional layer is made of a condensation product of a
polymer having acid groups and functional groups represented by general formula (1) in side chains.
[Chemical formula 1] R1R2 )-((r) NN,pN-(CH2)n-Si(OR3)3

[0070] As can be seen from Table 1, the salt removal performance of the composite

semipermeable membrane obtained in Comparative Example 5 was found to be lower in
MgSO4 removal performance, and the composite semipermeable membrane of Comparative
Example 5 was found to be inferior in the selective separation performance for separating
divalent ions from monovalent ions compared with the composite semipermeable membranes
obtained in Examples 1 to 7.

[0071] [Table 1]

[Table 1]
NaCl 500ppm MgSO, 1500ppm
Rej. Flux Rej. Flux
(%0) (m/d) (%) (m/d)
Example 1 39.0 0.34 97.3 0.30
Example 2 40.4 0.12 95.8 0.08
Example 3 65.5 0.38 98.0 0.28
Example 4 60.0 0.30 98.2 0.25
Example 5 35.0 0.31 95.8 0.26
Example 6 65.2 0.15 98.5 0.13
Example 7 55.2 0.12 97.5 0.11
Comparative Example 1 8§2.8 1.22 99.8 1.15
Comparative Example 2 37.8 1.15 86.0 1.13
Comparative Example 3 132 11.04 2.3 8.70
Comparative Example 4 8.9 10.1 9.8 9.8
Comparative Example 5 32.8 0.09 638.6 0.08
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(in the general formula (1), n denotes an integer of 1 to 4; R.! and R- can be selected respectively
arbitrarily from a hydrogen atom and hydrocarbon group with | to 7 carbon atoms or can also be
covalently bonded together; and R3 denotes a hydrogen atom or alkyl group with 1 to 4 carbon
atoms). [Claim 2] A composite semipermeable membrane, according to claim 1, wherein the acid
groups are at least one type selected from carboxyl groups, sulfonic acid groups, and phosphonic acid
groups. [&laipmss] A composite semipermeable membrane, according to claim 1 or 2, wherein the

polymer obtaﬁe‘g kggrgol)érperizing a compound fepre ented by ene&ghf%%é]ang)land a monomer

or mono é?nr%ix ure COMRINI gs%r?ll a8 e(idneecrcr)lr'?"lnftl)oungl Vi ARREd group and's poﬁ merizable

double boitdopetramisaiformina?)liRIRhy scRaaNn(GHgtiondil@ars)s (mayi¢irnthe gerdgasdopmula (2),
n denotgganninteger pblymd; Rivang RdcandupselectechtespartiMelyparbisasibhieanba agen atom
and hydrgocarhon.group,with_1 to 7 carbon atoms or can also be eovalently bonded together; R3
denotesfg)rﬁi}g?o lgﬁ“ast%ir%cgﬁ‘ 1allllf(yl group with 1 to 4 carbon atoms; R4 denotes a functional group
having d pBfmeHZapr Holible bond; and Y- denotes an arbitrary anion).

1

R R®
—\® | ,

— N N=(CHp),—SiOR%;
(in the general formula (1), n denotes an integer of 1 to 4; R' and R* can be selected
respectively arbitrarily from a hydrogen atom and hydrocarbon group with 1 to 7 carbon
atoms or can also be covalently bonded together; and R’ denotes a hydrogen atom or alkyl
group with 1 to 4 carbon atoms).
[Claim 2] A composite semipermeable membrane, according to claim 1, wherein the acid
groups are at least one type selected from carboxyl groups, sulfonic acid groups, and
phosphonic acid groups.
[Claim 3] A composite semipermeable membrane, according to claim 1 or 2, wherein the
polymer is obtained by polymerizing a compound represented by general formula (2) and a
monomer or monomer mixture containing at least one compound having an acid group and a
polymerizable double bond.

[Chemical formula 2]

R1 RZ Y@
r——< ® ;

4-N___N—(CH,),—Si(OR
R o 2/)n ( )3 - (2)
(in the general formula (2), n denotes an integer of 1 to 4; R' and R? can be selected
respectively arbitrarily from a hydrogen atom and hydrocarbon group with 1 to 7 carbon
atoms or can also be covalently bonded together; R’ denotes a hydrogen atom or alkyl group
with 1 to 4 carbon atoms; R* denotes a functional group having a polymerizable double bond;

and Y~ denotes an arbitrary anion).
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