COWPCSI TE SEM PERMEABLE MEMBRANE, AND PRODUCTI ON PROCESS THEREOF
BACKGROUND OF THE PRESENT I NVENTION 1. Field of the Invention The present
invention relates to a conposite sem perneabl e nenbrane wuseful for

sel ective separation of a liquid mxture, and to a production process
thereof. For exanple, the present invention relates to a conposite

sem per neabl e nenbrane which conprises a separating functional |ayer

conprising pol yanm de COMBISITE SEMBSHIOME ABIISMENBRIANED and which is
favorabl e for renmoving boron fromseawater or brackish water, and to a

production process theraND PRODBIGHONEROCESSI THEREOFhe Background Art
Recently, desalting seawater through a conposite sem perneabl e nenbrane
has been tried, and now, it has been put into practical use in water

plants all over the world. . A conposite sem perneabl e nmenbrane
general |y conpri ses BACKGRAUND OF THEtRRESENT ANYENTIONed on a por ous
substrate film Wen the separating functional |layer is formed by using

crossl i ndedicld ofhieilrvepdoyani de, there are such advantages that the |ayer
is stiff and rigid since it contains a benzene ring and that the |ayer can
be readily fornBdeHiesent dpyeatpn relats ioom FOMPRSito feBIPCEneARle membrane

e BB S LR B AP S L and o e
t P-,A-1-1802 d JP-A-2-115027),. Ho th t

oL, o P Rt TOE R B AR Rl e
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menbr ane$ravkésherdiec bbrot Oprbdiivive proce®thérdpe perneation flow rate of 0.5
n8/ nm2day or |ess and a boron renoval ratio at nost about 91 to 92% when
seawat er at 25C having a pH of 6.5, a boron concentration of 5 ppmand a
TDS concentration of 3.5% by weight is perneated under an operation

pr essur e 20Brigf Besgpationl ef/ e Bankgrouwt Adonposi t e semni per meabl e

Recently, desalting seawater through a composite semipermeable membrane
has been tried, and now, it has been put into practical use in water plants all over the
world. A composite semipermeable membrane generally comprises a separating
functional layer coated on a porous substrate film. When the separating functional
layer is formed by using crosslinked aromatic polyamide, there are such advantages that
the layer is stiff and rigid since it contains a benzene ring and that the layer can be
readily formed by interfacial polycondensation of aromatic polyfunctional amine and
aromatic polyfunctional acid halide, and other advantages such as a high salt removal
ratio and a high permeation flow rate are known (JP-A-1-180208 and JP-A-2-115027).

However, the water quality standard in the art is controlled more and more
severely these days. In particular, it is difficult to reduce the minor boron in seawater
to a level acceptable for drinking water in ordinary treatment, and some composite
semipermeable membranes have been proposed for solving this problem (JP-A-11-

19493 and JP-A-2000-259388). However, since these membranes are expected to
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menbr anes whi ch have hi gher sol ute-rejection performnce has been desired.
As nmeans for inproving the solute-rejection perfornmance of conposite

sem perneabl e nenbranes, a nethod in which a novel reactant is added to
the reaction solution is exenplified. Since this nethod does not so much
differ fromconventional nethods, it is useful as a sinple inproved

nmet hod. For exanple, it is described that in the conposite sem perneabl e

menbr ane,ha6¢ QSadhbtssd Hfl%eﬁt%ﬂ ASw 5teCHGS ilﬂ?‘ﬁé?ﬁﬁl}i& foss B Y AT 1Ere gogglonent

having at |east two amno groups in the no and an aci onent,

as a novehtid eaaioaNhbouttlilcldy SOARIcRCSadatel ra'é‘éfs"@'hhﬂh%i ngﬁ‘é’. agiyd Jal i de
h | ecul e ?

havi ng at | east two hal ogenocar bonyl groups in the Japanese

Patent  3oBGhi#&) of Abphauah TS tenddaEMIdnTS 4By WdightTepliatkaRiQpides
conposite sem perneabl e nenbrane having a high Salt renoval ratio and a
hi gh per meatbpenatibh opyessupd eofarscs aVpaodieotlopmeltt @EE6EmpdRaE e Mmipeimdablest i | |
impossi ble to further increase the boron rejection ratio according to the
met hod. SUNNIRYESOFhiThHEaeNNEINT sah eAijeotiprepdr famfandechap beaeddsiredivent i on is to
provide a conposite semi perneable nmenbrane having a high salt renoval
ratio and high r é’}seéleﬁ@n fgeintpseving cibe fsolutevaiection ubsfoamers nbrodipssitci at i ve
in a neutral region such as boric acid, and to provide a production
process tHBIRSHPCaS, msmgEines, 3 method whikhamovehiseetantisiaddedde thbieaetioan t he
present invention ravides. the follow ngs: (1) Ac osite sem perneabl e
menbr ane S\(K}r‘ilg% ls's%ﬁe’f@lhﬁgg' t%&c? 1 ’S’\ﬁﬁhﬁ\é\ndgg%l‘%‘tﬁodﬂ‘é"rlﬂi ‘g%}p%éﬂms@éﬁﬁtt@ﬂalat 25C
havi ng a ; ron concentratigon.of 5 m nd ,a TDS .
concent r éIFJiﬂtl)oﬁJsbﬁ l%‘?sg&} %g a\(%}e“?pgﬁfmﬁ’ 9 V%‘EP’F(@QF 'edFﬁrn‘g‘gplpgen %df)g?séf 15841*&? Bssure

of 5. 5Mgg r [ > - ane . tion flow
rate (n8/ nﬂggl%gﬁ(e Zfeml}'ﬁ%knce %%o@?‘fl%@ag%ﬁc%%#l%é%éggﬁ%r {alnce&gé{glge?‘d%’%ﬁ to

(1) wherBiyam fORSHTeh Mg A1eRR HorKlinb QA AHGIRNRS, L tSclds! de

and/ or surface of t conposite sem pernmne rane. (3)
component, as a novel reactant, which comprises a linear aliphatic poly-acid halide

having at least two halogenocarbonyl groups in the molecule (Japanese Patent
3,031,763).  Although it is described that the method provides a composite
semipermeable membrane having a high salt removal ratio and a high permeation flow
rate and a production process thereof, it is still impossible to further increase the boron

rejection ratio according to the method.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a composite semipermeable
membrane having a high salt removal ratio and high rejection performance for even
substances non-dissociative in a neutral region such as boric acid, and to provide a
production process thereof.

In order to accomplish the above and other objects, the present invention
provides the followings:
(D A composite semipermeable membrane which satisfies the following

relationship when seawater at 25°C having a pH of 6.5, a boron concentration of 5 ppm
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The conposite sem perneabl e nenbrane according to (1), which conprises a
separating functional |ayer conprising polyamde forned on a porous
substrate film wherein nonofunctional am ne binds to and/or adsorbs to
t he inside and/or surface of the separating functional |ayer conprising
pol yam de. (4) The conposite sem perneabl e nenbrane according to (3),
wherein the nonofunctional amne is contained in an anobunt of 0.1 to 15

mol % per aalla DS BnceARARMUEISSS% By Wiiiglt Wrﬁ%ﬁt@@gﬁ%ﬁ?%& o‘ﬁ&%oﬁ §§u e of

conprising polyam de. (5) The rmnof uncti onal no unc I onal
(7) The cospO=i:te sem perneabl e nenbrane according to (2), wherein the
am ne is bound via a coval ent bond. conposite sem perneabl e nenbrane

accor di ng t Bofo2)remaked reia) (%) e 95 adix@embrai® perineatsn Bovelrate!(inPdtdag).am ne.
conposite sem perneabl e nenbrane according to (6), wherein the

nonof unct@pnal  alThehabinpositei semipesmeableotmbmbifand swomingrioor(1pt oiéein ( 8)
The nonofunctional conposite sem perneabl-e nenbrane according to (7),

wher ei n_trpenofandtighalt smingnbinds its aad/or edserborie thelinidednd/oomutthee gf chep

consi sting of nethylam ne, dinethylam ne, ethylam ne, diethylanm ne,

pr opy| am REPOFEIAHRGMEAR] ﬁ@emhﬂ%ﬂesopropyl amine, butyl ani ne, i sobutyl ani ne,

Lo ST Al ARl T N S
S S Tt B A b,
hept ylamne. 3 yherein monofunctional amine binds to and/or adsorbs to the inside and/or
surface of the separating functional layer comprising polyamide.
(C)) The composite semipermeable membrane according to (3), wherein the
monofunctional amine is contained in an amount of 0.1 to 15 mol% per all amine
molecules in the separating functional layer comprising polyamide.
%) The composite semipermeable membrane according to (2), wherein the
monofunctional amine is bound via a covalent bond.
6) The composite semipermeable membrane according to (2), wherein the
monofunctional amine is monofunctional aliphatic amine.
@) The composite semipermeable membrane according to (6), wherein the
monofunctional aliphatic amine has a total of 1 to 7 carbon atom(s).
®) The composite semipermeable membrane according to (7), wherein the
monofunctional aliphatic amine is at least one selected from the group consisting of
methylamine, dimethylamine, ethylamine, diethylamine, propylamine, isopropylamine,
diisopropylamine, butylamine, isobutylamine, t-butylamine, amylamine, t-amylamine,
1,2-dimethylpropylamine, 1-ethylpropylamine, 2-methylbutylamine, isoamylamine, N-
ethylpropylamine, N-methylbutylamine, 1,3-dimethylbutylamine, 3,3-
dimethylbutylamine, N-ethylbutylamine, hexylamine, N-methylpentylamine, and

heptylamine.



(9) The conposite sem perneabl e nenbrane according to (1), which conprises
a separating functional |ayer, wherein an aliphatic acyl group binds to
the inside and/or surface of the separating functional |ayer. (10) The
conposite sem perneabl e nenbrane according to (1), which conprises a
separating functional |ayer conprising polyamde forned on a porous
substrate film wherein an aliphatic acyl group binds to the inside

and/ or sypface ofrhe Q@mﬁ@ﬁ@%@ﬂ%{b@m@&ﬂ‘@ﬁﬁ%?&nela@é’cﬁ?iﬁlgqggf)i( %hﬂ:g \ﬁﬁﬁ%ﬁ@ de.

(11) The conposite sem perneabl e menbrane accor

conpri ses separat@izafuattidigl {Aazagti onal layer conprising polyam de forned on a
porous substrate film erein the separating functional |ayer conprising

pol yami de is for né@rein an taliphgtier ays groUpsbingd eo tid imside iR esubBRABALHNY
functional |ayer conprising polyam de conprises crosslinked polyam de

f or med byepratmg fofictionaldajeaci al pol ycondensati on by contacting, on the
porous substrate film (a) an aqueous solution conprising polyfunctional
ani ne, (K}%an or Jhacempeditesamipsonesblomembrape iasiardingod YFuwhich @palprisesi d
hal i de, and (c¢) an organic solvent solution conprising aliphatic acid
hal i de wiiseParatdg fynstionaklayerrqomprising neblaytidmformehan a porais isabstrdte filmd has 1
to 4 carbon ato ). .(12) .Tgag, conposi te sem perneabl e menbrane accordi ng
to (1), which coRfeielizan alipbatic acyl igropor binds i sl insidy end{os syrtpes afthe
polyanidg fogqpq.og.a Ror ous substraép t&ln] wherein the separating
functi onafPA & URGIesp I8y GOPBIIS RPN or ned on  the porous substrate
film an he se i . i conprisin I 1 de conpri ses
crossl i ngle%} pol 32%?%’1%8 ?sééeﬁgﬁﬁﬂgg&gn%één@gﬁp ralnﬁgg?qnilggg? P@o%ﬁ@hﬁﬁ@ﬁgg‘% on by
cont act I AGephideMBnctRAGOHFery h@kirsﬁugﬁoyakr@e fofthedfn BQURRNSLARHIAED
conpri sing pol yflunctional “am ne w an organic solvent solution

gprmr i sing pol yf wheteim il sepdthithd it Ghal Ner @d&ﬂ%@ﬁ%ﬁol?&hfﬁeh@fdr%d Wi ch is
ifferent fromthe polyfunctional acid halide and has"1 to
the porous substrate film, and
the separating functional layer comprising polyamide comprises crosslinked
polyamide formed by means of interfacial polycondensation by contacting, on the
porous substrate film,
(a) an aqueous solution comprising polyfunctional amine,
(b) an organic solvent solution comprising polyfunctional acid halide, and
(c) an organic solvent solution comprising aliphatic acid halide which is
different from the polyfunctional acid halide and has 1 to 4 carbon atom(s).
(12) The composite semipermeable membrane according to (1), which comprises
a separating functional layer comprising polyamide formed on a porous substrate film,
wherein the separating functional layer comprising polyamide is formed on
the porous substrate film, and
the separating functional layer comprising polyamide comprises crosslinked
polyamide formed by means of interfacial polycondensation by contacting, on the

porous substrate film,

(a) an aqueous solution comprising polyfunctional amine with
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4 carbon atom(s). (13) The conposite sem perneabl e nenbrane according to
(11), wherein the aliphatic acid halide is at |east one selected fromthe
group consisting of nethanesul fonyl chloride, acetyl chloride, propionyl
chloride, butyryl chloride, oxalyl chloride, malonic acid dichloride,
succinic acid dichloride, nmaleic acid dichloride, fumaric acid

di chl oride, chlorosul fonylacetyl chloride, and N, N-di net hyl am nocar bonyl

chloride. (14) T j ot i : . r r di. i 12),
wherein ihe i raT Al a aT aBegE S prlRY HeRASRER 4 ol 9 o oup
consi sti n@ipRitic 48R harSWi : I (e q . i

chl ori de, But i/cr yl chlori c}gl?[%ilglg%:npfrgﬁﬁg(ﬁ ?{c;ilgF%ﬁ% @Agéldgl%%lggé&éh%gg *ode,
succi ni ¢ 4a@irsbnddtem(spr i de, maleic acid dichloride, fumaric acid

di chl oride, chlorosul fonylacetyl chloride, and N, N-di net hyl am nocar bonyl

chl oride.(1§)15) TiThe cxmposité Geraipeimeibie alh®drdRcarind s o1 i Mhetesh (o -
whi ch has a nenbrane perneation flowrate of 0.5 /nm2 day or nore and a

bor on r ersipbdticr aicido hafide 9B%abr leastr @ne wWhdertak aft@hetheatgrd@C bamishigg aoPH of
6.5, a boron concentration of 5 ppmand a TDS concentration of 3.5% by
vei ght i sngshanepulfanyl ailaede, sasetybehlatiderpropioagsehiaridef bétybylMboride] 6xalflhe
conposi te, sem per neabl e nenbrane according to (1), which has a TDS
transni sShoRdeoaRiqns @fd fighlpride,) gnqginig acigr dichlosidemaleis egidatishlosie 25C
having a pH of .6.5, a. borqn concentration of 5 ppmand a TDS

concentr zﬁ‘)’?’ﬁﬂc 6‘?lg§}@$}%f15§a @?%?l?qné’pacﬁté(i ﬁlﬂ%“%d aph Ape[?"démetbb'échéﬁbomless ure
of 5.5 I\/Féﬁlorl%e( 17) A process for producing the conposite sem perneabl e
menbrane according to (1), which conprises carrying out a process

sel ect ed (i A)Om t hq~h£ cq‘)hﬁ’%lge? sérlli)pern(éa'b)e’ m(e}nlblr‘)a?glf ra%?:%r nglV?ﬂ (%%thg%m Q‘%{ 2

separating functiona on a porous su ing a
sol uti on JGeRRIC Skfdd HIRBOT WNGE T RAG! oA Medfld Mrddi® uRCRALRY ' QsisitnCo¢ onal
| ayer; (11 ? contacting (a) an aqueous soef ution conpr P@l ‘% pofy%glcél onal
anm ne Whingsthanesulfonyl chloride, acetyl chloride, propionyl chloride, butyryl chloride, oxalyl
chloride, malonic acid dichloride, succinic acid dichloride, maleic acid dichloride,
fumaric acid dichloride, chlorosulfonylacetyl chloride, and N, N-dimethylaminocarbonyl
chloride.
(15) The composite semipermeable membrane according to (1), which has a
membrane permeation flow rate of 0.5 m*/m?*day or more and a boron removal ratio of
93% or more, when seawater at 25°C having a pH of 6.5, a boron concentration of 5
ppm and a TDS concentration of 3.5% by weight is permeated under an operation
pressure of 5.5 MPa.
(16) The composite semipermeable membrane according to (1), which has a TDS
transmission coefficient is 3 x 10® m/s or less, when seawater at 25°C having a pH of

6.5, a boron concentration of 5 ppm and a TDS concentration of 3.5% by weight is

permeated under an operation pressure of 5.5 MPa.



has at |east two primary and/or secondary am no groups, wth (b) a porous
substrate film followed by contact with a solution of a water-imm scible
organi ¢ sol vent conprising polyfunctional acid halide having at |east two
acid halide groups to thereby form on the porous substrate film a
separating functional |ayer conprising crosslinked polyam de by neans of
interfacial polycondensation, wherein the aqueous sol ution conpri sing

pol yf unct@ignal am peceRIBf pedbcingaieouipeitORMip&Heale ndmirinERRbAfid N9 ()
an aqueous sol ution conprising polyfunctional am ne which has at [east
two pri maoY1amdidrcosgtioedadryinowta [FocidPsalectéd frofmbhe eolmrlﬂyg),smg,sanpt e
film followed by contacting with a solution of a water-imm sci bl e organic
sol vent codiffV)sing a pol yfunctional acid halide having at |east tw acid
hal i de groups to thereby form on the porous substrate film a separating
functi ondD | ayer femnpg asepagatingdoadtionklddyer polaypmoubsubstratefilms, and i nt er f aci al
pol ycondensation, and then contacting (a) an organic_solvent solution
conpri si ng al i ph&PMACctig & solutionjeompiifinghmpsofyhetianabaminerwith theeeparating

pol yfunctj onal acid halide and has 1 to 4 carbon aton(s), in an anmount of
3 nnl@boruWﬁF@agéﬁﬂthe pol yfunctional acid halide, with (b) the separating
function

| : d.6 tactij sol uti. at |
pol i unciiBnal - aRPRACHE G MhEEees spiis SPoNng Man RNt Oy

o’ sata 4t v Pl ShQUP s B, blo B vEhCRE Rpiie SHAEE "

pol yf unctg;gp lo"%ﬁeid hal i de having at | east two acid halide groups and an
al i phatic ac’:?‘g aﬁ)iyde which is different fromthe polyfunctional acid

hal ide and has 1 chRrad &ithROSIuASOSE §)watérflrrﬁﬂ'ﬁs@}mé%a19% solvef %ﬁﬁhﬁg per

t he pol yfunctional acid halide to thereby form on the porous su rate

film a gepausdtiong deithkdlidenavingay Rasta@bREIdSalde fRpsid thkeBy farfl vathale by
means of interfacial polycondensation. (18) A conposite sem perneable
menbr ane perarsesubstydte €lhme o spparstég fulnetional layer comprising crosslinked polyamide
by means of interfacial polycondensation,
wherein the aqueous solution comprising polyfunctional amine comprises
monofunctional amine;
{1 contacting (a) an aqueous solution comprising polyfunctional amine which
has at least two primary and/or secondary amino groups, with (b) a porous substrate
film, followed by
contacting with a solution of a water-immiscible organic solvent comprising
a polyfunctional acid halide having at least two acid halide groups to thereby form, on
the porous substrate film, a separating functional layer comprising crosslinked
polyamide by means of interfacial polycondensation, and then
contacting (a) an organic solvent solution comprising aliphatic acid halide
which is different from the polyfunctional acid halide and has 1 to 4 carbon atom(s), in

an amount of 3 mol% or more per the polyfunctional acid halide, with (b) the separating

functional layer; and



conposite sem perneabl e nenbrane according to (1). (19) A conposite

sem per neabl e nenbrane el enent which conprises the conposite

sem per nmeabl e nenbrane produced by the process according to (17). (20) A
fluid separation equi pment which conprises the conposite sem perneabl e
menbrane el enent according to (18). (21) A fluid separation equi pnent

whi ch conprises the conposite sem perneabl e nenbrane el enent according to
(19). (23]vA net hogtattiig (ta8raqhbRRsORMb _c%'pﬁﬁn% fhs@idnalSdniide tfich
conposite sem perneabl e nenbrane according to ). (23) A nethod for
wat er tr dak refdast wo eHmaspid/se secondang atiived gEIEPSSWitE (b)SEL Fofwk Bt age
menbr ane produced by the process according to (17). BRI EF DESCRI PTI ON OF
THE DRAWINI®, Féltpwetl iys a graph showi ng the nenbrane perneation flow rate
and the boron renoval ratio of the nmenbranes produced in Exanples and
Conpar at i ve Exanpsoacting with 2 sokitign gf aplateshiowiswple loeganizrsohwntcqpupmsieg i on
flowrate and the boron renoval ratio of the nenbranes produced in
Exanpl e @nRPldyngional aqé hehidenhnving at feas) @ @sUREidersraws anlgENipEricrved

pr esent in}/, ntiQ %2‘81}4 des a osi t.e sem perneabl e menbrane whjch has

hi gh sal thafis %Wﬂi;? : r%ﬁ%ﬁ% PelyRincEpnat ok ldmwlét%aﬁclgée 4a?a(;‘a°rhi gh
t . - t t . 1

heref or Y ' kAR oo e e it o Pt drc ke b digre

o e TEE 58 2oRGS RS i, RSO ERIP LRI R o1

hardly r i : J y in desalting of seawater,
?@éﬁgg{)%ﬂaeﬁhg&lﬁfé}ﬁ&%} oqy”’éo}xli&}éht?&d.

it can b used for preparation of drinking water by reverse

osnbsi s. (TRE COMYOSidnposRET REipHARAKe "RERbARE Sbmbhe WHIGS QBpkldeRhd on
satisfies the followi ng rel ationship, when seawater at 25C having a pH of

6.5, a baoaipositoseRdpérihble mebrandguodvming ta (TS concentration of 3. 5% by
wei ght is perneated under an operation pressure of 5.5 MPa: Boron renoval
ratio (%(1%) 95 -A dcompusithr &nep@eraat nembfanevelement (Wiscmdapyises the
composite semipermeable membrane produced by the process according to (17).
(20) A fluid separation equipment which comprises the composite
semipermeable membrane element according to (18).
1) A fluid separation equipment which comprises the composite
semipermeable membrane element according to (19).
(22) A method for water treatment, which comprises using the composite
semipermeable membrane according to (1).

(23) A method for water treatment, which comprises using the composite

semipermeable membrane produced by the process according to (17).

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a graph showing the membrane permeation flow rate and the boron
removal ratio of the membranes produced in Examples and Comparative Examples.
Fig. 2 is a graph showing the membrane permeation flow rate and the boron

removal ratio of the membranes produced in Example and Comparative Examples.
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In order to obtain the conposite sem perneabl e nenbrane, for exanple,

enpl oyabl e is a nethod of nmaking nonofunctional am ne or an aliphatic acyl
group exist inside and/or on the surface of the nenbrane. For exanple, a
separating functional |ayer having substantially separating performance
of ions, etc. is provided on a porous substrate film substantially not
havi ng such separating performance, and nonofunctional am ne and/or an

al i phatic acyl group is made to exist inside and/or on the surface of the
separating functional |ayer. The nonofunctional am ne can exist inside or
on the surface of the sepBISCLOSURBrOF TOIRINVENEIONY bi ndi ng or adhesi on,
and the aliphatic acyl group can exist inside or on the surface thereof
by bi ndi ng. Pref dhabpresertt hmveioar ptovitgs fairwotipositd stmipermeables insdnsbraie
crosslinked polyam de which is chemcally stable to acid and al kali, or
conpr i sesvhitle hay bighl alk esingyel penfordemnes and camirejectosmeonwhstandes, atsa g er r ed
that the crosslinked polyamde is forned by interfacial polycondensation
of pol yf Up@eya atio, whlﬁb 2 gopeisyaciative iin mareutiel teival andeare gherpiore handlyat

| east one of the pal yfunctional am ne and the pol yfunctional acid halide
cont ai ns rSmPY?dftﬁr?c‘i‘g ﬁ’éFPmo‘?“ﬂhP‘QW@“%‘ IPVERSE OFIBPHY MEWRIFHEHd. Adaeedipglyckness
of the se ctl onal @r generall fromO. Ollbto I .m and
pr ef er abl FBerﬁlpgrm‘? fFmyrheFat E?Jet? borop, & 3tvg feéfmvakgﬁar ating

perf or m%ﬁc@q 1{&?&6‘@?&( 'hgﬂl p{@&lﬁgve%”%u Eh&tgn%ljﬁal% lgl;[ghlrlg gsn‘lalggl Q ansan

am ne having a Sécon one

ol ecul e.qefxa0Dki&ah BE lsﬁ'i%ﬂ) rfﬁé%ﬁ%ﬂ &&kaﬁf&%&k&g%&rﬂm\?ﬁ dodlsi at

| east two am né gr oups enzene ring-at an nmet a- or

para- posi tion, suhR RmpdsiedYdnsip&eticadlenBemdithy bﬁﬂﬁdﬁr@é&f‘ﬁwemlon satisfies
1,3,5-triam nobenzene 1,2,4-tri am nobenzene, and '3, 5-di am nobenzoic acid;.

al i phat i ghe Foiloeiag ﬁdlkﬁibn@lﬁp,ewwh eveewlatanian e25a00hiPyl pHedf &3, Ng;boddr cyclic
pol yfunctional am nes, such as 1, 2-di am nocycl ohexane,

1, 4- di amicoocsntiatitre rbf ppmpinder B28 wencentrationbof3ns Ybehyi vebiglptrio permesatednohder

4- am nomet hyl pi perazine; and the |ike. Above all, aromatic polyfunctional
am nes haimqwglaﬂotl@fewpmofréﬁy\@md/or secondary am no groups in one

nol ecul e are preferred in view of the selective seﬁgrabl i Ir;/y rmeability
and heat rBejogrgneralgatia (va) 28sh A agfaembmang perneation ow rats () narc@bﬁat. c

amnes, preferr eqn orger to obtain the composite semipermeable membrane, for example,
employable is a method of making monofunctional amine or an aliphatic acyl group
exist inside and/or on the surface of the membrane. For example, a separating
functional layer having substantially separating performance of ions, efc. is provided on
a porous substrate film substantially not having such separating performance, and
monofunctional amine and/or an aliphatic acyl group is made to exist inside and/or on
the surface of the separating functional layer. The monofunctional amine can exist
inside or on the surface of the separating functional layer by binding or adhesion, and
the aliphatic acyl group can exist inside or on the surface thereof by binding.
Preferably, the separating functional layer consists of crosslinked polyamide
which is chemically stable to acid and alkali, or comprises the crosslinked polyamide as
a main component. It is preferred that the crosslinked polyamide is formed by

interfacial polycondensation of polyfunctional amine and polyfunctional acid halide,
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phenyl enedi am ne, p-phenyl enedi am ne, and 1,3, 5-triam nobenzene. Anong
these, m phenyl enedi am ne (hereinafter referred to as "mPDA") is nore
preferred in view of the availability and handl ability. These

pol yfuncti onal am nes can be used alone or as a mixture thereof The
pol yfunctional acid halide neans acid halide having at |east two

hal ogenocar bonyl groups in one nol ecul e. Exanpl es thereof include

trifunctigRalhafel $asth@ld 9@)@/16_ 6cﬁ§fuﬁ§mi gmli.'rfer b e ot feefeiaP hdid SHatide

1, 3, 5-cycl ohexanet ri car boxylic aci trichloridé,

1, 2, 4- cycdopkuith LBl hERARV Hidher Sl FinkhibMLOhpSlRd, @and the Iike; and
bi functional acid halides, for exanple, aronatic bifunctional acid

hal i des, such as THu gplivkaystdifares Rpsdaking fiacdtidnalil '
azobenzenedi car boxylic acid di cfﬁ?’gri d%, tergp%gil{ ggﬁgaéliydﬁ%rﬁloo(?ll tc?e?

i sopht hal jue, aod dpreferably deym a01dl waplst hal, anestidentd Pbwin Guatdicht Ssephrafhg de;
aliphatic bifunctional acid halides, such as adi poyl chloride and sebacoyl
chl or i de;pesformgiadei and pefraeation ovasdr aawiudt. hal i des, such as _

cycl opent anedi car boxylic acid dichloride, cyclohexanedi carboxylic acid

di chloride, and tEier Relyfimetionah raline migany lancamie | lvitigcltl Eaitdeyo Pprichare
like. In viewof the reactivity with polyfunctional amne, the

pol yf uncﬁngfe?él SSRONHAN 2 PINS | SIOWRSefir @it yolesuls. undixaople indide chibmeiide. | n

vi ew of th selective separapility and the heat resistance of the

menbr ane, P OE’ngPgt%n&](tjarP’é‘es B‘o‘f"b‘f’ﬁ ﬁEfleP% AAP AEHRLEOPRS QE‘?EP BRbeRIcHe TGV Ay 2 to
4 carbonyl ;chl oride groups 1n.one | ecul g. ove all, r eferred is
trinesic Aar‘%:h:ad cllli?ktgri %é i%ﬁrav}? RN P‘sz’ %?vaﬁegggp‘?cﬁymgﬁ’d gﬁﬁ@l“g‘iﬁmf“@y.
These pol : | [ al.i e | one, or as_.a mixture
thereof..¥%gqﬂ%%g@§%%F?§ngFp?#?ﬁgﬁwggﬁgga@%%%%é@ﬁ%nﬁgvgﬂﬁ;%:§ gh%ﬁ ° gr oup
in one ramhiRed)seoh AR HRA prd : i ] m nes,
for exarrplle, gni line,™ met lhayl ani&ﬂ %rl(e)?ﬁgt hy ngﬁgﬂllggﬁﬁdq%@ﬂé[o§%¢ﬁg§
propyl anisueine, aet hyl,2ndminbeytidhieRgne, benzuldahineey ddné@iRani | bi}Rrazine,

chl oroaniline, bronoaniline, anlnopﬁenol, am nobenzoi c aci d,

am nobenzehbispipeddylprapane), andri4xammphtetigigperazing)dand hie |likee; AB6ve all,

monof uncti onal aliphatic amne, for exanple, methylamne, dinmethylam ne,
et hyl ani reomafiepolyfuagiions] amingsyhazimgrizto # popraopyidion seeondaty amimar gpwpani ne,

butyl am ne, isobutylam ne, t-butylam ne, anylan ne, t-anylam ne,
in one molecule are preferred in view of the selective separability, permeability and heat

resistance of the membrane. As the polyfunctional aromatic amines, preferred are m-
phenylenediamine, p-phenylenediamine, and 1,3,5-triaminobenzene. Among these, m-
phenylenediamine (hereinafter referred to as "m-PDA") is more preferred in view of the
availability and handlability. These polyfunctional amines can be used alone or as a
mixture thereof.

The polyfunctional acid halide means acid halide having at least two
halogenocarbonyl groups in one molecule. Examples thereof include trifunctional acid
halides, for example, trimesic acid chloride, 1,3,5-cyclohexanetricarboxylic acid
trichloride, 1,2,4-cyclobutanetricarboxylic acid trichloride, and the like; and
bifunctional acid halides, for example, aromatic bifunctional acid halides, such as
biphenyldicarboxylic acid dichloride, azobenzenedicarboxylic acid dichloride,

terephthalic acid chloride, isophthalic acid chloride, and naphthalenedicarboxylic acid

-9.



1, 2-di met hyl propyl am ne, |[-ethyl propyl am ne, 2-nethyl butyl am ne,

i soanyl am ne, N-ethyl propyl am ne, N-nethyl butyl am ne,

1, 3-di met hyl butyl am ne, 3,3 -di nmet hyl butyl am ne, N-ethyl butyl am ne,
hexyl am ne, N nethyl pentylam ne, heptylamne, and the |ike. These

nonof uncti onal am nes can have any other functional group, so long as
they have one amno group in one nolecule. In viewof the availability,

| nexpensichisiies alipaR! Biirclibial s $9fiddd hdry as REBHEN ERALE aniORRLAYEt i Onal

al i phati c am ne. These nonofunctional am nes can al'oneor ’as a

m xture tdhirilef afidfliEhbifurRtioed &fid mkiag sbae_agmyefogglﬁ%ﬁéa@@dlrb 106, Exi st in

the separating functional layer is not particular Imted. "For exanpl e,

t he nonofdichiorndemadychiexemedicabobicmaee dichlevides tantl N@irslR desfuRRdichforytid ace of
the separating functional |ayer formed by interfacial polycondensation of
pol yf unctacindichlarideieandrttie fbé.y flnndéw ofi ale eadctilidyabitld poly funewvg amiNd) €Re an
acid exists, the monofunctional amne may forma salt and readily

di ssol ve Polyfupgtional agid delidenisl greferably pelyfinfctiotrd adidr ctdoridet y Infvidvhef ciposi t e
sem per rrea‘bl e menbr an_?_, it is preferred that the nonofunctional amne is
made to &Xieeive i ssPembilibeandertheakmae Fasistangs eofhyithe omembepne, coreferredt iond by
a reactiqn group. In order that the

i th a, hal ogenocar bon I t )
nmonof unctplog'\r%dlé?cugﬂ?ln%rof‘? fraad ¢ oré&% hgving, 2itqet garbenyltahloride grpupseinogne he
epar at i nctiqnal | ayer by adhesjon . ar a coval ent.pond of the anine to
f hg Iayle??o l%%hrlge;(g‘ e, 2 en%?%gbq?"errs & ér‘%f‘ﬁoﬁ\{‘?rfml‘@hlqﬁh@?u‘?fctﬂieonal
i i i i -er, rating f.uncti qnal er is forned
o o por Ay UAE aIRKE! - ThARhol SRARNRY A REhHEE bt isec O of &

monof unctaiRiidre tErdyE 1S brought into contact wth the separating
functional |ayer, and a nethod in which an aqueous solution conprising

pol yfunctional amhendifimttond! ahRAS nehia B6iPEIM &Qg{goét%eisf'ﬁﬁg]%gﬁboﬂlm no

groups is brought into contact with a porous substrate m wed by
contact wnehmalecslel ut Exampiés ahevadferindlids sedrdlfithcfo@RANionRfl Vv afineSORHY i Si Ng
pol yfunctional acid halide having at least two acid halide groups to
t her eby f¥mple, sa@pdingt i methyianglinegnasthylayidine, cdmethydanilingr opobylakitide,
pol yani de on the porous substrate filmby neans of interfacial
pol ycond&Hwhnethplaniliney i beneamingu e ofleorsatiling, on chlorqanilisieng romghuilice,i onal
amne is__. . o .
aminophenol, aminobenzoic acid, aminobenzenesulfonic acid, aminonaphthalene, and
the like; and monofunctional aliphatic amine, for example, methylamine,
dimethylamine, ethylamine, diethylamine, propylamine, isopropylamine,
diisopropylamine, butylamine, isobutylamine, t-butylamine, amylamine, t-amylamine,
1,2-dimethylpropylamine, 1-ethylpropylamine, 2-methylbutylamine, isoamylamine,
N-ethylpropylamine, N-methylbutylamine, 1,3-dimethylbutylamine,
3,3-dimethylbutylamine, ~ N-ethylbutylamine, hexylamine, ~N-methylpentylamine,
heptylamine, and the like. These monofunctional amines can have any other
functional group, so long as they have one amino group in one molecule. In view of
the availability, inexpensiveness, handlability and solubility, preferred is

monofunctional aliphatic amine. These monofunctional amines can be used alone or

as a mixture thereof,
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made to contain nonofunctional am ne. Wen nonofunctional amne is

di ssolved in water and is brought into contact wwth a sem perneabl e

menbr ane, the nunber of the carbon atons which constitute the amne is
preferably 7 or less since high solubility can be obtained. Wen

monof uncti onal am ne having high solubility is used, the hydrophilicity of
the nenbrane itself increases due to the presence of the hydrophilic

compound in the -Tht seffbRSFIRAGKE e HnRGcHHAl bRgnaVatisy Pk Raluling Y Of
t he sem perneabl e nenbrane, which is one factor of the nmenbrane

per f or marfogctidabgsr v gbt. partidardr i@y , Fort exagpld) teé efondtlinchidtal tand ot al
nunber of the carbon atons constituting the nonofunctional amne is from

1 to 7, and beomadepoedxest aiside dir@mhe sudfade. of the separmingrfohdtional lageri foemed
preferably present in an amount of 0.1 to 15 nol% and nore preferably
from 0. 5 tyointenfagisl pylypendengation o€ pelyfunstionsl eminecandi polyfhactiomelamdihalidg.
functional |ayer conprising pol yam de. Wen the anmount of the )

nonof unctilevweyer.ayherean acig existpthg menefgpeionphaming mgyafesmea salf and seadikhi bi t
boron repoval performance. Wien it is 15 nol % or | ess, the crossljnked
pol yami de(H%ﬁ Ven 19 sWalthe MACATBRE%bohevisy ©hethsepuibtitn gk thet5ompesits ayer

i fficiently f d., The. . i f th f i I i i h
HCIELARRE S e ORI L MER
f ti . I f te fil,m,i t .al kal i

(unct Lonal b8 ShiRFRLRs AARE LRPAELE s LA e gL bl

sanpl e. Tﬁﬁ%é@ﬁ&&%:ﬁi fg@gl ng an aliphatic acyl group exist in the

separati ng nctiona 'yer_is not also particularly limted. For
exanpl e, a sol utimor@ér bt el MBAIhfctioRsl ginilfﬁa:ik %dbstomx%@gﬁstidé Bt 8n GRAN act

with the surface of a separating functional |ayer formed by interfacial
pol ycondesnsfaté ofnthekegaedtink fondtionsidhy ey adhéivh ¢1al sohvbleat bondalf tikcdmine bal i de;

or during interfacial polycondensation of polyfunctional am ne and
pol yf uncttherafer,afornexainplea eimpldyabledae aametblod phavhich awembfinatibnkd ansinerdsie
present in the reaction systemto thereby nake the aliphatic acyl group
exi st i n disrolvedparveatemn ghenfa) peparating | funciipeal layer ia forwesd eme pooous. substrate
Specifically, in the formation of the separating functional |ayer
conpr i si nfgm, and then the solution comprising the monofunctional’ amine is brought into contact
with the separating functional layer, and a method in which an aqueous solution
comprising polyfunctional amine having at least two primary and/or secondary amino
groups is brought into contact with a porous substrate film, followed by contact with a
solution of a water-immiscible organic solvent comprising polyfunctional acid halide
having at least two acid halide groups to thereby form a separating functional layer
comprising crosslinked polyamide on the porous substrate film by means of interfacial
polycondensation, wherein the aqueous solution comprising polyfunctional amine is
made to contain monofunctional amine. |
When monofunctional amine is dissolved in water and is brought into
contact with a semipermeable membrane, the number of the carbon atoms which
constitute the amine is preferably 7 or less since high solubility can be obtained.

When monofunctional amine having high solubility is used, the hydrophilicity of the

membrane itself increases due to the presence of the hydrophilic compound in the
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pol yam de on a porous substrate film the separating functional |ayer
conprising polyam de can be obtai ned by neans of interfacial

pol yconsi derati on by contacting, on the porous substrate film an aqueous
sol ution conprising polyfunctional am ne, an organic solvent solution
conprising polyfunctional acid halide, and an organic solvent -12 solution
conprising aliphatic acid halide which is different fromthe

pol yf unctsemitidrmastlel mefdrardeandnbe hater ﬂseltn%aﬂi_li HPMR sBhPEBLablOMmefBPanke

obtai ned by neans of interfacial polyconsideration by contacting, on the

porous suklsith &t aneffadton ofthe agubeat oforthime be€a@IHigh.Ng PALI-HALE! BRI
amine with an organic sol vent solution conprising polyfunctional acid
hal i de amdefaitegdhbdtitbe aataldnivabérdef thiei carbdnsatdink foengitbitidg €@ mbeofunctional

pol yfunctional acid halide and has 1 to 4 carbon aton(s). In this case,

t he al i preaipeisdeord 1Hal7i ang mote nueferably fidre 1gp6sent i nvention general ly has
1 to 4 carbon aton(s), and preferably 2 to 4 carbon atons. Wen the
carbon number i s WMietienplinstionslamiae iy prsfesatdy preseitridraaraneouing of 6w ol hat

the aliphatjc agid halide can easily approach the reaction center to

t her eby m"o{ rﬂﬂ@ ff’%fﬁrﬁf?‘!ﬁ@%%tafe%ﬂé.to BPampl espesall the agling meleceleadn thehal i de

i ncl ude net hanesul fgnyl. chl ori de, . .acetyl chlorigde, propionyl chl|oride,
butyryl HRPEPI N, 89&"?"95 C‘E%ﬁroFP‘a‘B{‘SIH& Belvamide; g aﬁ!“‘ﬁhﬂ&?ria&é’,“n&ﬁ,fcitbﬁ c acid

di chl ori ' ' ' ' f [ i.d_dichlarijde,,. .
ckforgghﬁ'ﬁ%nny acgllg ??ﬁgﬂfeg? ;Ugie?&#{?{%lfn%g%;\tb%g?ﬁ%%%é %%Ihgﬁmycﬁ’pm"it &’é’fonanpl t he
i ke, anQemBOﬁ%?g%ﬂnQﬁe.US%eﬂlitqgﬁ5%&)1‘%Sor"1e§g} F%Fﬁslﬁ%ﬁ%%gmg&ewﬁigmso.s' te

y has a

sem per neabl e nbrane thus obtained prefera ransni Ssi on

coef fici ahd rRfin tHiRkEBNELEPAR bcparhting 1On&idMas 1%r i€ SefficRnalSfdby fram 0.1
x 10'8 to 3 x 10-8 ni's, when seawafer at 25C"having a pH of 6.5, a boron

concent r gropotiod of thp Medaudusctibbd emfieent that separadihg Fuhofidivl Wjedtan i e

per neat ed under an operation pressure of 5.5 MPa. Wen the TDS

transm sgsietanminedfbiyi henting the separathigrfundtivingl lapangeeled fienbihe gubstrarafilad in a
performance which is the effect of the present invention can be

suf fi ci erstiopg @bealii spdutionTeeobsaih bydrolan@fr'smlgnandomﬁmdhg AH-NMR bé thebt ai ned
according to the nethod described below. The follow ng fornul ae are known
as revers8®@Plsnosi s transportati on equati ons based on non-equilibrium

her nam cs. = Lp(AP - o - An . .
ther modynam cs Jffle me&gd of making ar? (ailighatlc acyl group exist in the separating

functional layer is not also particularly limited. For example, a solution of an aliphatic
acid halide is brought into contact with the surface of a separating functional layer
formed by interfacial polycondensation of polyfunctional amine and polyfunctional acid
halide; or during interfacial polycondensation of polyfunctional amine and
polyfunctional aromatic acid halide, an aliphatic acid halide is made present in the
reaction system to thereby make the aliphatic acyl group exist in the separating
functional layer via a covalent bond.

Specifically, in the formation of the separating functional layer comprising
polyamide on a porous substrate film, the separating functional layer comprising
polyamide can be obtained by means of interfacial polyconsideration by contacting, on
the porous substrate film, an aqueous solution comprising polyfunctional amine, an

organic solvent solution comprising polyfunctional acid halide, and an organic solvent
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JS =P(Cm Cp) +(1-6)CJv(2) - 13 Herein, Jv is a perneate flow vol une

t hrough the nmenbrane (nB8/nR2/s); Lp 1is a pure water transm ssion
coefficient of the nenbrane (nB/nk/s/Pa); AP is the pressure difference
on both sides of the nenbrane (Pa); 6 is a solute reflection coefficient
of the menbrane; An is an osnotic pressure difference on both sides of the
menbrane (Pa); Js is a solute nenbrane perneation flowrate (nmol/nR/s); P

is a trapimossionprisiagfafiphdtRnicidalideevhse 9T SltHom @B oty Bnd Rkt £id
concentration on the surtface of the nenbrane (nol/n); Cp is a perneate

concent r dtalida anfiriesgh tb e caboi raasia(s); (o0 Ldn18¢ ;obeditkdCby Snéans VTG fadki On on
both sides of the nenbrane (nol/nB). The mean concentration C on both

si des of pdieconsidenatioe byoemtantingheaw ehapyprasbmbstrdte &llm, nBasjusgusMssiatiéhe
concentration difference on both sides of the nenbrane is extrenely

| ar ge, sUROMPASIngh Polyderctionalr apune ewih nois | grgmnbs@lmes]; sélucilom d&(:mz?ms,irlng he
follow n fornmula, which is derived by integrating fornula relative
to the rrg%PéYfaﬂ%ﬂoelﬁh @kide balidg andyealiphetice gcid( Balidg Wl’@%l is diffgrent fropmm)e

PHEIRE VL CH RN AR SRR AL
computed o6 |0 LT ed) VU0 S TR SRS 0 o el S
o s RS, RS R e 1% T B R
vent! S R84 A AR R P SO o
of 3.5% HajideearDéusily epreidhaRé B clisii@nted fo MRRH A sBBtHY REMULEmRinbrane, MPa:
Examples of the aliphatic acid halide include methanesulfonyl chloride,

acetyl chloride, propionyl chloride, butyryl chloride, oxalyl chloride, malonic acid

dichloride, succinic acid dichloride, maleic acid dichloride, fumaric acid dichloride,

chlorosulfonylacetyl chloride, N,N-dimethylaminocarbonyl chloride, and the like, and

they can be used alone or as a mixture thereof,

The composite semipermeable membrane thus obtained preferably has a

TDS transmission coefficient of the membrane is 3 x 10 m/s or less, preferably from

0.1 x10® to 3 x 10® m/s, when seawater at 25°C having a pH of 6.5, a boron

concentration of 5 ppm and a TDS concentration of 3.5% by weight is permeated under

an operation pressure of 5.5 MPa. When the TDS transmission coefficient is within

this range, the boron removal performance which is the effect of the present invention

can be sufficiently obtained. The solute transmission coefficient can be obtained

according to the method described below. The following formulae are known as

reverse osmosis transportation equations based on non-equilibrium thermodynamics.

Jv=Lp(AP - ¢ - An) @)
Js=P(Cm-Cp)+(1-0)C-Jv )
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Boron renoval ratio (%9 >_ 95 - 4 x nenbrane perneation flow rate

(nB/ n2-day). - 14 The conposite sem perneabl e nenbrane which satisfies the
rel ati onship provides high-lIevel boron rejection performance which no

ot her nenbrane could provide, and this is extrenely useful for boron
removal in replacenent of seawater by fresh water. Particularly, by using
the conposite sem perneabl e nenbrane in which nonofunctional am ne binds
to and/ or adher e Hegeih, & is ASictBeRE WoR volthé AG6us th%hﬁemlﬁﬁﬂ@ (@YiPYS); Lp
functional |ayer, when seawater at 25C having a pH of 6.5, a bordn

concent r 4§ iaopuref whtep prnandsion TdoSfiidnt &3ft that membhe ialﬁ%mafﬁlﬂl’hﬁs kige
permeat ed under an operation pressure of 5.5 MPa, the nenbrane perneation
fl ow r at @resaurebéifference rdd/ b@itlayides ofirohe mepitarfusy {Pd)y of o fbldtet @fléction

nB/ n2day, and the boron renoval ratio can be 93%or nore, preferably from
93% t 0 1@0efficiains of thehmerhirane; Aviscanisnwtic pnessune differeneasubatl siles o§theg an

| CP em ssion spectrophotonmeter. The porous substrate filmip the conposite
menbr ane negmbrare &P@séhtls 3 pelutet tn@mbcp@espmmteatmbﬂp@mtatgl(ml/ma/\s)e Rdpar ati ng
performance of ions and |s for reinforcing, the separatl ng

functi oné{anﬁlavélpn\Rﬁﬁféﬁlegh%%@aﬁﬁvm Qng/s)h%n Sepialie cApcenpRiqo i SErfete ¢ he
b t di st but th bst t
{1 ar o chabe 55“1%@%4 Lol éﬁ‘ir&ew%%;;%%?eéﬁr%r%ﬁ tgroa%%ftﬁr et ¢ he
bstrat f ut
?r;n?\e; at S}OH/F’E}E %% glmzeor & ggtéﬁ g?t gts ranag(dng’y&iﬁ cfhel m f ace
coat ed Wlﬁé&nt&%céﬁ%ﬁg%ﬁ?d '3 ‘t%oftﬁ' @ﬁﬂe& %F%‘xe h‘@ﬁ%?an%odot F%P%F'@e{ a@egl?osiéﬁaal‘mf and

the pore size on't of the separatin uncti ona r-coated face

of the fiddininy Wik ﬂﬁ@c@ﬁcehﬁ&ﬁon &lff@reﬁé@&@ﬁ@tﬁ's&ﬂeﬁ 'bPEHeQnémlS:@néQ(éx%}nefE:he
materi al and the shape of the porous substrate filmare not al so

parti cul airgy¥, bichi dsethe da®é ofX¥ardpdeCosniyshf @emBehnas. € Aa@&ov&nglfmﬂﬁ follewingl ose
acetate, polyvinyl chloride or their mxtures reinforced with a fabric

whi ch corfprmnd&swhials isadenigediby anegratirgformalh (2)eehtive teths eleadira thickness,
pol yester and aromatic pol yam de. Polysul fone -15 having high chenmical,
mechani ca$ wahdsedaer mal stability is especially preferred for the

R =o(1 - F)(1 - oF) 3)

wherein

F = exp{-(1 - 6)Iv/P} 4)
and R is a true rejection and is defined as follows;

R=1-Cp/Cm &)

When AP is varied, then Lp is computed as in formula (1). When R is
measured while Jv is varied and when formulae (3) and (4) are curve-fitted relative to
the plotting of R and 1/Jv, then P and & can be obtained at the same time.

Designed in the manner as above, the composite semipermeable membrane
of the present invention satisfies the following relationship when seawater at 25°C
having a pH of 6.5, a boron concentration of 5 ppm and a TDS concentration of 3.5%
by weight is permeated under an operation pressure of 5.5 MPa:

Boron removal ratio (%) = 95 - 4 x membrane permeation flow rate (m*/m?«day).
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used material. Specifically, polysulfone having a repeating unit of a
chem cal fornula described belowis nore preferred, since its pore size
control is easy and its dinmensional stability is high. CH3 _ 0 1 11 CH 3
0 For exanple, an N, N-di net hyl sul f ormam de (DWVMF) solution of the

pol ysul fone is cast onto a base material, such as a densel y-woven or
nonwoven fabric of polyester, to formthereon a |ayer having a

predet ermi ned t hiTHeN@Sposi!skRYRALIMlembs eithfchcﬁﬁgf?égf@h@trﬁg{igé%E give

a porous substrate film The mgjor part of the surface o rate

fil'm thusprbadestighalevélob&on hjchsh deffoAnBice! whfch Lib MR mbB8BSne TRId
t hi ckness of the aforesaid porous substrate filmand of the base nateri al

will aff qubvidé]emxitth'mrigbhtrerhelyhsembfmamkdrﬁre&ﬁi%pﬁrﬂépﬁbérﬁeME%era&d the
packi ng density when an elenent is produced. In order to obtain

suf fi ci erfreshwabeni cal strength and packing density, it is preferably from
50 to 300 p.m and nore preferably from75 to 200 p.m Furthernore, the

t hi ckness of t he Regtcolaslys bysusing éhe compasitersaiiperieaire bientran@p which and
more preferahly from30 to 100 m The porous substrate filmformation can
be obser VBYIHYACHRRsagine,bindg 4 rand(pr e@fg'éter &n the dnsidsc apdéor surfacenefiitiesi on

el ectron n‘icroscglﬁ)e .or an atomc force mcroscope. For exgsgl e, where

obser vat i SSPRIPE: "r°F18Half) deWWlFFn?S?W&Fﬁﬁi%gz%’peéﬁ‘f%_a FHCP?'[ p‘la,t{OFQ;?e_t _
i romthe e eri.al,. after ichit is

2o T PO B S B it

b i t . e jis.thi coat ed, w

2t num Tl ere RS SroCE WIPL hd MnOANY friGrbe. fy 2T b Y n

rut heni URYRLHK b Sror@ NMHeRRBR #&hi00 & RE Hh 2O and 10 WobR

resolution field em ssion type scanning e ectr% m croscopé&[l%g&?@_@- SEM
at an acagh 6 889t iiére! GeRrably Bom®39 k10070 AR, the 8Broh@SRtdthash £4re! d

em ssion type
be measured by using an ICP emission spectrophotometer.

The porous substrate film in the composite membrane of the present
invention does not substantiallyv have separating performance of ions, efc., and is used
for reinforcing the separating functional layer which substantially has separating
performance of the membrane. The pore size and the pore distribution in the porous
substrate film are not particularly limited. For example, it is preferable that the
substrate film has uniform pores, or has pores distributed in such a manner that their
size gradually increases from the side of the film face coated with the separating
functional layer to the other side thereof and the pore size on the side of the separating
functional layer-coated face of the film is 100 nm or less, and preferably from 0.1 to 100
nm.

The material and the shape of the porous substrate film are not also
particularly limited. ~For example, preferred are polysulfone, cellulose acetate,

polyvinyl chloride or their mixtures reinforced with a fabric which comprises, as a main

component, at least one selected from polyester and aromatic polyamide. Polysulfone
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scanni ng el ectron m croscope, there can be used for exanple a nodel S-900
type electron mcroscope nade by H tachi Ltd. The filmthickness of the
porous substrate and the dianeter of the surface pores is deternmned from
the el ectron m crograph obtained. Now, the thickness and pore dianeter
referred to in the present invention are average values. Next, nethods
for producing the conposite sem perneabl e nenbrane of the present

i nvent i orhadife Hiek Ghe e _separa cti onal

| ayer whi ch I%ongtl tul?ggl ?ﬁ ée&%lc;h%g P@g@g%ﬁgg#%aﬁ%mﬁ@%ﬂﬁnﬁ‘g ‘Lg’rﬁ E

forned, fusedenssrale, on the surface of a porous substrate film by

i nt erfaci al pol ycondensati on of an aqueous sol ution corrpri sing the

above- descri bed [Speyificaity,i giipsulfond Maviach @erﬁ@du\%hﬁl & a%ﬁ% &I Fodo{7 SCi bl €

organi ¢ sol vent conpri sing polyfunctional acid e concentration
of the polegdritredtbichvals raorie peeferted, Bimcaiy potSiAUobrbIA e %%Hﬂs%ﬁrﬂ&smnal
pol yfunctlonal amne is preferably 2.5 to 10% by wei ght, and
preferabls§/‘1 ity ds Bighby wei ght. When the concentration is within th| S range,
sufficient salt renoval performance and water perneability can be
obtained to thereby achieve a TDS transm ssion coefficient of 3 x 10"8
ms or |ess. The agueous—sol uCHgn qnpri sing _ polgfuncti opal am ne can
contai n any ot her rf 6 tV\Por d al%<al' ¢ompound and

O

ant i oxi dant not i terf th uncti onal am ne
with the pol yfunctional —acid Glalbi de. r
wettability of the surface of the porous substrate film and is effective
for reducing the surface tension between the aqueous am ne solution and a
non- pol ar solvent. The organic solvent may act as a catalyst for
interfacial pol y@@ﬁd@?@ﬂﬂ%oﬁn Abb-dadethylgulferntamiden e(DMEY t solutichy SIfefe MRY
pronote th terfacial polycondensation. -17 In order to carry out the

i nterfaciP gfysblg %Fclﬁﬁﬁﬁéﬁg@tar brse grtareh SB@‘? s dengelytwates or hipiwpventabric of

Mo conbuere P RFRERRAA lasPCh iR pledeirimiugd guicGives dollmwacbbmbprand.
Speci 11 oaPTg BRI e 1o BB stpag%ﬁﬁ? T Tt Phiof ek AT e uTbescaf i ¢
or di ppeghd dubkthe HAH @lﬂﬁsfoﬁﬁ’éd"ﬁas PBreS AL 3'd¥hneter of 10 nm or less.

The thickness of the aforesaid porous substrate film and of the base material
will affect the strength of the composite semipermeable membrane and the packing
density when an element is produced. In order to obtain sufficient mechanical strength
and packing density, it is preferably from 50 to 300 um, and more preferably from 75 to
200 um. Furthermore, the thickness of the porous substrate is preferably from 10 to
200 pm, and more preferably from 30 to 100 pum.

The porous substrate film formation can be observed by means of a
scanning electron microscope, a transmission electron microscope or an atomic force
microscope. For example, where observation is carried out with a scanning electron
microscope, the porous substrate is peeled away from the base material, after which it is
sectioned by a freeze-sectioning method, to produce the sample for observation of the
cross-section.  This sample is thinly coated with platinum, platinum-palladium or

ruthenium tetroxide, preferably with ruthenium tetroxide, and observation carried out
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pol yfunctional am ne. The contact tine between the porous substrate film
and the aqueous solution conprising polyfunctional amne is preferably
from1l to 10 mnutes, and nore preferably from1l to 3 mnutes. After the
aqueous sol ution conprising polyfunctional am ne has been contacted with
t he porous substrate film the filmis well dewatered so that no |liquid
drops remain on the film The well dewatering can inhibit decrease of the
film penbidr aeliige resobitidnNatldSGRRsibh G : ined on the film become
face defects. g1’he dewat er | gg&gigsﬁb%g%g?%gl go‘ﬂ%{%fl or  ELARY ZU}'];%%‘

descr i beSEM) dRnAc2eld#8daBvoltappoEB fib 6 &M Yor thB§; i LAlSiohi 1S,
after contacted with the aquagous sol uti Ogr co}?gﬂ?%b&%ﬁ%?@#%ﬁ%%

am ne, hefahneg electaibd ymiswstdpa) thdie 02 ORS Bsed e WkAmPR gtr{lg&l@_goérqﬂﬁe to
spont aneously fl ow downward; or it is exposed to nitrogen air or e like
that is elsc@anmejcrosoenedmade bibiaghi Iotd. The iMBzEIcRnése drhps g@%uE %@-,%{ey
dewater it., After thus dewatered, the filmsurface can be dried to renpve
a part ofn{ Hae dianaster af thes surdaseopares soldeteimined Meoxit ,thé hﬁcﬁbb%i&ﬁ%g‘?aﬂﬂ Imis,
after thus, contacted Vgetijh t he aqueous sol ution conprising polyfunctional
ani ne, f&l%{afﬂ?rf]- c Ol thedicknesn andh porieghiameersieferred to stherpresent imanfioh aieng a
pol yf uncta{,eornaé qci d halide to thereby formthe skel eton of a crosslinked
separati ng A YSnal | ayer conprising polyam de by nmeans of interfacial

pol ycondensati on nceptration of the polyfunctional acid halide in

t he organi c sol vgr?gb%sl%ﬁ%#i g’ﬁ Hr%&‘ﬁfn@f the Anmposite semipermeablel membranaedfght |
and nor e senahly . 0% by wei ght. Wen the concentration is
within thi s&r ange, 113%{31}9«1:1%?%3%{15?%%% Yon rate -18 can be obtained and side

reactions can beThohaBkBid. of Wd Qﬁ{a%?fngag%@?%%¥H%‘%?\%gf??f;&'g%ﬁ{%%t uch as

N, N-di met hyl formam de, is preferably a ol ution

to ther etyipgitensingperieatle infitdgdedtanPR! ¥REH SRR ekdfifle, &1 ﬂfeegul?f?ala% of the

. . . : C a
organic solvent is immscible with water, di'ssolves acid ha and

does not prosaksublsizatpofibms tsulisterfadisl fﬁog%bnfe(ﬂ'éaﬂoh of MRk OM%%{)ES ig’élu?i]'a}{ one
es

inert to am no conpounds and acid hali . Preferred exanhples i1 nclude
hydr ocar BRAPTIgegibe rabove-desctibers polyfencaional Bminet ame.a 86l0tidh GFCANGater-

immiscible organic solvent comprising polyfunctional acid halide.

The concentration of the polyfunctional amine in the aqueous solution
comprising polyfunctional amine is preferably 2.5 to 10% by weight, and more
preferably 3 to 5% by weight. When the concentration is within this range, sufficient
salt removal performance and water permeability can be obtained to thereby achieve a
TDS transmission coefficient of 3 x 10 m/s or less. The aqueous solution comprising
polyfunctional amine can contain any other surfactant, organic solvent, alkaline
compound and antioxidant not interfering with the reaction of the polyfunctional amine
with the polyfunctional acid halide. The surfactant improves the wettability of the
surface of the porous substrate film, and is effective for reducing the surface tension
between the aqueous amine solution and a non-polar solvent. The organic solvent may
act as a catalyst for interfacial polycondensation, and adding it to the reaction system

may promote the interfacial polycondensation.
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A method for contacting the organic solvent solution conprising

pol yfunctional acid halide with the phase of the aqueous am no conpound
solution can be carried out in the sane manner as the nmethod for coating
t he porous substrate film wth the aqueous sol ution conprising

pol yfunctional am ne. After the organic solvent solution conprising acid
halide is brought into contact wth the phase of the aqueous am no
conpound sol ut i orinfopderitocary atithé intgficiat polgestriandacion ba thopdrows wbfadtat i ng
functional |ayer conprising crosslinked polyam de on the porous substrate
filmin tie, ﬁ%m\’eabsqtb@d@guaoms issluporbEpolpfiintthatal ainime iefies bsouzht ingeit i s
renoved fromthe film For renoving it, for exanple, the filmis held
verti cal |§pn&ast pithithe fibmex Reeferalbly gthei solusionvie nniforslyrané coutirsionsly dnawmhs| y

fl ow downward. 1In tgi case, the tinpe for which the filmis held
vertical {9 §oppg ¥yt bﬁ'f? i 1of; theshilmy ngpesgicalind foropxamnler theaporpus r om 1
to 3 mnut within this. r e, the separating.

. the ti i .
functi onaﬁugf?t%’g\g}ﬁgjaﬁa‘gé)elcg%ﬁ%(gtwly oF ofinRed. “hr?l]gegéé‘r“‘é’é‘f SSOHIPSe BOTBYI 1B T -
composi ¢ PLURRISL Al | e GHBRE rime néohor Beh oy, PRt Hb and e e
th b - | t 1 | S th = d i bed
haueous. SSRER LORR . CRFHG pPBhe R Rt E8RRIAL0 1S, AR RIRESST L o°

sem per meaRl Ro@PRERBE frdn Wb 8MmigBRef unctional am ne binds to and/or
adhere to the inside and/or surtace of the separating functional |ayer is

formed. PreferabAfer Ema@%ﬁﬁrﬂo[@fohoé’blﬂﬁris‘iﬂ%ep cHBRAl AMfle AAN BBed S from
0.01 to 10% by -19 weight, and nore preferably fromO0.05 to 8% by wei ght.

Wen t he cntactdtwih itenposus witistrare fillt, she finde wetl hiRwatsred sé @@ \via! liquid
performance which is the effect of the present invention can be

suf fi ci erdrbps otmainnend the filmut Theswelly detvatesiag tcan einbibitl depeeaborafetheefilaf  t he
separating functional |ayer. In the present invention, it is also possible
that the RerGs@pRGecBGh Shafasome hgpid rdueprst femaied | anythe fdompedosienfpce defeatsi de
formed by, rtcggns of, interfacial polycondensation of _the, agéjﬂeous sol ution

conpri si i FVFF?HE%!‘@Haﬁ’e a‘('ﬁ’fr}?é avfe ff’héx'(‘)‘ﬂ@lﬁniaé desgribedt in dBiAu2-BHH28.

col ut i on SheBHAET ' ERs e Siofer coARE! aBY" by HUEREs SUMIRLI «

sem per rrE‘@bti’x&pqising polyfunctional amine, held vertically so that the excess aqueous solution is
made to spontaneously flow downward; or it is exposed to nitrogen air or the like that is
blowing toward it through an air nozzle to thereby forcedly dewater it. After thus
dewatered, the film surface can be dried to remove a part of the water in the aqueous
solution.

Next, the substrate film is, after thus contacted with the aqueous solution
comprising polyfunctional amine, further contacted with an organic solvent solution
comprising a polyfunctional acid halide to thereby form the skeleton of a crosslinked
separating functional layer comprising polyamide by means of interfacial
polycondensation.

The concentration of the polyfunctional acid halide in the organic solvent
solution is preferably from 0.01 to 10% by weight, and more preferably from 0.2 to

2.0% by weight. When the concentration is within this range, sufficient reaction rate
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menbrane. As the nmethod for contacting the crosslinked separating
functional |ayer conprising polyamde w th nonofunctional am ne, for
exanpl e, enployable are a nethod in which nonofunctional amne is

di ssolved in a solvent not corroding conposite sem perneabl e menbranes,
and the resulting solution is applied to a conposite sem perneabl e
menbrane; and a nethod in which a conposite sem perneable nenbrane is

di pped i man he obtalngd iand sid& heact o svaantbe nltibital: r ddithegrmargrapasytators eathlysiy neabl e
menbranes is a sol vent which does not dissolve or does not significantly
swel |t heudend Név-dwegthyforammides keprefesabl naddeadrte the prgasicssobznt saletidn fom of
the conposite sem perneahl e nenbrane, and does not significantly detract
f r om t he therehyprametesbe fnserkacd @olypprdeasatios. exanpl es of the sol vent incl ude
wat er, al cohol s an drocar bons. Anong .these, water is preferred in
consi deration of %f%%rag b OB OFSpIc solusg) s dmnpsqbly Gpiitl: yeater; dissalves gfid

m)ﬂg SRE? 1I'rli @ﬂ%lr a@‘m“- ﬂ% 'i“lg rhﬁ‘%agqlf %‘F g’g’?‘f}is S%’F%‘fﬂ%%ﬁﬁ‘g? gﬁ%«iﬁ/ooﬁgfgl’q&)éﬁ%&i s 2y orenor e
. 5 i .
ggﬁch? ra ?%%00%88 .Cfs}(g’ﬁ)égym%%h%@do fgmrmde? '2 ,elsrteﬁegl%g S ?{gllrﬁlggntlrr[)ﬂc\l/‘}aql nygtéér]%(r)bro nce

whi ch i .ScBﬁf)Rngseﬁfch%g nli€aiy ﬁ-%%&tne,i ,‘{M?pﬁ?g&.can be sufficiently obtained

by | osing réjection performance o e separating functional |ayer.

Wien it is 20% by MRIHGAT f& doBBRiing Uikl Gr@iic S@IveRt | §dinidrOr conlipisifyl vent

can be obtained at |ow cost. -20 The conpoSite sem perneabl e nmenbr ane

pr oduced patgeiictions dctd hdlideatithvihe pligscdfithe squeptdaginoadmpeusdijletidechnt 0

hydrothermal treatnent at a tenperature of 50 to 150C, and preferably 70

to 130C, beasarriedt aut i tid sanieemaneends pliceinethal Ifyr Eaating theopd@ousrsubstrats filmnd t he

treatment can further inprove the rejection performance and water

per meabi Iwith/thefaqudous selutivn ¢ompresongpdyfuactymal aeimaeabl e menbrane. On t he

ot her hand, in the production of the conposite seni pernpeable nenbrane in

whi ch an al i phat iAdteadhe oggagifpsdlyeyolugon wer@éwasaacicﬁaalfdfn@tbrew}t ingyer,

for exanple, an.or an'hc sol_Vﬁnt sol uti on contai ni,ng .t he gbove-descri bed
Rarsed el 4hg

pol yf unctPBRs Witkit PP PR af NI CPMPPHRNG; SRIuTRR 3R HetRitlor ant
Lo U R Thc R bR RARIED L S b
above- degeiJBfife SHYROHS 0T AR AR the hAdnd U NS it RLeeAT Bit R
excess solvent is removed from the film. For removing it, for example, the film is held
vertically so that the excess organic solvent is made to spontaneously flow downward.
In this case, the time for which the film is held vertically is preferably from 1 to 5
minutes, and more preferably from 1 to 3 minutes. When the time is within this range,
the separating functional layer can be completely formed, and defects caused by over-
drying of the layer are not caused.

In the method of producing the composite semipermeable membrane of the
present invention, for example, the above-described monofunctional amine is added to
the above-described aqueous solution comprising polyfunctional amine so that the
composite semipermeable membrane in which monofunctional amine binds to and/or
adhere to the inside and/or surface of the separating functional layer is formed.

Preferably, the concentration of the monofunctional amine is from 0.01 to 10% by

-19 -



t he pol yfunctional acid halide is brought into contact with the substrate
fil mwhich has been brought into contact with the aqueous sol ution

conpri sing polyfunctional anmine to thereby forma separating functional

| ayer conprising crosslinked pol yam de on the substrate film by neans of
interfacial polycondensation, followed by contacting with an organic

sol vent solution conprising aliphatic acid halide which is different from
the pol yeaght} ashmbreapiefershdy ifben 0105 tbH% byaseghtt h&Viennthe mbnentratiorofs t he

pol yfunctional acid halide in the organic solvent solution is also

pr ef er abIwithin dhis Gange, tle bovn pmard! greriormence which as sl gffeck rajithe podento 2% by
wei ght. When the concentration is 0.01% by wei ght or nore, _sufficient
react i on IpventoR gan be sefitckanty pbtajprdnwithoyt Josing dhsysalteiegigvalarerfosmancesefge
reactions, can be inhihi tai? Furt hernore, an acyl ation catal yst such as

N, N di nébespPrighing fHngtonad [ayeks er abl y added to the organic sol vent sol ution

BT LR B SO RIS g P b 2 ¢
bst ant izl i : ‘ L . f
SUbst ! e SR AL A SRRl 5Ly S ERL R PR
| yf tl I i I: i = i L f I t 3
oL nctkoeloithd BaLAP cobheng AGRSSRIRB. Lo Bie'FEab Yodko! 251 3

or |ess, sbf&ﬁo@%%riﬁi‘ﬁg[ﬁbﬂﬁlmfn%ﬂréE?d‘ﬁ@lid@is%o&%‘ht k6 Bhfa8Cith &f solltfonPr esent
i nvention can be suffrciently obtained. Wien it is 100 nol % or |ess,

det eri or abhpfisiaf dgofAvtidranrm®ilhe duethefebpOforine @l @Ompesige érhipEiditabR

i nhi bited without increasing econom cal costs for treating the reagents.
Thus, t henanbrasant rAd thenmethod foreéerabihy tHeOoptdinked sepamsing fdhampalt lager
concentration is nore preferably 10 to 50 nmol % On the other hand, when

t he pol yfeamprisingapolyamide heiith deorpfienctinnal adthisha forc exeipde, ermplopablerase @i xed in
t he sane organic solvent solution to formthe separating functional

| ayer, th’éﬁtg%d%n‘b’hlébi wanefpnetipmak jampintis dielvad Ha| p dwlyeat piobf @eding from 3
to 50 nol % and nore preferably from 10 to 30.mol % per.the .

pol yf unctQOBWSFIteaéF‘B‘H‘?éFB?ZE’L’: %%a’ﬂeﬁe an oWEeFFts'r?lE{% oﬁﬁﬁ‘ftg’nysrrﬁl’%egr 19 &s, the
boron renpval .gerfor.nancelhlmhi ch g S .t‘hen(gb%ect f ithe 1E§S§ntc i nye eti on
can be sUPFIPeFEht INPBBIEFNSd VRRERAS + 3PS B0 THBIY o | ENET A SRMBREE of the

salt r en%%ﬁkp&l%éib?é "B 6raRlds t&]ﬁpe%eliﬂmtﬂé | Bfhtibh OWThHE! IR R écﬁ%'dmgt ed.

composite semipermeable membranes is a solvent which does not dissolve or does not
significantly swell the semipermeable layer skeleton and the porous substrate film of the
composite semipermeable membrane, and does not significantly detract from the
membrane performance. Preferred examples of the solvent include water, alcohols and
hydrocarbons. Among these, water is preferred in consideration of the solubility,
handlability and cost therein of monofunctional amine.

In this case, the concentration of the monofunctional amine is preferably
from. 0.1 to 20% by weight, and more preferably from 0.5 to 10% by weight, per the
solvent. When the concentration is 0.1% by weight or more, the boron removal
performance which is the effect of the present invention can be sufficiently obtained by
losing the rejection performance of the separating functional layer. When it is 20% by

weight or less, sufficient solubility for the solvent can be obtained at low cost.
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The conposite sem perneabl e nenbrane thus forned of the present invention
is favorable for a spiral, conposite sem perneabl e nenbrane el enent, in
whi ch the nmenbrane of the present invention is wound around a water
collector tube having a | arge nunber of holes forned therethrough, along
with a crude water pass material such as plastic net and a perneate water
pass material such as tricot and optionally a filmfor increasing the
pressure resi st afithe coinpokiee sinepeEnicabld heensirameproduced alcdidingao figcitetled N
series or in parallel and housed in a pressure container to construct a
conposi t elesaitiedenetbabtan besdbjezted toigdiotherhletreatmpasit taaempernmes ofibice
menbrane and its el enment and nodul e can be conbined with a punp for

feedi ng ck50de, erd preferably e taand0, thr 4 teqld priestes, fand preferabhdy Wert 21to 8
pretreatnment to construct a fluid separ ation equi prrent By using the

separ at | GRS b‘ﬁ’eﬁtﬁ treqtget cast Brther Hnpreve gheareincaian ipstformanceead svater er
such as dri né ﬁg‘% nd concentrated water not having perneated

t hr ough tHfE™ ghEere Hn&?@nm}t%é%mw lérm‘?}'&ti’fa’&"e obt ai ned. -22 \When

th ti the .fl t h ih
poron removal |t B aEc g (bt PR oF g oBwests yopeBblear i on

A i
d t =T f 1 0Ot
e e, S L BB S At 0

boron rerRyphalidt 44 aﬁpﬂaﬂe ra8RISBslide BMAichviE alffe?&ttt%mqn@wryﬁmcﬁomvxmd t he
menbrane permeation flow rate is decreased. Therefore, the tenperature is

pr ef er ablhalifie QinbE&ZlglhO i4td Gont¥ee Rwithh thePddbetrate rillghe whithekiasi Beefii BHoughioin@n 1 n
the crude water is dissociated into a boride ion so that the %oron

removal rentact withiticatexeedscribeibagueens sélution comrisingpolpfuectianabimme; seawat er
may form scal e of magnesi um and hi gh-pH water may worsen the nmenbrane.
Ther ef or ethe pelyfunciprd] acidohadide fibrovgi intecponantewithitke sybetrate didmiwhich haut r al
~region. The ;t))r esent inventign is explained below jn detail, based on

Exanpl es b%fd r@@ Fiataeqniact pithihe aqueoussobiion soRpriging Pofyiunciongl @minego | s " op
by wei ght !

carried thereby ?’orrlrne%Ss%{)grgtelgé %Jnctlor%ﬁal lrecsorr?pr}gsmcg:oc ogsrh%}(ea/ %oFém[H)el gr? tl}lleVer ©
substrate film by means of interfacial polycondensation, followed by contacting with an
organic solvent solution comprising aliphatic acid halide which is different from the
polyfunctional acid halide.

In this case, the concentration of the polyfunctional acid halide in the
organic solvent solution is also preferably from 0.01 to 10% by weight, more preferably
from 0.02 to 2% by weight. When the concentration is 0.01% by weight or more,
sufficient reaction rate can be obtained. When it is 10% by weight or less, side
reactions can be inhibited.  Furthermore, an acylation catalyst such as N,N-
dimethylformamide is preferably added to the organic solvent solution for promoting
the interfacial polycondensation.

When the aliphatic acid halide is brought into contact with the substrate film

after a substantial separating functional layer has been formed by means of interfacial

polycondensation of the polyfunctional amine and the polyfunctional acid halide, its
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out as follows: Sal't renoval ratio: Seawater controlled to have a
tenperature of 25C and a pH of 6.5 (and having a TD S concentrati on of
about 3.5% and a boron concentration of about 5.0 ppn) is applied to a
conposite sem perneabl e nenbrane under an operation pressure of 5.5 Mra,
and the salt concentration in the perneate is nmeasured. The salt renoval
through the nenbrane is determ ned according to the follow ng fornmul a:
Sal t renmoatent@tion isprefdably ffl least(3 alol% gen denjolgluhctivnahagié haked e/ \Whdd
concentration in seawater)). -23 Menbrane perneation flow rate: Seawater
i s appl i ¢be concanicdinuos i3treol¥ent lses, tieealiren nemdvah perforanaticd hichdstherdffecty) of
the permeate through n2 of the menbrane a day indicates the nenbrane
per meat i of the ergserit @venRhreaade) sufficienly pltpivodl Waen dt isTHY oleror less
concentrations jn cr de water and perneate are neasured with an

eni ssi on ‘%&‘é{?ﬁ t?ﬁrfaft BeopBiFonmEHY dup do peR-aencied reegentincansbegiahibited mﬂloats
follows: . Boron renoval ratio_.= 1 - (boraop concentration in

per meat e FHEHEN egmmlraqs%lﬁor He?f’rn@dé’ewé‘ﬁa%?’ﬁt% s, the, cepgeatatipn 1s
ff f det d t
Che ol | PR SOPRA BT Bet5 Alon O foskrliion Je Teforeretkgia 10n

by Msay W‘gg% §£é°§ther @ e Bhwoﬁﬁh)m TR 000 BLAEE oo o1
transm sgj,nge }ﬁféeﬁxﬁdeﬁ'xf? e {aWeSdr azmé gaio%t soﬁﬁﬁbﬁ td 1@[3 éﬁa&%&% 11-11‘1&?0 b1

renoval ratio} x menbrane per atlon ow rate X

f ol I owi ngayerbthe Sond¥REPiduSof RS ARHANAY hAA Rl @Ts Prferdblyiffom mi& bahﬁﬂ%p&d EAi's
ethylam ne; DBA is dibutylanmine; TMCis trinesic acid chlorid

more preferably from 10 to 30 mol%, per the polyfunctional acid halide. When the

b

concentration is 3 mol% or less, the boron removal performance which is the object of
the present invention can be sufficiently obtained. When it is 50 mol% or less,
decrease of the salt removal performance and the permeation flow rate can be inhibited.

The composite semipermeable membrane thus formed of the present
invention is favorable for a spiral, composite semipermeable membrane element, in
which the membrane of the present invention is wound around a water collector tube
having a large number of holes formed therethrough, along with a crude water pass
material such as plastic net and a permeate water pass material such as tricot and
optionally a film for increasing the pressure resistance of the element. The elements
can be connected in series or in parallel and housed in a pressure container to construct
a composite semipermeable membrane module.

The composite semipermeable membrane and its element and module can
be combined with a pump for feeding crude water thereto and with a equipment for
crude water pretreatment to construct a fluid separation equipment. By using the
separation equipment, crude water can be separated into permeate water such as
drinking water and concentrated water not having permeated through the membrane,

and the objective water can be obtained.
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OC is oxalyl chloride; ACis acetyl chloride; FCis fumaryl dichloride; SC
is succinyl dichloride; CSAC is chlorosul fonylacetyl chloride; EDA is

et hyl enediam ne; and c-CL is c-caprolactam -24 Exanples 1 and 2 A

di met hyl f ormam de (DMF) sol ution of 15.7% pol ysul fone was cast on taffeta
of polyester fibers (166-dtex multifilament yarns are used for both the
warp and the weft, the weaving density is 90 yarns/inch for the warp and
67 yarns/inch forwhéiethe wpktationPeesbit® tb MheC HN@SSparatidPOquipMbntal h(ijéh?@i&e _
tenperature (25C) to a thickness of 200 pm then imedi ately dipped in
pure wat eorancmoshl ratid becintesftigh, Dunihe eh&@gy hecdasL P Ereoparatioh B¥domdssHist r at e
film fiber-reinforced polysul fone substrate film (hereinafter referred to
as " FR- higls ubBteredore, fn kotsideratomsof thendlabilityeofihie caemnpuivs semiperrhéabhe
(thickness: 210 to 215 gm was dipped in an aqueous am ne sol ution

cont ai ni MEPIRYE, the operaaon aressuse ander wiielotoade twaseralls ledrinpasaghiongiTald e 1,
for 2 mnutes, then gradually pulled up in the vertical direction,
exposed tn@ﬁml?r@%wﬁe’vgraéw ﬁP@rﬂ-gﬁP 49 MBroz Whent the t¢rapesttyrer efrapude witer taexcess
solution fromthe s r{l?a%e of the substrate film and _then an n-decane

sol ution be&’é?ﬁte&i'%h*ﬁ& e bompnrempyal iratiosinereaseds bt whem thedenpestues is owhal i c

kept a5 Stbriirene Hfipedon oy 56 i€ PiRrias ereiieatts WRIGRE B
i t t] f i.t. d the,.fil

devat or e s HoFS RGeS e VAR ST FRgk i HehoPoRAPBIRe R50C 1 or

2 MUt esyar@d dskRefed hid'h SRR SOUE bR oRbn SRAVAD BYBAENAGELLE Which

had been controlled to have a pH o and a chlorine concentration of 200

my/ | i ter Héwéve? hifh-bidcRish Water bitNad BeaateR GHAO HsinS Sbald 0P ndpA¥ding shgsodi um
hydrogensul fite concentration of 1,000 ng/liter to reduce and renove the

excess sdighspHhywates hinay i werserFuhé hesmbrage. Theeford, Mt WeSprRERable Washag W t h
hot water at 95C for 2 minutes. The conposite sem perneabl e nmenbranes

t hus obt aiqnipthentiseperméaddd aawedtravegiomt ed. Their physical data of nenbrane
pernmeation flow rate, salt renoval ratio and boron renoval ratio are
shown i n Tabl e 1.Thegugpientainventicaxiaeppleined balew in dathbased ensiaimpdesnaeb| e

menbr anes_ were prqduced in_the sane manner ) .
Comparative Examples. Unless otherwise indicated, "%" is "% by weight".

The measurements in Examples and Comparative Examples were carried

out as follows:

Salt removal ratio:

Seawater controlled to have a temperature of 25°C and a pH of 6.5 (and
having a TDS concentration of about 3.5% and a boron concentration of about 5.0 ppm)
is applied to a composite semipermeable membrane under an operation pressure of 5.5
MPa, and the salt concentration in the permeate is measured. The salt removal through
the membrane is determined according to the following formula:

Salt removal ratio

=100 x {1 - (salt concentration in permeate/salt concentration in seawater)}.
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as in Exanples 1 and 2, for which, however, no nonofunctional am ne was
added, or dibutylam ne was added i nstead of nonofunctional am ne. The
conposite sem perneabl e nenbranes thus obtai ned were tested and

eval uated. Their physical data of menbrane perneation flow rate, salt
renoval ratio and boron renoval ratio are shown in Table 1. Table 1

Pol y- Mono- Menbr aneBor onTDS functi onal functi onal perneati onSal t

renoval r Mfemahde genswatasi fiow fdteaw raterati o (9% coeffi ci ent

am neam ne(nB/ nR2day)ratio o (10'8 nisec) (/0) Ex. 1nPDA 2. 9%VA

0. 5%0. 6099. 7094. 3eaw¢ BxapphePDA 2. @upasile 5eMips0bR0 et ndothe. Ex.
1nPDA 3. 4%mone0.,8099. 8090. 401. 60 Conp. Ex. 2nPDA 2. 9%DBA

0. 5%. 708m0udo hgﬂthe@emtppqhwgh naref the maabeaee dey insligatesithe membeanki | m as
in Exanples 1 and 2 wa pped _in an aqueous am ne sol ution containing
pol yfuncPPféi‘?’?&PO’éﬂfPWéafés(m %De 2, for 2 minutes, then gradually pulled
up in the vertical direction, exposed to nitrogen blow froman air nozzle
to thereby renove the excess solution fromthe surface of the substrate
film an then a decane solution containing 0.12%trinesic acid
chloride®® ﬁ?i”(?mfgr)ra{“ér ephthalic acid chloride was applied to it so as to
compl etel y wet | %B o'hacgﬁ orl‘sqf?‘crud%{ﬁ&%ﬁggﬁne’a{e{?er@%e?xsur%f%iﬁ he film

was vertlcally hé es soO as exXcess SO ion

fromit, 1@P%LnhibGod ishebt lgl ﬁotEiﬁl\é&} iR tHeNbdrBA L refdBMIE s d&!@x‘iﬁme@'&s RGO US

am ne sol ution cont g nmonof’unctional amine as in Table 2 and 0.3%
sodi um dodecyl suBﬁ)egreremsalqgmu ed to the film and the filmwas then
exposed to nitrogen blow froman air nozzle to thereby renpve the excess
sol ution fromthe 190 flce(botn @hcdnh@tidn Inperthbata, this was washed with hot
water at 90C for 2 m nutes, and dipped in

/boron concentration in crude water)}.

TDS transmission coefficient:

The TDS transmission coefficient is determined according to the following
formula described in Compendium of Membrane Separation Technology (Maku Shori
Gijyutsu Taikei), The first volume, p. 171, edited by Masayuki Nakagaki, published by
Fuji-technosystem (1991):

TDS transmission coefficient (m/s)

= {(100 - salt removal ratio) / salt removal ratio}

x membrane permeation flow rate x 115.7x107

In the following Tables, mPDA is metaphenylenediamine; MA is
methylamine; EA is ethylamine; DBA is dibutylamine; TMC is trimesic acid chloride;
OC is oxalyl chloride; AC is acetyl chioride; FC is fumaryl dichloride; SC is succinyl
dichloride; CSAC is chlorosulfonylacetyl chloride; EDA is ethylenediamine; and &-CL

is e-caprolactam.
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an aqueous sol ution of sodium hypochlorite which had been controlled to
have a pH of 7 and a chlorine concentration of 200 ng/liter, for 2
mnutes, and then in an aqueous solution having a sodi um hydrogensul fite
concentration of 1,000 ng/liter to reduce and renbve the excess sodi um
hypochlorite. Furthermore, the filmwas again washed with hot water at
95C for 2 mnutes. The conposite semn perneabl e menbranes thus obtai ned
wer e testExhnaples 1 enb2 uat ed. Their physical data of nenbrane perneation
flow rate, salt renmoval ratio and boron renoval ratio are shown in Table

2. Conparative ExArdimeth3lfarncamide{DMF)ssolitiver ofahi% poipdulfane wescagt eguced
in the same manner as in Exanples 3 and 4, for which, however, .

di but yI anfaffetagfpolyester fibers (( befridiex multbfilementcydronare vaed foe bolththeonmrpasd t e
sem per neabl e negbrane thus obtained was tested and evaluated. Its
physi cal @8l iheienying density s 90i vy inehwforzthe wasplend 6@ yeumlinch &irithe and

Nerbr ancEBFbrrare (HekAgEs o Adl HEMaL FOReBP e (25960 i 4 Exeknassofddmsi on
E)anr ?ﬁgt imotrlller]; {n?r\ﬁveéi%tter (?1pf):eode ifnfpiu(r:ei vevgtter e'f‘nrg 125'%}’3&&% or { ?ngrllu?es(t(g()prrggalrg a gé:%)uls $2d
substrate film, fiber-reinforced polysulfone substrate film (hereinafter referred to as
"FR-PS substrate film"). Thus formed, the porous substrate film (thickness: 210 to
215 pm) was dipped in an aqueous amine solution containing polyfunctional amine and
monofunctional amine as in Table 1, for 2 minutes, then gradually pulled up in the
vertical direction, exposed to nitrogen blow from an air nozzle to thereby remove the
excess solution from the surface of the substrate film, and then an n-decane solution
containing 0.12% trimesic acid chloride and 0.18% terephthalic acid chloride was
applied to it so as to completely wet its surface, and kept as such for 1 minute. Next,
the film was vertically held for 2 minutes so as to remove the excess solution from it,
and the film was dewatered in that manner. Next, this was washed with hot water at
90°C for 2 minutes, and dipped in an aqueous solution of sodium hypochlorite which
had been controlled to have a pH of 7 and a chlorine concentration of 200 mg/liter, for 2
minutes, and then in an aqueous solution having a sodium hydrogensulfite concentration
of 1,000 mg/liter to reduce and remove the excess sodium hypochlorite. Furthermore,
the film was again washed with hot water at 95°C for 2 minutes. The composite
semipermeable membranes thus obtained were tested and evaluated. Their physical
data of membrane permeation flow rate, salt removal ratio and boron removal ratio are

shown in Table 1.
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m sec) ay) Ex. 3nPDA 3.4%vA 1.0%).6099. 6093. 802. 75 Ex. 4nPDA 3. 4%EA

- 1. 099. 6099. 6093. 202. 75 Conmp. Ex. 3nPDA 3. 4%DBA 1. 0% 0. 6099. 6090. 202. 75
Exanples 5 to 13 and Conparative Exanple 4 The sanme porous substrate film
as in Exanmples 1 and 2 was dipped in an aqueous solution of 3.4%

m phenyl enedi am ne, then gradually pulled up in the vertical direction,
exposed to nitrogen blow froman air nozzle to thereby renove the excess
- 27 sol utCampdratove Exaenpdes f ack? of t he substrate film and then an n-decane
solution of a mxture of polyfunctional aromatic acid halide and

al i phatic acid hdldmposithisehipervedbememboanies mede produtéeel inathe Gams rhannéabl e 3
was applied to it so as to conpletely wet its surface, and kept as such
for 1 m rAstis Exaeples & prd 2 fomwhach, neweveraho yndmefincfional aminenwese addedasr t 0

renove t
manner .

t hen washed.wi th r.unni

r emai ni ngsefnt‘PetrW@al?lF TR

m nut es,
had been
ng/liter

excess solution fromit,

C

ﬁ’é‘?% thwh P@tawg

B of PR B e BefficB0 T el 54l
iyt es,

R‘ﬁ and the filmwas dewatered in that
Rytylamipg swﬁbsa%@fiewﬁtﬁdaqu fpnofinstienal haminee anelhso| spaipositand

0 as to |
WersHege

IOﬂO

ﬁ‘?i“‘ﬁ’a

HS A Boriaa

enpve the chem cal s
g gvalgatedyat Breigphysivel f or 2
ochl ori.te which

VehLatigiare of 200

and then in an aqueous sol ution containing 1,000

ng/liter Shé?;lsl | um hydrogensul fite. Furthernore,
washed with hot water at 95C for 2 m nutes.
menbr anes t hus obtained were tested ?n%nl eval uated. Their physical data of
menbr an pprm:a'rinn flowrate salt ®fedval ratio and boron rempval ratio
are sho in Tablle Co arl\ﬁ)tg)ve BMenitpdne 5 A conp S|{3e senj perogablie

menbr ang was pr odu&g ﬁaqu t}&céogge memeation |aSaltiramotak t teandi@ssioh O
whi ch, However, an hébw de wasratings) a d (’g t heeffiviede¢ane
sol ution. The conposi te sem per rrecil.()maémzrﬂbmrane t hu I"ned(9svsed @st ed

and evalluatgd; | {sppAvsbralmdats of rgrgbr ane gge,()neatl o ow rape, salt
removal Ex. 2 mPDA 2.9% | EA0.5% 0.60 99.70 93.10
mPDA 3.4% 0.80 99.80 90.40
mPDA 2.9% 0.70 99.80 90.40

the filmwas again
The conposite sem perneabl e

2.00
1.60
1.60

none

DBA 0.5%

Comp. Ex. 1
Comp. Ex. 2

Examples 3 and 4

The same porous substrate film as in Examples 1 and 2 was dipped in an
aqueous amine solution containing polyfunctional amine as in Table 2, for 2 minutes,
then gradually pulled up in the vertical direction, exposed to nitrogen blow from an air
nozzle to thereby remove the excess solution from the surface of the substrate film, and
then an n-decane solution containing 0.12% trimesic acid chloride and 0.18%
terephthalic acid chloride was applied to it so as to completely wet its surface, and kept
as such for 1 minute. Next, the film was vertically held for 2 minutes so as to remove
the excess solution from it, and the film was dewatered in that manner. Next, an
aqueous amine solution containing monofunctional amine as in Table 2 and 0.3%

sodium dodecylsulfate was applied to the film, and the film was then exposed to

nitrogen blow from an air nozzle to thereby remove the excess solution from the surface
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ratio and boron renoval ratio are shown in Table 3. Aliphatic acid
Pol y- hal i de (nol ar MenbraneBor onTDS functionalratio to poly-perneationSal t
renmoval renoval ratiotransmssion flowrate % acid halidefunctional acid3
ratio (99 ( )coefficient 2 m halide)/m(10"8 m sec) -da Ex. 5TMCCC
0. 0022%0. 8299 92 0 922575 0.15% 3 nol% ... Ex. 6TMCOC 0. 0036% 0. 6999 92 0
909576 0. 15%51nol % ... Ex. 7TMCOC 0. 0072%9. 9399 92 1

of the film. Then, this was washed with hot water at 90°C for 2 minutes, and dipped in

an aqueous solution of sodium hypochlorite which had been controlled to have a pH of
7 and a chlorine concentration of 200 mg/liter, for 2 minutes, and then in an aqueous
solution having a sodium hydrogensulfite concentration of 1,000 mg/liter to reduce and
remove the excess spdium hypochlorite. Furthermore, the film was again washed with
hot water at §5°C for 2 minutes.

The composite semipermeable membranes thus obtained were tested and
evaluated. Their physical data of membrane permeation flow rate, salt removal ratio

and boron removal ratio are shown in Table 2.

Comparative Example 3

A composite semipermeable membrane was produced in the same manner
as in Examples 3 and 4, for which, however, dibutylamine was added instead of
monofunctional amine. The composite semipermeable membrane thus obtained was
tested and evaluated. Its physical data of membrane permeation flow rate, salt removal

ratio and boron removal ratio are shown in Table 2.

Table 2

Poly- Mono- Membrane Boron DS

func ti}c; nal functionai permeation | Salt removal removal transmission

Amine ine flow rate ratio (%) ratio (%) coefficient

(m*/m’-day) 0 (10" m/sec)
Ex. 3 mPDA 3.4% | MA 1.0% 0.60 99.60 93.80 2.75
Ex. 4 mPDA 3.4% | EA 1.0% 0.60 99.60 93.20 2,75
Comp. Ex. 3 | mPDA 3.4% | DBA 1.0% 0.60 99.60 90.20 2,75

Examples 5 to 13 and Comparative Example 4

The same porous substrate film as in Examples 1 and 2 was dipped in an
aqueous solution of 3.4% m-phenylenediamine, then gradually pulled up in the vertical

direction, exposed to nitrogen blow from an air nozzle to thereby remove the excess
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906310 0.15% 10 noll/0)... Ex. 8TMC OC 0.014% 0. 6299. 8193. 281. 40 0. 15% 20
mol %9 Ex. 9TMCOC 0. 022%0.5099 94 1 820106 0.15% 30 noll/6)... Ex. 10TMCOC
0. 036%0.5799 93 1 712691 0.15%50 noll/o0)... Ex. 11TMCAC 0. 00449%i.0799 91
1 923500 0.15% 10 noll1/0)... Ex. 12TMCFC 0. 0086%). 8899 92 1 884203

0.15% 10 nol % ... Ex. 13TMCSC 0.0087%. 8599 92 1 891512

solution from the surface of the substrate film, and then an n-decane solution of a
mixture of polyfunctional aromatic acid halide and aliphatic acid halide which had been
combined in the ratio as in Table 3 was applied to it so as to completely wet its surface,
and kept as such for 1 minute. Next, the film was vertically held for 1 minute so as to
remove the excess solution from it, and the film was dewatered in that manner. Next,
this was dried in air to remove the decane solvent, and then washed with running tap
water so as to remove the chemicals remaining in the film. Then, this was washed
with hot water at 90°C for 2 minutes, and dipped in an aqueous solution of sodium
hypochlorite which had been controlled to have a pH of 7 and a chlorine concentration
of 200 mg/liter, for 2 minutes, and then in an aqueous solution containing 1,000 mg/liter
of sodium hydrogensulfite. Furthermore, the film was again washed with hot water at
95°C for 2 minutes.

The composite semipermeable membranes thus obtained were tested and
evaluated. Their physical data of membrane permeation flow rate, salt removal ratio

and boron removal ratio are shown in Table 3.

Comparative Example 5

A composite semipermeable membrane was produced in the same manner
as in Examples 5 to 13, for which, however, an aliphatic acid halide was not added to
the n-decane solution. The composite semipermeable membrane thus obtained was
tested and evaluated. Its physical data of membrane permeation flow rate, salt removal

ratio and boron removal ratio are shown in Table 3.
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0. 15% 10

mol % ... Conp

. TMC Ex. 40. 15%o0nel. 0599. 8889. 701. 43 Conp. TMCOC

0.072% Ex. 50. 15% 100 nol 9% 0. 2595. 3589. 2613. 96 Exanples 14 to 22 The sane

porous substrate filmas in Exanples 1 and 2 was di pped in an
then gradually pulled up in the

sol uti on
verti cal

t hereby renove the excess
film and then an n-decane sol ution gfye ol yfunctional

of 3.4% m phenyl enedi am ne,
direction,

exposed to nitrogen blow froman air
solution fromthe surface of the substrate
aromatic acid

n

aqueo

ozzle to

us

halide afp Tn Tabl'e 4 yag ARRL T TOTr Sgas tocT lebLbly wet—t-s
surface, | and keppyas su$ﬁ F mMegbene Next, the fl|én s |vertpgal lly held
for 1 mnute |agasdgpat ﬁfi&‘a( x|t peraeation. dleSaitmenosa| |u rem L of ' |aangrhisspRFL | C
aci d hal|de ag 4idndRd qun’guonﬁ%m]abl Rowratpas apid Ped |t ?( )'%8 asoeffizient
conpl etely wet| its su aQQMhﬁn kepm'dey) Such for 1 minute.| Thbmisesh Hi s was
verti cal fFy—thehd—for—trwnute—and—dewatergd—Next—this was | dried ig air
to renove Bxhe |ded e ;oPG@H?zZ/‘and then wagshegowi th rupnisng |t apyyater] so as
to renove_the ch% tal s f*hing in the [film Thdn, this Was washed with
hot watef _ at [90@MLor | 200000868S, and di pped i n an [agueous dol ution df
sodiun1hyﬁ%é%lordtﬂ%\M1lcbxmhmﬂ heen®€&bnt rjol 1%8d%t o (hav¥-%8 pH ofO?Sanc a
chl ori ne[ conc liﬁblo by T ter;—fior—2—nirutes—ang—then—rA-an
aqueous psdxuti|o ]fcso/nt alﬁ ,gb’g °OCO nodd i tgr afgsodijumozlgygdr agensd fi tle.
Furt her npre—tlh Was ;ma washed wilth hot ter at 95C for 2
m nut es.| B conﬁM§| te @@mowa ngabl g, menbr t Hus 9§?&al ned e tlested
and eval uat ed. 9T1& r | p3%ad%) dat a 07f mgnbriane pdrneatton |fl ow'ratg, salt
renmoval fatio| afgcbofopclogamyal| ratio arje shown i[n Table 4. Compardtive
Exanpl e GEA %crrp(pgtyge sqmm%yreabl el.Aenbriané9fs proddded ijn thes same
manner @s— cAﬁuﬁ €8 Béd&%y’h for—whi-gh—however—the nldecane sqgl uti on
I (]
of ali phaEx.roCIO'U% (50 mol%) 0.57 99.71 93.26 1.91
T™C AC 0.0044%
Ex.11 | ser (10 mol%) 1.07 99.92 91.35 1.00
T™MC FC 0.0086%
Ex. 12 | o (10 mol%) 0.88 99.88 92.42 1.03
T™™C SC 0.0087%
Ex. 13 | ls% (10 mol%) 0.85 99.89 92.15 1.12
Comp. | e none 1.05 99.88 89.70 1.43
Comp. T™MC 0C 0.072%
Ex. 5 0.15% (100 mol%) 0.25 95.35 89.26 13.96

Examples 14 to 22

The same porous substrate film as in Examples 1 and 2 was dipped in an

aqueous solution of 3.4% m-phenylenediamine, then gradually pulled up in the vertical

direction, exposed to nitrogen blow from an air nozzle to thereby remove the excess

solution from the surface of the substrate film, and then an n-decane solution of

polyfunctional aromatic acid halide as in Table 4 was applied to it so as to completely

wet its surface, and kept as such for 1 minute.

Next, the film was vertically held for 1

minute and dewatered. Next, an n-decane solution of an aliphatic acid halide as in
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hal i de was not applied to the substrate film The conposite sem perneabl e
t hus obtained was tested and eval uated. Its physical data of

menbr ane
menbr ane

perneation flowrate, salt renoval ratio and boron renoval

are shown in Table 4. Table 4 Aliphatic acid Poly-halide
(ol ar Menbr aneBor onTDS functionalratio to poly-perneati onSalt

renoval renoval ratiotransm ssion acid halidefunctional acidflown rate

rati o

(% coef f i Babbnt wast appliéd 9 ithad ale) Complemcliawy 0siavesan) VaTGuth £HOP2% EX.

140. 15%

869640 O.

0. 8599. 9291. 780. 84 (3 rnol % Ex. 15TMCOC 0. 003699. 8599 91 1
MBS Tidleh, s was QStiofllyoheld fox 1 iGN 1dSkaDero® 9 MOAtH: Wad.

dried in air to remove the decane solvent, and then washed with running tap water so as
to remove the chemicals remaining in the film. Then, this was washed with hot water
at 90°C for 2 minutes, and dipped in an aqueous solution of sodium hypochlorite which
had been controlled to have a pH of 7 and a chlorine concentration of 200 mg/liter, for 2
minutes, and then in an aqueous solution containing 1,000 mg/liter of sodium
hydrogensulfite. Furthermore, the film was again washed with hot water at 95°C for 2
minutes.

The composite semipermeable membranes thus obtained were tested and
evaluated. Their physical data of membrane permeation flow rate, salt removal ratio

and boron removal ratio are shown in Table 4.

Comparative Example 6

A composite semipermeable membrane was produced in the same manner
as in Examples 14 to 22, for which, however, the n-decane solution of aliphatic acid
halide was not applied to the substrate film. The composite semipermeable membrane
thus obtained was tested and evaluated. Its physical data of membrane permeation

flow rate, salt removal ratio and boron removal ratio are shown in Table 4.
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(20 15%mol ... 9% Ex. 17TMCOC 0. 036%). 7899 92 1 883704 0. 15%50 nol % . ..
Ex. 18TMCOC 0. 072%®. 8699 92 95 90190 0. 15% 100 nol % ... Ex. 19TMCAC

0. 00909®. 8499 92 1 899405 0. 15% 20 nmol % ... Ex. 20TMCFC 0.017%®. 9099 92 0
921581 0.15% 20 nol % ... Ex. 21TMCSc 0.018%b).8299 92 0 925580 0. 15% 20

mol 99 . . .
Table 4
Aliphatic acid
Poly- halide (molar hﬁ:ﬁ:ggﬁi Salt removal Boron tr TD.S .
functional | ratio to poly- pﬂow rate ratio (‘V‘), removal ratio ansf?ls?smn
acid halide | functional acid | 4" ° %) coetticient
halide) (m’/m°day) (10™ m/sec)
T™™MC | OC0.0022°
Ex14 | o mol%)A’ 0.85 99.92 91.78 0.84
T™MC 0.00369
Ex15 | o150, 0(05 mol‘yf)/" 0.85 99.86 91.96 1.40
T™C 0C 0.0149
EX16 | 0 1s0r 20 mol%;" 0.92 99.90 91.40 129
T™™C 0369
Bx17 | (Ve %CO?H‘E%’ 0.78 99.88 92.37 1.04
™ 072°
Ex. 18 0‘15;) ggoon?;%/f)' 0.86 99.90 92.19 0.95
0,
Ex. 19 :ﬁ% %00333,2)”’ 0.84 99.89 92.94 1.05
0,
Ex. 20 (;HIVSI;) 1223)%)011;,/)0 0.90 99.92 92.15 0.81
0,
Ex. 21 OTIIVSI% ig)%)oll%" 0.82 99.92 92.55 0.80
0,
Ex. 22 ()Ti"SIOCA) C%g)cnf(;%“ 0.81 99.90 92.07 0.96
CE";“GP' OTIIVSI;) none 1.02 99.89 89.54 117

The results in Examples and Comparative Examples are shown in Fig. 1.

Comparative Examples 7 to 12

The same porous substrate film as in Examples 1 and 2 was dipped in an
aqueous solution in which the component(s) shown in Table 5 was/were dissolved, then
gradually pulled up in the vertical direction, exposed to nitrogen blow from an air
nozzle to thereby remove the excess solution from the surface of the substrate film, and
then an n-decane solution of a mixture of polyfunctional aromatic acid halide and
aliphatic acid halide which had been combined in the ratio as in Table 5 was applied to

it so as to completely wet its surface, and kept as such for 1 minute. Next, the film
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Ex. 22TMCCSAC 0. 0219%©. 8190 92 0 990796 0.15% 20 nol % ... Conp. TMC Ex.

60. 15%onel. 0299. 8989. 541. 17 The results in Exanples and Conparative
Exanpl es are shown in Fig. 1. Conparative Exanples 7 to 12 The same porous
substrate filmas in Exanples 1 and 2 was di pped in an aqueous sol ution
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in air to renove.the cgne sol vent, nd then washed with running tap

wat er so HHPY ’?oé‘fﬁﬂ?egfsl‘? uah W?Q?gﬂ’é“er @’%ﬁﬁ?‘rhaﬁdjeph copieolleditp haverpell of hi s was
washed wi aqueous

h 90C f ' , d di '
sol ution %’p %gé%o\ﬁ%%;%‘g%maﬂ?? Pgrz\(xﬁlngng{ﬁ%r?%e?gﬁ“%%gg it n ?’ga‘héﬁ‘éeoéispH of
T A0 ATl St A o

i n an aqueous

nydr 09eNSyAY ddafh whlhel SRS Sard P04l B 2Wiy@gal n washed wi Lh hot water at

95C for ' The conposite sem perneabl e nenbranes thus obtai ned

2 mnutes.
SipSte sERRermBANS intchbraidsahQd obfaIHRE AEre NESEE 3hd ON

were tested and ‘Epeat
flowrate, salt renmpval ratio and boron renoval ratio are shown in Tabl e

5. Tabl e évaluatadondheiriphfeical datd ofieinbEIna pefaédtRETOW e Salttrerbes Thiko

and boron removal ratio are shown in Table 5.

Table 5
. Acid halide (molar ratio | Membrane - TDS
Component in of aliphatic acid halide | permeation Salt Boron transmission
aqueous . ) removal | removal .
solution to polyfunctional acid flow rate ratio (%) | ratio (%) coefficient
halide) (m*/m?day) > 1 (10®° m/sec)
(:éo;ng. mPDA 3.4% TMC 0.15% 1.02 99.89 89.54 1.17
T™C0.15% +
0,
Ex. 8 mPDA 3.4% OC 0.014% (20 mol%) 0.62 99.81 93.28 1.40
Comp. | mPDA 3.0% + o
Ex.7 | EDA 0.075% TMC 0.10% 1.31 99.77 86.01 3.51
Comp. | mPDA 3.0% + T™MC 0.10% +
Ex.8 | EDA 0.075% | OC 0.0095% (20 mol%) 1.37 99.79 85.70 3.30
%?’9"' mPDA 2.0% TMC 0.10% 1.67 99.60 | 86.22 7.78
Comp. N TMC 0.10% +
Ex. 10 mPDA 2.0% OC 0.0095% (20 mol%) 1.43 99.77 85.72 3.81
Comp. | mPDA 1.5% + o
Ex 11 | e-CL 2.25% TMC 0.075% 1.44 99.76 80.00 4,04
Comp. | mPDA 1.5% + TMC 0.075% +
Ex. 12 | &-CL2.25% | OC 0.0072% (20 mol%) 1.68 9962 77.19 731
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of aliphatic acid halideperneationtransm ssion aqueousto of functi onal
acid flow raterenoval renoval coefficient p y solutionhalide)s z ratio
(Wratio (W(10'8 nisec) (m/mday) Conp. Ex. 6nmPDA 3. 4%IMC

0. 15%. 0299. 8989. 541. 17 Ex. 8nPDA 3. 4%MC 0. 15% + 0. 6299. 8193. 281. 40 OC
0.0 14% (20 nol %9 Conp. nPDA 3.0% + Ex. 7EDA 0. 075%MC

0. 1094. 3199. 7786. 013. 51 Conp. ni PDA 3. 0% +TMC 0. 10% Ex. 8EDA 0. 075%0C
0. 0095% (20 nol | /Telre8UBSf BhparfiBeIxamplen 7 €@ 1P andEColtipaiitite Ex@ﬂ@l\é[‘é

0.10%. 6799. 6086. 227. 78 p Conp. nPDA 2. 0%'MCO. 10%-1. 4399 85
and Example 8 for comparison are shown in Fig. 2.  As shown in Table 5 and Fig. 2, it
was found that remarkable boron removal performance can be obtained when the TDS

transmission coefficient is 3x10"* m/s or less in the present invention.

As described above, the composite semipermeable membrane of the present
invention attains high salt removal and high permeate transmission, and rejects even
substances which are non-dissociable in a neutral region, such as boron.‘ Accordingly,
the membrane is favorable for treatment of cooling water in atomic power plants, for
treatment of plating wastes, and for production of drinking water from high-

concentration brackish water or seawater.

While the present invention has been described in detail and with reference
to specific embodiments thereof; it will be apparent to one of skill in the art that various
changes and modifications can be made therein without departing from the spirit and
scope thereof.  All references cited herein are incorporated in their entirety.

This application is based on Japanese application Nos. 2003-172955 and
2003-306322 filed on June 18, 2003 and August 29, 2003, respectiVely, the entire

contents of which are incorporated hereinto by reference.
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3 777281 Ex. 100C 0.0095% (20 mol %9 ... Conp.nPDA 1.5% Ex. 11s-CL 2.25%MC
0. 075%.. 4499. 7680. 004. 04 Conp. nPDA 1.5% +TMC 0. 075% + Ex. 12s-CL 2. 25%0C
0.0072% (20 nol 99 1. 6899. 6277. 197.31 -32 The results of Conparative
Exanples 7 to 12 and Conparative Exanple 6 and Exanple 8 for conparison
are shown in Fig. 2. As shown in Table 5 and Fig. 2, it was found that
remar kabl e boron renoval performance can be obtai ned when the TDS

transm sWBATISEEABVERtISis 3 x 10.8 nmis or less in the present invention.
As descri bed above, the conposite sem perneabl e nenbrane of the present
invention attains high salt renoval and high perneate transm ssion, and
rejects even substances which are non-dissociable in a neutral region,
such as boron. Adcdy @Pmgesite sanypermeableamempeang awhick tsadsfiasr the rfollowmgt of
cool i ng wqter jn atomc power_plants, faor _treatnment of plating wastes,
and for p% %ﬁb‘ﬂ’é’t"ipo Br SeRV PRk R ¥ngry R hP gha b@@ﬁé@ﬁ?‘?ﬂé‘ﬁl@hog? 8B sh
wat er or sea r. ile t sent invention, h been descri bed i

det ai | aﬁﬂge\nﬁﬁf?%w%’é’g 0?? 3% E&&ﬁefshé ’Sé?‘?ﬂﬁﬁqt?fje‘f‘ﬁadier PhePIRYON PrEssiifg canbe
appar ent ¢t e of skill in the art that various changes and
nmodi fi cationS can be nade therein wthout departing fromthe spirit and
scope ther i j | R/ eir

nt ety T o e e Bt AR BB B el

2003- 172955 and 2003-306322 filed on June 18, 2003 and August 29, 2003,
respectively, the entire contents of which are incorporated hereinto by
reference. WHAT bSThEAbMEBsiteSemlperesSloPRIMbraneSRRbIRIMIRAQS BFRdrane Whi ch
satisfies the following relationship when seawater at 25C having a pH of
6.5, a boromofinwticealtanine dindsf tb app/or adswba tAElE doideenid/at isofacef of3tHe% by

wei ght i s perneated under an operation pressure of 5.5Mra:
composite semipermeable membrane.

3‘. The composite semipermeable membrane according to claim 1, which
comprises a separating functional layer comprising polyamide formed on a porous
substrate film,

wherein monofunctional amine binds to and/or adsorbs to the inside and/or

surface of the separating functional layer comprising polyamide.

4. The composite semipermeable membrane according to claim 3, wherein
the monofunctional amine is contained in an amount of 0.1 to 15 mol% per all amine

molecules in the separating functional layer comprising polyamide.

5. The composite semipermeable membrane according to claim 2, wherein

the monofunctional amine is bound via a covalent bond.

6. The composite semipermeable membrane according to claim 2, wherein

the monofunctional amine is monofunctional aliphatic amine.
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Boron renoval ratio (%9 >_ 95 - 4 x nenbrane perneation flow rate

(nB/ n2-day). 2. The conposite sem perneabl e nenbrane according to claiml1,
wherein nonofunctional am ne binds to and/or adsorbs to the inside and/or
surface of the conposite sem perneable nmenbrane. 3. The conposite

sem pernmeabl e menbrane according to claim1, which conprises a separating
functional |ayer conprising polyamde forned on a porous substrate film
wher ei n nonof uncti onal am ne binds to and/or adsorbs to the inside and/or
surface of the separating functional |ayer conprising polyamde. 4. The
conposi t e seni pef/mddllcompesiter senéperoeabldinmgntirancciabrdidy tortleine 5 'whérein

monof unctjonal amne js contained in an anount of 0.1 to 15 nol % per all
am ne mbbeBonefun¢tionahliphatimemine hgs & toteltafdrial? cadbperatamispr i si ng pol yani de.
5. The conposite sem perneabl e menbrane according to claim2, wherein the
nonof unctional am ne is bound via a coval ent bond. 6. The conposite

sem per neabl e ne , Wherein the nonofunctional

rLane accarding to claim |
anine i s monofun tilglﬁgpmgp’fl%sgpﬁgerww&mq gane acepidingtapelaim & wherein
' di .z | ai m 6,, wh i th )f ti I
a1 phat i SamondERAIAICO BRERC gt it 8 o aPs SiecliE by he srouprmRBhARoRt to-
' meadal ; dj | @l - Wh in_.th ti I
a1 phat | o Ay SR AEERE bl Rl oot Gengi g of

net hyl amdfigoprepylahing Bur@yﬁ%linétig'éﬂmlﬂﬁ!el g—%&#@ﬂi?@"&%ﬁ*l&ﬁéﬁﬁ%@%he,

i sopropyl am ne,” diisopfopylam ne,” butyl a

t - but yl anmjnéimettipropylafine. -1aém>b1§;ra§p91_aminel322mééh%hﬂaélﬁ{n9§l}éb§1maﬁﬂne, N-

1- et hyl propyl am ne, 2-net Flyl but yl am ne, i soanyl arf ne
et hyl pr opshylpropydarhinept hy | Nuhsthglbutytamide,3- di NE3-Gichdibgivh@Hntige, 3, 3- 3,3-
di met hyl butyl am ne, N ethyl butyl am ne, hexyl am ne, N-nethyl pentyl am ne, and
hept yl andimeethgbutpleenioenp¥sttydbuwdainge; nhakylamineb Nanethgipeatythintige, t candll ai m 1,
which conprises a separating functional |ayer,

heptylamine.

9. The composite semipermeable membrane according to claim 1, which
comprises a separating functional layer,
wherein an aliphatic acyl group binds to the inside and/or surface of the

separating functional layer.

10. The composite semipermeable membrane according to claim 1, which
comprises a separating functional layer comprising polyamide formed on a porous
substrate film,

wherein an aliphatic acyl group binds to the inside and/or surface of the

separating functional layer comprising polyamide.

11. The composite semipermeable membrane according to claim 1, which
comprises a separating functional layer comprising polyamide formed on a porous

substrate film,
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wherein an aliphatic acyl group binds to the inside and/or surface of the
separating functional |ayer. 10. The conposite sem perneabl e nenbrane
according to claim1l1, which conprises a separating functional |ayer

conpri sing polyam de fornmed on a porous substrate film wherein an

al i phatic acyl group binds to the inside and/or surface of the separating
functional |ayer conprising polyamde. 11. The conposite semn perneabl e
merbr ane accor di righerein ¢heasaparatingunstiona dayer icomprising @oiaatidan et bonal

| ayer conprising polyanide formed on a porous substrate film -35 wherein
the separtBt Porgus substratsddm, ander conprising pol yanmide is formed on the
porous substrate film and _the separating functional |ayer conprising

pol yami de conpri $8&SPrpEag fincsignaliayey sampesing patvamide comemisenérossiinked aci al

poly condensat.i,on. by contacting,.on_th orous substrate film (a) an
aqueous sPSF]XfPPS%r}%ﬁ% BXi‘Hganﬁo‘i(’;f;/fflﬁ?f&‘ziagrpgl?ycé?ﬁii%?tl%j)yaqpnéﬂcgggn en 4b¢ vent
sol ution rd sl yfunctional acid halide, and (c) an organic

sol vent %P%isgﬁétghgengﬁ’si ng aliphatic acid halide which is different from

t he pol yfuncti On?%@agﬁqge%%ﬂ‘%mgm@@%%Ré@{‘f%wﬁ?@qkf%?‘if?etam i)h 12. The

conposite sem per rane ac conprises a

separating functi i i . i . . DOT OUS
substrate film %@e?r%gt?ﬁg(ﬂgée}gg?glﬁ Pﬁgorpﬁﬂﬁ%{%ﬂgﬁfnﬁ i a0 hetide awg

ayer “conpri i

pol yanide is for '(E)dalﬂB_rga_fnhﬁscﬂ%r@%l@i@h%ﬁﬁﬁi?ingsil@‘rl'laﬁ@%iﬁ%gﬁ@%@fia{ g

functional |ayer conprising polyam de conpris ossl 1 nke yam de
formed bydiffeansfrah thedyfuactialal sid isiRdan had | @04 ByrbeRBloags) Ny, on the

porous substrate film (a) an aqueous solution conprising pol yfunctional
amne with (b) an organic solvent solution conprising polyfunctional acid
hal i de and
12. The composite semipermeable membrane according to claim 1, which
comprises a separating functional layer comprising polyamide formed on a porous
substrate film,
wherein the separating functional layer comprising polyamide is formed on
the porous substrate film, and
the separating functional layer comprising polyamide comprises crosslinked
polyamide formed by means of interfacial polycondensation by contacting, on the
porous substrate film,
(2) an aqueous solution comprising polyfunctional amine with
(b) an organic solvent solution comprising polyfunctional acid halide and

aliphatic acid halide which is different from the polyfunctional acid halide and has 1 to

4 carbon atom(s).

13. The composite semipermeable membrane according to claim 11,
wherein the aliphatic acid halide is at least one selected from the group consisting of
methanesulfonyl chloride, acetyl chloride, propionyl chloride, butyry!l chloride, oxalyl

chloride, malonic acid dichloride, succinic acid dichloride, maleic acid dichloride,
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al i phatic acid halide which is different fromthe pol yfunctional acid
halide and has 1 to 4 carbon aton(s). 13. The conposite sem perneabl e
menbrane according to claim1l, wherein the aliphatic acid halide is at

| east one selected fromthe group consisting of methanesul fonyl chloride,
acetyl chloride, propionyl chloride, butyryl chloride, oxalyl chloride,
mal oni ¢ acid dichloride, succinic acid dichloride, maleic acid dichloride,
-36 f umar fumasiciadidddiclibodé, dbloredulfonyiscetfl ehlor e cind Nohkig{etif@amiaBehrbonyl

N, N- di net hyl am nocar bonyl chloride. 14. The conposite sém perneable

menbr ane dderidedi ng to claim 12, wherein the aliphatic acid halide is at

| east one selected fromthe group consisting of nethanesul fonyl chloride,
acetyl chloride, propionyl chloride, butyryl chloride, oxalyl chloride,
mal oni ¢ aci d dicﬂ{oride, succinic acid dichloride, nmaleic acid dichloride,
fumaric acid di chlritfe coBRPHieo semmsFYsablee tyembrane racderdingndo claim 12,

o e, BT R P 26 Falde, € feash e B I9AAHDR ARt FoBETSINE O 1 at ¢
cavater R aa T, o Gt ehBids Byt st atwaheends oot and o
pr essur e oo pidhic et RS dhooide B SO aShefih didledieai ng 1o
eos, whon o ae e o oA APk N N b ndelodn D or 5

ppm and ahldsfleconcentration of 3.5% by weight is perneated under an
operation pressure of 5.5 MPa. 17. A process for producing the conposite
sem per meabl e nenbrane according to claim1l, which conprises carrying out
a process selected fromthe following (1), (Il), (Il1l) and (1V): (I)
forning a separ atliSngheuatpiosite kerhipgrareable mermpbrane acsotbiag tétckithi 1, whied
contacting a solution conprising nonof unc;i gnal amne with the separating
function é}aspaygmbrane permeation flow rate of 0.5 m’/m*-day or more and a boron removal

ratio of 93% or more, when seawater at 25°C having a pH of 6.5, a boron concentration

of 5 ppm and a TDS concentration of 3.5% by weight is permeated under an operation

pressure of 5.5 MPa.

16. The composite semipermeable membrane according to claim 1, which
has a TDS transmission coefficient is 3 x 10® m/s or less, when seawater at 25°C
having a pH of 6.5, a boron concentration of 5 ppm and a TDS concentration of 3.5%

by weight is permeated under an operation pressure of 5.5 MPa.

17. A process for producing the composite semipermeable membrane
according to claim 1, which comprises carrying out a process selected from the
following (I), (II), (I11) and (IV):

) forming a separating functional layer on a porous substrate film, and
contacting a solution comprising monofunctional amine with the separating

functional layer.
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-37 (11) contacting (a) an aqueous sol ution conprising polyfunctional

am ne which has at |least two primary and/or secondary am no groups, wth
(b) a porous substrate film followed by contacting with a solution of a
wat er -i mm sci bl e organi ¢ sol vent conprising polyfunctional acid halide
having at |east two acid halide groups to thereby form on the porous
substrate film a separating functional |ayer conprising crosslinked

pol yam de(I)by nmeavstasfing (@4)edn sypieads phitioacdadeiisig ly futIngl AmiddewRGHEO0US

sol ution conprising polyfunctional am ne conprises " nonofunctional am ne;
(1'11) conhascatileryt ¢&d paimaay uedios ss@ndiry eimine Eweips] Mthe) %fporsdsl fBakarani ne

which has at |least two primary and/ or secondary am no groups, with (b) a
porous sufér fellewvedhyt m fol | owed by contacting with a solution of a

wat er -i mm sci bl e or?ani c solvent conprising a polyfunctional acid halide
havi ng at | east tGABagHENRIWIAI4 sohutignofipavater-iteisable drganig sadvent cheppsingus

substrate film.a se tjng functional |ayer conprising crosslinked
pol yani dep%ﬁ”ﬁ%téﬂ?éf %fg‘ﬁ‘%fdéerq?aéﬁgeﬂt legs ty’@cﬂ?d%ﬁ*ﬁdléﬁ igovps imtheraby fomaranatbe i ng

(o) 2 o ARl BRI Mg sebiras Rer Mo B e s st nbmge O ©

atom(s), i ; el mk % qr _nore per the polyfunctional acid
e, e PR poly e ont oo PO

hal i de, € sep | ayer; and (1V) contacting (a)

an aqueous sol uti iS4 - ' I ine which . has at. | east
o one, “Shey oSG LA ROV PRl AR ARAE el
film folhensdndionsiomhiaet i ng with a solution of a water-inm scible organic

sol vent conprising a polyfunctional acid halide having at |east two acid

hal i de gr@lps anconfactihg pd)adni ué&lsOkold‘ﬂi@hic‘éﬁlp\“@i‘ngfbdlﬁuﬁd{tfo;n@lréﬂﬂ&ef\{/lﬁ@ﬂt he

pol yfunctional acid halide and has 1 to 4 carbon aton(s), 1 n an anount of
3 to 50 rwls%t pest twe ppolay and/or setahdaag iachifialgials,t @ith By @ pyroudGubardie on

t he porous substrate film a separating functional |ayer conprising
cr ossl i nkém, followed by
contacting with a solution of a water-immiscible organic solvent comprising
a polyfunctional acid halide having at least two acid halide groups to thereby form, on
the porous substrate film, a separating functional layer comprising crosslinked
polyamide by means of interfacial polycondensation, and then |
contacting (a) an organic solvent solution comprising aliphatic acid halide
which is different from the polyfunctional acid halide and has 1 to 4 carbon atom(s), in
an amount of 3 mol% or more per the polyfunctional acid halide, with (b) the separating
functional layer; and
av) contacting (a) an aqueous solution comprising polyfunctional amine which
has at least two primary and/or secondary amino groups, with (b) a porous substrate
film, followed by
contacting with a solution of a water-immiscible organic solvent comprising
a polyfunctional acid halide having at least two acid halide groups and an aliphatic acid

halide which is different from the polyfunctional acid halide and has 1 to 4 carbon

atom(s), in an amount of 3 to 50 mol% per the polyfunctional acid halide to thereby
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pol yam de by neans of interfacial polycondensation. 18. A conposite
sem per neabl e nenbrane el enent which conprises the conposite

sem per neabl e nenbrane according to claim1. 19. A conposite sem perneable

menbrane el enment whi ch conprises the conposite sem perneabl e nenbrane
produced by the process according to claim17. 20. A fluid separation
equi pnent whi ch conprises the conposite sem perneabl e nenbrane el enent

accor di ndong onl the poiods s@tktrak filiny b dese@@bigafunedbrallay e @ MprithigCdio &UAREd S€S

the conposite sem perneabl e nmenbrane el enent according to claim19. 22.

met hod f polyastidy byt meatsndnnterfadial polycongmisatém. usi ng t he conposite
sem per neabl e nenbrane according to claim1. 23. A nethod for water
treatment, which conprises using the conposite seni perneabl e nmenbrane
produced by the process according to claim17.

‘ 18 composite semipermeable membrane element which comprises the

composite semipermeable membrane according to claim 1.

19. A composite semipermeable membrane element which comprises the

composite semipermeable membrane produced by the process according to claim 17.

20. A fluid separation equipment which comprises the composite

semipermeable membrane element according to claim 18.

21. A fluid separation equipment which comprises the composite

semipermeable membrane element according to claim 19.

22. A method for water treatment, which comprises using the composite

semipermeable membrane according to claim 1.

23. A method for water treatment, which comprises using the composite

semipermeable membrane produced by the process according to claim 17.
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