COMPOSITE SEMIPERMEABLE MEMBRANE, AND PRODUCTION PROCESS THEREOF
BACKGROUND OF THE PRESENT INVENTION 1. Field of the Invention The present invention
relates to a composite semipermeable membrane useful for selective separation of a liquid mixture,
and to a production process thereof. For example, the present invention relates to a composite
semipermeable membrane which comprises a separating functional layer comprising polyamide
formed on a porous substrate film and which is favorable for removing boron from seawater or

brackish water, and to a pro§iNtiOsiddeS& METERIMEASBIE ESbBRANGE the Background Art
Recently, desalting seawater th s|?'> ite sem); e E’ embrane has been tried, and
now, it has been put into practiéji}ﬁ e§§&g§$ﬁ§1m t?l E\%%é(? 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 iBst{ficBGROYN BiOFeTHD ARHESEAN DdNAEBR TII@N\and that the layer can be
readily formed by interfacial polycondensation of aromatic polyfunctional amine and aromatic

polyfunctioHaIFé%'i@'j Hfigdneidieter advantages such as a high salt removal ratio and a high

permeation flow rate are known JP'A']T"1802F?a8tga%ng JP-A-2-1150276). Howev%rr the water quality
n u

standard in the art is controll&d Mol &R hdre Vgreqyct%rgggsggyg_qﬂpggr%a aenrlrgelrsn ffticult to

reduce the [RETAI RS R1dBRRAWBARLHER B AVREGRCRIIAME fé?fd%%é%d&%iﬁfn”br%@%e%%ﬁmem’ and

some composite semipermeable membranes have been proposed for solving this problem'(JP-A-ll-
19493 and BBr/A>2001e2 50888k séhbvivantieincddiee S0 maohpands s pepmetidetonaraaeea
membrane permeation flow rate of 0.5 m3/m2-day or less and a boron remaval

which comprises a separating functional layer comprising polyamide formed on a

porous substrate film and which is favorable for removing boron from seawater or

brackish water, and to a production process thereof.

2. Brief Description of the Background Art

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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ratio at most about 91 to 92% when seawater at 25C 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, development of composite semipermeable membranes which have higher solute-rejection
performance has been desired. As means for improving the solute-rejection performance of composite
semipermeable membranes, a method in which a novel reactant is added to the reaction solution is
exemplified. Since this method does not so much differ from conventional methods, it is useful as a
simple improdéadanietduamopekaeniing, flaw detscabOb thuimi-dag eolapoane adviperepasi

membrane, crosslinked polyamide is stituted by a_pol ine component having at least two amino
groups in t1EAAEAS: AHELAD i A BRE e eeteh GUeh o M Gy RiEh e B> e
aliphatic popeiiRliieo KA ARSI AIRIGARRRAASP I B RS RpBRpIERUIFFRRanese
Patent 3,031,763). Although'it is described that the method provides a'composite semipermeable
membrane havingatngh pedtemoghl Bafio Kk, a beyelpprmeation tomwpoaie aschdiockation process
thereof, it is still impossible to further increase the boron rejection ratio according to the method.

SUMMAR Ynesmbiages i TRy ekttereirehpa Rentarvartrhaishee p disieda composite

semipermeable memwanrﬁegﬁgiqﬁrai hﬁrh \%%It r rgo%ehlj{a_trig e}:nldrpi%rgr e%(r::nct}]og p?rfoorrrrr]waontlzte for even
substances non-dissoCiatve ih-a neutr Pegign JhcRPas hore 58|d, Ana to provide & plpo {&tion

process theygalpdinRialae IR @RERIEISNHRMBIAYSARS athelQliacianins KIGse thyessi@ibrProvides

the followings: (1) A composite semipermeable membrane which satisfies the following relationship
when seawsméurtsn2is @xeaviidi edp HSofdd. Bhia metbodcdoesembtssiomwdbdpfien frararcda/amdisnal
concentration of 3.5% by wei?ht is permeated under an operation pressure of ]
methods, it is’useful as a simple improved method. For example, it is described that in
the composite semipermeable membrane, crosslinked polyamide is constituted by a
polyamine component having at least two amino groups in the molecule, and an acid
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:
(1) 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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5.5 MPa: Boron removal ratio (%) >_ 95 - 4 x membrane permeation flow rate (m3/m2 day). (2) The
composite semipermeable membrane according to (1), wherein monofunctional amine binds to and/or
adsorbs to the inside and/or surface of the composite semipermeable membrane. (3) The composite
semipermeable membrane according to (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 $8thipEReIee ket O S .28 bt Gbt (8)permestsd undentireireiativtressuindfs
contained i g ount of 0.1 to 15 mol% per all amine molecules in the separating functional layer
comprising%‘ Mngide. (5) The composite semipermeable membrane according to (2), wherein the

monofunctionabaanRiRdvANRRiYIRA SVBIEN bradn (BT FOmBRTIRSRR pRPReaklsmembrane

according to (2), wherein the monofunctional amine is monofunctional aliphatic amine.’(7) The
composite g2mipermed@hée crEnpositee sernipetimgdold 6 mererane thecondingfutactidnal aiieheitic amine
has a total of 1 to 7 carbon atom(s). (8) The composite semipermeable membrane according to (7),

wherein theMaiieRGHenahantishbifdariindn et risstinéosHactal dPornei fidiRredfsititng of

methylamine dime% lamine, ethylamine, diethylamine, propylamine, isopropylamine,

h
diisopropylé:%mrpeqsbaty%n | |(?"1re')r,"|e eurt?ﬁén "lrﬁe,'t-butylamine, amylamine, t-amylamine,

1,2-dimethyipropylamifge %o@ﬁ?ﬁ@f@%ﬁﬁ@ﬂﬁe%@ﬁﬁ@ﬁ@%%%ﬂﬁﬁjiiﬂ'ﬁ?&ﬂwk‘?mm@n Bbmprises
ethylpropylamine, N-methylbutylamine, 1,3-dimethylbutylamine, 3,3- dimethylbutylamine,
N-ethylbutyéesepaest mexiy achiors | Nyae tophperstptapoityaradel foreps lamanmre8s 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 (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 (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.
(7) The composite semipermeable membrane according to (6), wherein the
monofunctional aliphatic amine has a total of 1 to 7 carbon atom(s).
(8) 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 composite semipermeable membrane according to (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 (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 (1), which comprises a
separating f@hctional |Z)ercestnpsitirsg pipsanarideroienerans acooraing v bbhrutbieimeonagiisesin the
separating functional layer comprising polyamide is formed on the porous substrate film, and the
separating AR EP%’Pﬁﬁ?%ﬂg polyamide comprises crosslinked polyamide formed by means

of interfacial polycondg\;p]%%im_nagya %ﬁlﬁ;iggwp&rgwu% m&u&,_sllﬁgsﬁggigeﬁm/@)S%rpfg&;gptﬂﬁesolution

comprising polyfunctional amine, (b) an organic solvent solution comprising polyfunctional acid halide,
and (c) an segsatingdlveniopalutiper 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 8ording {E15ONRRSHLSRAPREREED MaRRG FaReHGHAD fayeD) CHRIBR SRS Ramide

formed on a porous. su strzfue fi|r’pﬁ wherein.the separating functipnal Iager con}?risinqt.folyamide is
0

ot STniraed v Shre e BRI g Y e SR

formed on tha por RS ydmide

e e ARSIt By Tgots e oo s e i, o

separating functional layer comprising polyamide.
(11) 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,

(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 (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 (11), wherein the aliphatic acid halide is at least one selected
from the group consisting of methanesulfonyl 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. (14)
The composite semipdbheaeganigrisiyaet sedaligm§amprzingyhebsiungtionalisicidibalidg lafde is at

least one selected from the. group, consisting of methanesuylfonyl chloride, acetyl chjoride, propionyl
chiorice, DGR A UGB RO 0 B e CoEbaR AL MG ACHIAGS, hatere acid
dichloride, jumayig g&%é’rﬁhloride, chlorosulfonylacetyl chloride, and N,N-dimethylaminocarbonyl
chloride. (15) The composite semipermeable membrane according to (1), which has a membrane
permeation(fi@yv rate of ReScorBpusitiayentiproneayld mbminane mooerdiagiao{193%mberaarehsvhen
seawater at 25C having a EH of 6.5, a boron concentration of 5 ppm and a TDS concentration of 3.5%

by weight i@BB'Pﬁ’iEaté@F@m 'élr'% &eﬁétidﬁ@sbr&'@uréebﬁgi@ I\fl'lﬁH]_ (i@ 'I_'W@‘Hbr’r?ﬁ@é}iﬁéi%nﬂﬁermeable
membrane ac Orrﬂéé]gl r{gngl)%mgﬁ?%ggge@g%%ﬁr ensrpplé%ljggl g‘?ﬁgfrl%,%nb I@%}/ ﬁ%jpggnrg/s ar Ilg s, when

seawater at Vi p , & poron concen ppm a CShicSnftdtion of 3.5%
by weight is;rpsrimeaies dHRdelcRn aRalaan riessHie atia. MRaride, (MAAPRSESSitAIRIgucing the

composite semipermeable membrane according

fumaric acid dichloride, chlorosulfonylacetyl chloride, and N,N-dimethylaminocarbonyl
chloride.

(14) The composite semipermeable membrane according to (12), wherein the
aliphatic acid halide is at least one selected from the group consisting of
methanesulfonyl 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.



to (1), which comprises carrying out a process selected from the following (1), (Il), (IlI) and (1V): (I)
forming a separating functional layer on a porous substrate film, and contacting a solution comprising
monofunctional amine with the separating functional layer; (ll) 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 contact with a solution of a water-immiscible organic solvent
comprising polyfunctional acid halide having at least two acid halide groups to thereby form, on the

porous subét@te film, A pEgresstiog PrRBtRING IS LOGRIRIRI AR RYUBSHBIcaBgTayamaidecasdingeans of

monofunctih AHED G PUHES R 58 G AGGER SR COR LRy AR Aot Whne which

has at Ieastapy&qwjr:nary 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 havirfg) at least fooricidatsapdeagngfpadidotie feiyr fomma porodheupstiatsfiuistndte film, a
separating functional layer comprising crosslinked polyamide by means of interfacial
polycondensation, anc#EasEethfaeatigi 8)CaMBHSHNI ABI0EHCS BRI BenHBI e SEPREINAcid halide
which is diff]grent from the polyfunctional acid halide and has 1 to 4 carbon atom(s), in an amount of 3

mol% or more C|c§{eorntéf1el‘alﬁfgr)’/functional acid halide, with (b) the separating functional layer; and -6 (V)
contacting (g)an aqueQsieaeaies) GAMARGIENS fRLHBRRAS SR SOWRIRRtional amine which
has at least two primary and/or secondary amino groups, with (b) 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, on the
porous substrate film, a separating functional 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



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 form, on the porous substrate film, a separating functional layer
comprising crosslinked polyamide by means of interfacial polycondensation. (18) A composite
semiperme&d@ membramiactisgnentanigteeosnisisientteniuisingsiel siiitend cibieenvdiitbrane

Composite S8m e FUVEYA BloRtion Y (B oUePS BN RaA B A

separation RuiRBIEILMich comprises the composite semipermeable membrane element according
to (18). (21) A fluid separation equipment which comprises the composite semipermeable membrane
element according to (@aiap Avitreshsadutisncite maeatinenissitiic brganip sskenisiogphisingmposite
semipermeable membrane according to (1). (23) A method for water treatment, which comprises using
the compostBObEHIPErRapld PRiAfRaNaGH b IRASESS AGE Prbide SKRSHHARNY ol Phai BRRiE F
DESCRIPTION, OF THE.DRAWING, Fig. 1 is a graph. showing the membrane permeation flow rate and
the boron 1A i Br B0Gteah St A B R R AR R C ol i 2
is a graph sfigigy IReMeRIANEIRSSRtiRR BRWdRIRAPERMBAEAR ERIMIVAIdEtS Btas

membranes produced in Example and Comparative Examples. -7 DISCLOSURE OF THE YNVENTION
form, on the porous substrate film, a separating functional layer comprising crosslinked
polyamide by means of interfacial polycondensation.
(18) A composite semipermeable membrane element which comprises the
composite semipermeable membrane according to (1).
(19) A composite semipermeable membrane element which comprises 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).
(21) 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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The present invention provides a composite semipermeable membrane which has high salt removal
performance and can reject even substances, at a high removal ratio, which are non-dissociative in a
neutral region and are therefore hardly removed to a high extent with conventional reverse osmosis
membranes. Accordingly, since the composite semipermeable membrane can reject boron, at a high
removal ratio, which is heretofore hardly removed to a high extent, particularly in desalting of
seawater, it can be suitably used for preparation of drinking water by reverse osmosis. The composite
semipermeable membrane of the present invention satisfies the following relationship, when seawater

at 25C having a pH of 6.5, a boron_ concentrati f S concentration of 3.5% by
weight is permeated under an op@é&%@é‘g@%ﬁ?‘%‘) @%Eﬂé%ﬁ‘ removal ratio (%) > 95 -4 X
membrane permeatioR-f{ov, ralentma{BieidaY bV RILe L 1 ARG IS SATPRCRES RERIBRERSRPIE
membrane, for example, \(Ia\tr’nployable IS a mebthod of making%onofuncﬁtll}onal amine or an aliphatic acyl
group existwhiibenandrighosakheemovateafin@anesmiraanFejeexavgiesubsiepessitiga fhigtional layer

having substantially separating performance of ions, etc. is provided on a porous substrate film
substantiall{eAVARRVRNG sUEH Beasa radimg IseqfbFHyanEea A5 tral dRem aeneamsREAdIdhn aliphatic

acyl group s ade 0 eXisnSileAHICLan e siiface of e separaling functianatiayen The
monofunctiCHAPAmine tar exist InSIUe 87 On the Sulface 6 the sepateempwg Tarictional aygr%y binding

or adhesiony; RickhlBAPBLHECsBRTH AR FAMENSRINSIAR Psjert Bupor HRERiGIeremblI RIIYNG.

Preferably, the separating functional layer consists of crosslinked polyamide which is chemically
stable to acwhioid slkadiretafoemiprishs thmevedslimkae hpblyextéde qaracoaity comgesadintg Itok preferred
that the crosslinked polyamide is formed by interfacial polycondensation of polyfunctional amine and

polyfunctioS&RAeIa HIRA8 PesuliRPtn yped fORRINFEAHPIHE SHIDKIRRUGEI BWTRE BRI Iyfunctional

acid halide 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?sday).

In order 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, etc. 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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contains a trifunctional or higher polyfunctional compound. The thickness of the separating functional
layer is generally from 0.01 to 1 m, and preferably from 0.1 to 0.5 m, in order to obtain sufficient
separating performance and permeation water amount. The polyfunctional amine means an amine
having at least two primary and/or secondary amino groups in one molecule. Example include
aromatic polyfunctional amines in which at least two amino groups bind to the benzene ring at an
ortho-, meta- or para-position, such as phenylenediamine, xylylenediamine, 1,3,5-triaminobenzene,
1,2, 4-triamiAdbdhzietie|capd @16 -l dhtned¥firsiiacaaiph and Higinekfenelirasl capigddrdigiamine and

lenediamine; alicyclic pol tional amipes, . such as 1,2-diami loh :
Erzpdxsrg?nc;%&nﬁ%?\%%(ﬁ@@FE@%&%’E ,'905?%4@? Iiﬁ%ﬁéﬁ@iﬂgy%a:gn;[g%:%%?neetﬁilr;)?perazine; and the

ike. Above all, aromagigpelyfdnclionaharaines iayiRmAilhd R GRANSaRaRdRDY 3ino groups

in one molecule are preferred in view of the selective separability, permeability and heat resistance of
the membrame, Asdhergfehghlnchianal Glonaticcamimesn poeferred aistain- phikfitydéenedisariting
p-phenylenediamine, and 1,3,5-triaminobenzene. Among these, m- phenylenediamine (hereinafter
referred to R8ITRATIPANAE RRYIARIFRE3FETR MEEETRMBUNbS the availability and handlability. These
polyfunctional amines_\:ﬁlgl beI u %dt%ﬁ eorasa mixtuare ggﬁzlrr(]aeofh 'I\'/rllr? pgly gar%gti%lal ?.Frlﬁj palide
means acid halide having HOYRN AR %a?ogenocg%%n)ﬂ groups 13'0ne n%o eculé. Ex%mpqe)é thereof
include trifugeiienabagadIyidesindor §rRpIen rbResinaeid rhlorideaksl &-aalahexaaatgarboxylic
acid trichloride, 1,2,4-cyclobutanetricarboxylic acid trichloride, and the like; and bifunctional acid
halides, for dgtfopiticasbaratiebifundticmat ekt tvedidesnsyrhups hiphienyle wartemeyliogaidmichloride,
azobenzenedicarboxylic acid dichloride, terephthalic acid chloride, isophthalic acid chloride, and
naphthalen@[%%frbo%ﬁ%‘ac% _gara-position, ‘such as phenylenediamine, xylylenediamine,

1,3,5-triaminobenzene, 1,2,4-triaminobenzene, and 3,5-diaminobenzoic acid; aliphatic
amines, such as ethylenediamine and propylenediamine; alicyclic polyfunctional amines,
such as 1,2-diaminocyclohexane, 1,4-diaminocyclohexane, piperazine,
1,3-bispiperidylpropane, and 4-aminomethylpiperazine; and the like. Above all,
aromatic polyfunctional amines having 2 to 4 primary and/or secondary amino groups
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
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chloride; aliphatic bifunctional acid halides, such as adipoyl chloride and sebacoyl chloride; alicyclic
bifunctional acid halides, such as cyclopentanedicarboxylic acid dichloride, cyclohexanedicarboxylic
acid dichloride, and tetrahydrofurandicarboxylic acid dichloride; and the like. In view of the reactivity
with polyfunctional amine, the polyfunctional acid halide is preferably polyfunctional acid chloride. In
view of the selective separability and the heat resistance of the membrane, preferred is polyfunctional
aromatic acid chloride having 2 to 4 carbonyl chloride groups in one molecule. Above all, more

preferred isoitlatigac akiphatitobitfenierioral acithdabivanabinly apcHmevlabiigridenéese sekmdtional acid
halides can be used alone or ag a mixtyre thereqf. The monofunctjonal amine means a campound
naving one SHERarBL o HSIEAHe R S RIS AUHEORRERORAM s ol amines,
for exampley; ading, eetivleniiegicaisianiing.idimriglanlingP iopsaalse ciRikyRniine
benzylamine, fluoroaniline, chloroaniline, bromoaniline, aminophenol, aminobenzoic acid,
aminobenzeaoigsditbiicideidndrtiadikephthaléve odinbetiheatkieitarvlitm pobftinctional @abpletiteamine, for
example, methylamine, dimethylamine, ethylamine, diethylamine, ﬁE])ropylamine, isopropylamine,

diisopropyl@@livienstienaingrie, habsatiaprafrrakly polivisdoashAcimisll Otideny Mivyifay of the
1,2-dimethylpropylamine, 1-ethylpropylamine, .2-methylbutylamjne, isoamylamine .
Neothyioro e, RERARTIN SAS BE Tl e el TIne ERRAMAR Wieterred s
N-ethylbutylRinpchexaminf NageteyIBAoL RGN ePw asniRsy LeRI SRR ol REFE one ,
monofunctional amines can have any other functional group, so long as they have one amino group in
one molecuteoldeuléew aiinee aghjlamiity, prefquesasiienasxesharatimbitbicirt: smiulibty, pfetbered is
monofunctional aliphatic amine. These monofunctional amines can be used alone or as a mixture

thereof. -10RYHEAREIA3ALRAEIRT the BRIV UHAIARNIAE & LRYGRS GRS UFediAtpne or as

a mixture thereof.

The monofunctional amine means a compound having one amino group in
one molecule. Examples thereof include monofunctional aromatic amines, for example,
aniline, methylaniline, ethylaniline, dimethylaniline, propylaniline, ethylmethylaniline,
benzylamine, fluoroaniline, chloroaniline, bromoaniline, 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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functional layer is not particularly limited. For example, the monofunctional amine can be made to
exist inside or on the surface of the separating functional layer formed by interfacial polycondensation
of polyfunctional amine and polyfunctional acid halide. However, when an acid exists, the
monofunctional amine may form a salt and readily dissolve in water. Accordingly, in view of the
durability of the composite semipermeable membrane, it is preferred that the monofunctional amine is
made to exist in the semipermeable membrane by forming a covalent bond by a reaction with a
halogenocarbonyl grodpelmetaes eiamakd nadhefimuiHachenalcaintasish Bxiseinsriadinen the

surface of the separating functional layer by adhesion or a coyalent bond_of the amine to the layer, for
example, et BOTABE A 4R RB N B of LA HE TRoRLBRAEHh AT S3Fen o
separating finclipRalklayeliHiEH ANARQIHSSHPHEIE S g b RhEM SayeluipREPRprising the
monofunctional amine is brought into contact with the separating functional layer, and a method in
which an adoeefasisblptigoocdemsairingopgyfufictcvioabbrmmnedanthgatfeastitwal @icidangl aed/or
secondary amino groups is brought into contact with a porous substrate film, followed by contact with

a_solution (ﬁf%’\%érw&ﬁiéﬂi@@ pfstte %I\V@@ﬂ?f@ﬁ%mﬁgaﬁﬂﬁﬁdﬁ@iﬁﬁﬁﬂa?ﬁiﬂﬁéﬁ@é ?ﬁﬁW\g at least
two acid haH%% roups to therreby form s?paratln\a funct*orllﬁl Ia(yljar% btlzﬁ&ﬂrégr}ﬂ%cr%g%lé\%@t% polyamide

on the porous’su estr'erllte\?llﬁ%? by mpé%cr?sr Of fterfacid e\;l)volfco aeensatlon, rein the aqueous solution

comprising AfURFHaNR! AEHAAIT. IS B ARRIRITIRIRBFRRR ATIRA WS ARRQD@RgeUiona

amine is dissolved in water and is brought into contact with a semipermeable membrane, the number
of the carban atenssnipérmeablestinetelttanatmynéoisnpngfarablyealenr sl syce meghtswiuwility £an be
obtained. When monofunctional amine having high solubility is used, the hydrophilicity of the
membrane [tQFSALFBRAY HYROYB-the presence of the hydrophilic compound in the -11

In order that the monofunctional amine is made to exist inside or on the
surface of the separating functional layer by adhesion or a covalent bond of the amine to
the layer, for example, employable are a method in which monofunctional amine is
dissolved in water, then a separating functional layer is formed on a porous substrate
film, 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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semipermeable membrane and the water permeability of the semipermeable membrane, which is one
factor of the membrane performance becomes high. . Accordingly, it is preferred that the total number
of the carbon atoms constituting the monofunctional amine is from 1 to 7, and more preferably from 1
to 5. The monofunctional amine is preferably present in an amount of 0.1 to 15 mol%, and more
preferably from 0.5 to 10 mol%, per all the amine molecules in the separating functional layer
comprising polyamide. When the amount of the monofunctional amine is 0.1 mol% or more, the
membrane $iNipgNnestHivmedsaneantbile petesipeaneadiliieh ihessemipriveat eeenheaaeosslinked

I ide which is th in backb f th ting functi l is sufficiently f d. Th
probortion A1 R HEHURONb AL T SopVAMRGHERCUGPa Valor can b KM by

heating the separaiingAunrIienal 'RYFHEEBIEHEIHIBR SHRRL ARG BY RshBrAlmalfion to

obtain a hydrolyzed sample, and measuring 1H-NMR of the sample. The method of making an
aliphatic acyhgnetip fexistlinotAcaseipacatipge firachofmahidytr 3s 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 interfaSRIMIIPEGHARSAAEH NS IsoNeiRIehbharesshiaameNirttiedaloaéd halide; or
during interfacjal polycondensation of polyf ional amipe and functional aromatic acid halide, an
iphatic a0 S TOECRAY 0 EAhEh S P AoHey TR THE AEPADd eyl g1

aliphatic acldhal pres ion syste ereby m e acyl group

exist in the sapREAHGY fieGHARR! IAYET \ignfbAoiRjepboRrsidSPeciigally. inthedermatian gighe
separating functional layer comprising polyamide on a porous substrate film, the separating functional
layer comprisingfpualyanaldentian le @btanedd by meaestbé interfhcat poy corlyi dedaiticndoyarontacting,
on the porous substrate film, an agueous solution comprising polyfunctional amine, an_ organic

solvent solURBIPRBHEHTRRRAY fNBEB HEISERIMRINEST dis ARedreganttkeshealyamide which is

the main backbone of the separating functional layer is sufficiently formed. The
proportion of the monofunctional amine in the separating functional layer can be
determined by heating the separating functional layer peeled from the substrate film in a
strong alkali solution to obtain a hydrolyzed sample, and measuring *H-NMR of the
sample.

The method of making an aliphatic 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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-12 solution comprising aliphatic acid halide which is different from the polyfunctional acid halide and
has 1 to 4 carbon atom(s); or can be obtained by means of interfacial polyconsideration by contacting,
on the porous substrate film, an agueous solution comprising polyfunctional amine with 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). In this case, the aliphatic acid halide for
use in the present invention generally has 1 to 4 carbon atom(s), and preferably 2 to 4 carbon atoms.
When the calwdenrmompesisgatimpatiiseihbelidpavsiehidstiifdeeantdrrmdnesw tifungiadbieitc acid

halide can easily approach the reaction center to thereby smoothly form the membrane, Examples of
the aliphatii]%fb% A B3 B EaFAT ALATS |ﬁl&?&e?eaggiﬁ’é‘?lo[?}’dé’?%ﬁn%@ﬁ%‘?la , butyryl
chloride, oxaly) ctleridexIBRIAYicasistHighiaridRe SyRIc apiddiehirfemaleic asidlighypride,
fumaric acid dichloride, chlorosulfonylacetyl chloride, N,N-dimethylaminocarbonyl chloride, and the
like, and theyhqaising upelyinctionalasamimixtwitrthareorganéccauipesitesstutigreromeabiizingembrane
thus obtained preferably has a TDS transmission coefficient of the membrane is 3 x 10-8 m/s or less,

preferably fRoTUNgtiond-eii3hatidegands alipktiseandrdrbto sehitviiy alfierestefem Bbeon

concentration of 5 ppm_and Tlﬁ%co entration of 3.5% by weight is permeated under an operation
oressare o0 WELOTiha e s SR A LA Wit i range, the boron removal

performance which is fRetgféeshf thePARBRAINYERIIPRIGRNEE SyffiRiently plkxineshvERaGPIUte

transmission coefficient can be obtained according to the method described below. The following

formulae argekamhy ass reverdcationsiwing)spodatiefefbatotts 4 asdud v mioors-e ditigridima

thermodynaér;lriggh ﬁ]a/rilﬁgr('ia\spv_\/?fﬂiw)téi%)rgﬁgze,Ft)r(\ce:rsrt]e_ri%%)lnﬁr(e%rl_cg)ics: I'o‘\]/\\//s:(()2 )that the aliphatic acid
halide can easily approach the reaction center to thereby smoothly form the membrane.

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
0.1x10® to 3x10® 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 0smosis transportation equations based on non-equilibrium thermodynamics.
JV=Lp(AP - o - An) (1)
Js=P(Cm-Cp)+(L-6)C - Jv 2)
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-13 Herein, Jv is a permeate flow volume through the membrane (m3/m2/s); Lp is a pure water
transmission coefficient of the membrane (m3/mz/s/Pa); AP is the pressure difference on both sides
of the membrane (Pa); 6 is a solute reflection coefficient of the membrane; Am is an osmotic pressure
difference on both sides of the membrane (Pa); Js is a solute membrane permeation flow rate
(mol/m2/s); P is a transmission coefficient of the solute (m/s); Cm is a solute concentration on the

surface of the membrane (mol/m3); Cp is a permeate concentration through the membrane (mol/m);
and C is a concentratibielembdtHsriperiegie fiaunrines (HSIGIB T e mirane dBRoBARYtdh C on both

ides of the. membrane d th pstanti h t ff
poth sides &1 PR TR BRSO SE e CUAR AL BB A0S foMEranes,
Accord'”g'y?r%%‘s’J@"%!'éQeF%“bﬁlﬁ’bm'%é% dgriyied R ieHAtRS) fo%“#ﬁaa(?sbiﬁiét'h{cﬁlé‘etﬂﬂﬁ

membrane thickness, is well used. R = 6(1 - F)/(1 - 6F) (3) whereln F=exp{-(1-6)Jv/iP}(4) and R is
a true rejectiogffacieris afetivateasofalieyss i arl oSpdGiop(bsibeinfRRise andmtithsdes pistieomputed as
in formula (1). When R is measured while Jv is varied and when formulae (3) angﬁg) are curve-fitted
relative to fREPGMISg(BRR éﬁwdslﬁNO{H@n PesHY AR e reeabiedinderat i §aRlétims. Pdsigned in the

manner as above, the comﬁosne s:; h erm rﬁ) brane fthe resenﬁmvenr{ons isfies the

following rela %Pgrms!ﬁslbo\r/‘v n s%g\r}\}a?e a CRRVTA ga pﬁ 378 %te ¢ or%nﬁr ReSratich ois ppm and a

TDS concegirafiominibrate QnBIRITH! I8 PeEME iR 4 ARARSIRHOh RIGFSUHR themoMA@: Boron

removal ratio (%) >_ 95 - 4 x membrane permeation flow rate (m3/m2 day).
(mol/m® ) and C is a concentration on both sides of the membrane (mol/m®. The mean

concentration C on both sides of the membrane does not have any substantial meaning
when the concentration difference on both sides of the membrane is extremely large,
such as the case of reverse osmosis membranes. Accordingly, the following formula,
which is derived by integrating formula (2) relative to the membrane thickness, is well
used.

R=0c(1-F)/(1-cF) (3)
wherein

F = exp{-(1 - c)Jv/P} 4)
and R is a true rejection and is defined as follows:

R=1-Cp/Cm (5)

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 o 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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-14 The composite semipermeable membrane which satisfies the relationship provides high-level
boron rejection performance which no other membrane could provide, and this is extremely useful for
boron removal in replacement of seawater by fresh water. Particularly, by using the composite
semipermeable membrane in which monofunctional amine binds to and/or adhere to the inside and/or
surface of the separating functional layer, when seawater at 25C 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, theentompestie primipesmeadiweaibraas whiols sahisfien bayrelationedipreferably

from 0.5 to 1.5 m3/m2day, and the boran removal ratio can he 93% or more, preferably from 93% to
100%. AlooP AR ARESAEMERER SRR T JONG aH CaNEh S0 B G Rotometor.
The poroussybricate flmiindhs camROSIRMISHIPERRS AL HGVRISRSRbINYRRIPR QS ARY fyypstantially
have separating performance of ions, etc., and is used for reinforcing the separating functional layer

which subsfagdialiytbas 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 hasRaRifeH R PorbY, diithdoFesartHe FRIBIRSERAPIE MeRMARSattHEH Cize

gradually increasfe% f[riom fhe side 8.1‘ the film rﬁ?fe coated witlyhe. seBaratiQ%rlfunqional 1!a er to the
a

other side tHeTeot ARE e &5‘}{3” %izéngﬁ thoe Ao eerseept)%r QFndn%l'Jr?ct?g asiyerrggga?ed Kce of the

film is 100 @Gb&*a{ﬁﬁs’fﬁﬁéhﬁﬁéieﬁf?éyl, TR detiaf Ampshbe maghegial el Bre share i porous
ular

substrate film are not also partic y limited. For example, preferred are polysulfone, cellulose
acetate, palguiteyitchiondé DptineiandixtlES cenctnicatabwioh 3 5&bhy weight ¢ pgpnsetdasndanain
O Speration. presaure of 5.5 Mibs. the Termbrans. pefmesion flow T4ts. can be 0.5
m3/mPeday or more, preferably from 0.5 to 1.5 m*/m?eday, and the boron removal ratio
can be 93% or more, preferably from 93% to 100%. Also, the boron concentration can
be measured by using an ICP emission spectrophotometer.
The porous substrate film in the composite membrane of the present
invention does not substantially have separating performance of ions, etc., 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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-15 having high chemical, mechanical and thermal stability is especially preferred for the used
material. Specifically, polysulfone having a repeating unit of a chemical formula described below is
more preferred, since its pore size control is easy and its dimensional stability is high.aCH3a _O _

I /N O-1. 11 For example, an N,N-dimethylformamide (DMF) solution of the polysulfone is cast onto a
base material, such as a densely-woven or nonwoven fabric of polyester, to form thereon a layer
having a predetermined thickness, followed by wet-solidification in water to give a porous substrate
film. The mApyipgRigh tlegliefd caethpeieal dateerimal giaki lidynieashedidbraxsaienityfardibeneter of 10
nm or less. The thickness of the aforesaid porous substrate film and of the base material will affect the
strength of fﬁggcgﬁ{%@jte semipermeable membrane and the packing density when an element is
produced. In order o apjaienifelgaiaeiAIcal Rten JibeaRAP Rt derRlbniis RIR{GIAD!Y from
50 to 300 m, and more preferably from 75 to 200 m. Furthermore, the thickness of the porous
substrate isdpseft@bhefoomsiide 2eemedanihesdtequrefsiabdyithiSoaky 200 is.diinergimls substrate
film formation can be observed by means of a scanning electron microscope, a transmission electron
microscopesﬁﬁbﬂﬁ)ét%mﬁforce 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 freez to produce the sample fQr observation of the

cross-section. This sam platinum, plad um%all r ruthenium tetroxide,
511 Oar —S
.l
O

preferably with rutheniomQ
For example, an N,N-dimethylformamide (DMF) solution of the polysulfone is

cast onto a base material, such as a densely-woven or nonwoven fabric of polyester, to
form thereon a layer having a predetermined thickness, followed by wet-solidification in
water to give a porous substrate film. The major part of the surface of the substrate film
thus formed has pores having a diameter 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 pum, and more preferably from 30 to 100 um.

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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-16 with a high resolution field emission type scanning electron microscope (UHR-FE- SEM) at an
acceleration voltage of 3 to 6 kV. For the high resolution field emission type scanning electron
microscope, there can be used for example a model S-900 type electron microscope made by Hitachi
Ltd. The film thickness of the porous substrate and the diameter of the surface pores is determined
from the electron micrograph obtained. Now, the thickness and pore diameter referred to in the
present invention are average values. Next, methods for producing the composite semipermeable
membrane Withhe prefsaiasohviéonidie e missioi drpsesean Mk ¢Jackpo viofaseerre dbiidRagEunctional

layer which constitutes the caomposite semiper le membrane can be formed, for example, on the
curface of St RaBEIAE F PR B Geb oy CAnCER R A A AL S3IGR P Bomprising
the above-deserbedRaiisnGHRAa APiNeRRd Barobiiagar fvalein FRMYSHBlR 8Dl grlvent
comprising polyfunctional acid halide. The concentration of the polyfunctional amine in the aqueous
solution cosmutisingrpotyscoptionadebyniditaghieledaliiie? fino thiknbysvodigie, pamcussubstpagferably 3 to

5% by weight. When the concentration is within this range, sufficient salt removal performance and
water permeRbifidp cHantriesHhikeel sHfRe?cpR 8 hfedatermingd tFepmnifesiele Gestid ke @Bk 10-8 m/s

or less. Theogr%tljr(]eelc%fs ﬁOWti%ﬂ o régir:gq1 dDol éunlcti%rtlal ratfnirne %ar}nc %tairrésaﬂy.%h%{.erf?é:tant,
organic solvent, a aling Corﬁpoung and ant X|éja?1mn8{|ﬁtgrf3% %wi tRE TEAction Of thé
polyfunctiongkamingvesh 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 solutidveahdzethmdsptdamsotivemg Tthe oogzpusitsobeempenangably awmivatadyst for
interfacial polycondensation, and adding it to the reaction system may promote the interfacial
polyconden®&tRIgsent invention are described below.

The backbone of the separating functional layer which constitutes the
composite semipermeable membrane can be formed, for example, on the surface of a
porous substrate film, by interfacial polycondensation of an aqueous solution
comprising the above-described polyfunctional amine and a solution of a water-
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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-17 In order to carry out the interfacial polycondensation on the porous substrate film, the
above-described aqueous solution of polyfunctional amine is first brought into contact with the film.
Preferably, the solution is uniformly and continuously brought into contact with the surface of the film.
Specifically, for example, the porous substrate film can be coated with or dipped in the aqueous
solution comprising polyfunctional amine. The contact time between the porous substrate film and the
aqueous solution comprising polyfunctional amine is preferably from 1 to 10 minutes, and more
preferably from 1 to 3 Hiptgerstocreiythet dopindeidasirlinoly condpnsavenpulyiereiovalstbsiidas been

contacted with the pgrous substrate film, the fjlm is well dewatered so that.ng.liguid drops remain on
the fim. The Wl SCAAHEr S CAPE T LI MBS ALE b GROWTH I B SRR GOMIE fouid crops
remained ogyfiediimifieapface AFRE. HEURNBIPIGHRING SAETESANLINPHRERIR s
described in JP-A 2-78428. Specifically, the porous substrate film’is, after contacted with the aqueous
solution coimrisinggodyithnictiendheaunthehidlich veheaificabythial heareptsshappreasisuslviten is made
to spontaneously flow downward; or it is exgosed to nitrogen air or the like that is blowing toward it

through an HlPh62218aseatad vty @edip atdieitaguesHshiduteivaeaBt site mohy isiadeeatan be
dried to remaove a part of the w?.ter iBetthe aqueous_soluti

amin e_contact time_between rQu su%rs-]'rIzl(a)ﬁlr%hensﬁ‘gfJ stréa e is Iatfitc(J3 [ thus
contacted vith the agueous s&luﬂ]on compri iﬁd’ Bocfy unc |é ‘famlng, urtﬁerqggﬂggc%gclf With an
organic sol@fisHCHORATRIRING aarahdunctnarlasiy halide fodhergbinfrnathgrikealpspn of a
crosslinked separating functional layer comprising polyamide by means of interfacial
polycondengetierabiyhEanideriratioutest 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 )

After the aqueous solution comprising polyfunctional amine has been

contacted with the porous substrate film, the film is well dewatered so that no liquid
drops remain on the film. The well dewatering can inhibit decrease of the film
performance such that some liquid drops remained on the film become face defects.
The dewatering can be carried out, for example, as described in JP-A 2-78428.
Specifically, the porous substrate film is, after contacted with the aqueous solution
comprising 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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2.0% by weight. When the concentration is within this range, sufficient reaction rate -18 can be
obtained and side reactions can be inhibited. Furthermore, an acylation catalyst, such as
N,N-dimethylformamide, is preferably added to the organic solvent solution to thereby promote the
interfacial polycondensation. Preferably, the organic solvent is immiscible with water, dissolves acid
halides, and does not break the porous substrate film. For it, employable is any one inert to amino
compounds and acid halides. Preferred examples include hydrocarbon compounds, such as
n-hexane, rtachertaingcthane siteereACHEhoeNfoe burbisehg thesigaene soleeyietoucdalyegmprising
polyfunctional cide’giLide with qu{ hase of the aqueous amjno compound sqlution can be carried out
I the same el 26 EEH U ROEN AR G e L RS R AT AP 2G50 Qoltion
comprising fPl@héWﬁHﬂﬁé‘ﬂeatﬂgri‘ﬁteﬁﬁ&’éf'b%l%%ﬂ&%ﬁ%ﬁm solution comprising acid halide is brought
into contact with'the phase of the aqueous amino compound solution for interfacial polycondensation
to form a separating furrefraalylayks eogapitsisg\easidinkedispiiicamide aatthe gissolvesabiirate film in

the manner as above, it is preferred that the excess solvent is removed from the film. For removing it,
for examplatdeniang Aets Ntrbeeak K6 iPrioHsesEREES dijaniE Qo epiilovakle 16 apyridheously

o o L S S A TR e A

. inert .
minutes, anH more pre 0] Iutes. When'the timé'i Separating

functional layghirnde cRMBtaialkIMmac@ack dafg¢izieained by over- drying of the layer are not
caused. In the method of producing the composite semipermeable membrane of the present

invention, for exampleAthenathode- fiers cotredotiun ofbe cttwgat iamaodvenadsiddtion theoatpuisadescribed
aqueous solution comprising polyfunctional amine so that the composite semipermeable membrane in

which mondehyEssanaAsE hirlddewith dhephase of the agueous amino compound solution can

be carried out in the same manner as the method for coating the porous substrate film
with the aqueous solution comprising polyfunctional amine.

After the organic solvent solution comprising acid halide is brought into
contact with the phase of the aqueous amino compound solution for interfacial
polycondensation to form a separating functional layer comprising crosslinked
polyamide on the porous substrate film in the manner as above, it is preferred that the
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
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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 weight, and more preferably
from 0.05 to 8% by weight. When the concentration is within this range, the boron removal
performance which is the effect of the present invention can be sufficiently obtained without losing the
salt removal performance of the separating functional layer. In the present invention, it is also possible
that the crosslinked separating functional layer comprising polyamide formed by means of interfacial
polyconden&atih, andneelgueretsiauiufidmcofipiigifte gulyaigiibnalVaamitbeagrnasstdRmils solvent

solution comprising polyfunctinoal acid halide js brought into contact with g solution comprising
monofunctiSHNAri i o dero6, RIGR (RS SRR e ¥ AL Ui RSk thod for
contacting e oSS /ilkedSRREHNg fUBElRAR WAL RS SIdsaRYamida Wikdnaagtdngtional
amine, for example, employable are & method in which monofunctional amine is dissolved in a solvent
not corrodirtpe separBitefarttipeinmable membranes, and the resulting solution is applied to a
composite semipermeable membrane; and a method in which a composite semipermeable membrane

is dipped in the solutiof. tFeePEGRINYEREBRrilfgaleprapesikie SBahibE rTeaHIBke SAPREAYRTS a solvent
which doesfnﬁt dissﬂve or does.not sgqnifi i nt rSr’r\wNa”bthe semipermeable IaXFr skeleton. and the
C%%r eable %

porous subs?racttéofﬁ?’n 8Y§h&°T rrﬁsdggif’e &M %@%B?anépaeﬁc?%%leg ot s %rllﬁ%%%rtlly detract
from the mgmpprangReJIST RIS REGRIISHE XSGR HRENAE aRfvRNEHICIHIEE Hgipic AdeRhipis and

hydrocarbons. Among these, water is preferred in consideration of the solubility, handlability and cost
therein of nsohdfonctoomadising e yriuhis ned e didehadidedsteitioghbfitibe cnotaofumitticnad kutndne is
preferably from 0.1 to 20% by weight, and more preferably from 0.5 to 10% by weight, per the
solvent. WHEOTRIEHESh BARRIHBR1RNG! 1 STigewEIg HIEsR Mo R The o rerihepiby afemipermeable

membrane. As the method for contacting the crosslinked separating functional layer
comprising polyamide with monofunctional amine, for example, employable are a
method in which monofunctional amine is dissolved in a solvent not corroding
composite semipermeable membranes, and the resulting solution is applied to a
composite semipermeable membrane; and a method in which a composite
semipermeable membrane is dipped in the solution. The solvent not corroding
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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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. -20 The composite semipermeable membrane
produced according to the above- described method can be subjected to hydrothermal treatment at a
temperature of 50 to 150C, and preferably 70 to 130C, for 1 to 10 minutes, and preferably for 2 to 8
minutes, and the treatment can further improve the rejection performance and water permeability of
the resulting composité keeeaipeasitiassia iprimbrltenenifeao tieduretdRdentiingrodhietr® vi-the

composite semipermeahle membrane in which an aliphatic acyl group binds to the separating
functional 4G A0 IS4 P AIE S e e S RO SR 6 APORELGuIs el 0
polyfunctionaasidhaiderenpigiphac agediafierhich islifient froprdhe pRivigndtiopal acid
halide is brought into contact with the substrate film which has been brought into contact with the
above-desaniedesanard ubestledimemovanrikirtgepalyiprmootiomal mjetninopettierpahderciionakercid halide
is brought into contact with the substrate film which has been brought into contact with the aqueous
solution coPEABI o PIRetTEHdtiam RO SIFRFEMIPRIMEP aharaiiag Functional layer comprising

crosslinked polyamided)nn ct e stHbst[]ate ﬁlmch meaagc f interfatﬁieal apol coel densation folllj?é/ved by

contacting with an organi SolVeRt soa]ﬂ%br'ln rﬁpplrscf 'ﬁ’Bhg{ic SeidH |%sq$vk?ﬁ:rﬁ'%egn1egrent from the

polyfunctiongéasidaiitanierials Ansatid 5P OFSUETBHRE €f thesepiridngtienatiosid Rgkdefs the
organic solvent solution is also preferably from 0.01 to 10% by weight, more preferably from 0.02 to
2% by weigitamhenaineocgante reohteamt s QLAY odontaiaight the naboye-desfidiert Edyfiocatalcan be
obtained. When it is 10% by _wei%ht or less, side reactions can be inhibited. Furthermore, an acylation

catalyst sud@idshalide dndeabipiarin acifidakids onishisadidtssens dremrisnrobdHRSHoSsIARIH for

promoting halide is brought into contact with the substrate film which has been brought into
contact with the above-described aqueous solution comprising polyfunctional amine; or
the polyfunctional acid halide is brought into contact with the substrate film which has
been brought into contact with the aqueous solution comprising polyfunctional amine to
thereby form a separating functional layer comprising crosslinked polyamide on the
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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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 -21 concentration
is preferably at least 3 mol% per the polyfunctional acid halide. When the concentration is 3 mol% or
more, the boron removal performance which is the effect of the present invention can be sufficiently
obtained. When it is 100 mol% or less, deterioration of the environment due to non-reacted reagents
can be inhilsiReeenitaiden i pretesaidyedioleashidaneistHen theepoydlimesievabaeits hahde, tMéhedncentration

is preferably 100 mol%,or less. Also, th tion i ferably 10 1 50 mol%. On th
other hand, AR GORAAHRAT AT e STRHERRE O AR B I A e Ghe Same

organic solygnhsohIeRH eI ARSI SHRAGCIERG) WRAIRYE": WReFAPFENBANBIN Kleidiphatic acid

halide is preferably from 3 to 50 mol%, and more preferably from 10 to 30 mol%, per the
polyfunctionterdiciatiahdef. ihéhemvilhenmenicetodr i donsrEaoted%eaganiareatnise da i teeimoivad rerformance
which is the object of the present invention can be sufficiently obtained. When it is 50 mol% or less,
decrease of MREAANGr SFHARNAHEIENEY dRRAtINY PEAMEateMTow it dAA senaeibiEanTiSe

composite semiper, le membrane thys farmed of the present invention is favorahle for a spiral,
compositc SEDAIaLE Hat rte A mRen e sr PR RS Tl STl L i o

wound around g\ HNRCIRREHRR: RBKRehaHaRaERITMREOBRABR TPt daeI@ irMe Rredlong with

a crude water pass material such as plastic net and a permeate water pass material such as tricot and
optionally anfilredanititrsasiag@thenreshier sedisiamde tafthdhelsepardtiihdualdroraltéayeintbe
connected in series ar in parallel and housed in a pressure container to construct a composite

semipermeSBTESRERISMAL hbaliRhafineidniplidid SsBIRpERNC IR HdmBPamdhd?Rd Bi8Fsent and
module Ca‘rbreferably from 10 to 30 mol%, per the polyfunctional acid halide. When the

concentration is 3 mol% or more, 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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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. -22 When the
operation pressure to the fluid separation equipment is high, the boron removal ratio becomes high,
but the energy necessary for operation becomes also high. Therefore, in consideration of the
durability of the compodfiterséinipeeratiablerasserabmile, thadogrpaiabanpeauimeningdrgitie crude
water is led to gass thr%?h.the membrane is referaté(li\;()from 1.0 tg 10 MPa. When the temperature of

crude watePRS OB &N 35 BT OHES BB H TR AT BSR4 8L BRI AHAL R e ibCrature is
low, the mepaRrang,BRfEIEation doMHERIG R WRHIRARIRLIIE YPtRe (BENBEWE LR iFnRERIRrabIY from

5C to 45C. en the pH of crude water is high, boron in the crude water is dissociated into a boride
ion so that tinerhiordTe remo ey 640 isressueasader vhictvery taghvaradkik waass tidloaghstawater may
form scale of magnesium and high-pH water may worsen the membrane. Therefore, it is preferable

that the eqIPMEANSISPERREDIN KA dihledGdMPThd e dhe isvaraiahe ekerHitewaRIdy in detail

based on Exampl sanéi. omparative Examples. Unless otherwise indicated, "%?" is "%,by weight".
The measHE B B ol B e e S TS el 5Pt sormovan

ratio: Seawgier iGeRisPARS géﬂhﬁ’éé@iénteﬂwr?étér g9ikeleARd 2 ApERrR (3R BAYIPGMIEDS

concentration of about 3.5% and a boron concentration of about 5.0 ppm) is applied to a composite
semiperme aldée ralein hirames e de rA&hC p akdtennt fpr e $ udecaide SvaidiP &5 iyl thersalirctivcentation in the
permeate is measured. The salt removal through o

water is dissociated into a boride ion so that the boron removal ratio is increased.

However, high-brackish water such as seawater may form scale of magnesium and

high-pH water may worsen the membrane. Therefore, it is preferable that the

equipment is operated in a neutral region.

The present invention is explained below in detail based on Examples and

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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the membrane is determined according to the following formula: Salt removal ratio = 100 x { 1 - (salt
concentration in permeate/salt concentration in seawater)}. -23 Membrane permeation flow rate:
Seawater is applied to a composite semipermeable membrane, and the amount (m3) of the permeate
through m2 of the membrane a day indicates the membrane permeation flow rate (m3/m2 day). Boron
removal ratio: The boron concentrations in crude water and permeate are measured with an ICP
emission spectrophotometer, and the boron rejection is determined as follows: Boron removal ratio =
100 x { 1 - (Msrobraospernesitn qverateiate /boron concentration in crude water)}. TDS transmission
coefficient: The TDS tr tdflnsmlssmn co ffl ient is determined accordin o thef Iowm%nd?_rmula

described in Compen EAVBER S ERRNE S@p&r&ﬁgﬁ)ﬁ%%mw ueSWSW én?el) The
first Vo'Umearﬁoat?tl(n‘?g'é‘?%@ypwﬁ‘%%@fﬂrbﬁdﬁﬁﬁlﬁf BERRAH M Ty ROy BeMédmrdde TDS

transmission coefficient (m/s) _ {(100 - salt temoval ratio) / salt removal ratio} x membrane permeation
flow rate x bﬁE‘rﬁaﬂ@ﬁIm\ﬂk&IdQﬂﬁmﬁwiﬁbles mPDA is metaphenylenediamine; MA is methylamine;
EA is ethylamine; DBA is dibutylamine; TMC is trimesic acid chloride; OC is oxalyl chloride; AC is
acetyl chloride; FC is fumaryl dichloride; SC is succinyl dichloride; CSAC is chlorosulfonylacetyl

chloride; E%r'g‘nerte Ioevré? ?r&lne; and s-CL is s-caprolactam.

The boron concentrations in crude water and permeate are measured with an
ICP emission spectrophotometer, and the boron rejection is determined as follows:

Boron removal ratio

=100 x {1 - (boron concentration in permeate

/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 chloride; FC is fumaryl dichloride; SC is succinyl
dichloride; CSAC is chlorosulfonylacetyl chloride; EDA is ethylenediamine; and e-CL

is e-caprolactam.
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-24 Examples 1 and 2 A dimethylformamide (DMF) solution of 15.7% polysulfone 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 for the weft, and the thickness is 160 m) at
room temperature (25C) to a thickness of 200 m, then immediately dipped in pure water and left
therein for 5 minutes to prepare a porous 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 bfpweledlppslin an aqueous amine solution containing polyfunctional amine and

monofunctional amine as in Table 1, for 2 mj , then graduglly pulled up in the vertical direction,
exposed to nitrogen bwf%ﬁ%}ﬁﬁoém?{aﬁﬁegﬁﬁﬁr %W&B%e?#%eﬁ’e%g@@éw&?(’fﬁsfm {fe surface of
the substraigflin A1 RRARiskoaRae Aol oM mamER e R LB RIBARithe A arRnd 0-16%
terephthalic acid chloride was applied to it so as to completely wet its surface, and kept as such for 1
minute. Nexhe theffjithevasaudnticadlyshglis 00 Zamsliteh $orabhdavamane 8veyaxesaschdiotite from it,
and the film was dewatered in that manner. Next, this was washed with hot water at 90C for 2

minutes, antedipprditie A dqeeoiis 68| ufibrAbIABIEMAYRGER ICHEMAHNHEMIse Oh ¢ehttBlied to have
a pH of 7 and a chlorine congentration of 200 mag/li Fgrz. inutes, and then in_an aqueous solution
naving a soURI My GEeATE 0 Bl Aot 0 e il o o PO oo
sodium hypggalesite rimrthainestidhedipyian RagiRuvasRedMih Refavales afIate ot 4ginutes.
The composite semipermeable membranes thus obtained were tested and evaluated. Their physical
data of merfibRaR8 pdstretztibmfipw Taies tahediribe aloratie aubdttdedi me(tioviahesti® Hddo idwn in
Table 1. -25 Comparative Examples 1 and 2 | ) o ) )

um) was dipped in an agueous 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.

-25 -



Composite semipermeable membranes were produced in the same manner as in Examples 1 and 2,
for which, however, no monofunctional amine was added, or dibutylamine was added instead of
monofunctional amine. 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. Table 1 Poly- Mono- Membrane Boron TDS permeation Salt
removal removal transmission functional functional flow rate ratio (%) coefficient amine amine
(m3/m2day{-eiripa(etiveliegampes] @4 2 mPDA 2.9% MA 0.5% 0.60 99.70 94.20 2.00 Ex. 2 mPDA

2.9% EA 0.5% 0.60 99,70 93.10 2.00 Comp. Ex. 1 mPDA 3.4% none 0.80 9%80 90.40 1.60 Comp.
Ex. 2 mPDA 2.9% DBXUBOStE 5 GePBEEE0UD THBOEREMRE BaACaTNels sAMSoRA Yubstrate

film as in Exampleshaed 2 yrsdippegiRMmARRRUA MR RALIGHCIRRIRGPA N Eonal amine
as in Table 2, for 2 minutes, then gradually pulled up in the vertical direction, exposed to nitrogen blow
from an air diorzlardriberehy reddesie thsteaxcess solrisfarfetionthe smiface oftthe stirapadiefiim, and
then an n-decane solution containing 0.12% trimesic acid chloride and 0.18% terephthalic acid
chloride waseBpficteable dpeazianasnibistontaieadtyvalfrirstechandkepeluptesc ReirLRySLed. Next, the
film was vegiiag)\f pnelﬁlq E)?rnz minrlﬁte% S0 as torr move, the e cess s%ugop rf]r?m itvalnrd the Film was
dewatered (TP thaL IMAANEr F\Ig%, 5 '3queoc\)’\tﬁsa thike Solutioh cao'r(ljtglnlngorﬁong%%c |0|§3Pé"1rr%ne as in
Table 2 andhairsedpigm 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

Table 1
Poly- Mono- Membrgne Boron TD.S .
. . permeation | Salt removal transmission
functional functional . removal -
amine amine flow rate ratio (%) ratio (%) coefficient
(m*/mPsday) 1 (10 misec)
Ex.1 mPDA 2.9% | MA 0.5% 0.60 99.70 94.20 2.00
Ex. 2 mPDA 2.9% | EA0.5% 0.60 99.70 93.10 2.00
Comp. Ex. 1 | mPDA 3.4% none 0.80 99.80 90.40 1.60
Comp. Ex.2 | mPDA 2.9% | DBA 0.5% 0.70 99.80 90.40 1.60

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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-26 of the film. Then, this was washed with hot water at 90C 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 95C for 2 minutes. The composite

semipermeable membranes thus obtained were tested and evaluated. Their physical data of
membrane petmadiiion oanraliés war veasteeavithibobwateorbBOiénfovdl mitutescastsivaped Table 2.

C tive Example 3 A i i ble memb d,in th
2 Exam AU 5 AR RO AT D WAL S DL oY e R chClonal
amine. The LompositiPRINRGIBRAADMAMRIARR i 3B RHNRS, KEtatkAnH sYaalsss Its

physical data of membrane permeation flow rate, salt removal ratio and boron removal ratio are

shown in TabletinTaie @ PsuliuMonatrddensotiteecBocemt iy dfirngpohaldlietioneddquesneadtion Salt
removal removal transmission flow rate ratio (%) ratio coefficient Amine Amine (m3/m2day) (%) (108
m/sec) Ex.'8MPOReX06I%1204100% 1yBerbpdie.o3-80hermonexthe firpaas agaiEWasisshWiko 99.60

93.20 2.75 OCEW) I?x %5%? o'?‘Z?’f#i%)uPBA 1.0% 0.60 99.60 90.20 2.75 Examples 5 to 13 and
Comparative V4 1% e same po%‘us substrate film as in Examples 1 and 2 was dipped in an

aqueous solution of 3.4fk FoR{}R8IIEREHIREINEBREERASFHALY PidesburBdtFereidstld 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- Membrgne Boron TD.S .
. . permeation | Salt removal transmission
functional functional . removal -
Amine Amine flow rate ratio (%) ratio (%) coefficient
(m*/mPsday) 1 (10 misec)
Ex. 3 mPDA 3.4% | MA 1.0% 0.60 99.60 93.80 2.75
Ex. 4 mPDA 3.4% | EA1.0% 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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direction, exposed to nitrogen blow from an air nozzle to thereby remove the excess -27 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 asSeduéenofferthéhensiifiaesisofe e sibgtratend inmamhdhenhis izdeosashslutien elbewater at

90C for 2 minutes, and dipped.in gn aqueous solutjon of sodiym . hypochlarjte which had been
controlled (PAUE & pPOBF P GHETA cH B G AR GRG0 b0 SHRES CERE then in an
aqueous solylMiANIARN TR0 Mellies ARofbRIMI O ESHTEEmbRIIG IR Rs tierilm was again
washed with hot water at 95C for 2 minutes. The composite semipermeable’membranes thus
obtained werel tesiedsasndh dualtLiataaite. heNleph b il tata ol engcabyaing dpfonieaiiondlsovasate, salt
removal ratio and boron removal ratio are shown in Table 3. Comparative Example 5 A composite

semipermeHOVSERHEARSHAH IR ficsd ih ard S makadlewaisree iafhgledantsr 3 Ne¥twhich,

however, aﬁﬁ”&/haﬂc?r%gq halicie was not ﬁgd ed to tthn-gecaﬁngsolution. The comrposit

semiperme fefRemirang Muo etrg%\gdtwa Bt a5 90 %%.Wﬁssrﬁ)ﬁgyg\f(':tgl Wapa{r&?%%mbrane

permeation flgw R¥gs SaHcHABIRUAL EAEMRAM RAAMIKHAMAL AR, ArPnaRONR Rababiendd winrable 3
Aliphatic acid Membrane TDS
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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Poly- halide (molar Boron functional ratio to poly- permeation Salt removal removal ratio transmission
acid halide functional acid flow rate ratio (%) removal coefficient m/sec) halide) (m'/n?-day) (10 g Ex.
5 TMC OC 0.0022% 0.82 99.92 92.25 0.75 0.15% (3 mol%) Ex. 6 TMC OC 0.0036% 0.69 99.90
92.950.76 0.15% (5 mol%) Ex. 7 TMC OC 0.0072% 0.93 99.90 92.63 1.10 0.15% (10 mol%) Ex 8
TMC OC 0.014% 0.62 99.81 93.28 1.40 0.15% (20 mol%) Ex. 9 TMC OC 0.022% 0.50 99.82 94.01
1.06 0.15% (30 mol%) Ex. 10 TMC OC 0.036% 0.57 99.71 93.26 1.91 0.15% (50 mol%) Ex. 11 TMC

AC 0.0044% 1.07 99.92 91.35 1.00 0.15% (10 nieM&PEx. 12 TMC FC 0.0086% 0.88 99.88 92.42 1.03
0.15% (10, mol%) Ex. 13 TMC AiphaLoasd % Q\Age?n 99.89(92.151.12 0.15% (10 mol%%_ﬁmp T™MC
none 1.05/09.88 80. 7BVIL:A3 | Evelimess c:ow%fjﬂ%fp DGR D-25%98185 89,00, TRQR Ex. 5
0.15% (100 mol%) functiona ratio to poly- flow rate ratio (%) removal ratlo | - ficient
acid halide | functional acid (m¥/mPeday) (%) (10° m/sec)
halide) y
TMC OC 0.0022%
Ex.5 0.15% (3 mol%) 0.82 99.92 92.25 0.75
TMC OC 0.0036%
Ex. 6 0.15% (5 mol%) 0.69 99.90 92.95 0.76
TMC 0OC 0.0072%
Ex. 7 0.15% (10 mol%) 0.93 99.90 92.63 1.10
TMC OC 0.014%
Ex. 8 0.15% (20 mol%) 0.62 99.81 93.28 1.40
TMC 0OC 0.022%
Ex. 9 0.15% (30 mol%) 0.50 99.82 94.01 1.06
TMC OC 0.036%
Ex. 10 0.15% (50 mol%) 0.57 99.71 93.26 1.91
TMC AC 0.0044%
Ex. 11 0.15% (10 mol%) 1.07 99.92 91.35 1.00
TMC FC 0.0086%
Ex. 12 0.15% (10 mol%) 0.88 99.88 92.42 1.03
TMC SC 0.0087%
Ex. 13 0.15% (10 mol%) 0.85 99.89 92.15 1.12
Comp. TMC
Ex 4 0.15% none 1.05 99.88 89.70 1.43
Comp. TMC 0C 0.072%
Ex 5 0.15% (100 mol%) 0.25 95.35 89.26 13.96

Examples 14 to 22

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

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

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.

minute and dewatered. Next, an n-decane solution of an aliphatic acid halide as in
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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
-29 Table 4 ek dppirscerpliesbtadttexamisicrenniaseliysveriritcsydace kapd &sRiuahdeehi fanibute. Then,

thi tically held for 1 minute and dewatered. Next, thi dried in air ¢ the d
covent, andF U e (VPP AIDARRE o A 0 SR8 e AL e the i,
Then, this vgag Washie s L WelelcMeLtvdRt 208'HAEHRRGAURREAHNRY BHRAkS Spltion of

sodium hypochlorite which had been controlled to have a pH of 7 and a chlorine concentration of 200
mg/liter, fortg remmowvtetheacttkthieal svemaiojngausisofilion dbltaithiiowia®0@shedlvettohsodiater
hydrogensulfite. Furthermore, the film was again washed with hot water at 95C for 2 minutes. The
composite $éffperfAeaBTinwemBRAEBREY NG AP v el sAdiuay Arasi omike R sical data

of membrane ppCAgn o i, e eHIOval eig AIALOIR FEAIONEL R afe o g Teble &

: r
Comparative po emipermeable brane was prodd &'siihe manner

as in Exampis ik t:Rd, fREWIiChmayesls tasinigrcanranivgon ebeliphplitorcid baliiewas not

applied to the substrate film. The composite semipermeable membrane thus obtained was tested and
evaluated. hygphysisalfi@ta 6firtremioen éhediineatioraghdowvatiesdsatithembvalteatid 257€C Joréh removal
ratio are shown in Table 4.
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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-30 Table 4 Aliphatic acid Membrane TDS Poly- halide (molar Boron functional ratio to poly-
permeation Salt removal removal ratio transmission acid halide functional acid flow rate ratio
coefficient m/sec) halide) (m'/n?-day) (10 g Ex. 14 TMC OC 0.0022% 0.85 99.92 91.78 0.84 0.15%
(3 mol%) Ex. 15 TMC OC 0.0036% 0.85 99.86 91.96 1.40 0.15% (5 mol%) Ex. 16 TMC OC 0.014%
0.92 99.90 91.40 1.29 0.15% (20 mol%) Ex. 17 TMC OC 0.036% 0.78 99.88 92.37 1.04 0.15% (50
mol%) Ex. 18 TMC OC 0.072% 0.86 99.90 92.19r&h@5% 0.15% (100 mol%) Ex. 19 TMC AC 0.0090%

0.84 99.8992.941.05 0.15% A%ghg?igla%% X. 20 TMC HC 0.017% 0[90 99.92 92.15 0.81 0.15% (20
mol%) Ex.|21 TMC Ssoq,me%hgﬁgg(gg,gz 92'\@5‘@?_8@) D.15% (20 mol%g & 22 TMd@,ss_AC 0.021%
0.81 99.90 92.07 0.R6ctdrkb% (26 Bekp) permeation | Salt removal removal ratio transmission
. . . : flow rate ratio (%) coefficient
acid halide | functional acid 3,2 (%) 3
halide) (m°/m*“sday) (10 m/sec)
0,
Ex 14 | oo Oé?ﬁ%?;z)/" 0.85 99.92 91.78 0.84
0,
EX15 | o raor O(Cs?ﬁ%?;)ﬁ)/" 0.85 99.86 91.96 140
0
Ex. 16 (;I'll\g;) C()zcé)(r)n%%;(,? 0.92 99.90 91.40 1.29
0
Ex. 17 (;I'll\g;) C()Efé)?n%?&? 0.78 99.88 92.37 1.04
0
Ex. 18 (;I'll\g;) (CigOOrIT?Z)IZO/S 0.86 99.90 92.19 0.95
0,
Ex. 19 (;I' 1I\i|f>§/:o A(gooﬁ?gﬁz)/o 0.84 99.89 92.94 1.05
0,
Ex. 20 (;rll\gg/:o IEZCOOranolIZ/o/)O 0.90 99.92 92.15 0.81
0,
Ex. 21 (;rll\gg/:o ?ZCOOr.noolli;)/)o 0.82 99.92 92.55 0.80
TMC CSAC 0.021%
Ex. 22 0.15% (20 mol%) 0.81 99.90 92.07 0.96
CE‘Z(mg' OT 1'\goc/o none 1.02 99.89 89.54 1.17

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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Comp. TMC none 1.02 99.89 89.54 1.17 Ex. 6 0.15% 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 bésvesinditydein torelratiouis sa il eenuestap pressisoluborakan dbmipldhefiloet its

face, and kept h for 1 minute. Next, the film -31 tically held for 1 minut t
romove the A5t RGRBIEN AR YEHTT A (OEHid A OB APaH P PBAPE ROV W dried i

air to remove, e AaFANE FNVENVunAle REWARFRE ANENdHINthimURIEH SR ARIR G TR the
chemicals remaining in the film. Then; this was washed with hot water at 90C for 2 minutes, and
dipped in afiil@qugbes, shistioms ofshdiiwitly potlatdeavbEiCHad barimuestmitdipéhwe anpH of 7
and a chlorine concentration of 200 mg/liter, for 2 minutes, and then in an aqueous solution containing
1,000 mgy/IiRIUEP 4D ARIME oY @lotnshiamfteD el Eenvaiichhackibaete@N HgHRsl i 5A%R avit Rbt'water at
95C for 2 minbltes.h';l;he comRosr;}e a%nig]g abl m(ren}bra?es th%JS obt inﬁad were tested and

evaluated. ?ﬂei?pch TR G305 RN pérr] g%\etlbnoﬁowrpért]g,es?al?rr] rﬁoevnallrr]a%agH%IOH%ron

removal ratig gt ghQnaimiRRled Frpire? GOBARMHINAGEh AIRE (alermiind aBbipne Salt
Boron TDS of aliphatic acid halide permeation removal removal transmission aqueous to
polyfunctionvedscagdifiovasiaed wokbffioiamater 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 5.

Table 5
. Acid halide (molar ratio | Membrane TDS
Component in L - - Salt Boron .
of aliphatic acid halide | permeation transmission
aqueous - . removal | removal -
solution to polyfun(_:tlonal acid flowzrate ratio (%) | ratio (%) coefficient
halide) (m®/m?day) (10°® m/sec)
C;(mg. mPDA 3.4% TMC 0.15% 1.02 99.89 89.54 1.17
TMC 0.15% +
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% 131 99.77 86.01 351
Comp. | mPDA 3.0% + TMC 0.10% +
CE‘Z(mg MPDA 2.0% TMC 0.10% 1.67 99.60 | 86.22 7.78
Comp. 0 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% + 0
Ex 11 -CL 2 25% TMC 0.075% 1.44 99.76 80.00 4.04
Comp. | mPDA 1.5% + TMC 0.075% +
Ex.12 | &CL225% | OC0.0072% (20 molo) | 08 9962 | 7719 731
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solution halide) (m3/m2day) ratio (%) ratio (%) (10g m/sec) Comp. mPDA 3.4% TMCO.15% 1.02
99.89 89.54 1.17 EXx. 6 Ex. 8 mPDA 3.4% TMC 0.15% + 0.62 99.81 93.28 1.40 OC 0.014% (20
mol%) Comp. mPDA 3.0% + TMC 0.10% 1.31 99.77 86.01 3.51 Ex. 7 EDA 0.075% Comp. mPDA
3.0% + TMC 0.10% + Ex. 8 EDA 0.075% OC 0.0095% (20 mol%) 1.37 99.79 85.70 3.30 Comp.
mPDA 2.0% TMC 0.10% 1.67 99.60 86.22 7.78 Ex. 9 Comp. mPDA 2.0% TMC 0.10% + 1.43 99.77
85.72 3.81 Ex. 10 OC 0.0095% (20 mol%) Comp. mPDA1.5%+ TMC 0.075% 1.44 99.76 80.00 4.04
Ex. 11 r,-CL 2.25% Cotp. raspiltsﬁoﬂ@@mpam@cﬁwmes 1.868190a6d Cpmparagye Exammle-€L 2.25%

OC 0.0072% 19) -32 Th It fC 710 12 dC Exampl
o andl ExarHES TSP TP ATEAh B TR 2. Ao Nn T BT SR A Do ound

that remarkﬁBkefBﬁ?ﬁBQH&"?&%@FI%rfé)BE%HCPerﬁ%Oaﬁ’%é}'Péﬂﬁﬁ‘ﬁf&éN@a?f‘b‘é‘%bTQr%o‘RﬁHéWﬁé‘?%oeﬁ'C'e”t

is 3x 168 m/s or less in the present invention. As described above, the composite semipermeable
membrane phtsmigsesectefficintion atafiskgh ksl inethoyaésendihighti@rmeate 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, ' éjs% glggéénlfhegc\évﬁﬁﬁ%gl 15 rs%rmgermeable 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.

-33-



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. -33 WHAT IS
CLAIMED I9/HAA bofabbdMESEipermeable membrane which comprises a separating functional
layer comprising polyamide formed on a porous substrate film, wherein a monofunctional primary
amine or an aliphatic acyl group is bound to and/or adsorbed in the inside and/or on the surface of the

separating functional e RIRR e ARSI SHEIRSAE AR eETARE, SrigNas ARjon while

satisfying the following relationship when seawater at 25C having a pH of 6.5, a boron concentration
of 5 ppm arfdretiotadl diseolbedEiidg pdliXmideficantthtion pdoRadsubgtrateifihis permeated under an
operation pressure of 5.5 MPa: Boron removal ratio (%) >_ 95 - 4 x membrane permeation flow rate
(m3/m2 day) and whetigieHe onfedHBCiORAb iR AMiBMINaAB RABRRTD &CYadifivisdfon

coefficient is 3 x 10-8 my/s or, less, when seawater at 25C having a pH.of 6.5, a.boron concentration of
& opm anc BOLSE TR RO a0k B oGS Chelesuniet REP s NIREe or .5
MPa. 2. Th@a(]‘,@,rpposite semipermeable membrane according to claim 1, wherein the monofunctional
primary amine is contained in an amount of 0.1 to 15 mol% per all amine molecules in the separating
functional layer compnigihegepolylenmaposite semipermeable membrane removes boron while

satisfying the following relationship when seawater at 25°C having a pH of 6.5, a boron
concentration of 5 ppm and a total dissolved solids (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?sday)
and wherein the composite semipermeable membrane 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.
2. The composite semipermeable membrane according to claim 1, wherein
the monofunctional primary amine is contained in an amount of 0.1 to 15 mol% per all

amine molecules in the separating functional layer comprising polyamide.

3. The composite semipermeable membrane according to claim 1, wherein

the monofunctional primary amine is bound via a covalent bond.

4. The composite semipermeable membrane according to claim 1, wherein

the monofunctional primary amine is monofunctional aliphatic amine.

-34 -



3. The composite semipermeable membrane according to claim 1, wherein the monofunctional
primary amine is bound via a covalent bond. 4. The composite semipermeable membrane according to
claim 1, wherein the monofunctional primary amine is monofunctional aliphatic amine. -34 5. The
composite semipermeable membrane according to claim 4, wherein the monofunctional aliphatic
amine has a total of 1 to 7 carbon atom(s). 6. The composite semipermeable membrane according to
claim 5, wherein the monofunctional aliphatic amine is at least one selected from the group consisting
of methylamine, ethylamihe, gaiapgkiteisrmiserepylieumiriab g RosordNG th atgiemfinehareiitylamine,
amylamine, t-amylamine, 1,2-dimethylprq (lﬁmine, -e fgl ropylamine, 2-methylbutylamine,
isoamylami%,@%—#&ﬁ'&[m Zkﬁd{)ﬂmﬁﬁegfﬁ'gg ?ﬁ@tfﬂ}élﬁt ﬁﬁ&grﬁ%@&fam?ﬁg} and heptylamine. 7. 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 polyamide6s fitlineshpositeespmipesrsabiiraieniiranandciveiagaraliing &)notiorat layer
comprising polyamide comprises crosslinked polyamide formed by means of interfacial
polycondend&tiHANfWsHERRRdipdatinanioede sislepsi e Jalected) -y s R 6ARHI RS RFprising
polyfunctional amine, (b) rganic solvent solution compyising p Iﬁ[u ctional.acid halide, and (c) an
organic ol GHTUAUTER M EITG HONI s SIS, G2t o WA cxonal acid
halide and g irinea AP AHIAR(SLafhy TAIRIROMPRSR SRYIREHNEAIIE MesRRRSHIRFATENG to claim
1, which comprises a separating functional layer comprising polyamide formed on a porous
2-methylbutylamine, isoamylamine, 1,3-dimethylbutylamine, 3,3-dimethylbutylamine,

hexylamine, and heptylamine.

7. 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,

(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).
8. 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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substrate film, -35 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 (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). 9. The composite semipermeable
membrane according whelgimh the\geiaksiinghieiatinnali daxerdcraRIEs isdap tbyin sitel SEMsERM Gfom the

group consisting of methanesy|fonyl chloride, acetyl chloride, propionyl chloride, butyryl chloride,
oxalyl chIoﬁ(fep%ﬁ%Bﬁﬂng%eﬁ I’o%ﬁ?e, succinic acid dichloride, maleic acid dichloride, fumaric acid

dihlorid, chiorosulfoRMags LIPS MbrENREPRERAGAE L RIS, dQ Hlagrcomposit

semipermeable membrane according to claim 8, wherein the aliphatic acid halide is at least one
selected fromltengteUprooetsisiinmednsnefhanesatiahylaitorndensatetyl iphloodkactingpionythehloride,
butyryl chloride, oxalyl chloride, malonic acid dichloride, succinic acid dichloride, maleic acid
dichloride, PArRHpieURSIREAdHMBride, chlorosulfonylacetyl chloride, and N,N-dimethylaminocarbonyl
chloride. 11. The compagsite semigern]e?bhe mrﬁngbrﬁne a}c?orgdtin% tﬁ) (r:r|1ari\m 1r which has a membrane
permeation flow rate o BB %Ig?/ O SR BNG AHRP0n FermaUal ATats S‘f%% or more, when

seawater at 25C havingapHbrjpie. R ReFPRALAERNERNSINgCpolyfunctional acid halide and
aliphatic acid halide which is different from the polyfunctional acid halide and has 1 to

4 carbon atom(s).

9. The composite semipermeable membrane according to claim 7, wherein
the aliphatic acid halide is at least one selected from the group consisting of
methanesulfonyl 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.

10. The composite semipermeable membrane according to claim 8, wherein
the aliphatic acid halide is at least one selected from the group consisting of
methanesulfonyl 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.

11. The composite semipermeable membrane according to claim 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
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of 5 ppm and a TDS concentration of 3.5% by weight is permeated under an operation pressure of 5.5
MPa. 12. A process for producing the composite semipermeable membrane according to claim 1,
which comprises carrying out a process selected from the following (1), (II), (1) and (IV): (I) forming a
separating functional layer on a porous substrate film, and contacting a solution comprising
monofunctional primary amine with the separating functional layer-, (II) contacting (a) an aqueous
solution comprising polyfunctional amine which has at least two primary and/or secondary amino
groups, witlR{5) pRpporod 9 SUBStEareenltialifl 6ive dBybyonweighint wermaasedutitte bR epetetiammiscible
organic solvent comprisj olyfunctional acid halide having at least two acid halide groups to thereby
form, on th@rﬁ%%ﬁiﬁéns&gf%e film, a separating functional layer comprising crosslinked polyamide by
means of interfacial polycondensation, wherein the aqueous solution comprising polyfunctional amine
comprises monofunctional primary amine; (lll) contacting (a) an agqueous solution comprising
polyfunctional amine vilictA hasaksedst tyoguoingrytiandiompesitndseryiperieagtoupemiitingb) a porous
substrate film, followed by contacting with a solution of a water-immiscible organic solvent comprising
a polyfunctigffardicid ﬁ%liéié'ﬁh\ﬁnd\@ﬂqéa@m'%dcﬁﬁwwg%p% Resesplrstas drPrthéhsorous

er comprising crosslinked polyamide by means of interfacial

;gﬁfg;itgefg@l%ﬁﬁgzﬂﬁe%f@m%%:ﬁb &) an organic solvent solution comprising aliphatic acid halide
which is difigyent romienpr\Yesaianal 3Gt fisHd a8 dis dotaus SasbeateiAm (ahdn -37

contacting a solution comprising monofunctional primary amine with the
separating functional layer-,
) 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
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,

wherein the aqueous solution comprising polyfunctional amine comprises
monofunctional primary amine;
D) 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
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an amount of 3 mol% or more per the polyfunctional acid halide, with (b) the separating functional
layer; and (V) 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 fdramMentes porolis subxrateeritie podeivacitonglfeeidtahigelayith dbhipeismgrertigslinked
polyamide t‘@/ means of interfacial polycondensation-, wherein the monofunctional primary amine in
said proces '@ﬁt@mi)l%e%aﬁ?gble of forming a covalent bond with a halogenocarbonyl group. 13. A

composite gegyinermegtie, BEpIR0R SRERRRIWIGDCORRNIRGAIHBIRMARSILE aSMIPRgRDle

membrane according to claim 1.14. A composite semipermeable membrane element which comprises
the composide selageetme il ang b anesgrocticg it ey ums ssigccbydingtowlaiumstiatel 5. A fluid
separation equipment which comprises the composite semipermeable membrane element according
to claim 13.f18, ,ﬂpﬂgwegéﬁération equipment which comprises the composite semipermeable
membrane element accordir%%tov\%%im 14.-38 ]f7. A method for ve/ater treatmlent which comprises

using the composite sEmpemiel earﬁ%%tt')org e%&%?&]h%@ésgﬁg,%oigﬂ? i‘oM%rt]FS%Inng'\‘j’\'/gger
treatment, Whigl RAMRSIRE 281G EIRRMB AR 1B HNPKIINBAIR GIBUHIaNEr afpsasthiitne process
according to claim 12. -39

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

form, on the porous substrate film, a separating functional layer comprising crosslinked

polyamide by means of interfacial polycondensation:,

wherein the monofunctional primary amine in said process (1) or (Il) is

capable of forming a covalent bond with a halogenocarbonyl group.

13. A composite semipermeable membrane element which comprises the

composite semipermeable membrane according to claim 1.

14. A composite semipermeable membrane element which comprises the

composite semipermeable membrane produced by the process according to claim 12.

15. A fluid separation equipment which comprises the composite

semipermeable membrane element according to claim 13.

16. A fluid separation equipment which comprises the composite

semipermeable membrane element according to claim 14.
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17. A method for water treatment, which comprises using the composite

semipermeable membrane according to claim 1.

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

semipermeable membrane produced by the process according to claim 12,
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	TMC 0.15% + 
	TMC 0.10% + 
	TMC 0.10% + 
	TMC 0.075% + 



