DESCRIPTION Composite Semipermeable Membrane and Method of Producing the Same
TECHNICAL FIELD [0001] The present invention relates to a composite semipermeable
membrane useful for selective separation of a liquid mixture and a method of producing the same. The
composite semipermeable membrane obtained by the present invention can be suitably used in
desalination, for example, of sea water or brackish water. BACKGROUND ART [0002] Regarding
separation of a mixture there are various tecHGEESIRATIEMoving substances (for example, salts)
dissolved in a solvent (for example,water), and the use of a membrane separation process as a
process for energyCsavingi@fttrepormeatdawgibas reaehMetiedné Rpahding. tkx&mples of the
membrane used in the membrane separation process include, for example, a microfiltration
membrane, ahbiflrBfilratlofi leMbrane, a nanofiltration membrane, and a reverse osmosis membrane,
which membranes have been used in obtaining drinking water, tbr example, from sea water, brackish
water,and waféd®dntaining harmful substances and in the production of industrial ultrapure water,
wastewater treatment, recovery of valuables, and the like. [0003] Most of the reverse osmosis
membranes and nandfiierBfRSenaN At TEEtgs Svea compreYsiafiy mvailabldcanprelbaneare composite
semipermeable membranes and they fall within two types: one having on a porous support membrane
a gel layer artie{h! detivel ¢ayEe RenorbRpefynise dreisrossandrancded tewdherinathsg on a porous 1
support membrane an active layer in which monomers are polycondensed. Above all, a composite
semipermeaSi@tfre b A IS BIPEBREHY HBROTRNS YBEBRCARY B EapTE SRt Y §BPaRating
functional layer composed of cross-linked polyamide obtained by polycondensation reaction of

polyfunctionafnmEL R Betgrindesharter: ORISR pbest WrlelyuReskishsdgaration
membrane h%%é%h rme&tiility and selective separation properties. [0004] Boron, which is
toxic to hum | C&i\ﬁ% d animals in that for example, it causes neuropathy and growth
inhibition, is igﬁéattped in large amounts in sea water, and theretbre it is important to remove boron in
seawater de ation. Thus, various means of improving boron removal performance of composite

semipermeabh, membranes have been purposed (Patent Documents 1, 2). PRIOR ART
DOCUMENTS PATQIgﬁg %‘&fﬂ’éf\?‘i@[éggéﬁ“xwgeﬁ S %?é‘,oﬂ%%gﬁi‘tg%‘t?ﬁ {dnt 1 a method of heat

treating a composite ser‘gi&erme Ple memli)ran?f me bé/ interfafial (ymerizaliion to improve the
I ?vn{gbsu amcefsgl re améo €. sa ti% laSO ved 11 a solven r example waterr}_]
performance. PatentDocumen Iscloses a method of contacting a composite'sémiperieable

membrane fopmalay.nipdasialnamenzalion wiadlemInecanANing iee dioring water solution.
[0006] In water generation plants where reverse osmosis mem ranes-arc us%&, igher water

permeation RRUSITIANRS.S AEMANAR KLAISLIR I EEAERIIMNG.ORIS AOLRLCIY 2 demand, a

. . 1 .
method is known which involves treating a composité semipermeable membrane prowdr(]-:-d with
cross-linked %M@%ﬁ@%%roce% include, for example, a microfiltration membrane,

an ultrafiltration membrane, a nanofiltration membrane, and a reverse osmosis
membrane, which membranes have been used in obtaining drinking water, for
example, from sea water, brackish water, and water containing harmful substances
and in the production of industrial ultrapure water, wastewater treatment, recovery of
valuables, and the like.
[0003]

Most of the reverse osmosis membranes and nanofiltration membranes that
are commercially available at present are composite semipermeable membranes and
they fall within two types: one having on a porous support membrane a gel layer and

an active layer in which polymers are cross-linked; and the other having on a porous
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separation active layer by contacting it with an aqueous solution containing nitrous acid (Patent
Document 3). [0007] One of the factors that influence the water permeability of a composite
semipermeable membrane is a pleated structure. It is suggested that enlarging pleats increases
substantial membrane area and water permeability (Patent Document 4). Patent Document 1: JP
11-19493 A Patent Document 2: JP 2001-259388 A Patent Document 3: JP 2007-090192 A Patent
Document 4: 3RpPOrO63MhArUEMMARYa@ Tl hibh/iadhiddsRROBLEMIhRBE 864ED BY THE
INVENTION [0008] However, even the membranes described in Patent Document 1 and Patent
Document 2 hdler amgoirasemppemeatddiucrobuberoBimRiday osdesg apdradsangpsimoval rate of at
most about 91 to 92% when the sea water of 25C, pH: 6.5, boron concentration: 5 ppm, and TDS
concentrationn8:5%dng wetightsip passedithetiettaldagtr avapopdrafing préssudepofhahiltPa, and there
has been a need for development of a composite semipermeable membrane having even higher boron
rejection perforpizined bjopdstondensgthwurshatient rdgtohefunddsribediie Pattmdptustentd improves
water permeation performance while maintaining the boron removal rate before treatment, still higher

boron removat¢staslided higheenaieelyeredasionqrarfsipnanembrane hasnghigbmanded. [0010]

permeability and selective separation properties.
[0004]

Boron, which is toxic to human bodies, plants, and animals in that, for
example, it causes neuropathy and growth inhibition, is contained in large amounts in
sea water, and therefore it is important to remove boron in seawater desalination.
Thus, various means of improving boron removal performance of composite
semipermeable membranes have been purposed (Patent Documents 1, 2).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005]

For example, Patent Document 1 a method of heat treating a composite
semipermeable membrane formed by interfacial polymerization to improve the
performance. Patent Document 2 discloses a method of contacting a composite
semipermeable membrane formed by interfacial polymerization with a
bromine-containing free chlorine water solution.

[0006]

In water generation plants where reverse osmosis membranes are used,
higher water permeation performance is demanded in order to further reduce running
costs. For such a demand, a method is known which involves treating a composite

semipermeable membrane provided with cross-linked polyamide polymer as a



The technique described in Patent Document 4, i.e., adding various additives during interfacial
polymerization enlarges pleats and improves water pen-neability, but there is a concern about
decrease in removal rate. [0011] An object of the present invention is to overcome these
drawbacks of the prior art and provide a composite semipermeable membrane having high boron
removal performance and high water permeation performance. MEANS FOR SOLVING THE
PROBLEMSs[j@i&]on actibe kolmebthecabmyvigleseribed pgoblemns)lthcempasiteesamipermeable
membrane according to the present invention has the constitution [1] or [2] below: [1] A
composite semipgtatmdblecmaeiirane having a polyamide separation-functional layer on a porous
support layer, wherein the polyamide separation-functional layer has a yellow index of 10 to 40, and
the actual leh@ffRdf the polyamide separation-functional layer per 1 tint-length of the porous support
layer is from 2 um to 5 tun, or [2] A composite semipermeable membrane having on a porous
support layer a polydide &dbardattmsitiitiotugnayéhpreperearmeavljcordesmatiositef polyfunetional
amines with polyfunctional acid halides, wherein the polyamide separation-functional layer is formed
by the steps SIURFIHteHAeICHINABEEhRISHEN Mg pollyfe pesiesstdiha eslargingolyfunctional acid
halides are brought into contact at 40C to 70C and subsequent (B) heat treatment at 70C to 150C.
[0013] Pisalid tOrpESsH SemiperABREB S ETh BRSHB AecoranfghE it Tnese Romvestbn, it is
preferred that a substrate of the porous support layer be formed from polyester and that the substrate
be a filamenfthonwoven fabric. [0014] Further, in the above-described composite semipermeable

membrane according to the present invention,it is preferred that the substrate comprise a filament
nonwoven fabric and MEHREFLBEEhS ABrhEntAdhdoven fabric arranged on the opposite side to the

porous support be more longitudinally miented j g film-forming direction than fibers arranged on the
porous support sidgpﬁﬁ% Ocumﬁﬂ%eq}bg@fégé rgﬁé%i composite semipermeable membrane
according to the pre?,%?gl{n}‘{)entlon, f t}ﬁz%%s{}r%ﬁ%%ogpnsmg a filament nonwoven fabric, it is

preferred that the degreeto ABEP Shictitation of ibets arranged on the opposite side to the porous

support be from 00 tg 25 and that the d'fitg NS | tge degree of orientation from the fibers arranged
on the porous suppogta sﬁ&%%%cxf%%gﬁ)oi gd gg%[%%al Further, the method of producing the

composite S%?M% z%b@m%%b@]%%%ﬁording to the present invention has either of the
or

constitution elow: method of producing a composite semipermeable membrane,

comprising tpgétggﬁﬁf's %@EI%W@QWWWWWW% solution with a polyfunctional acid

halide-containing solution to form a polyamidc separa unctional layer on a porous support layer,
followed by (f@@@@(}ting the polyamide separation-functional layer with a compound having primary
amino groups; contacting with a reagent that reacts with the primary amino groups and forms a

diazonium salt or defiyaiiMes, tbars ol andhigRREIRIVHDE 388 B & ment 1 and Patent

Document 2 have a membrane permeate flux of 0.5 m*/m?/day or less and a boron
removal rate of at most about 91 to 92% when the sea water of 25°C, pH: 6.5, boron
concentration: 5 ppm, and TDS concentration: 3.5% by weight is passed
therethrough at an operating pressure of 5.5 MPa, and there has been a need for
development of a composite semipermeable membrane having even higher boron
rejection performance.
[0009]

Although the treatment described in Patent Document 3 improves water
permeation performance while maintaining the boron removal rate before treatment,

still higher boron removal rates and higher water permeation performance have been
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reacts with the diazonium salt or derivatives thereof, wherein the temperature of the membrane
surface immediately after contacting the aqueous polyfunctional amine solution with the polyfunctional
acid halide-containing solution is in the range of 25 to 60C, and the concentration of the compound
having primary amino groups in a complex of the polyamide separation-functional layer and the porous
support layer after contacting the polyam de separation-functional layer with the compound having
primary amindgnaugeadis in the range of 30 x 10-6 to 160 x 10-6 mol/g, or [4] A method of
producing a composite semipermeable membrane, comprising the steps of: contacting an aqueous
polyfunctiona[@hhfHe solution with a polyfunctional acid halide-containing solution to fbini a polyamide
separation-functional layer on a porous support layer, followed by contacting the polyam de
separation-functional Tagetcohithqa cdenpahaddih Aetngt primanestine groldpsg Tentastitglisitiesa reagent
that reacts with the primary amino groups and forms a diazonium salt or derivatives thereof: and
contacting withangageriathatnelanisivitiahendaagorilgatsaitdontuerivetivescthesentabihéyein the
aqueous polyfunctional amine solution and/or polyfunctional acid halide-containing solution contain an
acylation catdNsthared tiecenerearibatibicstatie EbrapeuAr#Sving primary amino groups in a complex
of the polyamide separation-functional layer and the porous support layer after contacting the
polyamide sef¥thtibn-functional layer with the compound having primary amino groups is in the range
of 30 x 10-6 to 160 >< 10-6 mol/g. EFFECTS OF THE INVENTION [0017] According to the
present invention, a cOMPRIStELdhs PEFsRBLINECRISMBY eV EAEY gResbrsTPAskigdhSerformance
and high water permeation performance can 6 be obtained, and energy saving and improvement of
the quality of PEPREAARNEEEYESR BRMRHTESETHY TRIFPIRIE FABIaR PESERIPTION OF
THE DRAWINGS [0018] Figure 1 is a schematic view illustrating the actual length of the
separating fuhtHoN& P&{/@f‘éﬁﬁ&“c%‘?%é% KASDRETRSE CRRERYINE SUT THE INVENTION [0019]
The composite ' e ccarding to the present invention is [1] a composite
semipermeaé}ga%gﬁgﬁ%%%mgfg&:m% tion-functional layer on a porous support layer,
wherein the p ide separation-functional layer has a yellow index of 10 to 40, and the actual length
of the polyamide Separation-functional layer per 1 pm-length of the porous support layer is from 2 pm

to 5gm, or [21 a com 8ssl(§?vg<%£%|ggr(/neggebbjenr@g({n%%peenh ying on agorous_suggoarktﬂlgyer polyamide

separation-functional layer prepared by polyeon engation of poR}ﬁJOnc onal amines with polyfunctional

acid halides, whersi e SRS ERRalpIunsonal INCIRfarmelby ihesstens f (4 interfacia

poly-condensation in which polyfunetional amines and polytunctional aci are brought into

contact at 40C to 70(.‘[ ﬂn&i §&9§88%@M@ﬂ%§5%%¥9§&5@%9&§% f;ﬁ%ﬁﬂ%@zo] In the present

invention, the porous support membrane substantially does not have separation performance for ions

and the like and s, 1511 RUBRFEILITPATHAG UEAAIHIR A-PERAAUAGHYBGHRRR Jayer that

substantially has separation performance. Although the size and distribution of the pores are not

pa_lrticularly r%éyé?iﬁgnmﬁﬂ‘&'f&%gli?aﬁé}r }%amf@l&)@i‘ﬁ&i‘ HP10US SHPRY F%%@Hﬁﬁ%gﬂ%?as l_Jniform
micropores or micropores gradually increasing in size from the surface on which the separating

functional laygfddpramaddedhe atberrssifasal whearsin thensing ehtbeimigapaesgpvihe surface on
which the separating functional layer is formed is from 0.1 nm to 100 nm.

layer is from 2 pm to 5 pm, or

[2] A composite semipermeable membrane having on a porous support layer

a polyamide separation-functional layer prepared by polycondensation of

polyfunctional amines with polyfunctional acid halides, wherein the polyamide

separation-functional layer is formed by the steps of (A) interfacial polycondensation

in which polyfunctional amines and polyfunctional acid halides are brought into

contact at 40°C to 70°C and subsequent (B) heat treatment at 70°C to 150°C.

[0013]



[0021] Materials used in the porous support layer and shapes thereof are not particularly limited,
and a film in which a porous support is formed on a substrate is one example. [0022] Examples of
the substrate include a fabric mainly composed of at least one selected from polyester and aromatic
poly:amide. It is particularly preferable to use polyester having high mechanical and thermal stability.
As a fabric used for the substrate, a filament nonwoven fabric or a staple fiber nonwoven fabric can
preferably be used, ahdtlin garpeylar sentilpenanisio menvienfahticoedin monk opetesably be used
because the substrate requires such excellent film-forming properties that the strike-through of a
macromoleculevpolymeit solutimrdd ¢hto excbssive @atmeation wperoadstiaghit, filrempé dhimg-off of the
porous support layer, or further defects such as ununif mit), of the membrane and pinholes due to, for
example, fluffindyshttreasditisttabe willstatobeuarfilhthensobstraterctbprises a filament nonwoven fabric
composed of thermoplastic continuous Filaments, the ununiformity upon casting a macromolecule
solution resulti®@lffbm fluffing, which occurs when a staple fiber nonwoven fabric is used, and the
membrane defects can be prevented. Further, in the continuous film fomiation of a composite
semipermeable membiraHeer aifihmebr ioherenbedfapripeshictemasemureblapestieliadimension stability 8
is preferably used as a substrate because a tension is applied in the film-forming direction, and, in
particular, the2fSCT g i ENRIERS Al BNGBHBN HHE BiiS thpd dhe S PRROLEUBSOI are longitudinally
oriented in the film-fonning direction allows maintenance of the strength and prevention of film
breakage and¥¥8 fRENaHECN e fabris amkihatiBheatioh Be fiemsetsepraigad Britrepgedite side to the
porous support of the substrate is preferably in the range of 0' to 25. The degree of fiber orientation
herein is an itk RABSRIHGSAE t&if@ﬁt?é’ﬁ%‘?ﬁ%’ﬁ%‘ér‘é‘:cﬁ?%‘rﬁWHV@H‘?QB%‘%%?&@%Onstituting the
porous suppoyt layer and refers to the average angle of the fibers constituting the nonwoven fabric
substrate det ﬁ%’ﬁ%ﬁ%ﬂ%“ﬁﬂﬁbﬁ‘rﬁwﬁ@g diraegst Ih M HROEHS PR WL hdicular to the
film-forming dg) ion, i.e., the width direction of the nonwoven fabric substrate during continuous film
formation is ass d to be 00 and 90, respectively. Thus, it is shown that the closer the degree of
fiber orientation is to ?ﬁ ttge more the oriegtation is.longitudinal, %?d the closer to 9Q, the more the

|

orientation transverse 1 fHE PrSEESSHEF b SRR A UBRIBSERE Sash BEvHi @SB RETDrane and the

i involvedf?l[rs\d a Phenomen%%gere.the heating
a

process for prﬂguc'rs'%am%v%'&%ﬁf' }batgee g&@&rg & Irsnﬁ;{lsm a ment nonwoven

. t I 0 18 .
shrinks the porod)s support layer or the composﬁe semipermeable membrane occurs: tHs particularly
noticeable In iedHdin iSRRI SRS ARRSA. ARG SRS (i Jormation. The
shrinking causes a problem, forééxamp e, with dimension sta |ﬁty, andiherefore the substrate is

desiravly thossqwRia s Iouials: b drimakdinansipnal fRAEARwRLINE RARYAYER{aylc substrate,

the difference in the degree of orientation between the fibers arranged on the opposite side to the
porous suppogtiand B HbgrsRriAdes-ondbe &9{9@5&39@9&3&}5&9@&pg%fﬂr@rﬁlxoﬁ%%ag because
thermal change in the width direction can be prevented. [002 As a material for the porous
support, poly gﬁpguf, cellulose acetate, polyvinyl chloride, or a mixture thereof is preferably used, and
it is particularly preferable to use polysulfonc having high chemical, mechanical, and thermal stability.

[0024] Specificaltyirhis, refRrahinl or yssdnehg Yo Re S ARREISING tRsTeRgaling wRishown in the
chemical formula below because of the easiness of controlling the pore size and the high dimensional

stability. [0025] |eheraical tbeHOPRRENt invERiEXRBRIEN & §PIHERBMREaAPRY e BiNed Polysulfone
in N,N-dimethylformamide (hereinafter referred to as DMF) is east on a substrate to a uniform

thickness, and the resgitanhigisstbiggiediieinet coagidatiorinipaissawibaieRparorous support layer
having micropores with a diameter of a few tens of nm or less at most of the surface can be obtained.

[0027] Thenibitkng sbeafithe @b ovetaesgliedqpesas psyppat dayematiectsithe stiaagth of the
composite semipermeable membrane and the packing density in a membrane element using the
same. For obtaihifiggidficleridiatidanicalstiengtiai packingadergityidee thickness of the porous
support layer is preferably in the range of 30 to 300 um, and more preferably in the range of 50 to 250
um. The thickaesstofnttenstroas lsypporntd prafe ipiyoin therafuje wéd Btedltcting tied more
preferably in the range of 20 to 100 um.

polyamide separation-functional layer with a compound having primary amino

groups; contacting with a reagent that reacts with the primary amino groups and

forms a diazonium salt or derivatives thereof; and contacting with a reagent that
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[0028] The form of the porous support layer can be observed with a scanning electron
microscope, a transmission electron microscope, or an atomic force microscope. For example, in the
ease of observation with a scanning electron microscope, the porous support layer is peeled off from a
substrate, and then this is cut by freeze fracture technique to prepare a sample for cross-sectional
observation. The sample is thinly coated with platinum, platinum-palladium, or uthcnium tetrachloride,
preferably witizatiheniuhdeitaohiards aoddebiserved tiRah wiitechigheresahetianriieldtegission
scanning electron microscope (UHR-FE-SEM) at an accelerating voltage of 3 to 6 kV. As an ultra-high
resolution fielthenbigsioswstarning elkaktbnafiieestape ok exqrapie po R0 dypraglaairan microscope
manufactured by Hitachi Ltd. can be used. The membrane thickness and surface pore size of the
porous suppoxligyer areh detqrohyhed:-froml the Elatitorcontaiographistobtaiiedhd he geiokrdsss and the
pore size in the present invention refer to the average values. The average herein is an arithmetic
average, andttheOfificknéskeofanessuppartdfster israpoavdragenguenaf thenmeasumpmants at 20 points
at 20-um intervals in the direction perpendicular to the thickness direction in the cross-sectional
observation. Thiapexeosibe B hiads ageavaiioe-binstioh Prlejertedidhes equivalppoditayeter of 200
pores counted. [0029] Although the porous support membrane used in the present invention can
be selected fidier vartngsies themeobiany ds/sdhuni enaferiiisnl dryes wihiltho eerfibervShavipz available
from Millipore and -Ultrafilter UK10- available from Toyo @oshi 11 Ka_l(i)sha, Ltd., it can be produced
according to tHENHRtABYWeSEipe dsiH (M sange itle Waet RS ar(h anelBevelopment Progress
Report, No. 359 (19%?.&%%% In the present invention the polyamide constituting the separating
functional layer can b€ ¥ BY SHtBHPSLEPS S yeBIYS HE AFBHPSTREAIG R EBREI Hmines with
polyfunctional acid halides. Here, at least one of the polyfimctional amines and the polyfunctional acid
halides prefeFSBNERGIRCIN SFe RIMEFORAPE SR @Ofob e ieBrl Srairdirg Withciatk deparation
performance and penleak floy, iatc, the thickness of the polyamide separation-functional layer is
generally prefé) %‘%}‘fmﬂﬁl P&F@B%Tﬁ‘in%’?% SRRt IoFeTérBBlyaR e range of 0.1 to 0.5 pm.
[0032] Polyfunctional aminia herein refers to an amine having at least two primary amino groups
and/or secontiAi AThE GroapaliRUAE PbRIAHS, HPRALIB e B IMEdhneogtatiEtEfhg a primary
amino group, e>l<arInTP(Iies of w ich_iRlclutde a]r?matic. olytimetional amines such as phenylenediainine
and xylylenediamine. i Which two amino groups aré Af3CRa1S ¥ bEsABHEF MG TH Y hy of ortho, meta,
and para relati%r&sksl_ipc, 1 §¢%ﬁtriamwgk%§£?e%?% ,rZé-ttsri%%r}gbenzene, 3,5-d aminobeﬁzoic acid,
3-aminobenz§fae},°dn8 -amlﬁo\%enzyla ne, aﬁlpﬁa(ﬂc amlneggrﬁ%ﬁrgsaléﬁt‘r?ﬁéﬁ%%‘?g%? e and
propylenediayngi,andsaliycls, ety lunelianal alines such 2o 4.2 dlanineovdlohexans .
1,4-diammocyclohexane, 4-aminopiperidine, and 4-aminoethylpmerazine. In"particular, an aromatic

polyfunctional 4uing A2 fRroer AN YURE 8NIOR SEGPRAaNARINC aroups in one

molecule is preferred in view of the selective separation properties, permeabllity, and heat resistance

of the memb&%ﬂ?ﬁﬂ{&ﬂ&ﬂaﬁ’ﬁﬁ%{é%@ﬂ%ﬁ Q‘EHYAFB@W&W&%n%id halide-containing solution

contain an acylation catalyst, and the concentration of the compound having primary
amino groups in a complex of the polyamide separation-functional layer and the
porous support layer after contacting the polyamide separation-functional layer with
the compound having primary amino groups is in the range of 30 x 10° to 160 x 10®
mol/g.
EFFECTS OF THE INVENTION
[0017]

According to the present invention, a composite semipermeable membrane

having high boron removal performance and high water permeation performance can
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1,3,5-triaminobenzene are suitably used as such a polyfunctional aromatic amine. Among them.,it is
more preferable to use m-phenylenediamine (hereinafter referred to as m-FDA) in terms of availability
and handleability. These polyfunctional amines may be used alone, or two or more of them may be
used simultaneously. When two or more of them are used simultaneously, the combination of the
above-described amines may be used, or the combination of the above-described amine with an
amine havingavlgastetiversboumgasp dntno gnoppsvienone ofidiecuidinyay bermsett, Ex@mples of amines
having at least two secondary ammo groups in one molecule include, for example, piperazine and
1,3-bis(piperieip)praghiss cf0nsaiing thipoiytitheinenal acid halide refers to an acid halide having at least
two halogenated carbonyl groups in one molecule. Examples of trifunctional acid halides include
trimesic acid BRIGTIBEB SRV ESR &XadEtidaRdXIN @Rid trichimide, and
1,2,4-cyclobutanetricarboxylic acid trichloride and examples of bifunctional acid halides include
aromatic bifult&tidal acid halides such as biphenyldicarboxylic acid dichloride,
azobenzenedicarboxylic acid dichloride, terephthalic acid chloride, isophthalic acid chloride, and
naphthalene dicarbogglﬁ\’}rﬁéiéﬁcﬂﬂéhﬁé?%ﬁ*)’l*f%éfﬁélbﬁﬁﬁﬁﬂéﬁh? aethahigrl ofidle sepapag chloride and
sebacoyl chloride; and al cycl ¢ bifunctional acid halides such as cyclopentane dicarboxylic acid
dichloride, ¢ EaIEXSic acid dichloride, and tetrahydrofuran dicarboxylic acid dichloride. In

it
view of reactjvity with polyfunctional amines, polyfunctional acid halides arc preferably polyfunctional
acid chlorideb.%&mg Gl Sf\tﬁgggl\égt@ g%ﬁa%}{%%es and heat resistance of the
membrane, @%fgj]ctional acid chlorides are more preferably polyfunctional aromatic acid chlorides
having 2 to 1 arbonyl chloride groups in one molecule. In particular. trimesic acid chloride is still
more preferably usedrl‘rg(r%lgp%si andt%oint of a%/ailabili and han Iea}biliz%These po%%_t;tnctional acid
halides may be used al9Ne. 6P e SHRSTE &1 e mr RN Be S Wi NeRR RS0 OOFHOD  1n the
composite segry’ rmeable.membrane é%l ccordérrlgltohthe resent invggtion, the yellow index of the
ncti [

1 osite Crim C mem avi lyami1

separating fu ﬁgf)fg%/)er in the omposite semlper?neab & MBMBTAAE s 10 to 40. When the yellow

index of the sepatRIRRNAI SIS NRIJESdhaN Ay BOTORJEImae, rifgrgance can be ull
exerted, and when not more than 40, a semipermeable membrane havin Pé water permeability can

be obtained. [0035% . run(SIQW IAJEHRIETRI DS OXIER 19 WISH I S 413 pansg s away from

colorless or white to the yellow diréction expressed as a positive quantity, as néd in Japanese

Industrial SIEROREHIS 5 303-J00R hnerionk VGO NS GG SRRLRNNG Lclgnal layer i

measured using a Color meter. The measurements can be maaé’e by placing posite

semipermeableMEMBIANG aNa 91ass e w&ﬁ}&@@sﬁ@%&%@sﬁwﬁ@%mﬁé futtage,gown,
dissolving and removing the porous support membrane with a solvent that dissolves only the porous
support membpaRsisaRgRer AN e HansRissiabmeaRismeRLef fhgsapasating functional layer
sample remaining on the glass plate. In placing the composite semipermeable membrane on the glass
plate, the falysig fesi@intaring thelparmtisosHPRarh MBS MeMiRreRelRvdSPRalsdiaff in
advance. As a color meter, for example, SM color computer SM-7 manufactured by Suga Test
Instruments (he.pblighreriz bepuisedn[@0Ffonal 1aTbeipalyaruds sepamtioT-imetipaldayer having a
yellow index of not less than 10 is a polyamide separation-functional layer having in the polyamide
separation-fysdtionaldayeiosuahvhish polyietbesan arondatiedipgl bragiantleeiranhdenating group
and an electron-withdrawing group and/or such a structure that conjugation extends. Examples of
electron-donbtinglgroupsincluds, 46t @xafipie ahydideplhgeaupd) hatnecgraupsataTit @lkoxy groups.
Examples of electron-withdrawing groups include, for example, carboxyl groups, sulfonic groups,
aldehyde grolfgsCacyl groups, am nocarbonyl groups, aminosulfonyl groups, cyano groups, nitro
groups, and nitroso groups. Examples of such a structure that conjugation extends include, for
example. poly¥igélic aromatic rings, polycyclic hetero rings, ethenylene groups, ethynylene gi-oups,
azo groups, imino groups, arylene groups, heteroarylene groups, and combinations of these
structures. The polydmilie meparatiosnfivistibaaokysrserhibiitsthebyaiosstiaxidindodsss than 10 by
having such a structure. However, when the amount of such a structure increased, the yellow index
becomes lar§et brxn spamtianeerivraansgdhra stpandidadikatnglis dontbiapese eégion of such a
structure becomes large and turns red, resulting in a yellow index of larger than 40. If the amount of
such a structiiBaeinerEsaet §na %ﬁ@?é@%f‘é?%%ﬂ@t?ﬂéb@?é%ﬁﬁéﬁ@gbé@wmér aigant that the
yellow index becomes larger than 40, pores on the surface and inside the polyamide
separation-fRTEHBARNS er AP SYJBE B ERErby RrEa8e tHBHSISS FEIGVRRIEEIBLY the permeate
water volume significantly decreases. When the yellow index is 10 to 40, the boron removal rate can
be increased without excessively decreasing the pérmeate water volume.



[0038] Examples of the method of providing the polyamide separation-functional layer with the
above-described structure include supporting the polyamidc separation-functional layer by a
compound having the above-described structure and/or chemically treating the polyamide
separation-functional layer to provide the above-described structure. For retaining the above-described
structure over a long period of time, chemically treating the polyamide separation-functional layer to
provide the abexedesasibaarst ucttredsapiplersech [0R3Bis supfoxamalas afdhenmeathod of chemically
treating the polyamidc separation-functional layer include contacting a composite semipermeable
membrane in wifchnthei polyaride wépapmtiengiadatibn ahdayaihem prig donameagiodps with a
reagent that reacts with primary amino groups and forms a diazonium salt or derivatives thereof. The
diazonium salvbiciehwativestihgrbokthusftapee s foacted iih tan attamatitacompruid theform azo
groups. These azo groups extend the conjugation, and the polyamide separation-functional layer is
colored yellowftherangepeesuitind érsarfzetow inbisk dfestplessthdnntof@04Gler is foFmedomposite
semipermeable membrane in which the polyamide separation-functional layer has primary amino
groups is a cdmpolitenseip@fneable membrane having primary amino groups as a substructure or
terminal functional group of the polyamide that forms the separating functional layer or further may be
a composite d8R4permeable membrane retaining a compound having primary amino groups in the
separating functional layer of the composite semipermeable membrane having primary amino groups
as a substructure or t&faifaEI e AR AN POURLS FHIPOFIRXENEE thapesirsapkaseparating functional
layer. For obtain a higher boron removal rate, it is preferable to retain a compound having primary
amino groupsPRTtiRBIAEpAratRe fitadHE 1aydrJoasrrous supRarh derarhen:h BBUHG Having
primary amino groups include aliphatic amines, cyclic aliphatic amincs, aromatic amines, and
heteroaromatRIS&HiABEErom the standpoint of the stability of the diazon um salt or derivatives thereof
to be formed, aromatic amines and heteroaromatic amines are preferred. [0042] Examples of the
reagent that B with primary amino groups and forms a diazonium salt or derivatives thereof

include aqueous solutions, for example, of nitrous acid and a salt thereof and qf a nitrosyl compound.
Since aqueous solutigﬁ?’gf’%%ﬁ’géﬁ’gﬁ%}eowﬁ B ?c%fﬂab(fb‘?ﬁb%ﬂﬁ%'dcf’é%‘ﬂifﬁé’ 814¢8%488%nd

decompose, it is preferable to sequentially generate nitrous acid by the reaction, for example, between
nitrite and an %f?gfgcf;%rﬁﬁ%g?f&t%]ané ar% e%%ﬁfa?’?%lgo 0 ttﬁsepﬁg%(é‘ﬁﬁfﬁ)@fﬁé%ﬁgkaﬂﬁg per 1

pm-length of the porous support, layer, refers to a value determined by the method mentioned below.
First, a Sampl]%o?ﬁesr{%qé%v é%%ﬁggi Sl a[n(? tl\{]ennal 3 aglmey‘ Ag’a Pa% c ecfj for%

a. €
water-soluble polymer tor preparing an ultrathim section tbr a

ansmission elRCifan AREAPE (TN, Ths Walel glibleRolymer mave i any, polymer that

m
. . (&) OVETY -
maintains the shape of the sample, and, for example, PVA or the fike can be Used. Next, to facilitate

cross-section @&%W@&eﬁl%ﬁ&rﬂpﬁ}ﬁﬁﬂﬂ%%%@eﬁ?ﬁéﬁ@@gem%%ﬂﬁ chglmlilar n ultramicrotome to

prepare an ultrathin séction. A cross-section photograp the ultrathin section obtained is taken using

a TEM. The magpificafign may e ARPIRPUakelY.Aeie mined.drReBARg: 9t R Ming

properties that the strike-through of a macromolecule polymer solution due to
excessive permeation upon casting it, the peeling-off of the porous support layer, or
further defects such as ununiformity of the membrane and pinholes due to, for
example, fluffing of the substrate will not occur.  If the substrate comprises a
filament nonwoven fabric composed of thermoplastic continuous filaments, the
ununiformity upon casting a macromolecule solution resulting from fluffing, which
occurs when a staple fiber nonwoven fabric is used, and the membrane defects can be
prevented. Further, in the continuous film formation of a composite semipermeable

membrane, a filament nonwoven fabric which has more excellent dimension stability
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membrane thickness of separating functional layers. The analysis can be perfbrmed by loading the
cross-section photograph into image analysis software. The actual length of the separating functional
layer surface is an actual length of the separating functional layer surface of the part corresponding to
the 1 um-length of the porous support layer, which refers to the length of the part represented by a
solid line M in Figure 1. [0044] in the composite semipermeable membrane [1] according to the
present inveritiprs fdiebagiuatiengtubitiae pebmaseidecssiparatigppiivacionakimygbpsink tun-length of the
porous support layer is from 2 p.m to 5 um. When the actual length is less than 21..tm, permeate flux
cannot be endiiceddreaadsi ihetioelmbranésunfactharfiais smalcand ihthepesmeatr flux is
significantly improved by aftertreatment, the removal rate decreases. When the actual length is more
than 5 pm, thb¢ieated sippotuirechitapsesnafjgnoaerdtianharfidntbfs peimgehiectioy dieteases. [0045]
For obtaining the composite semipermeable membrane of the constitution [2] according to the present
invention, thertemperateref duristgeththintetfaciadpalycdifdenbatibngstepd(AkitikeceBsarily in the range
of 40C to 70C and preferably in the range of 40C. to 60C. When the tempciature during interfacial
polycondensdtigieé¢fasbethamed B0 o thetr st probiemein thathsleatwill sidt e tlae gerdusreby
decreasing permeate fluxwhereas when the temperature is above 70C. there is a problem in that the
removal rate YePEhsE 81§00k ate isporitheblermpdrarereanéAisodning Hedagiat pblfibendensation,
the porous support layer in contact with an aqueous polyfunctional amine solution may be 18 heated,
or a heated cHjeikie8IMErHIR diToM SPpONikrEwOms| desetioalifdb aitheeobrowghrayabntact. The
temperature during interfacial poly:condensation can he determined, for example, from the
measuremenieBy GSHBHIEHtABE e HHOE ROF QUTFHEROA MYRAHGH TaEMBhibtal sFREefa gheasurement
by contacting a thermocouple thermometer with a membrane surface. [004 For obtaining the

7
composite s&ﬁfﬁ@#ﬁ@%‘?@%ﬁ}%ﬁéﬁ&Pﬂ%oaéﬁéﬁm}WP?]ré@c%?%@i%QH@J‘ﬁFéé@nt invention,a heat

treatment steé) (B).is carried out following the above-described interfacial [é)Ponpondensation step (A) in
order to furthBF i SHEESURMARS PRRAFRTHTRISRGE i Qs EHDA S e Meat treatment
is necessarily in the range of 70 to 150C and preferably in the range of 80 to 120C, When the
temperature Hﬁrif% fﬁ@\%’e‘gf??élgfh?iﬁp?snl%‘é@fﬁ%fr?w tHBs Bl BrasIcARdieHaditRequires a long
time to sufficiently promote the cross-linke lyamide formatiQn on the support layer and that the
cross-linked %%o yéﬁgﬂ Eorma %fntoc% ri)o aﬂ(é %@ffi&?&?ﬁ'ﬁpﬁ? ote W EVERIFRRY RLBSs performed for a
long time, Wh?reas Wh&nrtgeeotﬁweratur %urrlirilsgtgh ht%at treatment.is more than 150 ,t?ere isa

problem in At The RO et S TemaNACALTS Mt brane MO SHETRE VPR Y0 ate

decreases. (0048 10.EQL B Neating meansiduing he heal reamant, the composite
semipermeable membrane aftef interfacial polycondensation may be alfowed 16 stand in a heated

oven, may behalerayPlonReL A Al A PRaRRARier asin e hepied organic solvent

solution of polyfunctional ac e time for w eat treatment is carried out is

preferably ffam. aiceaRnAnIR A MRS ANVAPIR PITREBN ML R IA R L fTiAYe. When the

time for which the interfacial polycondensation is carried out is from 5 seconds to 3 minutes, the

cross-linked %l}ﬁémigses{%fiﬁtiggz‘ep'&t% RO URAALHINRE R LRE S LfieiDUly-prometed, and the
a

porous support [ayer can be kept wet to maintain the performance of the composite semipermeable
membrane ahaiakiBYeb1O0BMN in the width direction in which a tension is not applied during

continuous film formation. The shrinking causes a problem, for example, with
dimension stability, and therefore the substrate is desirably those which have low rate
of thermal dimensional change. In the nonwoven fabric substrate, the difference in
the degree of orientation between the fibers arranged on the opposite side to the
porous support and the fibers arranged on the porous support side is preferably 10° to

90° because thermal change in the width direction can be prevented.

[0023]



For the composite semipermeable membrane [2] obtained by the above-mentioned method, the solute
rejection pertbnnance and water permeability can be even more improved by adding, for example, the
step of treating with hot water at a temperature preferably in the range of 40 to 100C and more
preferably in the range of 60 to 100C preferably for Ito 10 minutes and more preferably for 2 to 8
minutes. [0051] The composite semipermeable membrane obtained can be used as it is and can
also be modified to haveadiitecaiat fierfospanoe hypparrypodysulfeny chlamisakadteréieatment or coating.
For example, it is preferable to carry out the steps of contacting the polyamide separation-fimetional
layer of the cooigosiié sdoidesmreablamertibrangifrefthadl ganyaound inévjpagtietiagdgy amino groups,
then contacting with a reagent that reacts with the primary amino groups and forms a diazonium salt or
derivatives therefsfabled durthephoentéotinpwitly biphadentithitmeabis wathané thismehium salt or
derivatives thereof in the order mentioned. [0052] The method of producing the composite
seinipelineabkamétybrane according to the present invention will now be described. [0053] The
production method for obtaining the composite semipermeable membrane [I] according to the present
invention has[@ARél of the constitution [3] or [4] below: [3] A method of producing a composite
semipermeable membrane, comprising the steps of: contacting an agueous polyfunctional amine
solution with a polyfuftessteiedyid tHareishtaieingesatitohieo feamarsolgdhsidersapagativih-functional
layer on a porous support layer, followed by contacting the polyainide separation-functional layer with
a compound FBWY BrifsaicarsH dgratlsL dorthestis wvnhthereisiast flaausiiingithetReTsrimary
amino groups and forms a diazonium salt or derivatives thereof; and contacting with a reagent that
reacts with th&#ia2drifshighitor astrnghvedttbreof, wherein the tuinperature of the membrane
surface immediately after contacting the aqueous polyfunctional amine solution with the polyfunctional
acid halide-cdfit& ng solution is in the range of 25 to 60C, and the concentration of the compound
having primar{g%%nino ﬁoups in a complex of the polyamide separation-functional layer and the porous

support layer SfSPEEHACERY T polyamidc separation-functional layer with the compound having
primary amino groups is in the range of 30 x 10-6 to 160 x_|0 mol/g, or [4] A method of producing
a composite semipermeabldimembrane, gempri§ing the steps of: contacting an aqueous polyfunctional
amine solutionyWith e a0 =0T grsolution to form a polyamide

separation-functiona porous support kayer, followed by contacting the polyamide
separation-functional layer with a compound having primar Mamino groups; contacting with a reagent
that reacts with the primary amino groups and forms a diazonium salt or derivatives thereof; and
contacting wil[IQ(éZPéagent that reacts with the diazonium salt or derivatives thereof, wherein the
aqueous polyfunetional amine solution and/ar polyfunctional acid halide-containing solution contain an
acylauon catalyst, andthe* @Bl iBHSr hEhe SRPEARIHRAA G PHPHES S Mino groups in a complex
of the polyamide separation-functional layer and the porous support layer after contacting the
polyamide separafiBRSHIXEaERANS el rsieEsaHa FRabNY bRras BrAskPEH8IE9 i in the range
of 30 x 10-6 to 160 x éﬁ%‘? mollrngﬁch r ductiosrélgroce s will now be described in detail. [0054]

The separating fuletionati&ye & EOTHFBLItE SEASHEr e RbiE MEMBIARET TEE in the case of the
composite semli1per eable membralr)t 551’ LS ablt;:- ta foim its skeleton, for exzmgle, b%ézar ying out
interfacial polf/vcc?ﬁe ensBHON ORtHE Sufface'd 13£pr(51r18ﬁ0§) gﬂeﬁp“élr 4 ?rﬂgfﬁ’éo A 49t &gtsXolution that
contains the allal%)\ée-ggeny%%%g M%ﬂr ailongggl ejrg) %{'d n organic solvent solution that contains
polyfiinctionalnacmf I%aﬁc?es and is Immiscible with water. 055] The concentration of
polyfunctionart(%'g' es in the aqueous polyfunctional amine solution is preferably in the range of 0.1 to
20% by weight and more preferably in the range of 0.5 to 15% by weight. Within this range, sufficient
salt removal performangceang hatel permeanility. &ggeg%gfé@rggggéjg%?&u&?&%% functional amine

solution may contain, for example, surfactants, organic ents, alkaline compounds, and antioxidants

as long as theeaghion afPalviBchionahaminesmithealiunctinnal apidnalides & et impeded.

Surfactants have an effect of improving the vvettability on the porous support layer surface and

reducing the igigriacial OsIon Kehyerd dhFAdURRUBAMINE SAHURAGRLRARAPARLSplvent. Organic

solvents can serve as a catalyst for an interfacial polycondensation reaction, and, in some cases, the

interfacial polyg@pdensatiRadieahentamba 6atHedoruialtigHRrt Rt Addig:HigMin the

range of 30 to 300 um, and more preferably in the range of 50 to 250 um. The

10



[0056] To carry out interfacial polycondensation on the porous support layer, the
above-mentioned aqueous polyfunctional amine solution is first contacted with the porous support
layer. The contact is preferably carried out uniformly and continuously on the surface of the porous
support membrane. Specifically, examples of the method include coating the porous support layer with
the aqueous polyfunctional amine solution and .1 mersing the porous support layer in the agueous
polyfunctionalhackirsssolthiopoie sqptartti siprefbetve anthiverpwous Kuppdho layeraddite aqueous
polyfunctional amine solution is preferably in the range of 1 to 10 minutes, and more preferably in the
range of 1 to Breféraltbsin0057nge of Aftée tHY agueous polyfunetional amine solution has been
contacted with the porous support membrane, the solution is sufficiently drained so that droplets would
not remain on@f&Biembrane. Sufficient draining prevents degradation in membrane perthrmance due
to the membrane defects resulting from the part where the droplets remained after membrane
formation. Examples be¢Hermethte apuressivrptiel sxtuton thabsery sbwided ssenides for example,
holding vertically the porous support membrane after being contacted with the aqueous polyfunetional
amine solutiol S SHEEI PO RKCEEIHHIEHOR SSRITRIISCERERAREfIOW R BISWRTSCairflow such as
nitrogen from an air nozzle to compulsorily drain the solution, as described in JP 02-78428 A. After the
draining, the FRERBFARE sUIPACETER%I1Ed BBE s @ tORenETn iR arHE FSEFBE the aqueous
solution. [0058] Next he porous support layer after being contacted with the aqueous  polyftinetional
amine solutidh &SRt Rﬂfﬂ%r?%?@%ﬁii%%‘i\}%HF%%BM%W%M%&%QH%&M halides to

form the skeleton of a cross-linked polyamidc separation-functional layer by interfacial,
polycondens&tb ?’[%6%2@] aCtupFHSC%BHJéEntf?JHSWB? Bty %%fbrncépé%ﬁ?mﬂ é’%‘ﬁet‘FYéltb‘?Banic solvent

solution is preﬁerabl in the range of 0.01 to 10% by weight and more preferably.in the range of 0.02 to
2.0% by weig 1?.6 fﬁ’g{%%ﬁ%gﬂf}pti%%a %tvf’é %&H%%ﬁ%@%@ ?%H’gﬁlperg‘é%ﬁfél‘gﬂt reaction rate, and
the concentration npt more than 10%.hy weight prevents the occyrrence o sit%ﬁ reactions. It is
preferable to add an aeylation catalyst such as 0 this organic solvent solution because the

f b| %Cgacg Ol’ld€1é)re erabjllglm mtﬁeqnu&}%\:{r CE% arl eganld O%S?I'VC W1 {m b h

interfacial polycondensatign will wceelerated. [0060 The.manics‘t\f s desirably one which
o mmiscile SR, R TR e Ml AR SRR S S oo

membrane, ap MAYRG AR SRIER AR Jonas s Inagiive ganst AT NsHanglamne compounds

leI‘l
and polyfunctional aci referred examples n drocarbon compounds such as

n-hexanc, o Qelant AN IPRANS (006 Hor oIR8 SLCORAING G, OFganC solvent solution

of polyfunctional acid halides with the aqueous polyfunctional amine compound phase may be carried

outin the samg, MANAGLAS {NGiTEINPH of £PRLINgHe RAOHI AHRRRTHRYGEWIt) RO AgUEOUS

polyfunctional amine solution and the method of immersing the porous support layer in an aqueous

p0|yfun0ti0n%&*@iﬁlfe%9*%?ﬁb9&§q' 2baNe A[QQRR1nitha m&%i&@e‘%&mmw?%membrane [1]
g

the method for increasin e actual length of the separating functional layer is either of the following,
i.e., (i) raising, g demperatrsRhthe snembrane sudacenbpnadiaiaheafiss caetasting the agueous

poly-functional amine solution with the polyfunctional acid halide-containing solution to higher than
room temperatugager(ilgiakimg oa aedatiersaialshcomxisicdiing iteidasiatinekyngriza on.

the support layer is an average value of the measurements at 20 points at 20-pm

intervals in the direction perpendicular to the thickness direction in the

cross-sectional observation. The pore size is an average value of each projected

area equivalent diameter of 200 pores counted.

[0029]

Although the porous support membrane used in the present invention can be

selected from various commercially available materials such as “Millipore filter

VSWP* available from Millipore and “Ultrafilter UK10™ available from Toyo Roshi
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[0063] In the method (0, the temperature of the membrane surface immediately after contacting
the aqueous polyfunctional amine solution with the polyfunetional acid halide-containing solution is in
the range of 25 to 60C. The temperature of the membrane surface is preferably in the range of 30 to
50C. When the temperature is 25C or lower, pleats will not be large, leading to the decrease of
permeate flux, whereas when the temperature is higher than 60C, the removal rate tends to decrease.
When the tempgiaiure:ef, thesmsmpiane suitreedimme dirtalupbeueantssling dip cyreeus.e
polyfunctional amine solution with the polyfunctional acid halide-containing solution is in the range of
25 to 60C, theagtuardengin ohihe sepasating Moctionadayer wer 3 sam4iesgith of the porous support
layer can be from 2 um to 5 um, and a high permeate flux and boron removal rate can be obtained.
[0064] Foo@aoitrolling the temperature within the above-described range, the porous support layer
may be heated, or a heated organic solvent solution of polyfunctional acid halides may be brought in
contact. The temperafuréhopitheemembriane, shsfack imide diately aiftertconépatinththe aqueous
polyfunctional amine solution with the poly:functional acid halide-containing solution can be measured
with a non-coffitactithefiagnreter isuthnasdbadiatitieiti grohametensf065)f polyfimtiiemakthod (i), the
acylation catalyst is preferably dissolved in an aqueous polyfunctional amine solution or an organic
solvent of polyfansionih aoly fuaktesand dima)ibes ad dedetaeither orbdiththe bguesusmpblyfunctional
amine solution and the organic solvent of polyfunctional acid halides. [0066] Examples of the
acylation catatysinierchnddhsoprpdundsooehtaidihglidesidectiabhs cetamples of cornpounds containing
am de groups include linear amide compounds and cyclic amide compounds. Examples of linear
amide compotingsiameludenporeskample. N-methylfbiN,N-dimethylformamide, N,N,-dimethylaceta de,
N,N-diethylfonnamide, and N.N-diethylacetamide. Examples of cyclic amide compounds include, for
example, N-mi&\ipyrrolidinone, y-butyrolactam, and c-caprolactam. [0067] When an acylation
catalyst is added to an aqueous polyfunctional amine solution, the amount is preferably in the range of
0.1 to 10% by weight BAPEIGHE pRcTeiBERM TR AR S BfO aprson By siigie fanetdtes e balance of
membrane performance. When an acylation catalyst is added into an organic solvent containing
polyfunctional HelNFsicledictRel widtne s pRsBRF TP IE lpxp e @F&@%ﬂﬂm@f@aﬁm @niftinore
preferably in the range of 10 to 500 ppm in view of the balance of membrane performance. When the
concentrationBFERERANAGB BRADLMOTH PR LBBVeIES 88 thldettle éffect of increasing the
actual length E&é?g separating functional layer can be obtained, and excellent salt and boron removal
performance f J/ided. Depending on the type and concentration of acylation catalyst reaction
[0068] In produc'&p(% tpe ctomgf)site s%mi ermlgaab{e membrar}mle of the fontstitutio%é%and [2]
according to the presen nl\ll%cnf%ln, 28 08stHBe aove, %rhaerplcnaerrﬁ\ﬁﬁl%ﬁ REHRGA condensation
by means of contact with tgg dg(r)ganic solvent solution of.g%leuncpon?el aa?ig leides form a

separating furictionat f%ﬁpesr comprslglcr?a éarrgs%qﬁﬁﬁe%oﬁlgﬁlém & on the porous sﬁlﬁﬁgrt }rheembrane, itis

preferable to drain and remove the ex olvents. Examples of the method, of draining the solvents
that can be usé% Illﬁi%c}leg ?1B%%gatﬁfn?ng%%blﬁé%oe%;é%rlﬁégﬁﬁ%%esrﬁo% ltrglgﬁgléisesag%né}ﬁ% solvent by

gravity flow. In {fug,Ga56 ingnyRIical fold H%&a@j%ﬁfﬁéﬁ% _ &%’&i}[a%ﬁ‘x‘i'e@%tc%st%d more

preferably between | and 3 minutes. When the holding time is in"this preferred range, a separating

functional laygr s, Gmpistal iRrmada and ghihe Same:lime Reripiants.degigaasion will not occur

because defects due to the excessive drying of the organic solvent will not occur. [0069] For the
composite sSeRIRGENGADIG MeMRIANG Pavpga Pelyamiderserarations unclianaldayssebiained by the

above-mentioned method, the solute rejection performance and water permeability can be even more

improved by adgifgofnexample, 4he sieniabbsatnaith hatnateratdempearature preferably in the
range of 40 to 100C and more preferably in the range of 60 to 100C preferably for 1 to 10 minutes and

more preferakiih jpengdond iminise prdPPiédkdiamine; and alicyclic polyfunctional amines such as

1,2-diaminocyclohexane, 1,4-diaminocyclohexane, 4-aminopiperidine, and
4-aminoethylpiperazine. In particular, an aromatic polyfunctional amine having 2
to 4 primary amino groups and/or secondary amino groups in one molecule is

preferred in view of the selective separation properties, permeability, and heat

12



Next, to produce the composite semipermeable membrane [1], the above-obtained composite
semipermeable membrane having a polyamide separation-functional layer is contacted with a
compound having primary amino groups. The primary amino groups react with a reagent that forms a
diazonium salt or derivatives thereof and further reacts with an aromatic compound to form azo
groups, whereby the boron removal rate can be expected to improve. [00711 The concentration

and time for thacamact car %@B{%@arﬁ@%@lﬁiﬁl@qéaiamgééa-eﬂéﬁgn&k&%ﬁﬁ%péﬂaterest- [0072]
e

Examples of the compound having primary amino groups include aliphatic amines, cyclic aliphatic

amines, arompicsaminasopadfelareaematicamines:drapolhea.standrrind fhthe.statility of the d
azomu salt or derivatives thereof to be formed, aromatic amincs and heteroaromatic amines are

preferred. Forhavingiayeiow insexeffdRite:40 uthamMesularsarightofihie sarersieleton, parts
excluding functional groups, of the compound having primary amino groups is preferably not more
than 500. ThadnetinolilnA cantactingtheafepdiating funeliendlitayerihite thel gamypuwad having primary
amino groups is not particularly limited; a solution of the compound having primary amino groups may
be applied, anchthes atoyvbedasdribhat conmpositensemifehrieabls rambianeunhayebesi;imersed in a
solution of the compound having primary amino groups. They are preferably carried out uniformly and
continuously. Yo@#Biwo or Asma sbthent thatislid soivelsaacconipohnddrabingtpriméticamines. any solvent
may be used as long as the compound is dissolved and the composite semipermeable membrane is
not eroded. Irkdditisnctivedaiution maycomeainpféhexampie tsurfatiantdoacidis admpounds, alkaline
compounds, and antioxidants as long as the reaction between primary amino groups and the reagent
that forms a diaoaitiith salteoyitehvetiges therdofdseonitapedatho [@ORA} in ond hwlsenbentration of a
compound having primary amino groups in the complex of a polyamide separation-functional layer and
a porous suppoy kg/esad. a Ve leterninephatia heélaed mereprdrbetonin Afupsntacting a
polyamide separation-functional layer with a compound having primary amino groups, droplets are
removed. A c@ﬂ%@@]?@@éﬁﬁiﬁé%éﬁbl@‘mﬁa@ﬁ@ w&iagtendt] anel drsnpEtdieiensaeled off to obtain a
complex of the polyamide separation-functional layer and the porous support layer. This is immersed
in a solvent ti{ggélﬁsolves the compound having primary amino groups and does not dissolve the
polyamide separation-functional layer and the porous support layer, and the compound having primary

amino groups is extracted RS anabRrihhatids %ﬁb%%@@&%ﬂ%éa&ﬁégﬁé%ﬂéﬁﬁor example, with

an Ultraviolet-Visible spectggsghotometer_ after obtgning a calibration curve or by high-performance
liquid chroma]E‘BLﬂ%WSrC BRFSHOARS ARy 1S st tlatd HE RIS BOEHURGERIA #T%he complex of the

polyamide separation-functional layer.and the poyqus sugport layer. Then, the complex of the
polyamide seg%ﬁgﬁ%ﬁl‘fﬁhcg OHAFTA %?lgﬁgl%dg'o@ui"%\(fgg}&ﬁ‘?ﬁﬁgﬁ? %H%ﬁ?lﬂéﬁ?%%r@&h/ent, dried
by heating, cooled to,room temperature in a desiccator, and then weighed termine the
concentrationagfftﬂ’é’ébcrﬁéggé%t %eéwr?égﬁﬁ%grﬁcé(rfn%% E]Or%g%salnn t %argﬁ?ﬁ% e%gﬁ%%lﬁ%@amide

separaton-uiclondl Yer A0 U eTeus NBROIIBver IR1e sausion beiow 18075}

a (8] 1C .
Compound concentration (mo compound weight / mo ecular ompound) / dried

membrane Wg'@ Yichlod! h ' ipermeabl mbrane cording 1o the present
invention, for acﬁiel\%a a?{ é’eﬁ%%%ﬁ%%%@f%%@ﬁ& tcégé%%%ﬁtrg’i%ﬂe% éﬁlagécrﬁf)@t%lh(j}()ibgﬁﬁaving primary

amino gfoupﬁé@;taﬁhﬁa‘iﬁfﬁf?ﬂ&)él%ﬁh%,p&!xf?{_l;iﬂ%éﬁﬁ@@@%&?ﬁﬁ%@f"}i L%m}%ggﬁa@ﬁrous support layer

after contacting the polyam de separation-functional layer with the compound having primary amino

groups needs,ie, e 1S RNAR A0 A IPAANHAAI0 e AN i gangeptration of the

compound having primary amino groups is less than 30 x 10-6 moll&'the removal rate-improving effect
due to azo group, fermatienR i smalh@nd WRen @bVe 183 ehtane dicarboxylic acid dichloride,

cyclohexanedicarboxylic acid dichloride, and tetrahydrofuran dicarboxylic acid
dichloride. In view of reactivity with polyfunctional amines, polyfunctional acid
halides are preferably polyfunctional acid chlorides. Further, in view of the
selective separation properties and heat resistance of the membrane, polyfunctional

acid chlorides are more preferably polyfunctional aromatic acid chlorides having 2 to
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| 0-6 mollg, there is a problem in that the permeate flow rate decreases because of increased azo

group fon-nation. [0076] To produce the composite semipermeable membrane [11 according to
the present invention, the composite semipermeable membrane having primary amino groups in the
separating functional layer described above is then contacted with a reagent that reacts with primary
amino groups and forms a diazonium salt or derivatives thereof Examples of the reagent that reacts

with primary anipg@raumsad fepms aciazonineadalt andrrivativesihergehiode reniagted include
agueous solutions, for example, of nitrous acid and a salt thereof and of a nitrosyl compound. Since

aqueous solugigmsnetdprers.8sidandrim Misrasiisempoundepdily senpiate.asdiand decompose, it
is preferable to sequentially generate nitrous acid by the reaction, for example, between nitrite and an
acidic solutiorrhigs@poBfahAitite geaaiaiassnitiguseasicl (HMOrby seacting: withBydgepdons, and
the generation is efficient when the pH of an aqueous solution is 7 or lower, preferably 5 or lower, and
more preferabied amlei@eodligyve all, an aqueous solution of sodium nitrite obtained by the reaction
with hydrochloric acid or sulfuric acid in an aqueous solution is particularly preferred in terms of
convenience [0d3adling. [0077] The concentration of nitrous acid or nitrite in the
above-described reagent that reacts with primary amino groups and forms a d azonium salt or
derivatives thereof is préferabhpirsiteesamgeroéihintonhBtaby Meighoriitithin thésprange, the effect of
forming sufficient diazon um salts or derivatives thereof is obtained, and it is easy to handle the
solution. [0078]ventio,Hbetepiosratdix of the siproasracfdrstiotidldgeprefdrabbmpeS¢o 45C. Within this
range, the reaction will not take too much time, and it is easy to handle the solution because the
decompositioseufi pimrpagbbeit ds bisntow fdsto D79V hen tirhgetlontast exd thitseheraimgus acid solution
is preferably the time during which a diazonium salt and/or derivatives thereof are formed; the
treatment carfiEaratldsutsmat dhwrilimd Ghbaieg Feasned redtionats serduiidly gierigdime at a low
concentration. Therefore, in the case of a solution of the above-described concentration, the contact
time is preferabfl/ Wighinctanerin thas 4hd sroren praraiB i wibiacs heivioesighigatentacting method is
not particularly limited; a solution of the reagent may be applied (coating), or the composite
semipermeaﬂé%%?ﬁﬂ}%’n@méaiﬁﬁ%rsed in a solution of the reagent. As a solvent that dissolves
the reagent. ang solvent may be used as long as the reagent is dissolved and the composite
semipermeab[I% Ardmbrane is not eroded. In addition, the solution may contain, for example,
surfactants, acidic compounds, and alkaline compounds as long as the reaction between primary
amino groups and the'f& d&mﬁ% ‘?Fﬁﬁ%&%ﬂ?’ffﬁ‘ééﬁ’ Whljhgb%%l‘i‘ﬁr%i‘ BRLERSE ShAsTASalt or

derivatives thereof formLd by the contact is.conyerted into a phenolic hydroxyl group by reacting with
watlt\alr. :;Iurthe ,(7%%%0?75%%0 RIS éﬁ%%‘%}?@’n Qgcﬂgbi?fgéyﬁ?é]&ﬂ?ggng aé]ﬁli&ro%s suplportV\Ilétyer

anql a separa’Hn Jg&c};u?ga}ilnlayelrng{gtfog&?g Qr \gl}lfgaﬁo%ggc rings Qf the compound having primary
amino groups,et e compoun Bemg retained in the Separatirig functional layer, to form az() groups.
Whereby the 0 removal rate can be expected to improve. [0081] Next, the composite
semipermeable membrane in which a diazonium salt or derivatives thereof have been formed is
contacted with a reagept &Qﬁ (eag %)yvdtﬂ h% i Qnium sal 1g)rl(.ileriva ives thereof Examples of the
reagent that reacts Witﬁt e (hazor(}lum salj%a oﬁ%d%%\l/% |vegcﬁ1%rztleo1@1 ?ﬁélﬁ&g??g?rgggrﬁgfge?chloride ion,

promide 1on, GYRIARIAN. 19AR (A0 RLARAIR BE it NYRORROSRD AR A ARl RodiUm bisulite, sulfite

ion, aromatic amines, phenols, hydrogen sulfide, and thiotyanic acid. Upon reacting with sodium

bisulfite and syfitpdpResibstitiinndesrtion inmesiately Aecs: AtkatitgP R Are Substituted

with sulfo groups. The contact with aromatic amines or phenols causes a diazo coupling reaction,

which allows intradiatiam ol EOMAUCH AN ME MRS I {ace T HEREBRARRRISIAY G HEEd alone or
may be used in combination,or the composite semipermeable membrane may be contacted with

different reaggisiiBQIR EhanI9MEE pdRR I BAFSH Iadhereantagiedistoraliarphly sadivmdisylfite and
sulfite ion. [0082] The concentration and time for the contact with a reagent that reacts with the

diazonium sah eisdesivativestteaergnataall Fenrkpprapristaly-astiustes imardentdobiais fhaeffect of
interest.
In placing the composite semipermeable membrane on the glass plate, the fabric for

reinforcing the porous support membrane mentioned below is peeled off in advance.

As a color meter, for example, SM color computer SM-7 manufactured by Suga Test
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[0083] The temperature for contacting with a reagent that reacts with the diazonium salt or derivatives
thereof is preferably 10 to 90")C. Within this temperature range, the reaction readily proceeds, while
the decrease of permeate flow rate due to polymer shrinkage will not occur. [0084] The composite
semipermeable membrane [1] and [2] according to the present invention thus produced is wound,
together with a feed spacer such as a plastic net, a permeate spacer such as a tricot, and, if
necessary, a filsa-@nanpoewoyen fahne thizgnhancing pressure resistance, around a cylindrical
water-collecting pipe provided with a large number of pores by drilling and suitably used as a spiral
composite sepipgnmeable membrane element. Further, the elements can be connected in series or in
parallel and housed in a pressure container to provide a composite semipermeable membrane
module. [0085] iy the abeyrrdessribaccampopieseminerreabin deembisnessand
elements and modules thereof can be combined, for example, with a pump for feeding feed water
thereto and withranydpparsliusnide peptresingiinefend Wwatehteegrsttiied fiumddeparation apparatus.
By using this separation apparatus, feed water can be separated into permeate water such as drinking
water and coregntradacfuvateritidb hasndt petimeate dithraugh theimengdseste 46 obtain water for the
intended purpose. [0086] Considering the fact that the higher the operating pressure of the fluid
separation apperatusdonetmgiedhp @nkiggketuinedifbdopaenationupcnedseswelhoutgicthe more salt
removal rate improves, and the durability of the composite semipermeable membrane, the operating
pressure duritipipassingtine ewatedso Hexd8ipiesatédl tatougtiotireicg mpositensemipdomeable membrane
is preferably 1.0 MPa to 10 MPa. The temperature of feed water is preferably 5C to 45C, because the
higher it is, thexaneptethedsaklegrows ratendearemsesndatkibreylewepit is Ftrenpleseothe membrane
permeate flux decreases as well. When the pH of feed water is high, in the case of feed water of high
salt concentr&lRsireuch hdrssanyamsunscald whonrfag sesnpteasrrtheyiilescsms, sebioniastotese is a
concern about membrane degradation due to the high pH operation. Thus the meration in the neutral
range is preféVsl YOS PHPS, agk #RopRss FRtAecApIvAtSoRBat e W e Hogrpoxsite setipermeable
membrane according to the present invention Include sea water,brackish water, and liquid mixtures
containing TIESEPStAIFASESHRY BEIRIEPS? SO0 Rig/L vt el sikraadriristedater. In general. TDS
refers to total dissolved solid content and is expressed as "mass/volume" or "weight ratio". By
definition, it S RIEFAIERIR SR tHE R GHEBPIR ALERIGE GH A A G Filtsn R XD erature of 39.5
to 40.5C of the solutjon filtered through a 0.45-micron filter, and more cgonveniently it is converted from

practical salintf/<8) B BroY B5e8PIPS: SH¥SIERE STHPE TSRS WY $28¢Pbed in more detail

by way of examples, but the present invention is not limjted by these examples. [008
y way ar)}i’ene groups,ehgteroarylene groups, an(ci) comt)?natl‘i)gns of'S ‘Slese strgcture[s. '?lle

polyamide separation-functional layer exhibits the yellow index of not less than 10
by having such a structure. However, when the amount of such a structure is
increased, the yellow index becomes larger than 40.  Further, when such a structure
is multiply combined, the region of such a structure becomes large and turns red,
resulting in a yellow index of larger than 40. If the amount of such a structure is
increased and the region of such a structure is increased to the extent that the yellow
index becomes larger than 40, pores on the surface and inside the polyamide
separation-functional layer are clogged to thereby increase the boron removal rate,
but the permeate water volume significantly decreases. When the yellow index is
10 to 40, the boron removal rate can be increased without excessively decreasing the

permeate water volume.
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The yellow index and actual length of the separating functional layers in Comparative Examples and
Examples were measured as described below. (Temperature of membrane surface immediately after
contacting aqueous 34 polyfunctional amine solution with polyfunctional acid halide solution) The
membrane surface temperature immediately after applying a polyfunctional acid halide solution to the
porous support layer contacted with an aqueous polyfunct onal amine solution was measured with a
radiation thermgg@qter (TA-0510F manufactured by MINOLTA). The emissivity ¢ was 0.95.
(Concentration of compound having primary amino groups in a complex of polyamide
separation-functio al layghand HOIRUS SHBRYTE JRYEling thAR)SANIACHRG A PRNA Rl Al
separation-functional layer with a compound having primary amino groups, droplets were removed. A
composite sepNpei@ahleMRPARBAIVASEMHROIANEd QpFbrand dsybstiairiwas peeled off to
obtain a complex of the polyamide separation-functional layer and the porous support layer. This is
immersed in 5€hgrofethrneliton sy andiie capenenisereadvibeatianahivas measured
with an Ultraviolet-Visible spectrophotometer (UV-2450 manufactured by Shimadzu Corporation) after
obtaining a calildratiohesitad foreaticigale fityaaipaspdrRightintoacomptas pidhidleealgamide
separation-functional layer and the porous support layer. Then, the complex of the polyamide
separation-fualstiondtiayibednchitterpordus setpponildyeibvas-taketibedtstrotnierethanohdried by
heating at 120C for 2 hours, cooled to room temperature in a desiccator,and then weighed to
determine thepeondeftiatiorlahthe ity mg@oird rapihge prideagparniioa-guavienid theecamplex of the
polyamide separation-functional layer and the porous support layer by the equation below. [0090]
Compound coneedtr shioab(imolipscribed strfcomp oupdfwedght molecular weight of compound) / dried
membrane weight" (Yellow index) After drying a composite semipermeable membrane at room
temperature 1908%Hours the substrate was peeled off, and the resultant was placed on a glass plate
with the separating functional layer surface down, after which the porous support layer was dissolved
with dichloromethanebxampbenovds mstheodepansigalyitnsetionshtaneyaandsining on the glass plate
was measured with SM color computer SM-7 manufactured by Suga Test Instruments Co., Ltd. (Actual
length of polyssireidi eesarstionslareionsludgsPpecingt ikipae BfpsrBiRssupsdetgebrane A
composite semipermeable membrane is embedded in PVA, stained with 0s04, and this is cut with an
ultram crotoni® Y e BB OAs TR Yt aBriUACERISS S ETiBRAS S BYGEY SHT Fevdfrattirisection obta
ncd is taken using a TEM. The cross-section photograph taken with a TEM was imported into image
analysis softWEETHEGETBIE 1oV RFIBI Y HAQ P AR BE i dierrj ot €'separating
functional Iayg‘% per 1 um-length of the porous support layer was determined. [0091] The various

properties of H5& BRI BHEIEEQemid B o T MBS iR E Y Pt sl MBS AP RS 83 Examples

were determined by carrying out membrane filtration treatment fbr 24 hours by feeding the sea water
adjusted to a‘f’éﬁﬁﬁér t?ﬂét(‘)g SUBPRHACH EY%? 6% &%%onﬁgﬁ?ﬁ8ﬁ?ﬁ%ﬁ?§%§)g}% the composite

semipermeablgnn&en?%rnara% (?Ehaen op%ragiciw ressure f5i5 MPa and m asu(;in the tWater q_uality of the
permeate waferaid feed Water Sfter*that: ( LANRATOR TR (T S EnTOVAFTate) The desalination
rate, i.e., IDS Jemoval e Was SRR NRLRY Mg qauation pelow. [0092]

[0040]

The composite semipermeable membrane in which the polyamide

separation-functional layer has primary amino groups is a composite semipermeable

membrane having primary amino groups as a substructure or terminal functional

group of the polyamide that forms the separating functional layer or further may be a

composite semipermeable membrane retaining a compound having primary amino

groups in the separating functional layer of the composite semipermeable membrane

having primary amino groups as a substructure or terminal functional group of the
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TDS removal rate (%) - 100 f 1 - (TDS concentration in permeate water / TDS concentration in feed
water)] (Membrane permeate flux) For the membrane permeate flow rate of feed water (sea
water), the permeate water volume per square meter of the membrane surface per day (cubic meter)
is used to express membrane permeate flux (m3/m2/day). (Boron removal rate) The boron
concentration in feed water and in permeate water was analyzed by an ICP emission spectrometer

(P-4010 manyfasiedetudriaa id fpmakera-daisunioation fom e fallpwing gstugtion. 1009311

Boron removal rate (%) = 100 x(boron concentration in permeate water boron concentration in feed

water)} (Degreg:offipesiorieniion,abRURSERI®) a comJ SRR RARISRER K] SAMRIGWEER fandomly

collected from a nonwoven fabric, and photographs at a magnification of 1 00- fold to 1,000-fold were
taken with a sganRiNgigctFaN-MIgIORERRE. For 10 fibers from each sample, 100 fibers in total, the
angle was measured taking the longitudinal direction (lengthwise direction) of the nonwoven fabric as
0 and the widtlo@ingction (transverse direction) of the nonwoven fabric as 90', and the average value
thereof was rounded to one decimal place to determine the degree of fiber orientation. (Rate of

thermal dimensional dhesgsl€f stibstratepiusdhatraie paeutpatdahel geoths fladedmingsirection into
three 25 cm long and 25 cm wide samples. For each sample, marks indicating the length of 20 cm
parallel to theditiméarmyiciic diiphtion mereplacadchdt thréeck aatidnrscranchmatiksniieksating the length of
20 cm perpendicular to the film-forming direction were placed at three locations. The sample is
immersed in Hopweater surkpoinfart 1hersinhites. cdinbletiena daken it dodaatutalcdnfiagdantheee samples,
the lengths of the three marked locations are measured to 0.01 cm to make a determination by the
following equdtionciiherfomgituainakfriné hetations) Avcnansverspréfitnedocations) of the three
samples were each averaged for calculation. When the length of the line after immersion is shorter
than the lengtlVot2the line before immersion, i.e.,when shrinkage has occurred, the values are
expressed as positive, and when the length of the line after immersion is longer than the length of the
line before immersionEEnpige eé theereagsddbatiresrvayibiveioogamino gRaps epdhiemmalaimensional
change = ((length of line before immersion) - (length of line after immersion)) (length of line before
immersion) x QQ@O(IR%@H@ é@(ayﬁp}@qwereof include aqueous solutions, for example, of

nitrous acid and a salt thereof and of a nitrosyl compound. Since aqueous solutions
of nitrous acid and of a nitrosyl compound readily generate gas and decompose, it is
preferable to sequentially generate nitrous acid by the reaction, for example, between
nitrite and an acidic solution.

[0043]

The actual length of the separating functional layer per 1 um-length of the
porous support layer refers to a value determined by the method mentioned below.
First, a sample is embedded in a water-soluble polymer for preparing an ultrathin
section for a transmission electron microscope (TEM). The water-soluble polymer
may be any polymer that maintains the shape of the sample, and, for example, PVA
or the like can be used.  Next, to facilitate cross-sectional observation, the sample is
stained with OsOy, and this is cut with an ultramicrotome to prepare an ultrathin
section. A cross-section photograph of the ultrathin section obtained is taken using

a TEM. The magnification may be appropriately determined depending on the
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Using a polyester staple fiber nonwoven fabric (air permeability: 0.5 to 1 ecicm2/see, degree of fiber
orientation: front 28, back 28) as a substrate, a solution of 15.7% by weight of polysulfone in DMF was
cast on the front of the nonwoven fabric at a thickness of 200 um at room temperature (25C). and the
resultant was immediately immersed in pure water fbr 5 minutes or more to continuously prepare
porous support layers (thickness: 210 to 215 pm). [0095] (Reference Examples 2 and 3) A porous

support layer ashrepared R dhsrsapieRaNneas ol enceEXAMRAR Leeplisineas a
substrate the filament nonwoven fabric shown in Table [0096] [Table 1] Degree of fiber orientation()

Front Back Referansesfxapie-le2fuad Relpsapredeample 249RsKalarence fxample 3 50

length of the separating functional layer surface is an actual length of the separating
functional layer surface of the part corresponding to the 1 pm-length of the porous
support layer, which refers to the length of the part represented by a solid line M in
Figure 1.

[0044]

In the composite semipermeable membrane [1] according to the present
invention, the actual length of the polyamide separation-functional layer per 1 pm-
length of the porous support layer is from 2 um to 5 um. When the actual length is
less than 2 um, permeate flux cannot be ensured because the membrane surface area
is small, and if the permeate flux is significantly improved by aftertreatment, the
removal rate decreases. When the actual length is more than 5 um, the pleated
structure collapses upon operation, and the permeate flux decreases.

[0045]

For obtaining the composite semipermeable membrane of the constitution
[2] according to the present invention, the temperature during the interfacial
polycondensation step (A) is necessarily in the range of 40°C to 70°C and preferably
in the range of 40°C to 60°C. When the temperature during interfacial
polycondensation is less than 40°C, there is a problem in that pleats will not be large,
thereby decreasing permeate flux, whereas when the temperature is above 70°C,
there is a problem in that the removal rate decreases.

[0046]
For the temperature means during interfacial polycondensation, the porous

support layer in contact with an aqueous polyfunctional amine solution may be
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20 [0097] (Reference Example 4) The porous support layer obtained in Reference Example 1
was immersed in a 4.5% by weight aqueous solution of m-PDA for 2 minutes, and the support layer
was slowly pulled up in the vertical direction. Nitrogen was blown thereto from an air nozzle to remove
the excess aqueous solution from the support layer surface. Thereafter, an n-decane solution at 25C
containing 0.175% by weight of trimesic acid chloride was applied thereto such that the whole surface

was wet, andi8aeLBPakERRMbFaRE VB 8t {01t Iy MiiEn A Nes faITemoys the excess
solution from the membrane, the membrane was held upright for I minute for draining. Thereafter, the

membrane wagwaghadithichot atesrab Gefarfon2iminHesia LN cnaemResie sepapermeable
membrane. The temperature of the membrane surface immediately after applying the solution of

trimesic acid gblerigiadn, &sanampie 286m (ReferensedamplesdnieoDact thefanpasiteh
semipermeable membrane was prepared in the same manner as in Reference Example 2 except

changing the poroad stippoidriayercuses it changiaam the te mpesatine Ohdren sobuidn of trimesic acid
chloride in decane applied to the temperatures described in Table 2. The values of the temperature of
the membranthesufacecinwitediatetylaftes spiidying the solution of trimcsic acid chloride in dccane arc
as shown in Tablc 2. [0098] [Table 2] Membrane surface temperature (C) t7E SS S9

[0047]

For obtaining the composite semipermeable membrane of the constitution

[2] according to the present invention, a heat treatment step (B) is carried out

following the above-described interfacial polycondensation step (A) in order to

further promote cross-linked polyamide formation. The temperature during the heat

treatment is necessarily in the range of 70 to 150°C and preferably in the range of 80

to 120°C.  When the temperature during the heat treatment is less than 70°C, there

are problems in that it requires a long time to sufficiently promote the cross-linked

polyamide formation on the support layer and that the cross-linked polyamide

formation cannot be sufficiently promoted even if the heating is performed for a long

time, whereas when the temperature during the heat treatment is more than 150°C,

there is a problem in that the composite semipermeable membrane is dried and the

permeate flow rate decreases.

[0048]

For the heating means during the heat treatment, the composite

semipermeable membrane after interfacial polycondensation may be allowed to stand

in a heated oven, may be heated by blowing warm air, or may be contacted again

with a heated organic solvent solution of polyfunctional acid halides.

[0049]

The time for which the heat treatment is carried out is preferably from 5
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lcc TMC temperature (C) SZ 017 09 OL 017 09 TMC concentration (wt%) SLY() SLIO SL10
SLFO ctio

seconds to 3 minutes and more preferably from 10 seconds to 1 minute. When the
time for which the interfacial polycondensation is carried out is from 5 seconds to 3
minutes, the cross-linked polyamide formation on the porous support layer can be
sufficiently promoted, and the porous support layer can be kept wet to maintain the
performance of the composite semipermeable membrane at a high level.

[0050]

For the composite semipermeable membrane [2] obtained by the
above-mentioned method, the solute rejection performance and water permeability
can be even more improved by adding, for example, the step of treating with hot
water at a temperature preferably in the range of 40 to 100°C and more preferably in
the range of 60 to 100°C preferably for 1 to 10 minutes and more preferably for 2 to
8 minutes.

[0051]

The composite semipermeable membrane obtained can be used as it is and
can also be modified to have different performance by carrying out any chemical
aftertreatment or coating. For example, it is preferable to carry out the steps of
contacting the polyamide separation-functional layer of the composite
semipermeable membrane [2] with a compound having primary amino groups, then
contacting with a reagent that reacts with the primary amino groups and forms a
diazonium salt or derivatives thereof, and further contacting with a reagent that reacts
with the diazonium salt or derivatives thereof, in the order mentioned.

[0052]
The method of producing the composite semipermeable membrane

according to the present invention will now be described.

[0053]



SLR) m-PDA concentration (wt%) St'l- St St cm Porous support layer 'Reference Example |
Reference Example | Reference Example | Reference Example 1 Reference Example 2 Reference
Example 31 !'Reference Example 41

The production method for obtaining the composite semipermeable
membrane [1] according to the present invention has either of the constitution [3] or
[4] below:

[3] A method of producing a composite semipermeable membrane,
comprising the steps of: contacting an aqueous polyfunctional amine solution with a
polyfunctional acid halide-containing solution to form a polyamide
separation-functional layer on a porous support layer, followed by contacting the
polyamide separation-functional layer with a compound having primary amino
groups; contacting with a reagent that reacts with the primary amino groups and
forms a diazonium salt or derivatives thereof; and contacting with a reagent that
reacts with the diazonium salt or derivatives thereof, wherein the temperature of the
membrane surface immediately after contacting the aqueous polyfunctional amine
solution with the polyfunctional acid halide-containing solution is in the range of 25
to 60°C, and the concentration of the compound having primary amino groups in a
complex of the polyamide separation-functional layer and the porous support layer
after contacting the polyamide separation-functional layer with the compound having
primary amino groups is in the range of 30 x 10 to 160 x 10 mol/g, or

[4] A method of producing a composite semipermeable membrane,
comprising the steps of: contacting an aqueous polyfunctional amine solution with a
polyfunctional acid halide-containing solution to form a polyamide
separation-functional layer on a porous support layer, followed by contacting the
polyamide separation-functional layer with a compound having primary amino
groups; contacting with a reagent that reacts with the primary amino groups and
forms a diazonium salt or derivatives thereof; and contacting with a reagent that

reacts with the diazonium salt or derivatives thereof, wherein the aqueous

21



IReference Example 51 IReference Example 61 'Reference Example 71 'Reference. Example 81
[Reference Example 91 [0099] (Reference Example 10) The porous support layer obtained in
Reference Example 1 was immersed in an aqueous solution of 5.0% by weight of m-PDA and 0.5% by
weight of DMF for 2 minutes, and the support layer was slowly pulled up in the vertical direction.
Nitrogen was blown thereto from an air nozzle to remove the excess aqueous solution from the

support layer surface. Thereafter, an n-decanc solution containing, 0,175% by. weight, of.trimesic acid
chloride was §§]r ?é? Q[R%Irlggns}b% Sﬁ%ﬁtneanw(ggw gﬁ#%%:e%\?\?a?zav%(fhé‘}fg%ﬁglg%%lﬁ)%‘%%rﬁ&{ﬁ%?ane was left

Lo e or +SDiRute o] RERLIR FIMAKE NG SRe S ROian Famibe menbiais. e memprane was

held upright for 1 minute for draining.” Thereaiter, the membrane was ed wi

2 minutes 1o opiaiR aAMARYIE ARIPeITIRANIE MAMPENS.ARPRIRAGR ARG 0 1) A

composite semipermeable membrane was prepared in the same manner as’in Reference Example 6

except that a ﬁamggg;em&w%@eﬁé@lﬁgcw&@wygzh%s%g%mé%5%4%9911 Hiaple 3]
Polyfunctional amine solution Polylimctional halide solution
the compound having primary amino groups is in the range of 30 x 10 to 160 x 10
mol/g. Each production process will now be described in detail.
[0054]

The separating functional layer in the composite semipermeable membrane
[1], as in the case of the composite semipermeable membrane [5], is able to form its
skeleton, for example, by carrying out interfacial polycondensation on the surface of
a porous support layer using an aqueous solution that contains the above-mentioned
polyfunctional amine and an organic solvent solution that contains polyfunctional
acid halides and is immiscible with water.

[0055]

The concentration of polyfunctional amines in the aqueous polyfunctional
amine solution is preferably in the range of 0.1 to 20% by weight and more
preferably in the range of 0.5 to 15% by weight. Within this range, sufficient salt
removal performance and water permeability can be obtained. The aqueous
polyfunctional amine solution may contain, for example, surfactants, organic
solvents, alkaline compounds, and antioxidants as long as the reaction of
polyfunctional amines with polyfunctional acid halides is not impeded. Surfactants
have an effect of improving the wettability on the porous support layer surface and
reducing the interfacial tension between the aqueous amine solution and a nonpolar
solvent. Organic solvents can serve as a catalyst for an interfacial polycondensation

reaction, and, in some cases, the interfacial polycondensation reaction can be carried
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m-PDA concentration (wt%) Additive TMC concentration (wt%) Additive Reference Example 10 5.0
DMF (1.0wt%) 0.175 absence Reference Example 11 5.0 NMP (0.5wt%) 0.175

out efficiently by adding them.
[0056]

To carry out interfacial polycondensation on the porous support layer, the
above-mentioned aqueous polyfunctional amine solution is first contacted with the
porous support layer. The contact is preferably carried out uniformly and
continuously on the surface of the porous support membrane. Specifically,
examples of the method include coating the porous support layer with the aqueous
polyfunctional amine solution and immersing the porous support layer in the aqueous
polyfunctional amine solution. The contact time between the porous support layer
and the aqueous polyfunctional amine solution is preferably in the range of 1 to 10
minutes, and more preferably in the range of 1 to 3 minutes.

[0057]

After the aqueous polyfunctional amine solution has been contacted with the
porous support membrane, the solution is sufficiently drained so that droplets would
not remain on the membrane. Sufficient draining prevents degradation in
membrane performance due to the membrane defects resulting from the part where
the droplets remained after membrane formation. Examples of the method of
draining the solution that can be used include, for example, holding vertically the
porous support membrane after being contacted with the aqueous polyfunctional
amine solution to subject the excess aqueous solution to gravity flow and blowing
airflow such as nitrogen from an air nozzle to compulsorily drain the solution, as
described in JP 02-78428 A.  After the draining, the membrane surface can also be
dried to remove a portion of the water of the aqueous solution.

[0058]

Next, the porous support layer after being contacted with the aqueous
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absence Reference Example 12 5.0 DMF (15wt%) 0.175 absence Reference Example 13 5.0
labsence0.175 NM P (200ppm) Reference Example 14 5.0 ME' (0.3wt%) absence 1 10,175

polyfunctional amine solution is contacted with an organic solvent solution
containing polyfunctional acid halides to form the skeleton of a cross-linked
polyamide separation-functional layer by interfacial polycondensation.
[0059]

The concentration of polyfunctional acid halides in the organic solvent
solution is preferably in the range of 0.01 to 10% by weight and more preferably in
the range of 0.02 to 2.0% by weight. The concentration not less than 0.01% by
weight ensures sufficient reaction rate, and the concentration not more than 10% by
weight prevents the occurrence of side reactions. It is preferable to add an acylation
catalyst such as DMF to this organic solvent solution because the interfacial
polycondensation will be accelerated.

[0060]

The organic solvent is desirably one which is immiscible with water,
dissolves polyfunctional acid halides, and does not break the porous support
membrane, and may be any solvent as long as it is inactive against polyfunctional
amine compounds and polyfunctional acid halides. Preferred examples include
hydrocarbon compounds such as n-hexane, n-octane, and n-decane.

[0061]

The method of contacting the organic solvent solution of polyfunctional acid
halides with the aqueous polyfunctional amine compound phase may be carried out
in the same manner as the method of coating the porous support layer with an
aqueous polyfunctional amine solution and the method of immersing the porous
support layer in an aqueous polyfunctional amine solution described above.

[0062]

In the composite semipermeable membrane [1], the method for increasing
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1 DMF (10ppm) Reference Example 15 5.0 10.175 NMP (3,000ppm) [0101] (Example 1) The
composite semipermeable membrane obtained in Reference Example 5 was immersed in an agueous
solution of 500 ppm of m-PDA for 60 minutes and treated at room temperature (35C) fbr 1 minute with
an aqueous solution of 0.3% by weight of sodium nitrite whose pH was adjusted to 3 with sulfuric acid.
After removing the composite semipermeable membrane from the aqueous nitrous acid solution, the

membrane wasgsPAL N WAl DA IMMalaRd AR 0EQR SORN G Dy wefght of sodium

sulfite for 2 minutes. The évaluation of the Composite semipeuneabie membrane thus obtained

showed that egely yalie,gh e IRUPARS RAIMERS Mt TRB cBmEKRL RIS s Bpgapgemoval rate

was as shown in Table 4. The values of the yellow index and actual length of the separating functional

layer of the comResie SEMIRSITGRRIE MLBIRIRAGIE BE ShoWRdAPIR 4 Further, the values of the
in-PDA concentration in the complex of the polyamide separation-functional layer and the porous

support layer gfiRfURRIAIAB WM M SPIHIPRBIE RmpEAMRIDI@HIf Adf hamolecular weight of
the carbon skeleton, parts excluding functional groups, of the m-PDA is 76. [0102] (Examples 2 to 11,

Comparative Examplesalal9sbloexist HgiMERHAEN WS KatHAag.AYhIN the same manner as in Example
1 except changing the composite semipermeable membrane treated, m-PDA concentration, immersion

time, and sodjoosmjtrite concentration to the conditions described in Table 5. The evaluation of the
composite semipermeable membrane of each Example and Comparative Example showed that each
value of the membraria permeatel flux HD&emaval sdtde anchidoinn semevdhaielinasyas shown in

Table 4. The yellow index and actual length of the separating functional layer of the composite
semipermeabié&eneoniraneoheaghcbxapupjcianddtampanatbedubxamijtle theepdpsanbechianl Table 4.
Further, the m-PDA concentration in the complex of the polyamide separation-functional layer and the
porous supportidyeldftepntamarsiarundnes nn- D Aaspdutiold ab €ACH . EXEeplegrdcdQomparative
Example is described in Table 5.

the membrane surface is preferably in the range of 30 to 50°C. When the

temperature is 25°C or lower, pleats will not be large, leading to the decrease of

permeate flux, whereas when the temperature is higher than 60°C, the removal rate

tends to decrease. When the temperature of the membrane surface immediately

after contacting the aqueous polyfunctional amine solution with the polyfunctional

acid halide-containing solution is in the range of 25 to 60°C, the actual length of the

separating functional layer per 1 pm-length of the porous support layer can be from 2

pum to 5 um, and a high permeate flux and boron removal rate can be obtained.

[0064]

For controlling the temperature within the above-described range, the

porous support layer may be heated, or a heated organic solvent solution of

polyfunctional acid halides may be brought in contact. The temperature of the

membrane surface immediately after contacting the aqueous polyfunctional amine

solution with the polyfunctional acid halide-containing solution can be measured

with a non-contact thermometer such as a radiation thermometer.

[0065]
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[0103] [Table 4] YellowlActual indexllength I(pm) .. 'I'DS removal rate(%) Membrane penneable flux
(m20n2/day) Boron removal rate (%) Example 1 25 3.1 99.8 1,04

In the method (ii), the acylation catalyst is preferably dissolved in an
aqueous polyfunctional amine solution or an organic solvent of polyfunctional acid
halides and may be added to either or both the aqueous polyfunctional amine solution
and the organic solvent of polyfunctional acid halides.

[0066]

Examples of the acylation catalyst include compounds containing amide
groups. Examples of compounds containing amide groups include linear amide
compounds and cyclic amide compounds. Examples of linear amide compounds
include, for example, N-methylformamide, N,N-dimethylformamide,
N,N,-dimethylacetamide, N,N-diethylformamide, and N,N-diethylacetamide.
Examples of cyclic amide compounds include, for example, N-methylpyrrolidinone,
y-butyrolactam, and e-caprolactam.

[0067]

When an acylation catalyst is added to an aqueous polyfunctional amine
solution, the amount is preferably in the range of 0.1 to 10% by weight and more
preferably in the range of 0.1 to 5% by weight in view of the balance of membrane
performance. When an acylation catalyst is added into an organic solvent
containing polyfunctional acid halides, the amount is preferably in the range of 10 to
1,000 ppm and more preferably in the range of 10 to 500 ppm in view of the balance
of membrane performance. When the concentration of the acylation catalyst is in
the above-described range, the effect of increasing the actual length of the separating
functional layer can be obtained, and excellent salt and boron removal performance
1s provided. Depending on the type and concentration of acylation catalyst, reaction
of polyfunctional amines with polyfunctional acid halides can be controlled, and the

actual length of the separating functional layer can be controlled.
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93.4 Example 2 23 3.1 99.8 0.90 95.1 Example 3 35 3.1 99.8 1.23 91.6 Example 4 14 3.1 99.8 1.15
90.9

[0068]

In producing the composite semipermeable membrane of the constitution [1]
and [2] according to the present invention, as described above, after carrying out
interfacial polycondensation by means of contact with the organic solvent solution of
polyfunctional acid halides to form a separating functional layer comprising
cross-linked polyamide on the porous support membrane, it is preferable to drain and
remove the excess solvents. Examples of the method of draining the solvents that
can be used include holding the membrane vertically to remove the excess organic
solvent by gravity flow. In this case, the vertical holding time is preferably between
1 and 5 minutes and more preferably between 1 and 3 minutes. When the holding
time is in this preferred range, a separating functional layer is completely formed,
and at the same time performance degradation will not occur because defects due to
the excessive drying of the organic solvent will not occur.

[0069]

For the composite semipermeable membrane having a polyamide
separation-functional layer obtained by the above-mentioned method, the solute
rejection performance and water permeability can be even more improved by adding,
for example, the step of treating with hot water at a temperature preferably in the
range of 40 to 100°C and more preferably in the range of 60 to 100°C preferably for
I to 10 minutes and more preferably for 2 to 8 minutes.

[0070]

Next, to produce the composite semipermeable membrane [1], the
above-obtained composite semipermeable membrane having a polyamide
separation-functional layer is contacted with a compound having primary amino

groups. The primary amino groups react with a reagent that forms a diazonium salt
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Example 5 324.7 99.7 1.32 89.6 Example 6 314.3 99.6 1.02 92.4 Example 7 232.9 99.7 0.91 93.5
Example 8 36 3.2 99.7

or derivatives thereof and further reacts with an aromatic compound to form azo
groups, whereby the boron removal rate can be expected to improve.
[0071]

The concentration and time for the contact can be appropriately adjusted in
order to obtain the effect of interest.
[0072]

Examples of the compound having primary amino groups include aliphatic
amines, cyclic aliphatic amines, aromatic amines, and heteroaromatic amines.

From the standpoint of the stability of the diazonium salt or derivatives thereof to be
formed, aromatic amines and heteroaromatic amines are preferred. For having a
yellow index of 10 to 40, the molecular weight of the carbon skeleton, parts
excluding functional groups, of the compound having primary amino groups is
preferably not more than 500. The method of contacting the separating functional
layer with the compound having primary amino groups is not particularly limited; a
solution of the compound having primary amino groups may be applied, and the
above-described composite semipermeable membrane may be immersed in a solution
of the compound having primary amino groups. They are preferably carried out
uniformly and continuously.

[0073]

As a solvent that dissolves a compound having primary amines, any solvent
may be used as long as the compound is dissolved and the composite semipermeable
membrane is not eroded. In addition, the solution may contain, for example,
surfactants, acidic compounds, alkaline compounds, and antioxidants as long as the
reaction between primary amino groups and the reagent that forms a diazonium salt

or derivatives thereof is not impeded.
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1,18 90.5 Example 9 73 25 99.7 1.09 91.3 Example 10 24 3.1 99.8 1.21 91.8 Example 11 30 4.7 99.7
1.27

[0074]

The concentration of a compound having primary amino groups in the
complex of a polyamide separation-functional layer and a porous support layer is a
value determined by the method mentioned below. After contacting a polyamide
separation-functional layer with a compound having primary amino groups, droplets
are removed. A composite semipermeable membrane is cut out, and a substrate is
peeled off to obtain a complex of the polyamide separation-functional layer and the
porous support Jayer. This is immersed in a solvent that dissolves the compound
having primary amino groups and does not dissolve the polyamide
separation-functional layer and the porous support layer, and the compound having
primary amino groups is extracted into a solvent. The components extracted are
measured, for example, with an Ultraviolet-Visible spectrophotometer after obtaining
a calibration curve or by high-performance liquid chromatography or gas
chromatography to calculate the compound weight in the complex of the polyamide
separation-functional layer and the porous support layer. Then, the complex of the
polyamide separation-functional layer and the porous support layer is taken out from
the solvent, dried by heating, cooled to room temperature in a desiccator, and then
weighed to determine the concentration of the compound having primary amino
groups in the complex of the polyamide separation-functional layer and the porous
support layer from the equation below.

[0075]

Compound concentration (mol/g) = 100 x (compound weight / molecular
weight of compound) / dried membrane weight

In the composite semipermeable membrane [1] according to the present

invention, for achieving a yellow index of 10 to 40, the concentration of a compound
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90.9 Comparative Example 1 24 1.5 99.8 0.67 93.7 Comparative Example 2 7 3.1 99.7 0.99 89.2
Comparative Example 3 423.1 99.8

having primary amino groups in the complex of the polyamide separation-functional
layer and the porous support layer after contacting the polyamide
separation-functional layer with the compound having primary amino groups needs
to be in the range of 30 x 10° to 160 x 10°® mol/g.  When the concentration of the
compound having primary amino groups is less than 30 x 10" mol/g, the removal
rate-improving effect due to azo group formation is small, and when above 160 x
10 mol/g, there is a problem in that the permeate flow rate decreases because of
increased azo group formation.

[0076]

To produce the composite semipermeable membrane [1] according to the
present invention, the composite semipermeable membrane having primary amino
groups in the separating functional layer described above is then contacted with a
reagent that reacts with primary amino groups and forms a diazonium salt or
derivatives thereof. Examples of the reagent that reacts with primary amino groups
and forms a diazonium salt or derivatives thereof to be contacted include aqueous
solutions, for example, of nitrous acid and a salt thereof and of a nitrosyl compound.
Since aqueous solutions of nitrous acid and of a nitrosyl compound readily generate
gas and decompose, it is preferable to sequentially generate nitrous acid by the
reaction, for example, between nitrite and an acidic solution. In general, nitrite
generates nitrous acid (HNO;) by reacting with hydrogen ions, and the generation is
efficient when the pH of an aqueous solution is 7 or lower, preferably 5 or lower, and
more preferably 4 or lower. Above all, an aqueous solution of sodium nitrite
obtained by the reaction with hydrochloric acid or sulfuric acid in an aqueous

solution is particularly preferred in terms of convenience in handling.

[0077]
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0.44 94.8 Comparative Example 4 77 5.4 99.3 1.35 83.5 Comparative Example 5 26 5,9 93.5 1.15
83.9 Comparative Example 6 26

The concentration of nitrous acid or nitrite in the above-described reagent
that reacts with primary amino groups and forms a diazonium salt or derivatives
thereof is preferably in the range of 0.01 to 1% by weight. Within this range, the
effect of forming sufficient diazonium salts or derivatives thereof is obtained, and it
1s easy to handle the solution.

[0078]

The temperature of the nitrous acid solution is preferably 15°C to 45°C.
Within this range, the reaction will not take too much time, and it is easy to handle
the solution because the decomposition of nitrous acid is not too fast.

[0079]

The contact time with the nitrous acid solution is preferably the time during
which a diazonium salt and/or derivatives thereof are formed; the treatment can be
carried out in a short time at a high concentration, but it requires a long time at a low
concentration. Therefore, in the case of a solution of the above-described
concentration, the contact time is preferably within 10 minutes and more preferably
within 3 minutes. The contacting method is not particularly limited; a solution of
the reagent may be applied (coating), or the composite semipermeable membrane
may be immersed in a solution of the reagent.  As a solvent that dissolves the
reagent, any solvent may be used as long as the reagent is dissolved and the
composite semipermeable membrane is not eroded. In addition, the solution may
contain, for example, surfactants, acidic compounds, and alkaline compounds as long
as the reaction between primary amino groups and the reagent is not impeded.
[0080]

A portion of the diazonium salt or derivatives thereof formed by the contact

is converted into a phenolic hydroxyl group by reacting with water. Further, it also
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5.397.6 0.99 86.3 [0104] [Table 5] Composite semipermeable membrane mD 4 solution immersion
m-PDA concentration in a complex of the polyamide separation-functional layer and the porous
support layer after in- PDA solution immersion (x10emollg)

reacts with aromatic rings having a structure by which a porous support layer and a
separating functional layer are formed or with aromatic rings of the compound
having primary amino groups, the compound being retained in the separating
functional layer, to form azo groups. Whereby the boron removal rate can be
expected to improve.

[0081]

Next, the composite semipermeable membrane in which a diazonium salt or
derivatives thereof have been formed is contacted with a reagent that reacts with the
diazonium salt or derivatives thereof. Examples of the reagent that reacts with the
diazonium salt or derivatives thereof include, for example, chloride ion, bromide ion,
cyanide ion, iodide ion, fluoroboric acid, hypophosphorous acid, sodium bisulfite,
sulfite ion, aromatic amines, phenols, hydrogen sulfide, and thiocyanic acid. Upon
reacting with sodium bisulfite and sulfite ion, substitution reaction immediately
occurs, and amino groups are substituted with sulfo groups. The contact with
aromatic amines or phenols causes a diazo coupling reaction, which allows
introduction of aromatics onto membrane surface. These reagents may be used
alone or may be used in combination, or the composite semipermeable membrane
may be contacted with different reagents more than once. The reagent to be
contacted is preferably sodium bisulfite and sulfite ion.

[0082]

The concentration and time for the contact with a reagent that reacts with the
diazonium salt or derivatives thereof can be appropriately adjusted in order to obtain
the effect of interest.

[0083]

The temperature for contacting with a reagent that reacts with the diazonium
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Sodium nitrite concentration (wt%) m-PDA concentration (ppm) immersion time (min) Example 1
Reference Example 5 500 60 79

salt or derivatives thereof is preferably 10 to 90°C. Within this temperature range,
the reaction readily proceeds, while the decrease of permeate flow rate due to
polymer shrinkage will not occur.

[0084]

The composite semipermeable membrane [1] and [2] according to the
present invention thus produced is wound, together with a feed spacer such as a
plastic net, a permeate spacer such as a tricot, and, if necessary, a film or a nonwoven
fabric for enhancing pressure resistance, around a cylindrical water-collecting pipe
provided with a large number of pores by drilling and suitably used as a spiral
composite semipermeable membrane element. Further, the elements can be
connected in series or in parallel and housed in a pressure container to provide a
composite semipermeable membrane module.

[0085]

Further, the above-described composite semipermeable membrane, and
elements and modules thereof can be combined, for example, with a pump for
feeding feed water thereto and with an apparatus for pretreating the feed water to
constitute a fluid separation apparatus. By using this separation apparatus, feed
water can be separated into permeate water such as drinking water and concentrated
water that has not permeated through the membrane to obtain water for the intended
purpose.

[0086]

Considering the fact that the higher the operating pressure of the fluid
separation apparatus, the more the energy required for operation increases although
the more salt removal rate improves, and the durability of the composite

semipermeable membrane, the operating pressure during passing the water to be
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0.3 Example 2 Reference Example 5 500 60 79 0.75 Example 3 Reference Example 5 800 60 93 0.5
E Example 4 Reference Example Example 5

treated through the composite semipermeable membrane is preferably 1.0 MPa to 10
MPa. The temperature of feed water is preferably 5°C to 45°C, because the higher
it is, the more the salt removal rate decreases, but the lower it is, the more the
membrane permeate flux decreases as well.  When the pH of feed water is high, in
the case of feed water of high salt concentration such as sea water, scale of
magnesium and the like can occur, and there is a concern about membrane
degradation due to the high pH operation. Thus, the operation in the neutral range
is preferred.

[0087]

Examples of the raw water treated with the composite semipermeable
membrane according to the present invention include sea water, brackish water, and
liquid mixtures containing TDS (Total Dissolved Solids) of 500 mg/L to 100 g/L,
such as wastewater. In general, TDS refers to total dissolved solid content and is
expressed as "mass/volume" or "weight ratio". By definition, it can be calculated
from the weight of the residue on evaporation at a temperature of 39.5 to 40.5°C of
the solution filtered through a 0.45-micron filter, and more conveniently it is
converted from practical salinity (S).

Examples
[0088]

The present invention will now be described in more detail by way of
examples, but the present invention is not limited by these examples.
[0089]

The yellow index and actual length of the separating functional layers in
Comparative Examples and Examples were measured as described below.

(Temperature of membrane surface immediately after contacting aqueous

34



60 53 0.3 Example )_ Reference Example 6 800 60 100 0.3 Example 6 Reference Example 10 800 60
95 0.3 Example 7 Reference Example 11

polyfunctional amine solution with polyfunctional acid halide solution)

The membrane surface temperature immediately after applying a
polyfunctional acid halide solution to the porous support layer contacted with an
aqueous polyfunctional amine solution was measured with a radiation thermometer
(TA-0510F manufactured by MINOLTA). The emissivity € was 0.95.
(Concentration of compound having primary amino groups in a complex of
polyamide separation-functional layer and porous support layer)

After contacting a polyamide separation-functional layer with a compound
having primary amino groups, droplets were removed. A composite semipermeable
membrane was cut into 10 x 10 cm, and a substrate was peeled off to obtain a
complex of the polyamide separation-functional layer and the porous support layer.
This is immersed in 50 g of ethanol for 8 hours, and the components extracted with
ethanol was measured with an Ultraviolet-Visible spectrophotometer (UV-2450
manufactured by Shimadzu Corporation) after obtaining a calibration curve to
calculate the compound weight in the complex of the polyamide
separation-functional layer and the porous support layer. Then, the complex of the
polyamide separation-functional layer and the porous support layer was taken out
from the ethanol, dried by heating at 120°C for 2 hours, cooled to room temperature
in a desiccator, and then weighed to determine the concentration of the compound
having primary amino groups in the complex of the polyamide separation-functional
layer and the porous support layer by the equation below.

[0090]

Compound concentration (mol/g) = 100 x (compound weight / molecular

weight of compound) / dried membrane weights

(Yellow index)
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500 60 77 0.3 Example 8 Reference Example 13 500 60 80 0.5 Example 9 ,Reference Example 14
500 60 73 0.4 Example 10

After drying a composite semipermeable membrane at room temperature for
8 hours, the substrate was peeled off, and the resultant was placed on a glass plate
with the separating functional layer surface down, after which the porous support
layer was dissolved with dichloromethane and removed, and the separating
functional layer remaining on the glass plate was measured with SM color computer
SM-7 manufactured by Suga Test Instruments Co., Ltd.

(Actual length of polyamide separation-functional layer per 1 um-length of porous
support layer)

A composite semipermeable membrane is embedded in PVA, stained with
Os0s, and this is cut with an ultramicrotome to prepare an ultrathin section. A
cross-section photograph of the ultrathin section obtained is taken using a TEM.

The cross-section photograph taken with a TEM was imported into image analysis
software Image Pro to carry out the analysis, and the actual length of the separating
functional layer per 1 um-length of the porous support layer was determined.
[0091]

The various properties of the composite semipermeable membranes in
Comparative Examples and Examples were determined by carrying out membrane
filtration treatment for 24 hours by feeding the sea water adjusted to a temperature of
25°C and a pH of 6.5 (TDS concentration; about 3.5%) to the composite
semipermeable membrane at an operating pressure of 5.5 MPa and measuring the
water quality of the permeate water and feed water after that.

(Desalination rate (TDS removal rate))

The desalination rate, i.e., TDS removal rate was determined by the equation

below.

[0092]
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Reference ., Example 8 500 60 78 0.35 Example 11 Reference Example 9 800 60 99 0.25
Comparative Example 1 Reference Example 2 500 60

TDS removal rate (%) = 100 x {1 - (TDS concentration in permeate water /
TDS concentration in feed water)}

(Membrane permeate flux)

For the membrane permeate flow rate of feed water (sea water), the
permeate water volume per square meter of the membrane surface per day (cubic
meter) is used to express membrane permeate flux (m3/m2/day).

(Boron removal rate)

The boron concentration in feed water and in permeate water was analyzed
by an ICP emission spectrometer (P-4010 manufactured by Hitachi Ltd.) to make a
determination from the following equation.

[0093]

Boron removal rate (%) = 100 x {1 - (boron concentration in permeate water
/ boron concentration in feed water)}

(Degree of fiber orientation of substrate)

Ten small pieces of sample were randomly collected from a nonwoven
fabric, and photographs at a magnification of 100-fold to 1,000-fold were taken with
a scanning electron microscope. For 10 fibers from each sample, 100 fibers in total,
the angle was measured taking the longitudinal direction (lengthwise direction) of the
nonwoven fabric as 0° and the width direction (transverse direction) of the nonwoven
fabric as 90°, and the average value thereof was rounded to one decimal place to
determine the degree of fiber orientation.

(Rate of thermal dimensional change of substrate)

A substrate is cut parallel to the film-forming direction into three 25 cm long

and 25 cm wide samples. For each sample, marks indicating the length of 20 cm

parallel to the film-forming direction were placed at three locations, and marks

37



71 0.2 Comparative Example 2 Reference Example 3 0 0 26 0.25 Comparative Example 3 Reference
Example 3 1500 180 180 0.15 Comparative

indicating the length of 20 cm perpendicular to the film-forming direction were
placed at three locations. The sample is immersed in hot water at 100° for 10
minutes, and then taken out for natural drying. For three samples, the lengths of the
three marked locations are measured to 0.01 cm to make a determination by the
following equation. The longitudinal (nine locations) and transverse (nine
locations) of the three samples were each averaged for calculation. When the
length of the line after immersion is shorter than the length of the line before
immersion, i.e., when shrinkage has occurred, the values are expressed as positive,
and when the length of the line after immersion is longer than the length of the line
before immersion, the values are expressed as negative.

[0094]

Rate of thermal dimensional change = ((length of line before immersion) -
(Iength of line after immersion)) / (Iength of line before immersion) x 100
(Reference Example 1)

Using a polyester staple fiber nonwoven fabric (air permeability: 0.5 to 1
cclem?/ sec, degree of fiber orientation: front 28°, back 28°) as a substrate, a solution
of 15.7% by weight of polysulfone in DMF was cast on the front of the nonwoven
fabric at a thickness of 200 pm at room temperature (25°C), and the resultant was
immediately immersed in pure water for 5 minutes or more to continuously prepare
porous support layers (thickness: 210 to 215 pm).

[0095]
(Reference Examples 2 and 3)

A porous support layer was prepared in the same manner as in Reference
Example 1 except using as a substrate the filament nonwoven fabric shown in Table

1.
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Example 4 Reference Example 5 800 60 110 0.25 Comparative Example 5 Reference Example 8 500
60 88 0.25 Comparative Example 6 Reference Example 11 800

[0096]
[Table 1]
Degree of fiber orientation  (°)
Front Back

Reference Example 1 28 28
Reference Example 2 40 28
Reference Example 3 50 20

[0097]

(Reference Example 4)

The porous support layer obtained in Reference Example 1 was immersed in
a 4.5% by weight aqueous solution of m-PDA for 2 minutes, and the support layer
was slowly pulled up in the vertical direction. Nitrogen was blown thereto from an
air nozzle to remove the excess aqueous solution from the support layer surface.
Thereafter, an n-decane solution at 25°C containing 0.175% by weight of trimesic
acid chloride was applied thereto such that the whole surface was wet, and the
support membrane was left to stand for 1 minute. Then, to remove the excess
solution from the membrane, the membrane was held upright for 1 minute for
draining. Thereafter, the membrane was washed with hot water at 90°C for 2
minutes to obtain a composite semipermeable membrane. The temperature of the
membrane surface immediately after applying the solution of trimesic acid chloride
in decane was 23°C.
(Reference Examples 5 to 9)

A composite semipermeable membrane was prepared in the same manner as
in Reference Example 2 except changing the porous support layer used and changing
the temperature of the solution of trimesic acid chloride in decane applied to the

temperatures described in Table 2.  The values of the temperature of the membrane
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60 112 0.25 [0105] The values of the degree of fiber orientation and rate of thermal dimensional
change of the substrate used in Example 10, Example 11, and Comparative Example 1 are as shown
in Table 6. When the fibers of the filament nonwoven fabric arranged on the opposite side to the
porous support were more longitudinally oriented in the film-forming direction than the fibers arranged
on the porous support side, the rate of thermal d ensional change was small, and the dimension
stability was Rigiad® 1096]dTiakle eleDgpIom etiibeasiorientation(diRatr ehibgaval dimansional change
(%) Front Back Longitudional Transverse

are as shown in Table 2.

[0098]

[Table 2]
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Example 10 40 28 0.4 0 Example 11 50 20 0.5 0 Comparative Example 1 28 28 0.8 -0.4 [0107]

described above, the composite semipermeable membrane obtained by the constitution [1] of the
present invention has high boron removal performance and high water permeation performance.

(Examples 12 to 17 and Comparative Examples 7 to 13)
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The porous support layer obtained in Reference Example | was immersed in a 3.8% by weight
aqueous solution of in-PDA for 2 minutes, and the support layer was slowly pulled up in the vertical
direction. Nitrogen was blown thereto from an air nozzle to remove the excess agueous solution from
the porous support layer surface. Thereafter, an n-decane solution at the interfacial polycondensation
temperature described in Table 1 containing 0.165% by weight of trimesic acid chloride was applied
thereto such fhadehe whole surface was wet, and the support membrane was left to stand for 10
seconds. Then, the membrane was allowed to stand in an oven heated to the heat treatment
temperature dRstribect iBxkahite 10pr the heat treatment time described in Table 7. Thereafter, the
membrane was washed with hot water at 90C for 2 minutes to obtain a composite semipermeable
membrane. The evalJdggmufuthsuppnrpbsite Semipdrm &athteemenhbxamg ¢Hus sbminedshowed that
each of the TDS removal rate, membrane permeate flux and boron removal rate was as shown in
Table 7. [0108} fRabtaiyjolunterfdcidl PdlycosidbhetioR el Atdta EYO) FhkirafdPivHatercht

temperature Cc) Thermal treatment time (. \
minutes, and the support layer was slowly pulled up in the vertical direction.

Nitrogen was blown thereto from an air nozzle to remove the excess aqueous
solution from the support layer surface. Thereafter, an n-decane solution containing
0.175% by weight of trimesic acid chloride was applied thereto such that the whole
surface was wet, and the support membrane was left to stand for 1 minute. Then, to
remove the excess solution from the membrane, the membrane was held upright for 1
minute for draining. Thereafter, the membrane was washed with hot water at 90°C
for 2 minutes to obtain a composite semipermeable membrane.

(Reference Examples 11 to 15)

A composite semipermeable membrane was prepared in the same manner as
in Reference Example 6 except that acylation catalysts were added in the amount
described in Table 3.

[0100]

[Table 3]
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k sec, i TDS removal rate (%) Membrane permeable flux 32 (m All /day) Boron removal rate (%)
Example 12 40 70 45 99.79 0.67 94.1 Example 13

Polyfunctional amine solution Polyfunctional halide solution
m-PDA T™C
concentration Additive concentration Additive
(wt%) (Wt%)
Reference o
Example 10 5.0 DMF (] Owt /o) 0.175 absence
Eizf;;elgcfl 3.0 NMP (0.5wt%) 0.175 absence
Reference .
Example 12 >0 DMF (15wt%) 0.175 absence
Reference
Example 13 3.0 absence 0.175 NMP (200ppm)
EEZ{:’};ZCF’ A 5.0 DMF (0.3wt%) 0.175 DMF (10ppm)
Reference
Example 15 3.0 absence 0.175 NMP (3,000ppm)
[0101]

(Example 1)

The composite semipermeable membrane obtained in Reference Example 5
was immersed in an aqueous solution of 500 ppm of m-PDA for 60 minutes and
treated at room temperature (35°C) for 1 minute with an aqueous solution of 0.3% by
weight of sodium nitrite whose pH was adjusted to 3 with sulfuric acid. After
removing the composite semipermeable membrane from the aqueous nitrous acid
solution, the membrane was washed with water and immersed in an aqueous solution
of 0.1% by weight of sodium sulfite for 2 minutes. The evaluation of the composite
semipermeable membrane thus obtained showed that each value of the membrane
permeate flux, TDS removal rate, and boron removal rate was as shown in Table 4.
The values of the yellow index and actual length of the separating functional layer of
the composite semipermeable membrane are as shown in Table 4. Further, the
values of the m-PDA concentration in the complex of the polyamide
separation-functional layer and the porous support layer after immersion in the

m-PDA solution are as shown in Table 5. The molecular weight of the carbon
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40 90 70 99.75 0.67 93.7 Example 14 40 170 15 99.77 0.68 93.9 Example 15 70 150 15 99.70 0.63

skeleton, parts excluding functional groups, of the m-PDA is 76.
[0102]
(Examples 2 to 11, Comparative Examples 1 to 6)

The treatment was carried out in the same manner as in Example 1 except
changing the composite semipermeable membrane treated, m-PDA concentration,
immersion time, and sodium nitrite concentration to the conditions described in
Table 5. The evaluation of the composite semipermeable membrane of each
Example and Comparative Example showed that each value of the membrane
permeate flux, TDS removal rate, and boron removal rate was as shown in Table 4.
The yellow index and actual length of the separating functional layer of the
composite semipermeable membrane of each Example and Comparative Example are
described in Table 4.  Further, the m-PDA concentration in the complex of the
polyamide separation-functional layer and the porous support layer after immersion
in the m-PDA solution of each Example and Comparative Example is described in
Table 5.

[0103]

[Table 4]
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94.3 Example 16 70 150 15 99.67 0.70 93.1 Example 17 25 70 45 99.71 0.74 93.0 Example 18 40 90
20

Yellow Actual TDS removal Membrane Boron removal
index length rate (%) permeable flux rate (%)
(pm) ° (m®/m?/day) °
Example 1 25 3.1 99.8 1.04 93.4
Example 2 23 3.1 99.8 0.90 95.1
Example 3 35 3.1 99.8 1.23 91.6
Example 4 14 3.1 99.8 1.15 90.9
Example 5 32 4.7 99.7 1.32 89.6
Example 6 31 4.3 99.6 1.02 92.4
Example 7 23 2.9 99.7 0.91 935
Example 8 36 32 99.7 1.18 90.5
Example 9 23 2.5 99.7 1.09 91.3
Example 10 24 3.1 99.8 1.21 91.8
Example 11 30 4.7 99.7 1.27 90.9
Comparative |, 1.5 99.8 0.67 93.7
Example 1
Comparative 7 3.1 99.7 0.99 89.2
Example 2
Comparative |, 3.1 99.8 0.44 94.8
Example 3
Comparative | 5.4 99.3 135 83.5
Example 4
Comparative 26 5.9 93.5 1.15 83.9
Example 5
Comparative 26 53 92.6 0.99 86.3
Example 6
[0104]
[Table 5]
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99.80 0.89 95.5 Example 19 40 120 15 99.80 0.92 95.1 Comparative Example 7 75 absence of
thermal treatment absence of thermal treatment 99.68 0.71 92.3

. . m-PDA concentration in a
m-PDA solution immersion complex of the polvamide
m
Composite P cpoy Sodium nitrite
; . ) separation-functional layer and .
semipermeablel] m-PDA mmersion concentration
. : the porous support layer after m-
membrane | concentration time PDA solution immersion (wt%)
(ppm) (min) (10 ®mol /g)
Example 1 | Reference 500 60 79 03
P Example 5 )
Example 2 | Reference 500 60 79 0.25
Example 5
Reference
Example 3 Example 5 800 60 93 0.5
Reference
Example 4 Example 5 300 60 53 0.3
Reference
Example 5 Example 6 800 60 100 0.3
Reference
Example 6 Example 10 800 60 95 0.3
Reference
Example 7 Example 11 500 60 77 0.3
Reference
Example § Example 13 500 60 80 0.5
Reference
Example 9 Example 14 500 60 73 0.4
Example 10| Reference 500 60 78 0.35
Example §
Example 11| Reference 800 60 99 0.25
Example 9
Comparative] Reference
Example | Example 2 500 60 71 0.2
Comparative] Reference
Example 2 | Example 3 0 0 26 0.25
Comparative] Reference
Example 3 | Example 3 1500 180 180 0.15
Comparative] Reference
Example 4 | Example 5 800 60 10 0.25
Comparative] Reference
Example 5 | Example 8 500 60 88 0-25
Comparative] Reference
Example 6 | Example 11 800 60 12 0.25
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Comparative Example 8 go 120 15 99.74 0.55 93.9 Comparative Example 9 80 absence of thermal
treatment absence of thermal treatment 99.55 0.81 91.5 Comparative Example 10 40 120

[0105]

The values of the degree of fiber orientation and rate of thermal dimensional
change of the substrate used in Example 10, Example 11, and Comparative Example
1 are as shown in Table 6.  When the fibers of the filament nonwoven fabric
arranged on the opposite side to the porous support were more longitudinally

oriented in the film-forming direction than the fibers arranged on the porous support

side, the rate of thermal dimensional change was small, and the dimension stability

was high.
[0106]
[Table 6]
Degree of fiber Rate of thermal dimensional
orientation (°) change (%)
Front Back Longitudional | Transverse
Example 10 40 28 0.4 0
Example 11 50 20 0.5 0
Comparative Example 1 28 28 0.8 -0.4

[0107]

As described above, the composite semipermeable membrane obtained by
the constitution [1] of the present invention has high boron removal performance and
high water permeation performance.

(Examples 12 to 17 and Comparative Examples 7 to 13)

The porous support layer obtained in Reference Example 1 was immersed in
a 3.8% by weight aqueous solution of m-PDA for 2 minutes, and the support layer
was slowly pulled up in the vertical direction. Nitrogen was blown thereto from an
air nozzle to remove the excess aqueous solution from the porous support layer
surface. Thereafter, an n-decane solution at the interfacial polycondensation

temperature described in Table 1 containing 0.165% by weight of trimesic acid
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15 99.61 0.73 92.4 Comparative Example Il 40 absence of thermal treatment absence of thermal
treatment 99.71 0.76 92.0 Comparative Example 12 40 50 90 99.67 0.72

chloride was applied thereto such that the whole surface was wet, and the support
membrane was left to stand for 10 seconds. Then, the membrane was allowed to
stand in an oven heated to the heat treatment temperature described in Table 7 for the
heat treatment time described in Table 7. Thereafter, the membrane was washed
with hot water at 90°C for 2 minutes to obtain a composite semipermeable
membrane. The evaluation of the composite semipermeable membrane thus
obtained showed that each of the TDS removal rate, membrane permeate flux, and
boron removal rate was as shown in Table 7.

[0108]

[Table 7]
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92.2 Comparative Example 13 40 180 15 99.41 0.53 94.0 Comparative Example 14 40 Noe) 120 15
99.70 0.74 97.3 Thermal treatment t p rature after removal of excess solution

Interfacial

Thermal

| d . Thermal TDS Membrane Boron
po tycon exziatxon ttreatmint treatment time | removal rate| permeable flux | removal rate
emperature emperature . o 3 2 o

S (C) (sec) (%) (m~/m*/day) (%)
Example 12 40 70 45 99.79 0.67 94.1
Example 13 40 90 20 99.75 0.67 93.7
Example 14 40 120 15 99.77 0.68 93.9
Example 15 70 150 15 99.70 0.63 94.3
Example 16 70 150 15 99.67 0.70 93.1
Example 17 25 70 45 99.71 0.74 93.0
Example 18 40 90 20 99.80 0.89 95.5
Example 19 40 120 15 99.80 0.92 95.1
Comparative ’5 absence of absence of 99 68 0.71 923
Example 7 thermal treatment|thermal treatment|
Comparative 80 120 15 99.74 0.55 93.9
Example §
Comparative absence of absence of
Example 9 80 thermal treatment|thermal treatment 99.55 0.81 L5
Comparative 40 120 15 99.61 0.73 92.4
Example 10
Comparative 40 absence of absence of 99.71 0.76 92.0
Example 11 thermal treatment|thermal treatment
Comparative 40 50 90 99.67 0.72 92.2
Example 12
Comparative 40 180 15 99.41 0.53 94.0
Example 13
Comparative 40 120 Nore) 15 99.70 0.74 923
Example 14

Nl Thermal treatment temperature after removal of excess solution
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[0109] (Examples 18, 19) The treatment was carried out in the same manner as in Examplc 1
ixeept changing the composite semipermeable membrane treated, m-PDA concentration, immersion
time, and sodium nitrite concentration to the conditions described in Table 9. The evaluation of the
composite semipermeable membrane of each Example showed that each value of the membrane
pceau. flux, IDS removal rate, and boron removal rate was as shown in Table 7. The yellow index and
actual length @mjﬁ separating functional layer of the composite semipermeable membrane of each
Example are described in Table 8. Further, the m-PDA concentration in the complex of the polyamide
separation-fu ;[(ignal Ig){g d the porous support layer after immersion in the m-PDA solution of each
Example is d scribed in Tablé 9. [0110] [Table 8] Yellow index Actual length (pm) Example 18 14 3.0

Example 19 14 3.0 [-E%%I‘tz“rega]tment was carried out in the same manner as in Example 1 except
changing the composite semipermeable membrane treated, m-PDA concentration,
immersion time, and sodium nitrite concentration to the conditions described in
Table 9. The evaluation of the composite semipermeable membrane of each
Example showed that each value of the membrane permeate flux, TDS removal rate,
and boron removal rate was as shown in Table 7. The yellow index and actual
length of the separating functional layer of the composite semipermeable membrane
of each Example are described in Table 8. Further, the m-PDA concentration in the
complex of the polyamide separation-functional layer and the porous support layer

after immersion in the m-PDA solution of each Example is described in Table 9.

[0110]

[Table 8]
Yellow index Actual length
(um)
Sxample 18 14 3.0
Example 19 14 0
[0111]
[Table 9]
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ZC Zc m-PDA solution immersion (mut) awn I09 109 concentration (ppm) OOE 001. V -er? VvV
2r741.) .0

[0112]
(Comparative Example 14)

The porous support layer obtained in Reference Example 1 was immersed in
a 3.8% by weight aqueous solution of m-PDA for 2 minutes, and the support layer
was slowly pulled up in the vertical direction. Nitrogen was blown thereto from an
air nozzle to remove the excess aqueous solution from the porous support layer
surface. Thereafter, an n-decane solution at the interfacial polycondensation
temperature described in Table 7 containing 0.165% by weight of trimesic acid
chloride was applied thereto such that the whole surface was wet, and the support
membrane was left to stand for 10 seconds. Next, to remove the excess solution
from the membrane, the membrane was held upright for 1 minute for draining, and
the solution was removed from the membrane surface by blowing air at 20°C from
an air blower. Then, the membrane was allowed to stand in an oven heated to
120°C for 15 seconds. Thereafter, the membrane was washed with hot water at
90°C for 2 minutes to obtain a composite semipermeable membrane. The
evaluation of the composite semipermeable membrane thus obtained showed that
each of the TDS removal rate, membrane permeate flux, and boron removal rate was
as shown in Table 7.

[0113]

As described above, the composite semipermeable membrane obtained by
the constitution [2] of the present invention has high salt and boron removal
performance and high water permeation performance.

INDUSTRIAL APPLICABILITY
[0114]

The composite semipermeable membrane according to the present invention
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LL?--.1)2.:-"'C..)--F.3zrCCS.-. ?-' P r- Example 13 Example 141 _ |Example 18 | |Example
191 a 3.8% by weight aqueous solution of 1-PDA for 2 minutes, and the support layer was slowly
pulled up in the vertical direction. Nitrogen was blown thereto from an air nozzle to remove the excess
aqueous solution from the porous support layer surface. Thereafter, an n-decanc solution at the
interfacial polycondensation temperature described in Table 7 containing 0.165% by weight of trim-sic
acid chloride was applied thereto such that the whole surface was wet, and the support membrane
was left to staii@ Ry st ¥orsed rdiaulaslyeim doeatinatis ebbraskisio i #ehdrH s sheralsFane, the
membrane was held upright for 1 minute for draining, and the solution was removed from the
membrane surtase R Bi o WML fom an air blower. Then, the membrane was allowed to
stand in an oven heated to 120C for 15 seconds. Thereafter, the membrane was washed with hot
water at 90C F8f Phinutes to obtain a composite semipermeable membrane. The evaluation of the
composite semipermeable membrane thus obtained showed that each of the TDS removal rate,
membrane permeate FUXOBHY BERSHENSval rate was as shown in Table 7. [0113]

M: Actual length of separating functional layer surface of the part

corresponding to 1 pm-length of porous support layer
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As described above, the composite semipermeable membrane obtained by the constitution [2] of the
present invention has high salt and boron removal performance and high water permeation
performance. INDUSTRIAL APPLICABILITY [0114] can be suitably used particularly in desalination of
brackish water and sea water. DESCRIPTION OF SYMBOLS [0115] 1: Porous support layer M:
Actual length of separating functional layer surface of the part corresponding to 1 pm-length of porous
support layer CLAIMS 1. A composite semipermeable membrane having a polyamide
separation-fiinctional layer on a porous support %Iyérl,%erein the polyamide separation-functional
layer has a yellow index of 10 to 40, and the actual length of the polyamide separation-functional layer
per 1 pm-lendth of thé‘FErBRSSEE SEBHPRISARISBRTD GIRE A5 pEe BRlRei¢emposite semipermeable
membrane according to claim 1, wherein a substrate of the porous support layer is formed from
polyester, andHEXIBSHHAIIRNE fFAR: hBAABYEPRIBHEYS: W@rEB’rﬁ%%Bﬁla‘/@é‘ﬁﬁ{ﬁermeable
membrane according to_claim 2, wherein the substrate comprises a filament nonwoven fabric, and
fibers arrangdGRBFINE HEPGHE ) BT Ay A SHE CPHIE MM HoAR U ABF I ST e
Iongitudinallyt rier#?d tk@n fibers.arr%&ag%d on fhe non- 'Im-fr%rmi %e of the porous support layer. 4.
The composite SRR SBH e A& HEMBIARE BRcEFhETo dfEimeetlia Bin PRSP IR S RiS&trate comprising
a filament no?gvgyenf}‘ar%r? a cge%reg1 of fiber orientation of the fibers arranged on the opposite side to
the porous supf')orfs‘ls from 31?0(5 ,”arid a difference in the degree of orientation from the fibers
arranged on the poroys SUBRRILAICE. IS 1M A8 10,9918 LOMRGSIE SemipsrmAshle membrane
having on a porous support a?yer a pgfy%mlcfe separghon- unct|ona£1ayer prep’are(frby

polycondensati [onal ami ' | Cti aél ides, in lyamide
separation-fu?ﬁ%%%ﬁ;ﬁ%%{égg& c(i)%rqr?ll ggpr%y t %\Q;ét%}p?r;%) L%% ﬁglr %@%gﬁy%ogﬁ g‘en?ﬁ%%%n@v?ﬂch
polyfunctionakamings,and Ry rpctional acid halides are brought into contact at 40C to 70C and
subsequent (B) heat treatment at 70C to 150C. 6. A method of producing a composite semipermeable

membrane, comprising, Hg,5{ReRE Ll CONAGLNG AR AAHEAUS BARIHNCHPAZ] AN, SRIHTIBN with

polyfunetional acid halide-containing solution to fonn a polyamide separation-functional layer on a

porous suppagiiayst. [lowRdLYmepiasting e BeMBMdssepaatignfisagtianaldayesitha
compound having primary amino groups; contacting ith a reagent that reacts with the primary amino

groups and fhppsatdigzeRivenLsalkan dedyehves dheraabrndconiaaing wilharesgentdnat reacts

with the diazomum salt or derivatives thereof', wherein the temperature of the membrane surface

immediately afigf sosiactagdheA0Ueous Folyftaliopaiamingspbiias withdheelyfunctional acid
halide-containing solution is in the range of 25 to 60C, and the concentration of the compound having

primary amina.groupsit a@apuelexsefiiperpalysinidensapasatiooriingtio oaliage anrgine fperous
support layer after contacting the polyamide separation-functional layer with the compound having
primary aminchgraibpsdsicothprisinge 6l 8Hcanbdbotoed GEbIOC malégree of fiber orientation of
the fibers arranged on the opposite side to the porous support is from 0° to 25°, and a
difference in the degree of orientation from the fibers arranged on the porous support
side 1s from 10° to 90°.
S. A composite semipermeable membrane having on a porous support layer a
polyamide separation-functional layer prepared by polycondensation of
polyfunctional amines with polyfunctional halides, wherein the polyamide
separation-functional layer is formed by the steps of (A) interfacial polycondensation
in which polyfunctional amines and polyfunctional acid halides are brought into

contact at 40°C to 70°C and subsequent (B) heat treatment at 70°C to 150°C.

6. A method of producing a composite semipermeable membrane, comprising
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7.A method of producing a composite semipermeable membrane, comprising the steps of: contacting
an aqueous polyfunctional amine solution with a polyfunctional acid halide-containing solution to form
a polyamide separation-functional layer on a porous support layer, followed by contacting the
polyamide separation-functional layer with a compound having primary amino groups; contacting with
a reagent that reacts with the primary amino groups and forms a diazonium salt or derivatives thereof;
and contacting with a reagent that reacts with the diazonium salt or derivatives thereof, wherein the
aqueous polyfin&tBA QI arAHacSER AB R EarsT RUKHREtOR HeiarlBosomtiifing solution contain an
acylation catalyst, and the concentration of the compound having primary amino groups in a complex
of the polyamPgeySenstionm Raishoaitfar PR B thRUOBr LS BB St ba)&after contacting the

| [ eparation-functional layer with the compound having. primary amino groups is in the range
gfo 3}/6:1 Tidiosﬁgf}é’ﬁréag?%ﬁgé?ﬂa a%/er on a porous su]gport ?ayer, fo%gwed b%// contactl% g the: g

polyamide separation-functional layer with a compound having primary amino
groups; contacting with a reagent that reacts with the primary amino groups and
forms a diazonium salt or derivatives thereof; and contacting with a reagent that
reacts with the diazonium salt or derivatives thereof, wherein the temperature of the
membrane surface immediately after contacting the aqueous polyfunctional amine
solution with the polyfunctional acid halide-containing solution is in the range of 25
to 60°C, and the concentration of the compound having primary amino groups in a
complex of the polyamide separation-functional layer and the porous support layer
after contacting the polyamide separation-functional layer with the compound having
primary amino groups is in the range of 30 x 10 to 160 x 10°® mol/g.

7. A method of producing a composite semipermeable membrane, comprising
the steps of: contacting an aqueous polyfunctional amine solution with a
polyfunctional acid halide-containing solution to form a polyamide
separation-functional layer on a porous support layer, followed by contacting the
polyamide separation-functional layer with a compound having primary amino
groups; contacting with a reagent that reacts with the primary amino groups and
forms a diazonium salt or derivatives thereof; and contacting with a reagent that
reacts with the diazonium salt or derivatives thereof, wherein the aqueous
polyfunctional amine solution and/or polyfunctional acid halide-containing solution
contain an acylation catalyst, and the concentration of the compound having primary
amino groups in a complex of the polyamide separation-functional layer and the

porous support layer after contacting the polyamide separation-functional layer with
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the compound having primary amino groups is in the range of 30 x 10 to 160 x 10

mol/g.
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