DESCRI PTI ON Sem per neabl e Menbrane and Manufacturing Met hod

t heref or TECHNI CAL FI ELD [ 0001] 5The present invention relates to a

sem perneabl e nenbrane for selectively separating various m xed sol utions
and a manufacturing nethod therefor. The sem perneabl e nenbrane obt ai ned
by the present invention has high water perneability and durability and
can be suitably used in selectivel PESERAFEKINIG and renovi ng boron
contained in sea water or brackish water Further, the present 10i nvention
rel ates to a hi gh- penipermeahbeMsarrperaned Mdralaemngaviethbdthessghect | ve
perneati on separation of conponents of a m xed aqueous solution of a
plurality ofE icARAdEBPgani ¢ matter. BACKGROUND ART [0002] 15Regardi ng
separation of a m xture, there are various techniques for renoving

subst ances [(9@] exanple, salts) dissolved in a solvent (for exanple,

wat er), and nmenbrane separation processes have recently been used as a
process for enerliy pseentigvenivnrelses tee sarpemgabExacmbase fof setenbesnes used
in menbrane separation processes include, for exanple, a microfiltration
menbr ane, appanktingafarions mixaihsodfioms pid anepufaicriag reverxdskerofnpsTise Menbr ane.
In nore recent years, nenbranes that fall between the reverse osnosis
menbr ane anemipsanedble meinbrangtobtmnadditha pesddt doseatiRChaxttighr aner or  NF
menbrane: nanofiltrati on menbrane) have been devel oped and used. This

t echni que @vwreadilitpwed direbility ayl cnibeksuitgbinatedrin sélectivekasepirating 4@ sea

wat er, brackish water, and water containing harnful substances, and, in
addi tion, Hemovispberongerineflon sexantpt @,brakishheater o duethérothegfesemdust ri al
ultrapure water, wastewater treatnent, and recovery of val uables. [0003]
Most 16f t henvsoiporsilates iverhigepadoiiancosmbipemesbichatmianee foosetesttical | y

avail abl e- at present fall within two types: one having on a porous support
menbr ane apg@icatialy sspagatihnan camppwantd aljeemixied agikonk s@oliymef splaratity of
cross-1linked; and the other having on a porous support mnenbrane an active
| ayer prodsdedndprgmiomwattetensat i on 5of nononers. [ 0004] In recent
years, sea water desalination using a sem perneabl e nenbrane has been
attenpt ed BACHUROIBNBARTI cal use in water treatment plants around the
world. It is known that -a seni perneabl e nmenbrane generally conprises a
porous supp®Ogl 10menbr ane coated with a separating functional |ayer, and
that when the separating functional layer is formed from cross-1|inked

ar omafi ¢ pol yanRegarding eeprentiqrerfmeabitee rthero manerivas tdehgiust fof fepesmedue to
the presence of benzene rings, an advantage in that the nenbrane can be
readi |y prddgtaeeestijoriesampleasilts) dissilysbindenbani @or ehmple watdry and

pol yfunctional am nes with aromatic pol yfunctional acid halides, and, in
15addi t i onmembrAnghepmaftion proessats fraae eccanity beehivghl arer proadse fér enxrgy

saving and resource saving. Examples of membranes used in membrane separation
processes include, foi‘ example, 'ﬁ microfiltration membrane, an ultrafiltration

20 membrane, and a reverse osmosis membrane. In more recent years, membranes that
fall between the reverse osmosis membrane and the ultrafiltration membrane (loose
RO membrane or NF membrane: nanofiitration membrane) have been developed and
used. This technique even allows obtaining drinking water, for example, from sea
Watgr, brackish water, and water containing harmful substances, and, in addition, has

25 been used, for example, in the production of industrial ultrapure water, wastewater

treatment, and recovery of valuables.

[0003]



[ 0005] Boron, which is toxic to human bodies, plants, and animals in
that, for exanple, it causes neuropathy and growh inhibition, is
contained in large anmounts in sea water, and therefore it is inmportant to
Tenmove boron in seawater desalination. 20PRI OR ART DOCUMENTS PATENT
DOCUMENTS [ 0006] Boron renoval is inportant in seawater desalination
as described aboMest cilk scampasits sereipasnablei mypnbrahesghbiore somerryaly

per formance of various sem perneabl e 25nmenbranes have been purposed

(Pat ent Docanaglable 3t prsknPfallewithiDowo mgmes: dip having BatagniroBonpp®binekbraenet hod
of heat treating a conposite sem perneabl e nenbrane formed by interfacial
pol yneri zat & gal layer amparoactive heyepiarwoichpolgemeissarel bipes-tiskedl; ahdithe Rateent

Docunent 2, a nethod of contacting a conposite seni perneabl e menbrane
formed by ilaverdacd pdroposuppert inzabrane ani dctivaldyegbdeced dntpalyiindgndaries
chlorine water solution is disclosed. [0007] 5In water generation plants
wher e Peverelenosmegs.s nenbranes are used, hi gher water perneation
performance i s demanded in order to further reduce running costs. For such
a demand, n¥0Mds of treating a seni perneable menbrane with a chlorine
wat er solution (Patent Docunent 3) and with a nitrous acid solution

(Pat ent DocunentingecantycRest et wdendasgintatib) vsing ademipennedble MOMORMShasur t her
met hods of treatnent with a reagent such as iodine or sulfamc acid are
di scl osed (lRan ettemPod ambputdo ragtichl Tpe inRsdtentreaBDoentpdmntts droudPthe kBB 93 A
Pat ent Docunent 2: JP 2001-259388 A 15Patent Docunent 3: JP 63-54905 A
Pat ent Doc ulirisrknown thife ag8miprEdeablArRateme cRogulipaimprised R pAAs sdppordl A

Pat ent Docunent 6: JP 2006-21094 A Patent Docunent 7: JP 2008-260009 A
20SUMMARY  Q@FerTBEN¢ POAERNTWIONa PROBIERSuT@oBE 19 )\4E0 tBX Widn théh4phiakiah [ 0009] -
However, even the nmenbranes described in Patent Docunent 1 and Patent
Docunment 2 fhastwnal Inparidy tommed &omeabvs-linkast aofmicpob@in@é, daysentiptrarsbiand a
boron 25renoval rate of at nost about 91 to 92% when the sea water of 25C,
" pH. 6.5, bongnbrawnasiitighastifbress duqiprihe prsknte bAberdessiihgsesh sblahtge in
concentration (hereinafter referred to as TDS concentration): 3.5% by

wei ght is phafdeaimembrase haobgteadily prodopdrtgtintegfacial polycondensation of

- aromatic polyfunctional amines with aromatic polyfunctional acid halides, and, in
15 addition, a high salt removal rate and a high permeate flux.
[0005] |
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 1t is important to remove boron in seawater desalination.
20 PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0006]
Boron removal is important in seawater desalination as described above, and
varibﬁs means of improving boron removal performance of various semipermeable
25 membranes have been purposed (Patent Document 1 and Patent Document 2). In
Patent Document 1, a method of heat treating a composite semipermeable 'membraﬁe
formed by interfacial potymerization to improve the performance is disclosed. In
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pressure of 5.5 MPa, and there has been a need for devel opnent of a

sem pem eabl e nenbrane havi ng even hi gher boron rejection performance.
[0010] The nenbrane of Patent Docunent 3 treated with a chlorine water
solution 5has still an insufficient durability because the nenbrane causes
deterioration such as reduction in'salt renoval rate when treated, for
exanpl e, wi Pdesidanmest Hra hyttindgbermpetiog pdempegtt stmipesmeatild inzinbgpnkhe
menbrane, thereby requiring restrictions on the operating conditions when
used. Al t holeghed he inderifaiaipsbnusiedtidrhaith & heomprdspanmsngoffecRal @it vidagument 4
“and Patent Docunent 5 treated with a nitrous acid solution 10provi de a
seni per neabjodutimaribdsnkesdtavi ng durability as well as a certain degree of
sol ute renoval properties and water perneability, the nenbrane perfornance
speci fical If0d&scri bed in these docunents does not sufficiently satisfy
the requirenents for water quality, and there has been a need for

devel opnent of dnyerénuenematibh plansmdreane vimy bsigossmomhiagbeire peadf bighance.
15[ 0011] The nethod in Patent Document 6 inproves neutral nol ecule
renoval r atwatgpdreentiinpeafoninagee is demandsdah ordat ® forthertreduca rypmidd @¥tsi n t hat
the perneate flow rate decreases by 20% or nore conpared to that of a
conposi t e serisper aderbhrsl, methmda wé trbsingrassemipameelit meffveaneatitiodchlovikat ent
Docunent 7 inproves perneate 20fl ow rate while maintaining ion renoval
rate but haxater otwhsindRatent Pheumdnt 3 Yawswitb g nitrus avid snlkatibn Patem| ecul e
removal rate [0012] An object of the present invention is to solve the
above- descripdsathept bbheé RetenSpeainiant ) 4ry disslvsehj ect of the present invention
is to provide a sem penneabl e 25nenbrane having not only high water

per nekbi | i t[)0BUt al so high renoval performance even for substances that
are nondi ssoci ative in the neutral range, such as boric acid, and show ng
hi gh durabi | ity FuritE)NSHRGR oSGeaiNE WHE aPREBIFENEL pOBARE or sulfamiTheidobj ect
of the present invention is achieved by the sem perneabl e nenbrane bel ow.
5[0014]  are disclosadi (PeteneBbtwmenenbanch@). havi ng at | east a separating
functional |ayer, wherein azo conpounds are retained in the separating
functional | ayelPateashBotwmeeddpdl aii1849F dnctional | ayer has a yel |l ow i ndex
of 10 to 40. [0015] 10Further, the object of the present invention is
achi eved by eit RatenpPottmaenp2odRief0oas4s88hod (A) or (B) bel ow. [0016]

15 Patent Document 3: JP 63-54905 A
| Patent Document 4: TP 63-175604 A
Patent Document 5: JP 2005-177741 A
Patent Document 6: JP 2006-21094 A
Patent Document 7: JP 2008-260009 A
20 SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0009]
However, even the membranes described in Patent Document 1 and Patent
Document 2 have a membrane permeate flux of 0.5 m’*/m?/day or-less and a boron
25 removal rate of at most about 91 fo 92% when the sea water of 25°C, pH: 6.5, boron
concentration: 5 ppm, and total dissolved solids concentration (hereinafter referred to
as TDS concentration): 3.5% by weight is passed therethrough at an operating
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(A) A nethod of producing the sem perneabl e nenbrane having at |east a
separating functional |ayer, the nethod conprising the steps of: 15form ng
a sem perneabl e nenbrane having a m phenyl enedi am ne solute perneability
coefficient in the range of 5.0 x 10-7 to 1.0 x 10-7 cnmisec; retaining the
amnes in the separating functional |ayer of the sem perneable nenbrane in
an amount ipresshes of arigkiPef ar@l thetelims hednghteet dor2le@etopynenedfghtemiperthetilen
contacting the sem peini eabl e nenbrane with a solution containing a
conpound t hatmbr20¢ badtsewwintthgher bomnyejactomepar®mammao groups and forns a

di azonium salt or derivatives thereof, a nodification process A OF

(B) a net hd80B# produci ng a conposite seni perneabl e menbrane conprising a
porous support menbrane on which a separating functional polyan de |ayer
25resul ting fronhsohgnlyacenSReaténs Dacement omeadd with wichheink evaadr salugiont i ¢
amnes with pol yfunctional acid halides is fatned, the nethod conprising

t he steps dfas stiléaminsifiigicnhduahilitebedansetthe meetheanatdang: s fdereibiatioakudhayer of
the sem perneable nenbrane in an anmount in the range up to 2.0% by

wei ght :  coredustipnin saifeemerilpatcvdab|teardnfor exanple t Witk clsloting botydesuehai ni ng a
conpound that reacts with primary aromatic am no groups and forns a

di azoni um geraxidsrusdé fonsterilizewy thihereewignet therabp deduirdag festicficimo@sthe A; and

t hen 5contacting the sem perneabl e nmenbrane with a solution containing a
conpound t leetratingeerslitns wltenaised. azakhangh slaire isatistlosed dee sheametinbaessafupl i ng
reaction, a nodification process B, and contacting the sem perneabl e

menbr ane wilalenaDeeinrit drand dateai Poognent Sechatidngtlag eittous acidediutiva at i on
process C. [0017] 10In the sem perneabl e menbrane of the present

i nventd on, provedemsannipernfeableonauimpouhdsng dirabiligohsi welt i separ dderef
functional layer is preferably in the range of 0.05% by wei ght to 0.5% by
wei ght . [ 062Be emovileremmiigemdortitrepems edn laiy cthe indniteramr @sfommandevent i on, in
the case of a 15sem perneabl e menbrane provided on its base material wth
a separ at i npedifigally idesvaibed enydbese docuingnty deésenat eufficiaitly azitsfe drpounds be
retained in parts excluding the base material in the sem perneabl e

menbr ane i Hedieaanly hor watet dualita agd thefe Is@5en bycadefogdevdlapreb ¥ by wei ght .
[0019] 20In the-seni perneabl e nenbrane of the present invention, in the
case of a sewippusiable wembper hevdbg evandrnigheaperformasicech a separ ati ng '
functional |layer is provided on a porous support nenbrane forned by
castildg a [@Yilh on a base material, it is preferred that azo conpounds be
retained in parts excluding the base nmaterial in the sem perneabl e
~menbrane in an dhomsthodnn Phtent Bagenatt 60mpENehycwe] ghuledute ©ubYal rate

while maintaining ion removal rate but has a problem in that the permeate flow rate
decreéses by 20% or more compared to thét of a composite semipermeable
membrane before treatment.  The method m Patent Document 7 improves 'permeate
20 flow rate while maintaining ion removal rate but has a problem in that it does not
mprove neutral molecule removal rate.
[0012]
An object of the present invention is to solve the above-described problems.
Specifically, an object of the present invention is to provide a sém‘ipermeable
25 membrane having not only high water permeability but also high removal
performance even for substances that are nondissociative in the neutral range, such as

boric acid, and showing high durability.



25by weight. [0020] In the sem perneabl e nenbrane of the present

invention, in the case of a conposite sem perneabl e nenbrane conprising a
porous support menbrane on which a separating functional polyanm de |ayer
resulting from pol ycondensati on reacti on of polyfunctional aronmatic am nes
with polyfunctional acid halides is foined, it is preferred that the ratio
of the nunbMEASS HOE YPUPYGIFE RRORIPES of benzene rings in the
separating functional polyam de |ayer be in the range of 0.01 to 0.1 and
that the col0é&hk of azo compounds in parts excluding the base material in
t he conposite sem perneabl e menbr ane be | ess than 0.05% by weight. [0021]

- I'n the seni per meHis ajere abihgmecsent inhention dsehicved betirisomjperieatdepar at i ng
10functional |ayer is preferably nade of at |east one material selected
from pol yacngnbiane pelow; cel | ul ose acetate, sul fonated pol ysul fone, and

car boxyl at ed pol ysul fone. EFFECTS OF THE | NVENTI ON [ 0022] 15The present
_invent$on dpﬁﬁﬂdes a sem permeabl e menbrane that has high desalination
performance and is capable of rejecting at a high renoval rate even

subst ances t hat Apeniperaiablooeablape hpving adeasea serarating figestionddileyer,subst ances
have been hardly rejected to a high extent by conventional sen perneable
nmenbr anes. WiEpiafee eompoinsls geniepitedan Blescpasatoreaiactigatlaperbirel he rej ecti ng
at a high renmoval 20rate, particularly, boron which has been hardly

rej ected tccparhiighivagtionat layer lehs satellpwtindsk offl0 se40.wat er, and therefore can
be suitably used in production of drinking water by reverse osnosis

treat nent. [BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0023] 25The
seni per meabl e menbrane according to the present invention is a

seni pet meabl e méivithem dherdiea gf tie presamitingensiop & avhieved bysithar ofitlie | ayer
wherei n azo conpounds are retained in the separating functional |ayer, and
t he separ atiredpctipiymethoddAD of ykbeloas a yel | ow i ndex of 10 to 40.
Preferably, the sem perneable nenbrane according to the present invention
is a seni pdP¥Edbl e menbrane produced by contacting a seni perneabl e '
menbrane having at |east a separating functional |ayer containing primry
ani no groups or (Aaptmethpd pepiodufing the seminpemeablaembrasa dagingiat lagri mar y

am no groups and forns a diazoniumsalt or derivatives thereof, wherein

t he separ atSEprgatingridactional layery e meiBodcopaprising thaslers of 10 to 40. The

di azonium salt. or derivatives thereof, because of their high reactivity,
bi ndst & o aforming a semipermeable membrane having a m-phenylenediamine solute

permeability coefficient in the r-ange of 5.0 x 107 t0 1.0 x 1077 em/sec;
retaining the amines in the separating functional Iayer of the semipermeable
m.em‘_b_rane in an amount in the rahge of 0;5% by weight to 2.0% by weight; and then
contacting the semipérineable membrane with a sblution containing a compound that
20 reacts with primary aromatic amino groups and forms a diazonium salt or deriva;iives
thereof, a modification process A,
or
(B} a method of producing a composite semipermeable membrane comprising
a pdrous' support membrane on which é separating functional polyamide 1a$fef
25 resulting from polycondensation reaction of polyﬁnctional aromatic amines with
polyfunctional acid halides is formed, the method comprising the steps of:
retaining the amines in the sepa;raﬁng functional layer of the semipermeable
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organi ¢ conpound contained in the separating functional |ayer to formazo
conpounds and nodifies the properties of the sem perneabl e nenbrane.

10[ 0024] In the present invention, the sem perneabl e nenbranes are
classified into those - in which a separating functional |ayer that
substantially has separation performance is self-supporting simlarly to
conmer ci al | peabvant abdrearhoddt oniheirbege RO Ad¥bbanesghtt hose i n whi ch a porous
support nenbrane that substantially does not 15have separation perfornance
i s coated wiontctngtheaeaipengedftlnokembrale Withyesolttiat costdising ntcbapbyndiast
separation performance, and those in which a base material is coated with
a pol yner |ryes whhpringraamepar abimggbupcanaddomhs 4 digesnivArsahgr déremives
preferred are those in which a porous support nmenbrane that substantially
does not haveresifmmodifoatiperirocasaAcend tiecoat ed and those in which a base
material is coated 20w th a polynmer |ayer having a separating functional

| ayer . 5[ 002htatteg Sepamateimeptlaimetmbomealwithay snlution qpmedfi@ngblcymeburmal that eri al
that has high water perneability such as nenbrane perneate flux and '
readi | y i noesaswith &leatitzongus egaarat inducep erdianorrangléng madionf omodXaatdre,

pol yam de, pol yester, cellul ose and acyl 2 5esters thereof (such as

cel | ul ose- greteat B) andpwinteating thersetui pdrecatjo ngadraneivaittag kdudmdcomsdigng a

t hereof, polynethacrylic acid and esters thereof, sulfonated pol ysul fone,
hydr ocar bonydwirechgpot, g saddiBeation arebesh@. | i ke can be used. In particular,

pol yam de can increase both peuneate flux and solute renoval rate.
Further, al[f@t7%rial containing cross-linked polyanide is nore preferred
because the chemical stability to acid and al kali can be simultaneously

i mpr ov@d. [ 0026]n BiEhempmiryaatld excodmate dftibd prgsenb enveripar, #ic angountinfazoonal

| ayer is formed by interfacial polycondensation of polyfunctional am nes
wi t h pol yf unoppomblretanied i glei sepaatimntinaiodab hstr is peefahblyoh Weurande adnal am ne
conponent s and pol yfunctional acid halides conponents preferably contain a
tri- or norlFuhbgwichato ¢.6Mplgundightier e, at | east one of the pol yfunctiona
am nes and the pol yfunctional acid halides preferably 10contains a tri- or
nore functild®d] conpound. [0027] Al t hough the separating functional
l.ayer’ may be provided on both sides of the porous support nenbrane or may
be provi ded on &n Besemipermeatdé mesbaanpaifyinepreseay awehtion, igthe lvasesdpar at i ng
functional layer, or a plurality of separating functional |ayers 15may be
provilded, isem'g:enacrdvlle, memérage paraddidnen tulbest inoialal vitherseparadmefusiiieal
suffices. [0028] The pol yfunctional amne is conposed of at |east
one of t he lgenponentferedithanazo compoliydsbrotiapelin paitneshalg Gk bpeat i ¢

pol yfunctional am nes. [0029] 20An aromatic polyfunctional amne refers to
an ar omat i eariahen thavempetmenhde membeanarin Ao 2gooelds tharaogeofbdEé ble,

exanpl es of which include, but are not limted to, m phenyl enedi am ne,.

p- phenylenedméﬁim@$9ﬁbﬁwwﬂi¢|anlnobenzene 3, 5- di ami nobenzoic acid,

3-am nobenzyl am ne, 4-amnmi nobenzyl am ne, and the |ike.- Exanpl es of

N-al kyl at e$0019¢r eof i'nclude, for exanpl e, N, N-di methyl m

20 In the semipermeabie membrane of the present invention, in the case of a
composite semipermeable membrane in which a separating functional layer is
provided on a porous support membrane formed by casting a resin on a base material,
it is preferred that azo compounds be retained in parts excluding the base material in
the semipermeable membrane in an 'amouﬁt in the range of 0.05% by weight to 0.5%

25 by weight.

[0020]
In the semipermeable membrane of the present invention, in the case of a
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25phenyl enedi am ne, N, N-di et hyl m phenyl enedi am ne, N, N-di net hyl p-

phenyl enedi am ne, and N, N-di et hyl p-phenyl enedi am ne, and, in particular,
nphenyl enedi am ne and 1, 3, 5-tri am nobenzene are preferred in terns of
stability in performance exhibition. [0030] An aliphatic

pol yfunctional am ne refers to an aliphatic am ne having two or nore am no
groups i n osenpusite serhipermprableenabbynacphpesiagi peobasegon manebramdon
5derivatives thereof Exanple thereof include, for exanple,

et hyl enedi awhith 2 sppapiyigsivediamnl payardid2 lgicarsultoy fbmhmigmadensation

1, 4-di am nocycl ohexane, 4- am nopi peridi ne, piperazine,

4- am noet hyfepétperdiohdynciobaldiroreativydnpinpewdlz polgfun2tiomat tbiyl Ihpligsriazi ne,

2, 6-di met hyl pi perazi ne, 2,3,5-trinethyl pi perazi ne, 2,5- diethyl pi perazine,
2, 3, 5-tri et foyinpd, pieis priferegd Datthp rasjoyd{thgemalzir 0€azoagrdug to-thk aumber of

10but yl pi perazine, and, in particular, piperazine and ,
-2, 5--di bret hybgvizprerrags ne thersepgrnaigeiunetibriahpdlgamide tfycsbeatni the tange of Pt i®r mance
exhi bition. These pol yfunctional am nes can be used al one or nmay be used
i n conbi nat §-band flaode]comtepodfidzu rompomals impirth dxaluidohg thebaesndtaidm aei d
hal i de having two or nore 15hal ogenated carbonyl groups in one nol ecule
and i s not ¢ennositebemibgrmreablematednabe lesrthams.05% hyeaepht. wi t h t he
above-descri bed amine to give polyam de. As a pol yfunctional acid halide,
for exanpl 902K acid halide of oxalic acid, malonic acid, maleic acid,
~fumaric acid, glutaric acid, 1,3,5-cyclohexanetricarboxylic acid, 1, 3-
cycl ohexanedi carlbdbeydeimapaniedhle pemloyed afliexprsat taeindony thesepahdng 1, 3, 5- 2
Obenzenetri carboxylic acid, 1,2, 4-benzenetricarboxylic acid,

1, .3- behz enddhatzmbblrydriic prbirahly oradg pflatdeast emediiedalselegteddramci d can be used.
Among acid halides, acid chlorides are preferred, and trimesic acid

chl ori de, whilsknileniaie, aciladosraddetite, oflfdnagdpolyselioenatd caboybatsd i ¢ acid, is
preferred particularly in terns of econony, availability, handleability,
reactivity,podysdlfoiee |ike. The above-described pol yfunctional acid
25hal i des can be used al one or nmay be used in conbination. [0032] In the
present i ngitE@E OF diIoUNVANIONef ers to the extent to which the hue of
-a polymer is away fromcolorless or white to the yellow direction
expressed d802]positive quantity, as defined in Japanese |ndustrial
Standard JI'S K 7373. [0033] The yell ow i ndex of the separating functional
| ayerld s measur ddepsisanf invansioo préndtsersemijmrmestdenplembrdne thdtdachsh of
measuring the yellow index of a sem perneable nmenbrane provided on its
porous suppesalingeerbperfremanedand is eapabitdfmgjedtinget b bighlrenayadrratereas ur ement s
are made by placing the seni perneabl e nenbrane on a glass plate with the
separating Sﬂgﬁﬁ@nﬂ' pinal ark apedismgratize & dowaytralrgol whinly sesthncerimvi bgeit he
~porous support menmbrane with a solvent that dissolves only the porous
~support 10rerdhy seireteddnd hpgr Edentibygonirationasemiresnablemasmbraament of t he
- separating ' )

Therefore, this semipemeable inembr_ane is capaBIe of re:i ecting at a high removal
20 rate, particularly, boron which has been hardly rejected to a high extent in
desalination of sea water, and therefore can be suitably used in production df
drinking water by reverse osmosis treatment.
BEST MODE FOR CARRYING OUT THE INVENTION
[0023] -
25 The semipermeable membrane according to the present invention is a
semipermeable membrane having at least a separating functional layer, wherein azo
compounds are retained in the separating functional layer, and the separating
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functional |ayer sanple remaining on the glass plate. In placing the
.sem perneabl e nenbrane on the glass plate, the base material for
rei nforcing the porous support. nenbrane nentioned below is peeled off in
advance. In the case of neasuring a seni perneabl e nmenbrane having a
separating functional |ayer that substantially does 15not transmt |ight,
~ the yel | ow fundigonai kyerdas aryetiowyndexfdfdOtto . nBatuwatdprht senfipermdableor neter,
for exanple, SM col or conputer SM 7 manufactured by Suga Test Instrunents
Co., Ltd. caembsnusenrdifif@3dfk presesiddidntionis a sertibernpabanémbmnent i on, the
yell ow i ndex of the separating 20functional layer in the sem perneable
menbr ane i spré@uded b4@ontiiary 4 fenipednaableimehebrand havivey stdgar atdpagtihgnct i onal
| ayer is not |ess than 10, boron renoval performance can be fully exerted,
and when nofunetimel kharvodBiniag pemapesmina lgr@iprerms @ tleerbafavidga Fiagént wai er
perneability can be obtai ned. [0035] 25The separating functional |ayer
havi ngca yeichaswithgexnaof amato gresss danddorniOa diszanius egaoaddrngtifesnbéieahal
| ayer having in the separating functional |ayer such a structure that an
aromati ¢ riwkerbedhsseparatihg Corctinaa dayat hagp grllowpindadofaid ©l4€@ct Mha- wi t hdr awi ng
group and/or such a structure that conjugation extends. Exanples of
el ect r on- dohatanngn gploepkrivatvasdeeredfobecansengs tiesir lighl rexctilitg ibindase a@nmi no
groups, and al koxy groups. Exanples of el ectron-w thdraw ng groups
i ncl ude, f orgadaopheoundapheinegd igtheupparasng funoiianablagers forah dehyde gr oups,
acyl groups, am nocarbonyl groups, 5am nosul fonyl groups, cyano groups,
nitro group®mpenodsrndmsbfigy e psopeEamptesscafipesmedblansntbuateur e t hat
conj ugati on extends include, for exanple, polycyclic aromatic rings,
pol ycyel i c [A824ro ri ngs, ethenyl ene groups, ethynylene groups, azo groups,
i mno groups, arylene groups, heteroaryl ene groups, and conbi nati ons of
t hese struct ur edn thehwesapavantiony tHetreotipeomadblé angerbraeh niei dsssifiad intel | ow
i ndex of not |ess than 1010 by having such a structure. However, when the
anount of dbeds iawhidhictepamatibg functived dae; thahsbpehligly hasdeparkiemones | ar ger
“than 40 Further, when such a structure is nultiply conbi ned, the region of
such a st r yetiormarise combfssupapgmganlilarlr tosometrcinlbsanalablg hoHow fibet ROW i ndex
of larger than 40. If the anobunt of such a structure is increased and the
regi on of guhbransst thost wrwehick aipooneasgebrt memhene ¥tag pibstandhlly deesyet | ow
15i ndex becones | arger than 40, pores on the surface and inside the
separkt i ng havnstpaetiah pbrfyrenange & whateggeith @ sepetating liynciinoaléasethahe bor on
renoval rate, but the perneate water volune significantly decreases. \Wen
't he yel | owsibsdanially haQseparation pttfernipocomnd doy al whizhe teanmberiahisr eased
W t hout excessively decreasing the perneate water volunme. 20[0036]
Exanpl es ofcogthé wathtahyedyroér Ipyanhiading@ sepreatbmpfanctidnallafem c tnoomal thérmyer wi t h
t he above-described structure include supporting the separating functional
| ayer by a pedemeland thiee imghiche: raivonsssugpert michbdirstthaictibstantmiig does ioheni cal |y
treating the separating functional |layer to provide the above-described
st ruct ur e. bRes sepetatipm perfortnadce fsecoatsdvied dese m whidh sthascmateealoy eoated | ong
period of time, chemically treating the separating functional layer to
providde t hevitdizopadymesleydrihasingtargparatieg fimcpored biyeed. [ 0037] Exanpl es
of the method of chemcally treating the separating functional |ayer
i ncl ude cof®®éfi ng a seni per meabl e nmenbrane in which the separating
functional layer has primary am no groups with a reagent that reacts with
primary ami no gdbepspastiagflomtionaldapiray prefershly af 4 marcridbihiat/xtsihiglswhtaer eof
The di azonium salt or derivatives 5thereof thus fornmed react with an
aromat i ¢ copeahdity suches membyagy pupsate Thesed aedily ivugse soleaive t he
conjugated structure, whereby the absorption shifts to the |ong-wavel ength
side, and stnsratfogperfomeansepadafiregamhplecpélparaide] jaaster scelloloss @l aosl | ow t o
orange, resulting in a yellow index of not |ess than 10 Further, for
achi @i ng astyisithasepti(putdres otllulose areipts), pdpaccdomitie. malyasryliofacsl andregiorsnd
having primary am no

thereof, polymethacrylic acid and esters thereof, sulfonated polysulfone,

hydrocarbonylated polysulfone, and the like can be used. In particular, polyamide
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10groups in the sem perneabl e nenbrane after contacting the conpound

havi ng primary am no groups with the separating functional |ayer is
preferably in the range of 30 x 10-6 to 160 x 10-6 nol/g. [0038] The azo
conpound in the present invention is an organi c conpound having an 15azo
group EN-N-1, and when a sem perneabl e nenbrane having a separating
functional ¢aayiecrezseibbti prirmgatp fliurany saoieremgvaugs. | Burdentaatetdaw t h a
reagent that reacts with prinmary am no groups and fornms a di azonium salt
or -deri vat i wesaiting cesf-linkdiepdyonide iqxnoredréfsrrédbaetsei the theenisa pabiity ag
functional layer and retained. [0039] 20The separating functional |ayer .
cont ai ni ng ged amt alkdhtandbegimulpmebesigimproeders to the presence of a
conpound and a salt thereof having at |east one prinmary am no group (-NH2)
in the sepai08gélng functional |ayer. Al though the type of the conpound is
not limted, exanples thereof include aromatic am nes, aliphatic am nes,
pol yvi iyl am nesThepwilyaariildessttuting phd wpsratiny fungiienal biyed is dbrogdibyo gr oup,
and the like. The 25primary am no groups are preferably aromatic amnes in
terns of canteefriehpdydondérmatbn oifpolFuadtiqual aminys with polyfirmetipsal maid be a
conponent of the separating functional |ayer, or a conmpound having primry
am no gr oupslidey ab@atiees emt of polyfhactiBal seipacampognisumdtpobiahctioayleicidv t hout
the primary amino groups chenically binding to the separating functional

| ayer. [ 004@]idéncaniyenpnte perérablycenthinomiri- ex awpd faactodnal benpeagdentictd)at
reacts with primary 5am no groups and forns a di azoniumsalt or

deri vat i vedeasheneof the pellyfishetiaml emirses sind te polyfundtiondlcicidhedidps prefaralily ous
acid and/or a salt thereof, and a nitrosyl conpound. Since the agueous
sol utl®n ofcontainsausi- acindreafindctiomal toropyindconpound readi |y generate gas and
deconpose, it is preferable to sequentially generate nitrous acid by the
reaction, fl082Hxanple, between nitrite and an acidic solution. 10[ 0041]
Further, in the sem perneabl e nmenbrane of the present invention, when the
sem per neabl e neXitroagk theakpaatitpefuantiedi feat maf beprooipd sh bethsiddspé e abl e
menbrane in which a separating functional |ayer is provided on a porous
support nermoransupprrimdmbianc as tiaypeproedidonombae baseiaiad € polamer Bger
conpounds are 15preferably retained in parts excluding the base materi al

i n the senipemgdbbiepamtnd fimwBonal lawkr, mraphirality of keparating duraftiofaldardy wei ght
to 0.5% by weight. Wen the sem perneabl e nenbrane takes the enbodi nent of
a sen per neadyl & previded e gprenalj cedseparatings funasenahiayerdradnewiiddsudfi@epar at i ng
functional |ayer, azo conpounds are preferably retained in parts excluding
t he base ndf@8jal in the sem perneable 20 nenbrane in an anount in the
range of -0.05% by weight to 0.5% by wei ght. Wen the azo conpound cont ent
is in this rangdhepobémcpenatmabheismeniposmieiatkkhswinggf thealmooenthet ween

hi gh sol ute renoval properties and high water perneability can be :

obt ai ned. [20@¥&]c polyfunctional amines and aliphatic polyfunctional amines.

10029]

20 An aromatic polyfunctional amine refers to an aromatic amine having two or
more amino groups in one molecule, examples of which include, but are not limited
to, muphenylenediamine, p—phenylenediainine, 1,3,5-triaminobenzene, 3,5-
diaminobenzoic acid, 3-aminobenzylamine, 4-aminobenzylamine, and the like.
Eiamples of N-alkylates fhereof include, for example, N,N-dimethyl m-

25 phenylenediamine, N,N-diethyl m-phenylenediamine, N,N-dimethyl p-
phenylenediamine, and N,N-diethyl p-phenylenediamine, and, in particular, m-
phenylenediamine and 1,3,5-triaminobenzene are preferred in terms of stability in

.



25l n the present invention, the content of azo conpounds contained in the
separating functional |ayer of the sem pei neabl e nenbrane represents the
~amount in terns of chrysoidine (C12HECI Nd), which is a known azo conpound.
Considering that it is difficult to understand the precise chem cal
structure of an azo conmpound and that, although the absorption band of an
azo conpoungrisanies efhipétivdi. ng on t he conpound, in the present invention,
the azo conpound extracted into ethanol froma separating functional |ayer
denat ur ed - 4pOB0imer si ng a sem per neabl e nenbrane in 5et hanol expresses an
absorption at a wavel ength of about 450 nm that is, has an absorption at
the same bel t - shapsliblddopolyfiagtibhd tinidific :elfn"rysmmhﬁphaudahméaﬁvmgw@ar was
made as described above. [0043] Specifically, the content of azo conpounds
i s det ernm necteamifi®fbloapsin drieaholesyle prdfosdiv Peiparaabt-Gassditianand s cut into
10 cmx 10 cm and a base material is peeled off to obtain a conplex of a
cast f®ormatdecinattanpiased. oExampeshdrewd inblude, Sepanaipld) athlenedibatrl | ayer.
This is imersed in 50 g of ethanol for 8 hours, and the conponents
extract ed virdpylatcHandhe, diadanahyzeidhersinagl 4diddiho@ViobkeineM-s- Near | nfraRed
spectrophotonmeter. As an U traViol et-Vis-Near |InfraRed

15spect r ophmiinompaiding, ipeexcanep hamithetRApherminef 2 6dinedlylpipethineppzu
Corporation can be used. Then, the conplex of a cast formati on conposed of
a resin w tmhethylpppariic] G-dimadyipopahzihg P, 5-rimétakpipetiainef 2.6m t he et hanol ,
dried by heating at 120C for 2 hours, cooled to roomtenperature in a -
desi ccat or digthylpipeenines?.glsegicthiligpaasine, Qanrpaypnthigeatie) ind B.5pAM s excl udi ng
the base material in the sem perneabl e 20nmenbrane is cal culated fromthe
absoriance tofylpiperacioapodeint gmritculdragipedzine tthd 2Shdimethygfipetdfinddare t he
calibration curve of the absorbance of chrysoidine, ‘a reference materi al,
at a wavel engthedin 4k ofi sabilgdn poordianed extebiioaneThee gollyfurcfédd] On t he
ot her "hand, when azo groups fromwhich the yellow index is derived

25chem cal lamitdsrdn tho upal alemd aamay be usedpn efrabiabfien.i n that its structure is
stably retai ned, and when the sem penueabl e nenbrane of the present

i nvention i[80H]conposite sem perneabl e nenbrane conprising a porous
support nenbrane on which a separating functional polyan de |ayer

resul ting from popolgfundémmbtdidhatidaeldroto of achbhalidehatingbed opmor@t i ¢ ami nes
wi t-h pol yfunctional acid halides is fornmed, it is preferred that the ratio
of the nuntelogedatararymylipoupoin die molebede and ishenzatenlaingsirctedididong
separating functional polyam de |ayer be in the range of 0.01 to 0.1, nore
5pr ef er abl ys @.rékctd with tidmboandedchiatd tinemeao lgixeqiolyahn&z 0 Aonpalyfidstiénl part s
excl udi ng the
, acid halide, for example, an acid halide of oxalic acid, malonic acid, maleic acid,

fumaric acid, glutaric acid, 1,3,5-cyclohexanetricarboxylic acid, 1,3-
cyélohekanedicarboxylic acid, 1,4—cy¢10hexanedicarboxylic acid, 1,3,5-

-2 0 benzenetricarquylic acid, 1,2 4-benzenetricarboxylic acid, 1,3-benzenedicarboxylic
acid, or 1,4-benzenedicarboxylic acid can be used. Among acid halides, acid
chlorides are preferred, and trimesic acid chloride, which is an acid halide of 1.,3,5-
benzenetricarboxylic acid, is preferred particularly in terms of economy, availability,
handleability, reactivity, ahd the like. The abové-described polyfunctional acid

25 halides can be used alone uor may be used in combination.

[0032]
In the present invention, yellow index refers to the extent to which the hue of
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base material in the conposite sem penl eabl e nenbrane be | ess than 0.05%
by weight. Wthin the above-descri bed ranges, it can be assuned that the
azo groups chemically bind to pol yam de, and a conposite sem perneabl e
menbr ane having high durability and | ong-term operation stability can be
provi ded. 10[ 0045] In the present invention, the ratio of the nunber
of azo groupsgolyomet herwayfivar cabrlizs oz shéte té tigyellow tirectkepapadsiadgsfaunct i onal
‘pol yanmide | ayer is neasured according to the NVR nethod. For exanple, for
a liquid sepesitate @rantitynds defimed aviapaneae befostriat $tagd-4diStK Ga73. pol yani de -

| ayer on a porous support nenbrane formed by 15casting pol ysul fone on a
base materi K033} he ratio of the nunber of azo groups to the nunber of
benzene rings is nmeasured according to the NVR nethod as follows: First, a
portion of the pbhoyedlosipgor ¢f thesdpamtiog fandiass lapet ermedsulet abihgtaaobr
nonwoven fabric made of polyester fibers) is peeled off to obtain a

conpl ek of menstFdrexamplieom thone o€ theafurpgltsydlbenieds ofn enspaarcableng
functional |ayer of cross-linked 2 Opolyanmde. This is imersed in

met hyl ene cikmbiage prevndbdtdngts mselstsupppriinetibrancivettss sapuadng éirdiissal ve only
pol ysul f one conponents, after which filtration is carried out to obtain a
separ at i ng wercicanadmentd aramiade by alaeing thhecnsippareablemgeritracd dromglaspol yam de
| ayer is dried and then collected in a hernetically-sealed container to '
measur e t heplsiolwith the a¢peraXivR fodctivaalbayer stifecerdatinpdisfolving and rdparvigs thaz o
groups to 25the nunber of benzene rings is determned fromthe chem cal
shi ft val uepcgbus supperamisorbra) veatensolvant #imt dissolgesoundy (halpordus 5b@baqppn) . [ 0046]
The net hod of Eroduci ng the sem perneabl e menbrane of the present :

- invent?on whehbraog dpd paesmning g trdnSDisEjonmeastrensepalitht sapgratingct i onal | ayer
" constituting the sem perneabl e nenbrane, 5the skel eton can be forned, for
exanpl e, byfusetrangl lagercamplentaninig @l thp glage phatte ndmplacimgale dchdpainchiblee of a
porous support mnenbrane using an aqueous solution that contains the

above- descridrabrapo by therglass piead, thebase netatiah foroeigfonéiog del poemts sappatt i on t hat
contai ns pdl yfunctional acid halides and is immscible with water. [0048]
10The concentmbiahomenfioned|bgiamsthcdrdbffamademce.n Inhke eaebdugagoingfaunct i onal .
amne solution is preferably in the range of 0.1 to 10% by wei ght, and

nmor e pr ef ersaigerinnallymemdrays hating aSepaatinOimbjonablagért that\lhbstaritiadly does
concentration of polyfunctional amnes is in this range, the reaction

pr ocekds noweétransstiylighthihe gelaw frdek énmeavatsel bypeflosmbinhéasyremant. bevsensur ed
because the separating functional |ayer 15is not- excessively thick. The
aqueous poloplanmestérofrelexamplaeSMaloldricomputey Sdbi naennfactuved lex Sungal Best
surfactants, organic solvents, al kaline conpounds, and anti oxi dants as

| ong as t hdnyteaesmisopo.obtdpeinbamsedi onal ami nes with pol yfunctional acid
halides is not inpeded. Surfactants have an effect of inproving the
wet t abi | i t O]t he porous support menbrane surface and reducing the
interfacial tension between the aqueous 20pol yfunctional am ne sol ution
and an organi ¢ 3okddhen, Othyamessnsiovedinstheanlloeindexas the separatiysst for an
interfacial polycondensation reaction, and the interfacial

pol ycthdendundtionalrleer it & seaipehecabde memdrapetis B foi 461. erWhen thy yellilv ng t hem

index of the separating functional layer is not less than 10, boron removal
performance can be fully exerted, and when not more than 40, a semipermeable
membrane having high water permeability can be obtained.
[00351 |

25 - Th‘é separating functional layer ha’vihg a yellow index of not less than 10 is a
separating functional layer having in the separating functional layer such a structure
that an aromatic ring beais an electron-donating group and an electron-withdrawing
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[0049] In the present invention, the porous support menbrane, which
substanti al |l y 25does not have separation performance for ions and the
-like, is.for the purpose of inparting strength to a separating functional
| ayer that substantially has separation perfornmance. The size and -
distribution of the pores are not particularly restricted, and preferred
is, for exarplreanddorsuplpestructereishareniugatiamgextends.or Bxamleopaiesons

m cropores gradually increasing in size fromthe surface on which the
separ at i ng donateng graps inglpde, fos exaomie dytexyhgoupd emimugrbgmseanddilengi n t he
size of the mcropores on the surface on which the separating functional

| ayer is fgromg. i Exfmples 0f dleomort-with@@whragrotpsainpluds, fof exaatphs, cabsxyised f or
t he porous support nenbrane and t he shapes thereof include, but are not
linmited to,greupsenbfoaiegrbupsredehydeeasthsnapyhgoeps, amamcarteugpoodps( base
material), for exanple. [0050] Exanples of the base material inchide a
f abri ¢® mai ninyinewipogauowfs, eyanb gamips.iitn erapk.cot @drdso @uoyps! yEsdmplcand
aromatic polyanm de. As a resin cast on the base material, for exanple,

pol ysul f oneuclcebtrudtars ¢éha cenjagajonpatands meludehfoo ekateple grolyeynficdrametit her eof
is preferably used, and it is particularly preferable to use pol ysul fone,
whi ch has hingh mohertiahstervadizanitbalylenagbuphatimmlylest ghiupstago gf HS§1]
15Specifically, it is preferable to use pol ysul fone conprising the
repeating umiro ghawm aivienelgsourhsehdtoatryleoe grivas.bel enmbeatoseofafesthe easi ness
of controlling the pore size and high dinensional stability. [0052]

[ Chemi cal PRtnetufes. 1[he@separdtip@i@jctional layer Pelribidxthaptldow indewlofinotdassahart he
above-descri bed pol ysul fone in N, Ndi net hyl formanm de (DVMF) is cast on a
densel G- woMérbypalvngsudr a slatine. o Howvenenwbee thefagipuintoft suckaa stmidtae s

t hi ckness, and the resultant is subjected to wet 25coagul ation in water,
wher eby a pereassd.sbppadiow indeb beqvencydargerghai 40. ogowrdher, witieh sech dstawetrer of a
few tens of urn or less at nost of the surface can be obtained. [0054]

' 1s 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 vellow
15 index becomes larger than 40, pores on the surface and inside the separating
-ﬁmctional layer are clogged to thereby increase the boron removal rate, but the
penﬁeate water volume significantly decreases. When the yellow index is 10 to 40,
' the boron removal rate can be increased without excessively decreaéing the permeate
water volume.
20 - [0036]

Examples of the method of providing the separating functional layer with the
above-described structure include supporting the sepa.fating functional layer by a
compound having the above-described structure and/or chémically ireating the
separating functional layer to provide the above-described structure. For retaining

25 the above-described structure over a long period of time, chemically treating the
separating functional layer to provide the above-described structure is preferred.
[0037]
12



The thickness of the above-described porous support nenbrane affects the
strength of the sem perneabl e nenbrane and the packing density in an

el enent using 5the sane. For obtaining sufficient mechanical strength and
packi ng density, the thickness of the porous support nenbrane is
preferably in the range of 50 to 300 gm and nore preferably in the range
of 75 to 200 gm Esngplésdifeka@sthodof shdasaly@éathi dle depabtineintostemythe
porous support menbrane is preferably in the range of 10 to 200 - "'pm and

nor e pr ef eriabluyle banthdivg hasgepedhedle OmbeheGMihiBtRO %aﬁhg fhRkighal the
por ous support menbrane can be observed with a scanning el ectron

m cr oscope, lagerha@psmusSingio gt Ko afesdeds tRPRactd Wil prik RV hSidoOs68ps

m croscope. For exanple, in the case of observation with a scanning

el ectron maxdseapediatdi@nt st of @givativs thaebed Tk ididoamnisdas PeARitRick al |,

and then this is cut by 15freeze fracture technique to prepare a sanple
for crbss- shekooihas f@DsE Faat Wil an Thvenasi2EPPoinsd folfofh ¥zEORLEH Wk

pl ati num platinum palladium or rutheniumtetrachl oride, preferably with
rut heni um taeb peaips ekicdé theandjughee si e (herdBy thetabadtpGéh §E86Olothe V-
field-em ssion scanning el ectron m croscope (UHR-FE-SEM at an

accel er at i ngavetnpdgade) inBthicfe{6re Khé separafifiy BlnkfiduAigbr 1se8Rrél §QRw to

fiel d-em ssion 20scanning el ectron m croscope, for exanple, S 900 type

- el ectron moagecepdtinpig pdiow Bdebyf fdtlas hanltod. FafBedrusdvingdhe menbr ane
t hi ckness and surface pore size of the porous support nenbrane -are

det er m ned yellomihdeg ofl16es #OThet@icontaphofabrippest hahhey bivhekn@ss and t he
pore size in the present invention refer to the mean val ues. 25[ 0056]

To cardy ouroupstieteaeiniierpoible pradRGRERGNcONRE RAPWHUSHRRAKE NMENbr ane,

t he above-descri bed aqueous pol yfuncti onal ‘am ne solution is first

contact ed wirinfury b@inbQro@erwitis the ypRedtingnaitiaElaydrhs Sref@mIaes theSamdcef er abl y
carried out uniformy and continuously on the surface of the porous
suppor t  nentfsanel0Spa6i i el thyl/e.exanpl es of the method include coating the
porous support menbrane with the aqueous pol yfunctional am ne solution and
i mer si ng tt@gorous support nenbrane 5in the aqueous pol yfunctional am ne
solution:. The contact time between the porous support menbrane and the
aqueous pol yf undhk epatorapoun is Helirbseht inerfioaflie babitdanictobipBui®R8enDin 1 tO
10 mnutes, and nore preferably in the range of 1 to 3 mnutes. [0057]
Afterl3 he agugoup (AOHYHundtwienal seafpermestit tienthaRasvhgencpaatiact ed with

- the 10porous support nenbrane, it is preferable to drain the solution

suf fi ci ent fyncsiondlfager doragihieprintut), dmivat groepeis Botacted &/ INBIBE@RALhatl he
“menbrane woul d be | ess prone to degradation in performance because there
woul d r emaireactsoviel priinetysaniies pongs hdfonk aderbhianesaiereletisatbkt GlerdgEnbr ane
formati on. Exanpl es of the method of draining the solution that can be
-used i ncl ude azbapnerandisdornival it itngsepaating Aldcsloddh @ypoiUstalikguppor t -
menbrane after being contacted with the aqueous pol yfunctional am ne

sol ution t g8Ghj ect the excess aqueous solution to gravity flow and

bl owi ng air such as nitrogen froman air nozzle to conpulsorily drain the
sol utdton, as de¥hbe sdpachting R (0Ral 1842 BorkainAfgt imdrh andhic@idupdhertifeeferTbr ane
surface can also be dried to renove a portion of the water of the aqueous
sol ution. tothe presence of a compound and a salt thereof having at least one primary amino

group (;N‘I—Iz) in the separating functional layer. ~Although the type of the compound
is not limited, examples thereof include aromatic amines, aliphatic amines, polyvinyl
amines, polyamides or peptides having a terminal amino group, and the like. The |
25 primary amino groups are-preferably aromatic amines in terms of convenience in
handling.  Such primary amino groups may be a component of the separating
functiopal layer, or a compound having primary amino groups may be present in the

13



20[ 0058] Next, the porous support nenbrane after being contacted
with the aqueous pol yfunctional am ne solution is contacted with an
organi ¢ sol vent solution containing polyfunctional acid halides to form

t he skel eton of a cross-1linked separating functional polyam de | ayer by
interfacial polycondensation. 25[0059] The concentration of polyfunctional
aci d hal i despamatihd €anotiggddilaycs aftieuttths plinthiyQimihs giupd ehahicylly bindiag 6 ange of
0.01 to 10% by weight, and nore preferably in 20 the range of 0.02 to

2. 0% by wei gbkepatatirigtfusctioanblayert he progress of the reaction will not be
slow, and side reactions are unlikely to occur. Further, it is nore

pref erabl e 0o4@dd an acyl ation catal yst such as N, N-di nethyl formam de to
this organic solvent solution because the interfacial polycondensation

wi || be accel er dhekk prle@6]vention, exdhplcooOihB rcagsil N Réactspried prably, s
immscible with water, dissolves polyfunctional acid halides, and does not
break %he poniaugrapppad forirlianeinnbdhoraikieadas ittradineinde Hpyodde any
solvent as long as it is inactive against polyfunctional am nes and

pol yf unct i analtioas bf] fhieddatdgte, nRrak acidedd@x arit ¢erdoficingd deitrdsgliédnpound.
10hydr ocar bons and hal ogenat ed hydrocarbons such as

tri chl or ot r§ihtcube aghdvaneolutodof mitrsieatidindeningsy compsimneadiljh@hedaes not
depl ete the ozone layer, availability, handleability, safety 1n handling,
and the |ikeas and tedoeposqrisigrefeiabiene sequetlida Brencrdndeeaneacid by tlecane,
tetradecane, heptadecane, hexadecane, cycl ooctane, ethyl cycl ohexane,
1-octene, leagoantr ceanpltetivedoenitre amd xd avidis stlogseof are preferably
15used. [0061] The net hod of contacting the organic solvent solution
of polyfundtd4ral acid halides with the porous support nenbrane after
bei ng contacted with the agueous pol yfunctional am'ne solution may be
carried out in tHwethsafetheasméferasatlameh®rab oy the ReRdeincsithadwhat fied of
coating the porous support nenbrane with an aqueous pol yfunctional am ne
sol ution. [s0fGRkmAshldarathriredaladavesmbddimentiaarppasititeniipirmiciislei al

pol ycondensati on by means of contact wth the organic sol vent

sol uti on ofm@obyheincihiohalsepaatthgfahitét@al agerfioproviled daagai@lsisagpdrinct i ona

| ayer composed of cross-linked pol yam de on the porous support nenbrane,
it is prefenabbrend hrohediby chhimgaxeds sn adaventsrialExan@mgouafls 48e met hod of
draining the solvents that can be used include hol ding the nenbrane
vertixal | y freferablyoeinidddn praess:laligahe basohwterisl ibyhageanpdrineiitlow. In this
case, the vertical holding tine is preferably between 1 and 5 m nutes, and
nmor e pr ef ermadhiyratxeinvmermduna ivothd range wf €95% by weight to 0.5% by weight. When '

the semipermeable membrane takes the embodiment of a semipermeable membrane
provided on its base ﬁateﬂa] with a separating functional layer, azo compounds are
pre_ferab._ly retained in parfs excluding the base material in the semipermeable

20 membrane in an amount in the range of 0.05% by weight to 0.5% by weight. When
the azo compound content is in this range, a semipermeable membrane achieving a
balance between high solute removal properties and high water permeability can be
obtained. |
[0042]

25 In the present invention, the content of azo compounds contained in the
separating functional layer of the semipermeable membrane represents the amount in

terms of chrysoidine (Cj2H;3CIN,), which is a known azo compound. Considering
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[ 0063] S5After the draining, drying is generally carried out. A preferred
drying nmethod is, for exanple, blowing air at a tenperature of 10 to 80C,
particularly preferably 20 to 40C, on the nenbrane at a wi nd speed on the
menbrane surface of 2 to 20 m'sec, particularly preferably 3 to 10 tn/sec,
as can be seen in JP 05-76740 A Under the drying conditions in the range
shown abovethattihis difficblt eomendragtardeiethd Presist thahesaltduyicaird efhn @odoaipotule sane
time performance degradation is unlikely to occur because shrinkage of the
por ous suppadtthareaithoagiethd ubsdrpti@xbeaslsiiue aey apapaindoarief dopehéihg daese not
occur. [0064] Then, after the excess organic solvent solution of
pol yf unct i caipoand,dn Helfirekeat ihSaanbiemnzd corpouridhataeil pao swabhblerdgmabr ane
is contacted with a reagent containing nitrous acid and/or a salt thereof
to nodi fy tdeparptimgpfantticenl bfyert dveasend penmakihe a gemtpeaneabld H86S5ankin gener al ,
nitrite generates nitrous acid (HNO2) by reacting with hydrogen 20i ons,
and it5ef f iahanot éxprepessematbeonpiibn auswaedlehggi offabbanp®r @hthet i9f haakhput 20C and
when the pH of an aqueous solution is 7 or lower, preferably 5 or |ower,"
and nore prabbapad 3t the ommd beieshapébdotaaialak thaanf Wﬁeiﬁéd&ﬁrﬁfbmﬁwodl um
nitrite obtained by the reaction with hydrochloric acid or sulfuric acid
i n an aqueounslessldutaribad hlsovearticul arly preferred in tents of conveni ence
i n handl i ng 25[ 0066] In .the present invention, the concentration of
nitrous aci[d04&y] nitrite in the reagent to be. contacted with the rrerrbrane
is preferably in the range of 0.01 to 1% 22 by wei ght. Wen the
concentration ofSpeéificalys treaiodtent ofizbrcbtrpoinsdsiindéibeninad gefodibws: Bids,t0 1% by
wei ght, handling of the sol-ution is easy, and a sufficient effect can be
- obt ai hed. Fhmireahethlomembrgneistutisoild qor efl@rabhyd 4 biSeanathiighepeelddn t hi s
concentration range and tenperature range, a sufficient nodification
ef fect can diEtowbbtima nedplek @6 ¢hst formatiohlvemposedadta radih kvith o epgeatitg
containing nitrous acid and/or a salt thereof is preferably carried out
uni form y dncttoostlayenouFhiy iomméeedamipesiwizdob fordrifauan andthef ace. Specific
exanpl es include, for exanple, coating the sem perneabl e 10nmenbrane with a
ni t rous acicdmpohants evraaed withehasiohgretdnelyzahigher aredhtadiakenWisNeari n a
reagent containing nitrous acid and/or a salt thereof The contact tine
bet ween' t hdufsahddppectepbbemenbr AsendfitatidedgeMNeae biftaRedi ng ni trous acid
and/or a salt thereof is preferably the time during which a diazonium salt
and/ or5 der ispetiopbstotbier,dof ezamqalgéﬁ@%ﬁ@manufaemta’ddm stantdeaGotperaanri ed out
in a short time at a high

can be used. Then, the complex of a cast formation composed of a resin with a

separéting functional layer is taken out from the ethanol, dried by heating at 120°C
for 2 hours, cooled to room temperature in a desiccator, and then .Weighed.r The azo
-compound content in parts excluding the base material in the semipermeable
20 membrane is calculated from the absorbance of the components extracted with
ethanol at 450 nm, the calibration curve of the absorbance of chrysoidine, a reference
material, at a wavelength of 450 nm, and the dried membrane weight. |
[0044] -.
| .On-'the other hand, wheh azo groups from which the yellow index is derived
257 chemically bind to polyamide, it is preferable in that its structure is stably retained,
and when the semipermeable membrane of the present invention is a composite
semipermeable membrane comprising a porous support membrane on which a
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15concentration, but it requires a long tine at a | ow concentrati on.
Therefore, in the case of a solution of the above-described concentration,
the contact time'is preferably in the range of 1 to 10 m nutes, and nore
‘preferably in the range of -1 to 3 mnutes. [0068] The sem perneabl e
" nmenbrane obtained by the present invention is 2 Ocharacterized, for

exanpl e, byseigﬁ@tiﬁgﬁﬂfcﬁbﬂdﬂgo VaRgdd I@jﬂs’%|re§uﬁﬁl%rﬂ&19b&?&ﬂ1d¥§§aﬁ9ﬂvréa9ﬁ@{ gwn. This
i s probably because azo compounds are formed in the separating functional
layer by thgolgiaeialifosatié amasd it FiAMcheclERgHbOR f8ndl {178y am no
groups with a reagent containing nitrous acid and/or a salt thereof [0069]

25The pr Oduﬁf&@dmmqaﬁ@bf@@fﬂlhﬁ%ﬁﬂf 0 Y4 Upe s ihe%aflhbeioftﬂéﬁzéﬁﬁﬁlfrgéid ng
a

functi onal yer of the above-described sem perneabl e nenbrane of” 10 to 40

i's not par tihe ebpakdtinglfifbtioREl potshidé B eeaRhEang@CdH (21 B80T hsorSt at e where
pol yfunctional. amnes renmain after formng a Separating functional |ayer

on t hes por opisfesdtdDPOOT tTBOB) AdahaAnRe Befi@n 6f SR o ipolid ihharts SRMBhd 1Y
functional layer with a.reagent containing nitrous acid and/or a salt

thereof , anghs@mateial fahé BEmbhifte SBRAcahe M MUMBindbaless BYE0.0M1F By a reagent
reactive with the diazoniumsalt resulting fromthe 5above-descri bed

reaction careibit. preiiiah @k dboRBlaby®ed rdn@8s A can be assuféa iRk &% £b okdifsmet hod

of achieving the state where pol yfunctional am nes remain before

cont act i ng dhbicep s th PYIyabRed, iaﬁ@alcomFyﬂe sinfRrifle AbRAGERbra6O B&ﬁhgi ng
nitrous acid and/or a salt thereof include form ng a separating fTunctional
| ayer on t gt @RekititsantlupRetdmepEkitian Smbaitd cdd®pre@at@ct i ng the separating
functional layer with a reagent containing nitrous acid and/or a salt
thereod wi t[bo48] washi ng the semnipel | neabl e nenbrane; and forming a
separating functional l'ayer on the porous support nenbrane, and then

contacting the dgpa @bdchdinkomedn, aahtid ay@E ninbé dflago BMBOHSHEAlXbaNCt i onal
am ne sol ution again 15[ 0071] By achieving the state where

pol yfunct i aTaknant Aass hai@bsaheihgfendtonkiaoliaitdd Bfers SRR N chidngt | onal

| ayer with a reagent containing nitrous acid and/or a salt thereof,
primary aniteehedNpuRsclsilst Fotdainple il Miduld tdparaien aeaitiie Havigtd onal

| ayer, and therefore azo conpounds are forned in the separating functional

| ayer when sthgatdpsfapaicabi ﬁtﬂyﬁrﬁﬂ@ﬂéﬁﬂaﬂlaﬁaﬁbﬁﬁ st oﬁQﬁErﬁlﬁEﬁéjfo\ﬂan@bﬁ reagent
containing nitrous acid and/or a salt thereof It is preferred that the azo

~conpaunds  hastiegplysaFsRases bagelmeaediAr thaeitphif teofmaseds b bass tAnd he state
of polyfunctional am ne, have such a structure that is larger than the

pore size elunibbeoSrpasRinimg if HReduraN@cotdkeh,thaRNIIL teliRidals TslbwH $ide t he
separating functional layer. By retaining the azo conpounds inside the

25separ at i ngoktiticsi thapbroliay@iportii@nith® atba@f mhtekidli (Rl @ nedivdvén t he
separating functional |ayer is obtained, whereby the solute renoval rate

i's i mpr ovedabr{cQAFR] of polyester fiberk)ig peEldof tobbiaetiesiphek sthecsernagidrabl e
menbrane- of the present invention, to obtain the above-described effect,

in the caseowpesed ofpelypaliioeunen i edpakatid@ifinetiosal MyRheNtbegdican ne when the
separating functional layer is contacted again with an aqueous

pol yunct i goBhméds. nahiak ihh@fsedfih eletfytdndicAride QR Wk Gnd Highieagal 5
| ayer, the perneability coefficient of mphenylenediamne is in the range

of 5.0 x 16tirrdd foadidsoBreXonkPpolyaitiose comphieenpe i altitt £iMrafio@ {f dath@ndut of
m phenyl enedi am ne can be determ ned by the foll ow ng mnethod.
to obtain a separating functional polyamide layer. The separating functional
polyamide layer is dried and then collected in a hermetically-sealed container to
measure the solid-state NMR of carbon.  The ratio of the number of azo groups to
25 the number of benzene rings is determined from the chemical shift value of the
carbon adjacent to an azo group (about 152 ppm).

[0046)
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[0073] As a transport equation for the reverse osnosis nethod based on
10nonequi | i brium t her nbdynam cs, the follow ng equations are known. [0074]
Jv = Lp(AP - a-Aic) (1) Js = P(Cm- Cp) + (1 - a)CGJv(2) wherein, Jvis a
volunetric flux of nenbrane permeability (nB/nR/sec); Lp is 15a pure water
perneability coefficient (nB/nR/sec/Pa); AP is a transnenbrane pressure

di fference (Pa) ;T h&hed sOpretigcing fHeaeiimmmesat fiegibesie; of B85 présentl
transmenbrane osnotic pressure difference (Pa); Js is a solute nenbrane

per neat e f | werdtivalwillhbsas)destibed. @ sol ute perneability coefficient
(msec); Cmis a solute nmenbrane surface concentration (nol/nB); Cp is a
per neabi | i tpos¢gncentration (mol/n8); and C 20is a concentration of
menbrane on both sides (nol/nB). C, average concentration of menbrane on
both sides, is Subsd@phdatihd YundBadl Mleessnsyiheing tiesceiipdrBic 16 eneintbrane,
concentration on both sides is very large as in the case of reverse

0SMDSi 5 nente al@son detefoaned, fohexahlld, Ovicagyiagvat inesifetat polpeshdisation
integrating Equation (2)° Wit h respect to nenbrane thickness is often used.

25[ 0075] R on the durfack)of & poious safpor( BrmbR@E eking bn agudef saledobthat fartdigd | owi ng
equation. 25 F = expl-(1 - a)dv / PI(4) Ris a true renoval rate and

defined by thbhebdweldeoibeg petdaidtional 4niAd Bhd & srgdnic s€iveht sENtiON that Lp can
be cal culated from Equation (1) by changing AP variously, and Ris
nmeasur ed byconbamgiongudotionalr dciisdides Fhdidmanisdlble beihdeiter. m ned

si mul taneously by curve-fitting Equation (3) and Equation (4) to a plot of
R versus 1 [p048]. [0077] When the perneability coefficient of
- m phenyl enediam ne is in the above- 10descri bed range, polyfunctional
am nespi s abl e tThepenteauton 8f woljfhact@piimibes g the aqueous polyfunctional
amine solution is preferably in the range of 0.1 to 10% by weight, and more
preferably in‘ the range of 0.5 to 5.0% by weight. Whén the éoncentration of
polyfunctional amines is in this range, the reaction proceeds inoderately, while
sufficient wéter permeability can be ensured because the separating functional layer
15 is not excessively thick. 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 iinproving the wettability on the porous
support membrane surface and reducing the mterfacial tension between the aqueous
20 ];)c;lyﬁmct-ional amine solution and an organic solvent. Organic solvents can serve
as a catalyst for an interfacial polycondensation reaction, and the interfacial
polycondensation reaction can be carried out e‘fﬁcienﬂy by addmg them. |
[0049]
“In the present invention, the porous support membrane, which substantially
25 does not have séparatic;n performance for ions and the like, is for the purpose of
“imparting strength to a separating functional layer that substantially has separation

performance. The size and distribution of the pores are not particularly restricted,
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functional layer, and azo conpounds forned in the separating finctional

| ayer can be retained. Therefore, when azo conpounds fornmed in advance
outside the systemare contacted with the separating functional |ayer, the
effect of inproving the solute renoval rate, an object of the present
‘invention, cannot be obtained because the azo 15conpounds do not perneate
into the sepal@bicngd idRGtcample, 4 8yport th@%8le having un¥oeR rhitRpsRRIkat i ng
functional layer is contacted with a reagent containing nitrous acid

and/ or a saticrbpReL@hdudlly ihGeRuRf 18 K18 drdnhak suifibeldRevS e pRaR L
menbrane, pol yfunctional am nes remaining after cross-1linked polyam de

fating reactingioralthyOk feraditd 8% FRAJELR] WhadRade biee bethainiedpbRsPRNt S
- excluding the base material in the sem perneabl e nmenbrane (the separating

functional {hayefficeion viflciRiARUBparkting RGctichaDRy&fis BrH¥d RYFMB i09Mm k& 1850 by

wei ght. In such a range, the yell ow i ndex of the separating functional
layer of 10nho #Qampls bemaehihe\iesl for it RreftupRReRbANIBAPIANRGaRGhI evi ng
a bal ance between hi gh water perneability and high solute 25 renoval
properties garobichiak e notntikete, MhenblahefRaby by batiheaatsiaph pes and
the am nes separately added are retained in parts excluding the base

‘mat eri al inmg@@ngmﬂéﬁ@&ﬁﬁgpﬁgeggﬁgeane in an anount in the range up to 2%
by weight, preferably up to 1% by weight, it is preferable to contact the
separating ffoppgtional |ayer with the bel owdescribed solution that reacts
with a diazoniumsalt and induces a diazo coupling reaction and also with
a sol ution cont aixinigesotRObGE AthtaDe Mcluddhehbrid aialuitposdd HiM@st i S | ess
than O 5% by weight, it is necessary to contact the 5separating functional
| ayerigi t h deecrbRY ErodepeliéRedns @idﬁdti@'})oghﬂiﬁde[ eaGtSrelihn tchstandh@BLei um sal t
and induces a diazo coupling reaction and also with the solution V

cont ai ni ng MateaalfdregamgeNsolysMiohdlicslltlbfBacetal, PSR RYEHoNR), boidrx of
not less than 10, it is preferred that the amount of am nes be retained
preferably thérebhie prcablyaised 200 1% PYrtiEaAN bre@iralTOiCuseHA siER, Mhedher ably

0. 01% by wei ght or nore. 10[0079] - I'n the present invention, the

am ne ContQMﬁ}ﬁQh@ﬁﬁﬁ@&&%&%ﬂﬂbﬂgmkhﬁmﬁﬁﬁgm&ﬁh@ria| in the sem perneabl e
menbrane i s nmeasured by the follow ng procedure. The semn perneabl e
menbrane i goo8t] into 10 x 10 cm and a base material is peeled off to
obtain a conplex of a cast formation conposed of a resin with a separating
15funeg i onal | aySpecifithillys itii§ proferells esluddpodd@ubof coddfiang! thé Ripedidpauis, and
conponents extracted with ethanol are neasured by chronmatography and a
mass spect rshwhes theABe@ivaDERin QBRI badadseo MRS SasEROCI T RRRE ihy tidporexanpl e,
Agil ent 1100 Series avail able from Agil ent Technol ogi es and APl 2000
avai | abl e fsierandmpdt dtheBiiosdisiabiiRy.can be used. Then, the conplex of a cast
formati on conposed of a resin 20wmth a separating functional |ayer is
taken out f{posn|t he et hanol, dried by heating at 120C for 2 hours, cool ed
to roomtenperature in a desiccator, and then weighed to calculate the
am ne cont gChemftal A@masi per meabl e menbr ane excl uding the base material’.

[ 0080] 25After the sem perneabl e nenbrane has been contacted with a
reagent containing nitrousCidid and/or a salt_thereod conversion of a
part of thefformeg RO NI i
contact w tfrate

- : m salllt ¢ af'i pusly

- nodi fan the properties of tkdlgenbrane. Exanples of t&k reactivé reagent
used here include, for exanple, chloride ion, brom de ion; cyanide ion,

i odi de i on,[0#33]or oboric acid, hypophosphorous acid, sodium bisulfite,
sulfite ion, aromatic am ne, hydrogen sulfide, and thiocyanic acid.

‘Chl oride ion, briortgenplen soanidbnayfa steve-desdpbed sslghiifone @EXiNgt Wi th copper
chl ori de because they do not have sufficiently high reactivity al one. For
exanpl e, usfimghglfoedudia@OBiFe v castwha dsmsblypapko pphesioubacboh al | ows
substitution of am no groups with hydrogen. Sodiumbisulfite and sulfite
ion are prebewbesh fabot 4 esifdriingickhéd, sadhe restitsuisfsubReted to wet

25 coagulation in water, whereby a porous support membrane having micropores with a
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10substitution reaction i medi ately occurs, and am no groups are
substituted with sulfo groups. By controlling the reaction of the
di azoniumsalt forned with water and with a reactive reagent, :
sem permeabl e nmenbranes for the intended purpose can be prepared. [0081]
15l n the sem perneabl e nenbrane obtai ned by the above-descri bed nethod,

the solute dizﬁﬁ&&@éfa%%@ﬁééﬁﬁn%ﬂ@sy\ﬁtrﬁésdt%fﬂ{é%ﬁ%&é &% Riopldifegsem per meabl e

menbrane can be even nore inproved by adding, for exanple, the step of
treating wiphsayarmwater at a tenperature in the range of 30 to 150C
preferably in the range of 40 to 100C, for 1 to 10 m nutes, nore
preferably 2 to @ehhidkices of #R[aB982described pokh&s AP WehIHS% 2fes 3O

conmpound anount of the separating functional |ayer vary depending on the

condi ti ons siehath bE#Hel BRiHRaKe FRABRMe MAThADRKIG d2hlilyOHSn *dntngRdhOT a
salt thereof. (concentration, pH, treating tine, and teénperature), and

therefore theseNdido 9p@idiRd stifigidhi Aechahich ﬁehgﬁ%ﬁtpa&ﬁﬁﬁ @éx@itﬁghé‘i trous
acid and/or a 25salt thereof need to be changed as appropriate so as to be

in the ranggicRiest BEHRPBRAR SuppOFEMbMBRne [OPRRkably in the rankBef SBINH @b,
i ncorporating azo groups into a separating functional polyamde layer in

the met hod .af ndf@ HgdRly i heSBRIRETIRAR0E LB TDrRABIcRAesE BEa DAL $8Mrial
invention is preferably subjecting the conposite sem perneabl e nmenbrane

produced bynhdthgnfRQ%ENFIbLLARPoARENAtah CisPreBdbly 16 Md @R 008S 200 5[ 0084]
Al t hough the conposite sen perneabl e nenbrane obtfai ned by the

above- ment-i,@nedd ¥Rirb R fraYly Be tRURhRfed 89 00hhai ned to the subsequent

- nodi fication process, it iS preferable to renove unreacted residue before
t he nodi fi gaggspn process, for exanple, by washing with water. It is
preferable to renove remaini ng am no 10conpounds by washing the conposite
sermi per meabl e MAKLEHAEOMHE oMl Slippbirt REMbEAE chRPIShRFved Yith® kAR Ens The
washi ng can be performed by i mrersing the conposite sem perneabl e nenbrane

in the wat @fecitbh Rliftobddpe aDONANARSHT dIBQFAN BIRAEGIL bEad ABRT: PFceSPr ayi ng
wat er. When the tenperature of the water used i's in the above-descri bed

range, the npigioRBplee FboMAHFIE iMHe caBObf RRehvalbPRARYSEaRMI WeckRaOoMpounds do
not remain in the conposite sem perneabl e nenbrane, while the perneate

flow rate whitdostihe, the ch@edie iR d bifefrhiaatbashilkaDhind BRn GRYRASE b

sem permeabl e menbrane will not occur. Further, it is preferable to

-ther eaf t er fiResd Ridiin¥ AdhAlHe RO plephrc @b for clddf8RkioRA TG Rl | qRti on
process in the nmethod of producing the sem perneabl e nenbrane of the
present i N¥@fplethinl8odeP GeGDIRBIALY pl-@fulsa[RURBL S ridtherdiiaOr por ati ng azo
groups into a separating functional polyamde |ayer and achieving the

ratio of tReraoMeHEE, REfcRBE SR WRBeriOmitBeadMUHIB! arl o HRERELRRhah Gs-i N t he
separating. functional polyanide |ayer within the range of 0.01 to 0.1,

- Wl now beighRea3eidbRdd-emiisforRAhAih€ Blcb@n ME@ERDBe [SHRLE!-SEAPIaY an Ut not

" limted to, a process of carrying out, as an essential process, the

nodi fi cati ascepiratRSoled 8f 3 EPHLECt IARGNLNEa-GRREHITtRNSRII-BRINRAP! e nenbrane
produced by the above-nentioned method with a solution containing a

conpound t Bainning@addcsroWintiBrodBa RO eRMABlel 8-900 &y ReRRidh !nﬂ&oﬁdb%@t i onal
pol yam de | ayer and forns a diazoniumsalt or ‘derivatives thereof, and

then furt hefanGRtfyddisy Bithchi Ned. ¥BElbE L6t | Ahe HRERGS BickBEss GANE@ELENY Wi th a
solution that reacts with a diazoniumsalt and induces a diazo coupling
reaction aperetsiR® of the porous support membrane are determined from the electron
micrographs obtained. The thickness and the pore size in the present invention réfer
to the mean values.
25 [0056]
To carry out interfacial polycondensation on the porous support membrane,

the above-described aqueous polyfunctional amine solution is first contacted with the
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5nodi fication process C for contacting with a solution containing a

reduci ng agent. The nodification process B and the nodification process C
may be carried out in such a manner that either one of the processes is
carried out first, and then the other, or the two processes nay be carried
out simultaneously. [0086] 1 OIn the nodification process A am no groups
in the sepap@bin@ppoiaicodiale. pahisawhaer ik ﬁb&éralﬁmgﬁiewohhmmdrﬁ@yén@ci d and a
salt thereof, a nitrosyl conpound, and the like to forma diazonium salt
or deri vat i ugsintdisiyes tht Buifite ofed for@atsupforbineedsmeB, Sgécagalgoupl i ng
reaction occurs with the diazoniumsalt fornmed in the nodification process
A, resul ti ngainpldshg thethébed dichd coftirgale B5rOUPSippbitendiitaseRah &ld Ng
functional 15polyam de |layer. Further, a reducing agent is used in the
nodi fi cat i cupseqREFuketional Maat kolatieh AdlgneerFag i foaslt sappdtt epBsandci d
that reacts with amno groups and forns a diazoniumsalt or derivatives
thereof, whinche apiepeLsdyfoacidaeEinng edluiich. t NEnerddiabi GAk bothvedh 8RGRSoH.

t hereby all owi ng reduction of the anpbunt of | ow nol ecul arwei ght azo
conpounds  ajuppbremealbyaiage theiqiictusspolyiicioRdtanyiet YoluBorRGrdfablyiif the
20process using a mxed solution of a conpound that reacts with a

di azoni um sahge @ridioi I0dtieat:s anding@e pedetpbly iy tHe@asdd o111 M3t Hindtekeduci ng agent
(nodification processes B + C) may be perforned, or after inactivating the
conpound syebsAs nitrous acid that reacts with am no groups on the
conposite sem perneabl e nenbrane and forns a di azonium salt or derivatives
t her eof by the abierehdegesidrsdyfimeiohhicatineBolpliatREDeen 2oitact@iwanee the
-diazoniumsalt formed may be reacted with the solution containing a
conpoumd t Hakoussdpe@smambiaae it xqitefetable tb @adh kol lichREfRIdISIS QY S

nmodi ficati-on process B. [0087] In the nodification process A the
nodi fi cat i alople@eandd it randintdhehsmdinbipat | The PeRGRES would heleBphagof
contacting the conposite sem penneabl e nmenbrane with a sol ution contai ni ng
a conpound debailati@r ietodh@io betHibShkte vasuld emaabb esléthaspaisibl@fsgol ution
contai ning a conpound that reacts with a diazoniumsalt and induces a

di azoni um anephangdefeas ift@meniiten@fos@hiidn. O xaaMlaiofitiomahbe dtgiattn@agent
may be, for exanple, but not limted ta, imrersion of the whole conposite
seni per meabhesdiwider thagah e ubal inolpeUntexaniply, holigr veafealy ithgp&bud he
conpound sol ution on the conposite sem perneabl e nmenbrane, and any net hod
can bes usedupgorilfibmbgnaafithieise@aiatddngi the athanabolyiyRtiond alhg conposite
sem per meabl e menbrane and the conmpound are brought into contact. [0088]
Exanpl es ofsohlien aosgbiuentheiorcdss aquisads fola@dn @ErpriecRss adl bldaking 4agice W th

am no groups and forns a diazoniumsalt or derivatives thereof include,
for exanpl es nithipkh frotsanadii toatdozosplilsotifelinfihe @hdion, M ddsoshdd isoppound,
and an aqueous solution thereof is preferred when used in the present

i nventi on. 0818428 Ahe /dftpueloidrathirg) theaherolbrand §urfids cachleo Badridd i rkmhosy |
conmpound readily generate gas and deconpose, it is preferable to.

sequent i al laypogimnesfahewaiet 6Ohe agedotls bylutikte reaction, for exanple, of
nitrite with an acidic solution. In general, nitrite generates nitrous
acid 011\ T8 by reacting 20with hydrogen ions, and it efficiently
generate nitrous acid at 20C and when the pH of an aqueous solution is 7
or lower, prefeNabt yheéspoasud mpport nenbrawragicpbdhecabidtedtwih tHei@tousAbove

all, an aqueous solution of sodiumnitrite obtained by the reaction with
hydr ochl or ipolyfimicdom astihe safitonas conthdiedwith gu egiagicsolweht @utigh particul arly
preferred in terms of convenience in handling. 25[0089] In the

modi f i cat i contpmaggsdyfanctionel axdbaides &t foan tiaf skeletdroofa @cidlikedni trite in
t he above-descri bed conpound solution that reacts with am no groups and
forns a 31 separating functional polyamide layer by interfacial polycondensation. '
25 [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
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di azonium salt or derivatives thereof is preferably in the range of 0.01
to 1% by weight at 20C. In this range, sufficient diazoniumsalts or
derivatives thereof are forned, and at the sane tinme handling of nitrous -
acid and a nitrite solution is easy because the concentration is
appropriate. 5[0090] The treatnment tenperature in the nodification
process A ie i3k 8F 88b Yo 396, bY whpkit. Whldls RarpBli eaghLon wi il
not take tooenu%h t?ne,oandoaf“iﬁg sﬁﬁéafﬁﬁggfﬁ%bﬁ§%§FPﬁggféxﬁg%VH ecause
t he deconpagjs bl 9w, #hPsil rBblibRMge aRkIL1 0 bk Sre ROLORRL]

The contact tinme wth ?herconp05|%e seﬁ%%g?hééb?@H%éﬁgﬁgﬁﬁmﬂﬁg%ﬁgﬁ

rodi 11 cat | ap afl 8 Eegaonl uallf<f LEIARN N Bt B fAIREN, hids GEARENGA

di azonium salt; in-general, e treatnent can be carri ed

time at a hiARioh BRERRL ﬂl@?ﬂl@ﬁaciggéo&%&onﬁ&ﬂ%(ﬁrﬁﬁgﬁbél%gglefait at a low

concentration. A short-tine tre nt at a oncentration is
preferged hgggyse if a diazoniumsalt is generated at a |ow concentration
over a long:time, the diazoniumsalt reacts with water before reaction

11 & comound nessidNeINLR LR STON HOLAR b, Bt iELe. (1 Lhe case

of a nitrous acid sofution o 0 inme’1's preferably

from 30 seGRRdendiBnaAiQcl HHdES and AbOORR break the }%({%Qust :Jﬁg{)gﬂ) HeldbFAk! 0Q, g ocess
bl'e ne W as

B, the sem pérneabl rane 1s contacte utron containing a

- conpound t hatr&Bacd.vet ﬁﬂy%e %9%61%&!@5 ?(fﬂlgtas and 1ﬂa9‘€ﬁec%%1d‘f§‘é g(%l | uctcfo% ling

reaction. Exanples of the” conpound that reacts w az msalt and

| nduces a dhfda 0 YBhRIRIHRACKICRIIBE | YdernBY by difeBhhE Thigd o

resorcin, 25phloroglucinol, naringenin, pyrogaﬁ , quercetin,

hydr i no : ' i) ] il A .
R S T ST

p- phenyl enedi am ne, 1,3,5-tri1am

particul ar yid® S L.am L.am . hl or ogl uci nol

can be)pre?gﬁgbryléiﬁ i%ﬂ$%?%%d%?q?gF%%?€?%§9?ﬁ9§ggg?wgﬁgﬂ%gactivity. A

solution f actd L REHNIEA I i ferably an
BhnAHIIAG! éaﬁg)ff H[]%%%lgrk’%lﬁld? ke OEI@JFQZ nBiidhe! Jeddhé uﬁd&%?¥i Cis

aqueous sol ution there n e nodifi'cati oh process

preferred Yha@icand Fridcam, WikRRe gpﬂ@ﬂe%eﬁh&gﬁ%gh@q%f&g%ﬂeeam s wth a

di azonium salt and i nduces a diazo coupling reacti’o concentration of

- the conpou b bt fi:1.0. ight. The
solutiontgﬁgg?ggﬁﬁgﬁ%?i%%g%ggéﬁﬁgﬁgg%fg@lﬁgﬁﬁ%&. %ﬂﬁﬁggg%gﬁgﬁﬁ?ggtion
rangesand yepperature range, a sufficient diazo coupling reaction
10occurs, and at the sanme tinme a sufficient peineate water volunme can be
obt ai ned. Eﬁg@f} The tenperature of the solution containing a
compound that reacts with a diazoniumsalt and induces a diazo coupling

reaction is prefgpsallnd bPCobc _eWéaBjcrbot\Jahtsﬁ?thﬁg@?f%WI B Geigt e

_reaction will not take too nmuch tine,” and at the a me di azo

- coupl i ng' 1 Rafdel AALAKOFSBES swwﬁéﬁﬁ%ya@&%ﬁg%ohﬁaeﬁﬁgﬁf@Qg Lid,gn rate of

t he diazoniumsalt fornmed in the nodification process propri ate.

Further, | lyﬂinéti%qjﬁﬁlirfé%ﬁlﬁfbn%%c@é%d ot “?)tglﬁgé‘%]% %&B&Fﬁggfr? ﬂ%ga'ﬂg%zt t he

sem pernmeabl e nenbrane with the above-descri ol ut1on seconds or

nor e2pn  or gakribdiBhethbe oflk ' | jciently.
20[ 0095] " Pre?errgd %ﬁgﬁgﬁgghggg?%ﬁaﬁ%%%@?ﬁ%pﬁg€%§w@%£§%e

nodi fi cati pilyRhesaRSatridenolidfdg, but are not limted to, solutions
cont ai ning sodiumbisulfite, sulfite ion, sulfamc acid, urea, and
-anmmoni um cfopgpj de. A solution for contacting with the sem perneabl e
menbrane i s preferably an aqueous sol ution thereof 25[0096]

As described above, after carrying out interfacial polycondensation by means
of contact with the organic solvent solution of polyfunctional acid hé.lides to fo@ a
25 separating functional layer composed of cross-linked polyamide on the porous
support membrane, it is preferable to drain the excess solvents. Examples of the
method of draining the solvents that can be used include holding the membrane
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hi the nodification process C, the reducing agent concentration hi a
solution containing a reducing agent is preferably 0.01% by wei ght or
nore. The solution 33 tenperature is preferably 15C or nore. In this
concentration range and tenperature range, a sufficient nodification
effect can be obtained. Further, for sufficient reduction reaction, it is
preferable Vmi@@l@ttﬁﬁdmdvﬁ%é@meﬁ%rgﬁﬁbkﬁvﬁﬁfﬂi?'g?difﬂy\ﬂo'fuh thenigbemdescri bed
solution for 30 seconds or nore. 5[0097] @ "By controlling the reaction
in the nmodi {draedl holiRrtasespraeabl bdt@edDlid Talnud, RAPSOESprelalter _
‘performng the nodification process A the conpound that reacts with am no
groups and bawedE Pautll Pdanidsm salt or derivatives thereof, such as nitrous
acid renmaining in the separating functional polyamde |ayer, is

i nactivat edjooamd only 10t he diazonium salt undergoes a diazo coupling
~reaction, whereby the conposite sem perneabl e nmenbrane of the preferred
enbodi gent i n t hefi@rips@amind) defihd Brienbrally bdriad outdr AUpefdriediddg@nsepar at i ng
functional polyam de |ayer, wherein the ratio of the nunber of azo groups
to the nunbeethod idenrzensaple] Ngsinsait &t dtB@peRABEOIN0 © WBECT Parfedfiarl@nd t he
content of azo conpounds in parts excluding the base material in the
15conposi t epreRMLBEZIRAUICE, GrEMHd mkiBbrate 4tQSSintl @?&deGﬁgquﬁmme@mfacecw be
easi |y obtai ned. [0098] ~ The sem perneabl e nenbrane of the present

i nvention thus20nheed pedichibrlv@uleablyoget ah/své, b cah hegen SPAEES-76aANAAS a
pl astic net, a perneate spacer such as a 20tricot, and, if necessary, a

filmfor enbadeigrpingsentiBosas ithd ANEEshodMAbBde, AhCikinBetine ¢ah be
wat er-col l ecting pipe provided with a |arge nunber of pores by drilling

and processadidiaitly dtedfindak paaRenmeshiemiREdaREatbeRRAIKEO o sttivkabl e
.use. Further, the elements can be connected in series or in parallel and

- housed in aepnes Shiitkagool @E PeFouk @u%foamhaﬁb@ng @ik PaxIBRN.e vaRIRic ¢ modul e.
25[ 0099] Further, the above-described sem perneabl e menbrane, and

t he el ementwaadidebaotoeduw. € t hereof can be conbined, for exanple, with a
purp for feeding feed 34 water thereto and with an apparatus for

pretreati nqobtg feed water to constitute a fluid separation apparatus. By
~using this separation apparatus, perneate water such as drinking water and

concentr at ed watBientdiat theascdiebr@aidedtedtsdii@uapolyTendRabr RNEhARRs be
isolated fromfeed water to obtain the water for the intended purpose.

5[ 0100 Corigik Gedn diiedt the séraiplerrhéidle ihB@bhing hedontRedopien atdagentRosasime of the
fluid separation apparatus, the nore the energy required for operation

increases alitraughl doder aahle igtesditd RRUI tha @bgerieRsfaNeSemipBEhdabR durabi lity
of the sem perneabl e nenbrane, the operating pressure during passing the
wat er to benémeabsed t hrough the 10sem perneabl e nenbrane is preferably 1
MPa to 10 MPa under sea water:
[0065]
‘ In general, nitrite generates nitrous acid (HNO,) by reacting with hydfogen’
20 ions, and it efficiently generate nitrous acid at a temperature of about 20°C and 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
25 [0066]
In the present invention, the concentratiqn of nitrous acid or nitrite in the

reagent to be contacted with the membrane is preferably in the range of 0.01 to 1%
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desalination conditions. It is preferably 0.3 MPa to 5 MPa under brackish
wat er desalination conditions. The tenperature of feed water is preferably
5C to 45C, because the higher it is, the nore the desalination rate
decreases, but the lower it is, the nore the nenbrane perneate fl ux
decreases as well. Wen the pH of feed 15water is high, scale of nagnesium
and the |ikg §&BhOCOMhed t'BeEbl?ceﬁé§@oxp$fﬂiﬁ§usfa%@or%§i%is?%ﬂﬁ'r&ﬁeﬁﬁlotm%

concentrati on such as sea water, and when it is | ow, ere I's a concern

about menbrgne; d We?g[@%tﬂaﬁ&in%@{ﬁe sd1GorPREASL _édiﬁ&i_@il?tle@i%k’ttcraﬁlber ange is

preferred. Exanples 101] The present 1nvention w now be descri bed

by way of eaiﬁfE{HécES’TH%‘ébhﬁiBﬁ,té}ﬁ%if%}c i %Y&&%BngSi’é of‘Hi%héxj. mh’i&ﬁi]; to these
exanpl es. The neasurenents in anpl es and nparative Exanpl e were made

as descri bednBsliQWon (AAgsahd RAtIPRufaheRe. 4 BETiSRM MEAREA AcLOn®k Per neat e

wat er was nmeasured when the sea water 25adjusted to a tenperature of 25C
and a pH of 1aiRed TDS concentration; 3.5% boron concentration; about 5
ppm) was fed at an operating pressure of 5.5 MPa to a semni peinieabl e
nenbr ane t qobégreby make a deternmination fromthe follow ng equation.
[0102] “ Desalination rate = 100 x {1 - (salt concentration in

perneat e water /TiRabhatORERAEREAQ DNt ihE BfkroNRE&H hid/af M@%@@ﬁ@er meat e

flux) Sea water was used as feed water to determne the ane perneate

flux (n8/ @by fPHR P& TRALENNBIE oG udiBy ()ﬁlﬂtys%rlrg%@e%m@ﬁfenﬁ)%@ e meter

of menbrane surface per day. (Boron renoval "rate) oron

concentrat i@t fgedivRlahpRE thdlePRr BRAhN WaLE: W@%eﬁ%b@hﬂ@a%}% by an I CP
em ssion spectroneter to nake a determ nation fromthe follow ng equation.

[0103]¢ merBORA AR TN R us RiEsciutdAind ifndnersitPOE QB ERAREM S ﬁEﬁlQﬁgb n
)} (Yell ow 1 ndex of

perneate water / boron concentration in feed water 15(Yell o

separ at i ng jf, YREdckRN@niiA%S ]El%trous acid ahB@r 58It BRfIRAD} 1R J&Sﬁfﬁ%{ﬁﬁﬁ b%ﬁeaé& base

mat eri al has been peel ed off was placed on a glass plate wt

separ ati ng thd B&hibORARablcINEhbrAHE ARALE rdOMR coRRtidaBRodsNRIPRIIRNS: sappor t
menbr ane was di ssol ved and renoved wi th di chl oromet hane The separating

functional thayefis §@mha§%eidaﬂng%ldhea AhASRPLM SHdaYesihivest ed to 20a
transm ssi on neasurenent using a color neter to determ ne the yell ow

~index. (Poliydbci phRbat@TtRSrEAMERNanbE cRMel SufmG sdiMhdasqigmt erial in
sem per meabl e nenbrane) A sem per neabl e menbrane was cut into 10 x

oo 2 oA 00 0, O il RS, . 35
case of a solution of the above-described concentration, the contact time is preferably
in the range of 1 to 10 minutes, and more preferably in the range of 1 to 3 minutes.
[0068]
The semipermeable membrane obtained by thé présent invention is
20 characterized, for example, by the separating functional layer colored yellow to
brown. This is probably because azo compounds are formed in the separating
. functional Iayef by the diazonium Salt‘ feéuitihg from the reaction of primary amino
groups with a reagent containing nitrous acid and/or a salt thereof.
[0069] |
25 The productionrn-l‘ethod- for achieﬁng a yellow index of the separating
functional layer of the above-described semipermeable membrane of 10 to 40 is not

particularly limited, and, for example, achieving the state where polyfunctional
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25separating functional layer. This is imersed in 50 g of ethanol for 8
hours, and the conponents extracted with ethanol were neasured by

chromat ography and a nass spectroscope. Then, the conplex of a cast .
formati on conposed of polysulfone with a separating functional |ayer was
taken out fromthe ethanol, dried by heating at 120C for 2 hours, cooled

to room t enpehal Whfid dhef FHERHEL dafatind FndidSM R %%lgeafiscgo%g%ug[ymt ne the

pol yfunctional am ne content Tn parts-excluding the ral in the

sem per mealy, &, FRADLANS b QBhihafieh LAY AL ALRiRaL Mo 18Q4Hith a reagent

Pol yfunctional am ne content 1n parts excluding base material In

sem per meall @ RADARRES Tcid Wa/Sr 4 BM HEMBE Lh@BALoARIERS MEIIRih dT 1 ed

menbrane wei ght) (Azo conpound content i'n parts exclhudin bas% mat eri al

sem per msa%ctﬁmaw%ﬂ@éam&%ﬁv@@%%@mnﬁﬂﬁ AR Restihg iﬁghgthéo x 10

cm and a base material was peeled off to obtain a conplex o cast
formati on cappoged ipld RAd Wb BB Grdtbhbly@nsfiRRuat i ng functional layer. This
is imersed in 50 g of ethanol for 8 hours, "and the conponents extracted
wi th et han bgwﬁre anal yzed using an UtraViolet-Vis-Near |nfraRed

spect rophotometer. Then, the conplex of a cast fornmation conposed of

15pol ysul f one Wity R teathiBgd bERGdRhRthe sA¥EKhUB Dol RkRAAM brfit@M t he

et hanol, dried by heating at 120C for 2 hours, cooled’to roomtenperature

in a desi cGakgh befid c&ﬂ&‘&inﬁ%&?&aﬁﬁ@%&ﬁ%nﬁ%ﬂwm M%&F&oﬂtﬂn{ﬂgr ts

excl udi ng the base materi a he sem per neabl e menbrane was determ ned

by the equaliiQi L& Ldraaak AR RARERIR A & @raﬁﬁ%ﬁﬁ@%ﬁa? 1§ §Gked W th

et hanol at 450 nm the calibration curve 20of the absorbance of

chrysod di NgordusisBhRIreREaLARE elriddhen @ntRABWR! LPF i LfuntBShal ByeARh Lhe
dried nembrane weight. [0105] Azo conpound tontent 1h parts

- excluding Q@@%nﬂ%?e{iﬁiﬂénin%u%&i:ll%ﬁﬂﬁ&?%él?t%%?mguﬁm %ﬂié azo conpound
weight in terns of chrysoidine / dried nenbrane 25wei ght In

Exanpl es, = t@mGRimYainefnBlat! MR BURMYS dpitaiy fRBHAR fQLIENEEDoRTust NESE
menbr anes,” the perneate flow ratio and the renoval raté ratio were used to

carry out <pgfdPheRBER CRURR &RActind _'Jebﬁ@diﬁ%/maﬁ&mm%&ﬂ%ﬁﬁ e | OW ratio
and the renoval rate ratio were determ ned by the foll owm ng equati on.

[0106] aqueous polyR&lcHBA enfih QW@ Lamm. perneate flow rate in each
Exanpl e and ‘each”5Conparative Exanple / perneate flow rate in Reference

Exanples  [pg71]Renmoval rate ratio = (100 - renoval rate in Exanples and
each Conparative Exanple) / (100 - renoval rate in Reference Exanpl es)

The perneate fl QW JRlchRgitBe Ra€RAREEPOISHREESHESMARS Perhfth bOford SrRRAiAEAL €
flow rate when an untreated corrposﬁ)e sem per nmeabl e nenbrane i s subjected

to various tﬁ@&e&jﬁﬁﬁﬂ?ﬂhﬁtiaﬂ%ﬁpﬁﬁhtﬁh&%ﬁf Radifink AV s akidaniRr A s nore, it
means.that the perneate flow'rate has been increased. The renoval rate
ratio | i_ S a (kOSSIIFmENRIARS BHUBS eBist sufficiently in the separating functional layer,
and therefore azo compounds are formed ih the separating functional ]eiyer When't}le
20 | separating functional layer is contacted with a reagent containing nitrous acid and/or
~ asalt thergéof. It is preferred that the azo compounds have an increased ﬁélecul_ar
weight compared to that iﬁ the state of polyfunctional amine, have such a structure
that is iarger than the pore size of the separating functional_ layer, and be retained
inside the separating functional layer. By rétainﬁhg the azo compounds inside the
25 sepaz;ating functional layer, the effect of filling the void in the separating functional
layer is obtained, whereby the solute removal rate is improved.

[0072]
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ratio, in renoval rate when an untreated conposite sem penl eabl e nmenbrane
is subjected to various treatnents, and when the renoval rate ratio is 1
or less, it neans that the renoval rate has been increased. 15(Ratio of

t he nunber of azo groups to the nunber of benzene rings) A conposite
sen per neabl e nenbrane was cut into 900 cn?, and a portion of the support,
a base material Iptthgmethad of prodheiog 8¢ scatipiracadementorpolof €stmeseht bers), is
peel ed off This is dissolved in 2 L of nmethyl ene chloride, and then
filtrati on Peerégny foadtaytherabovbdescribed efégsarmtlicrgse what itormllyfpodtipaai de

| ayer. The separating 20functional polyam de |ayer is dried and then

col | ect ed iauge Hepmbepdenadiamiae whgn Sersepdraiéng functirakblagerieemiactarergninni t h a
solid-state NVMR instrunment (CMX-300 manufactured by Chemagnetics) under
the fol | owiigh epaiconopylupdion] anvisesolusine afterdformisg heeprattgyfundtional
25Tenperature: roomtenperature (-22C) Chemical shift reference: Si rubber
(i nterhal dewhdhe germeabditpenefticdpief vaphenylenediguinedy in b8 Gngg 6f 49761 WHz
Probe: p 7.5 nm probe for CP/MAS Cbservation wi dth: 30.03 kHz Pul se width:
900 pul se: '404.04y%5 1) cmdsce.c pEhg parowabilityecoe Ko@mpEmeplesdensigmins P be 5 s
(CP/IMAS), 300s (DD 1V1IAS) Pul se node: CP/MAS net hod, DD/ MAS net hod Cont act
time: 2 ns dslgpinedibytthe fodleaiingmedad. 6 kHz Data point: PO NT = 8192, SAMPO
='1024 1 OFor_a pol yam de functional |ayer, 1024 points are retrieved as
neasur ementl0%&tla and zero-filled to 8192 points for Fourier

transformati on. For each peak of the spectrum after Fourier

t ransf or mat i on, g Fr#Aspert peration ferthardverse iosmpsis methed daspgd anhe nonl i near

|l east - squares net hod using as variabl e paraneters the center position,
hei ghtl anderequilibyare canpdarniese thsdaltowingsausiosnawdknawinng a Lorent zi an

- wavefon, a _l5Gaussi an waveform or a conbination of both. [0108]

Accor di ng 1904 e above- descri bed nethod, the ratio of the nunber of azo
groups to the nunber of benzene rings was cal culated fromthe chem cal
shift val ue of ¥W&lduABow A atlent to an azo group (about 152 ppn). 2

O( Ref erence Exanple A
Js=P(Cm - Cp) + (1 - 5)C-Jv (2)

wherein, Jv is a volumetric flux of membrane permeability (m*/m¥sec); Lp is
- 15 a pure water permeability coefficient (m’/m*/sec/Pa); AP is a transmembrane
- pressure difference (Pa); o is a solute reflection coefficient; A is a transmembrane
osmotic pressure difference (Pa); Js is a solute membrane permeate flux
' (mol/mzlsec_);_ P is a solute permeability coefficient (m/sec); Cm is a solute membrane
surface concentration (mrol/m3 }; Cp is a permeability concentration (mol/m’); and C
20 is a concentration of membrane on both sides (mol/m3 ). C, average concentration of
membrane on both sides, is substantially meaningless when the difference in
concenlration on both sides is very large as 1n the case of révefse 0smosis membranes.
Therefore, the following equation ‘obta;ined by integrating Equation (2} with respect
to membrane thickness is often used.
25 [0075] |
R=0o(1-F)/(1-0F)(3)
wherein F is defined by the following equation.
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On a nonwoven fabric made of polyester fibers (air perneability: 0.5 to 1
cc/cnk/sec), a solution of polysulfone in 15.0% by weight in

di met hyl f ormam de (DMF) was cast at a thickness of 180 um at room
tenperature (25C), and the resultant was i mMmedi ately imersed in pure
water and left to stand for 5 mnutes to 25produce a porous support

menbr ane (thickqesggpggaqggvlﬁ? um (ponposed of a fiber- reinforced
pol ysul f one support nenbrane. [0109] The porous support nenbrane

thus obtained Was;sid MRS 28&viIQhic2nlidRHh&By the FNIAAHE C4SBA! YT uncti onal

am ne sol ution prepared such that the total polyfunctional am nes were
3.5% by weightsjand that m phenyl enedi am ne/ 1, 3, 5-tri am nobenzene =- 70/ 30
(molar ratio), and the support nenbrane was slowy pulled up in the
vertical directgon..®itcgen \&s blown thereto froman air nozzle to
renove the excess aqueous sol uti'on fromthe support nmenbrane surface.

Thereafter, an eroL%ﬁ%e,%aﬁmat&fdifaﬂnmﬁa@nrq;lygy Onakp Mcyp Wi ARty 2fq k54 mesic

acid chloride was applied thereto such that” the whol e surface was wet, and

t he suppor tm&Bed 3P 8hMesnd Bf Jarfolsi§!t aPAnd 8'cad bAdBKERined Bﬁﬂﬂtaham_rsgrﬂgzve the
excess sol ution fromthe nenbrane; the menbrane 10was held upright for 2
m nut es f orcuflfedfithhg GqanthndBh sl PyubA\MNE s3It AR ¥Q&ususi RY an air bl over.
[ 0110] The yel l'ow i ndex of the separating functional |ayer of the
sem per mealjh@7ayenbrane was 6.3, and no azo conpound was detected in parts
excluding the base l5material in the sem perneabl e nenbrane. The menbrane
per f or mance evalwgdi tﬁaB@I&néabﬁitﬁ@cﬁ@fﬁﬁéﬁmﬁ%@h&@n@femm@fé%{lﬁ%Bmt the
salt renoval rate was 99.55% the nenbrane pexnieate flux was 0.71

N8/ nP/ay; deasibkdeander iy ifemal arhRkeisWBR: BPefieatd RS BLeBSRatRaMPlI € B) A
fabric-reinforced pol ysul fone support nenbrane (ultrafiltration nmenbrane)

20whi ch i s fgndlBhAUSycs HRRQLS coMPBERR FoMRl iRMRMSEAHRY fildBod 2 IdyeMiAGemet hod.
Specifically, a wet: nonwoven fabric that is nade of "a m xed fi ber of

pol yester fihRes Wkde@res wheh 8z &hipduni§ AeRRd9h adancdskiie theaRdeml 1.5
decitex and has an air perneability of 0.7 cnB/cnR/sec, an avérage pore

size of 7 R @ntdcRASvitlihd sdpviiff RhcRBaCyEONE fRe AOnpBRaWdSe Waisf | xed
onto a glass plate, and a solution (2.5 poise: 25200 having a pol ysul fone

concent r at ir@fow ral&%n Wi ceebOiE pyistR iV FRbAYdhAS RSN dNEIuS PSRt Was

cast thereon to a total thickness of 200 pm- The resultant was i medi ately
i mrerged | RoMPé@Idside ndbp@iitar iRQMAY SepaHiRQ tindiRAANAaRe. of pol ysul fone.

Next, this p%?ﬁsujfone %orous support,nengrane masé?ﬁnersed in 6.5% by

wei ght of mmpmgnylenedianine for 10 seconds, and then a solution obtained
by dissolving 0.165% by wei ght of trimesic acid chloride in decane was

appl i ed ther et ovaah the Sphtak (hEHoAh) 15%r isTiRhotdd G tTE FAban o¥@simde
upright to drain and renove the excess solution, and then, in order to

evapor at e hli@us abMentl/of 8 Rl ARGt (SRR RN I §@dGBernhble@herfbrane,
tenperature of 25C was bl own thereon for 1 mnute in such a manner that

the wind spegthrefiofdlamiRIREARRIrBUTACRMABKE FilERfide &irhfhe Wakidh dnle

remai ning acid halide groups were hydrolyzed with a 1% aqueous Na2CO3

10soloat i ontheHadiheakhabicly ARlcIBIRE MBI %ﬁaﬂs%ﬁlﬂﬁ’% th& bR mMeHL1n @k 90C for
2 mnutes to obtain a conposite sem perneable. The conposite sem perneabl e

menbr ane obdngipb@tabROnenPRAEERE SerfatANg Ak RioRhl 18yeffin i fifh@aih B8 thnde DOr On
renoval rate of 92% and the ratio of the nunber of azo groups tothe
nunber of bEAZSNY WiigBSo@IE by heideNt Btuckh r@%e, HeFBIMAdicWRE trcbot h 0.
separating functional layer of 10 to 40 can be achieved, and a semipermeable
membrane achieving a balance between high water permeability and high solute
25 removal properties can be obtained.  Further, when the polyfunctional amines and
-the amines separately added are retained in parts excluding the base material in the

semipermeable membrane in an amount in the range up to 2% by weight, preferably
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- 15(Exanples 1 and 2 to 12, Conparative Exanples 1 and 2) The sem perneabl e
menbrane obtained in Reference Exanple A was treated at room tenperature
(20C) with 0.2% by wei ght of an aqueous sodiumnitrite solution whose pH
was adjusted to 3 with sulfuric acid. The concentration of the nitrous
acid that undergoes form ng reaction can be determ ned as a conversion of
the 20ni t rigetod’ebe nieighntinispirdfeabik tacomtact Thesehiraaing Agctiomad 1ayaswith denut e.
The sem pe, neabl e nenbrane was taken out of the nitrous acid solution and
t hen i nmrer sledovw-dewaibed sditi @0Baf act? withrautigsniutesill dndrigdices 4 Bato t he
sem per nmeabl e menbrane turned brown fromwhite. [0112] 25The yel |l ow i ndex
of the sepatcaplimgrehetitetandriddo widly & solofiod bmataging pesdueal] e niWamahwas 14. 8,
and the azo conpound content in parts excluding the base material in the
~ sem per meabdmeoure obsmines wdsssGhB6Gh IBddy welplghit is ndoessasTtd caimact ther f or mance
eval uation of the sem perneabl e nenbrane reveal ed that the salt renoval
rate was 9%eBardting fractimniblayaewilk thvedbec-fitsarbabs@icdZhardéac®y walya and t he
boron renoval rate was 93.8% showing that the solute renoval rate and the
nmenbr ane pedigmaien tditandindecebatdinzo rpuglingdedcisanpd #lsd yithGhOddldjorFur t her,
sem per meabl e nenbranes were obtained at various sodiumnitrite
concent r at i @aginihg e adduoiggtacems, ApHds tinkepbeanyibenedilbw imdex ofih@néss thef or e
nitrous acid treatnent in parts excluding the base material in the
sem per meabl (e itriepiefared, thatehd anvum dif eemes be tduEnakpafeadhlnt thepgige ofial | ayer,
azo conpound contents after nitrous 10acid treatnent in parts excluding
t he base nHl.ebli%by mighher siend, pad meabprefenhipd A%, byandgharrmoat er treat ment
tenperatures after nitrous acid treatnent (Exanples 2 to 12, Conparative
Exanples 1 [807P]2). The perfornances of these nenbranes are shown toget her
in Table 1. [0114] 15 20 25 42 00 td -ci O, ,
, In the present invention, the amine content in parts excluding the base

material in the semipermeable membrane is measured by the following procedure.
The semipermeable membrane is cut into 10 x 10 cm, and a base material is peeled
off to obtain a complex of a cast formation composed of a resin with a éeparating
15  functional layer. 'This is immersed in 50 g of ethanol for 8 hours, and componerits
extracted with ethanol arc measured by chromatography and a mass spectrometer.
As chromatography and a mass spectrometer, for example, Agilent 1100 Series
available from Agilent Technologies and API 2000 available from Applied
- Biosystems can be used. Then, the complex of a cast formation composed of a resin
20 with a separating functional layer is 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
calculate the amine content in the semipermeable membrane excluding the base
material.
[0080]
b 25 After the semipermeable membrane has been contacted with a reagent
containing nitrous acid and/of a salt thereof, conversion of a part of the formed
diazonium salt or dérivatives thereof into phenol by contact with water can be
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preferably employed. In addition to water, reaction with a reagent reactive with a
diazonjum salt can variously modify the properties of the membrane. Examples of

the reactive reagent used here include, for example, chloride ion, bromide ion,

ccyanide ion, iodide ion, fluoroboric acid, hypophosphorous acid, sodium bisulfite,

;sulﬁte ion, aromatic amine, hydrogen sulfide, and thiocyanic acid. ~ Chloride ion,
bromide ion, and cyanide ion preferably coexist with copper chloride because they do
not have sufficiently high reactivity alone. For exainple, using a reducing agent
such as hypophosphorous acid allows substitution of amino groups with hydrogen.
Sodium bisulfite and sulfite ion are preferred. Upon reacting with sodium bisulﬁ‘_[e,
subsﬁtution reaction inn’nediétely occurs, and amino groups are rsu"bstituted with sulfo
groups. By controlling the reaction of the diazonium salt formed with water and
with a reactive reagent, semipermeable membranes for the intended ﬁurpose can bek

prepared.

[0081]

15

20

In the semipermeable membrane obtained by the above-described method, the
sélufe removal properties and water permeability of the semipermeable membrane
can be even more ﬁnproved by adding, for example, the step of treating Wﬁh warm
water at a temperature in the range of 30 to 150°C, preferably in the range of 40 to

100°C, for 1 to 10 minutes, more preferably 2 to 8 minutes.

[0082]

~ The yellow index and azo compound amount of the separating functional
layer vary depending on the conditions for treating with a reagent containing nitrous

acid and/or a salt thereof (concentration, pH, treating time, and temperature), and

‘therefore the conditions for treating with a reagent containing nitrous acid and/or a

25

salt thereof need to be changed as appropriate so as to be in the range of fhe present
invention. |
[0083]
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The method of i mcorporating azo groups into a separating functional
polyamide layer in the method of producing the semipermeable membrane of the
present invention is preferably subjecting the composite semipermeable membrane
produced by the above-mentioned method to a modification process.

[0084]

Although the composite semipermeable membrane obtained by the above-
mentioned method may be subjected as obtained to the subsequent modification
process, it is preferable to remove unreacted residue before the modification process,
for example, by washing with water. It is preferable to remove remaining V?mino‘
co_ﬁlpounds by washing the composite seniipermeable membrane with Water mthm
the range of 30 to 100°C.  The washing can be performed by immersing the
composite semipermeable membra:né in the water within the above—desqribed
temperature range or spraying water. When the temperature of the water used is in
the above-described range, 'the permeate flow rate will not be low because amino
compounds do not r_emain in the composite semipermeable mémbrane, while the
permeate flow rate will not bérlow because the heat sh_n'nk of the composite
semipermeable membrane will not occur.  Further, it is preferab]e to thereafter
j)erform various post-treatmerits.

[0085]
The modification process in the method of producing the semipermeable

membrane of the present invention, the process being for the purpose of

incorporating azo groups into a separatmg functlonal polyamide layer and achieving

the ratio of the number of azo groups to the number of benzene rings in the _
separating funcﬁonal polyamide layer within the raﬂge 0f 0.01 to 0.1, will now Be
described.  This modification process is preferably, but not limited to, a process of
carrying out, as an essential process, the modification process A for contacting the
composite semipermeable membrane produced by the above-mentioned method with

29



17.176 816 016 Z176 L176 E 6 L176 t''98 Z. 176 L' 06 Menbrane perneate fl ux
(m3 /nm2 /day | L'O 160 680 9LO 161 9EO 660 178.0 170'1 1.1 880 60

a solution containing a compound that reacts with amino groups in the separating
functional polyamide layer and forms a diazonium salt or derivatives thereof, and
then further carrying out the modification process B for contacting with a solution
that rf_aacts with a diazonium saﬁ and induces a diazo coupling reaction and the

5 modification process C for con;[acting with a solution containing a reducing agent.
The modification process B and the modification process C may be carried out in
such a ﬁ;a;nner that either one of the processes is carried out first, and then the other,
or the two processes may be carried out simultaneously.
[0086]

10 In the modification process A, amino groups in the separating functional
polyamide laner react with nitrous acid and a salt thereof, a nitrosyl compound, and |
the like to form a diazonium salt or derivatives thereof. In the modification process
B, diazo coupling reaction occurs with the diazonium salt formed in the modification
process A, resulting in the introduction of azo groups into the separating-functional

15  polyamide layer. Further, a reducing agent is used in the modification process C fo
inactivate the compound such as nitrous acid that reacts with amino groups and forms
| a diazonium salt or derivatives thereof, which compound has been used in the |
- modification process A, thereby allowing reduction of the amount of low-molecular-
weight azo compounds at the polyamide terminus. = Alternatively, a modification
20 process using a mixed soiution of a compound that reacts with a diazonium salt and
induceé a diazo coupling reaction with a reduéing agent (modification processes B +
C) may be performed, or after inactivating the compound such as nitrous acid that
- reacts with amino groups on the composite semipermeable membrane and forrﬁs a
 diazonium salt or derivatives thereof by the above-described modification process C
25  in advance, the diazonium salt formed may be reacted with the solution containing a
compound that induces a diazo coupling reaction in the subsequent modification
process B.
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[0087]

In the modification process A, the modification process B, and the
modification process C, the method of contacting the composite semipermeable
membrane with a solution containing a cdmpound that forms a diazonium salt or

5 derivaﬁves thereof, a solution_ containing a compound that reacts with a diazonium
salt and induces a diazonium coupling réaction, and a solution containing a reducing
agent may be, for example, but not limited to, immers_i\on of the whole composite
semipermeable membrane in the compound solﬁtion or sprﬁying wof the compound
solution on the composite semipermeable membrane, and any method can be used as

10 loﬁg as the sepéraﬁng functional lajer of the composite seémipermeable membrane
~ and the compound are brought into contact.
[0088]

Examples of the compound in the modification process A that reacts with

amino groups and forms a diazonium salt or derivatives thercof include, for example,

15 nitrous acid and a salt thereof, and a nitrosyl compound, and an aqueous solution
thereof is preferred when used in the present invention. Since the aqueous solution
of nitrous acid and a nitrosyl compound readily generate gas and decompose; itis
preferable to sequentially generate nitrous acid by the reéction, for example, of nitrite
with- an acidic solution. In general, nitrite generates nitrous acid (IINQO») by reacting

20 with hydrogen ions, and it efﬁcieﬁﬂy generaté nitrous acid at 20°C and 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 particalarly preferrc;d
in terms of convenience in handling.

25 [0089]

In the modification process A, the concentration of nitrous acid or nitrite in
the above-described compound solution that reacts with amino groups and forms a
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diazonium salt or derivatives thereof is preferably in the range of 0.01 to 1% by
weight at 20°C.  In this range, sufficient diazonium salts or derivatives théreof are
formed, and at the same time handling of nitrous acid and a nitrite solution is easy
because the concentration is appropriate.
[0090]

The treatment temperature in thé modification process A is preferably 15°C to

45°C.  Within this range, the reaction will not take too much time, and at the same

- time the handling is easy because the decomposition rate of nitrous acid is also

appropriate.
[0091)

The contact time with the composite semipermeable membrane in the
modification process A is preferably the time enough to generate a diazonium salt; in
general, the treatment can be carried out in a short time at a high concentration, but it-
requires a long time at a low concentration. A short-time treatment at a high

concentration is preferred because if a diazonium salt is generated at a low

-concentration over a long time, the diazonium salt reacts with water before reaction

with a compound reactive with the diazonium salt. For example, in the case of a
nitrous acid solution of 2000 mg/L, the contact time is preferably from 30 seconds to
10 I'r-ljnutes; |
[0092]

" In the modification process B, the semipermeable membrane is contacted with

a solution containing a compound thai reacts with a diazonium salt and induces a

-diazo coupling reaction. Examples of the compound that reacts with a diazonium

salt and induces a diazo coupling reaction include, but are not limited to, resorcin,
phloroglucinol, naringenin, pyrogallol, quercetin, hydroquinone, pyrocatechol,
acetanilide, m—phenylenediamine, p-phenylenediamine, 1,3,5-triaminobenzene, and
the like. Among them, in particular, m-phenylenediamine, 1,3,5-triaminobenzene,
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and phloroglucinol can be preferably used in terms of solubility in water and
reactivity. A solution for contacting the semipermeable membrane is preferably an
aqueous solution thereof.

[0093]

5 In the modification process B, it is préferred that, in a solution contajning a
compound that reacts with a diazonium salt and induces a diazo coupﬁng reaction,r
the concentration of the compound be preferably in the range of 0.0005 to 0.05% by
weight.  The solution temperature is preferably 15°C or higher. In this
concentration range and temperature range, a sufficient diazo coupling reaction

_ 10 occurs, and at the same time a sufficient permeate watef volume can be obtained.
[0094]

The temperature of the solution containing a compound that reacts with a
diazonium salt and induces a diazo coupling reaction is preferably 15°C to 50°C.
Within this temperature range, the reaction will not take too much time, and at the

15 same time diazo coupling reaction proceeds sufficiently because the decomposition
rate of the diazonium salt formed in the modification procesé Als appropriate.
Furtﬁer, in this ﬁlodiﬁcation process B, it is preferable to contact the semipermeable
n%embrane with the above—described solution for 30 seconds or more in order that the
diazo coupling reaction proceeds sufﬁéiently.

20 [0095]

Preferred examples of the reducing agent in the modification process C
include, but are not limitec‘l-'to, solutions co_ntainihg sodium bisulfite, sufﬁte ion,
sulfamic acid, urea, and ammoniﬁm chloride. A solution for comacting with the
semipermeable membrane is preferabljr an aqueous solution thereof

25 [0096]

In the modification process C, the reducing agent concentration in a solution

containing a reducing agent is preferably 0.01% by weight or more. The solution

a2
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temperature is preferably 15°C or more. In this concentration range and
temperature range, a sufficient modification effect can be obtained. ~ Further, for

sufficient reduction reaction, it is preferable to contact the semipermeable membrane

‘with the above-described solution for 30 seconds or more.

[0097]

By controlling the reaction in the modification process B and the modification
process C after perfofming the modification process A, the compound that reacts
with amino groups and forms a diazonium salt or derivatives thereof, such as nitrous
acid reﬁlaining in the separating functional polyamide layer, is inactivated, and only
the diazonium salt undergoes a diazo coupling reaction, whereby the composite
serﬁiperméable membrane of the preferred embodiment in the present invention,
having azc; groups in the separating functional polyamide layer, wherein the ratio of
the number of azo groups to the number of benzen¢ rings is in the range of 0.01 to
0.1, and the content of azo compounds in parts excluding the base material in the
composite semipermeable membrane is less than 0.05% by weight, can be easily
obtained.

[0098]

The semipermeable membrane of 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 for enhancing pressure resistance, around a cylindrical

water-collecting pipe provided with a large number of pores by drilling and

‘processed into a spiral semipermeable membrane element for suitable use. = Further,

the elements can be connected in series or in parallel and housed in a pressure

container to provide a semipermeable membrane module.
[0099]

Further, the above-described semipermeable membrane, and the element and
the module thereof can be combined, for example, with a pump for feeding feed
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water thereto and with an apparatus for pretreating the feed wéter to constitute a fluid
separation apparatus. By using this sepziration apparatﬁs, permeate water such as
drinking water and concentrated water that has not permeated through the membrane
can be isolated from feed water to obtain the water for the intended purpose.
[0100] |

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 desalination rate improves, and the durability of the semipermeable

membrane, the operating pressure during passing the water to be treated through the

semipermeable membrane is preferably 1 MPa to 10 MPa under sea water

desalination conditions. It is preferably 0.3 MPa to 5 MPa under brackish water _

‘ desalination conditions. The temperature of feed water is preferably 5°C to 45°C,

because the higher it is, the more the desalination rate decreases, but the lower it is,
the more the membrane permeate flux decreases as well. When the pH of feed

water 1s high, scale of magnesium and the like can occur in the case of the feed water

" of high salt concentration such as sea Water, and when it is low, there is a concem

about membrane degradation. Thus, the operation in the neutral range is preferred.
Examples - |
[0101]

The present invention will now be described by way of examples, but the
present i;wention is not limited to these examples. The measurements in Examples
and Comparative Example were made as described below.

(Desalination rate)

| The salt concentration of permeate water was measured when the sea Water ‘
adjusted(to a temperature_ of 25°C and a pH of 6.5 (TDS concentration; 3.5%, boron
concentration; about 5 ppm) was fed at an operating pressure of 5.5 MPato a
semipermeable membrane to thereby make a determination from the following
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equation.
[0102]
Desalination rate = 100 x {1 - (salt concentration in permeate water / salt
concer_ltration' in feed water)}
5 | (Membrane penneaté flux)
rSea water was used as feed water to determine the inembrané permeate flux
7 (m*/m?day) from permeate water volume (cﬁbic meter) per square meter of
membrane surface per day.
(Boron removal rate)
10 : Thé boron concentration in féed water and in permeate water was analyzed by
an ICP emission spectrometer to make a determination from the followinhg equétion.
[0103]
| Béron removal rate = 100 x {1 - (boron concentration in perrﬁeate water /
boron concentration in feed Water)};
15 (Yellow index of separating functional fayer)
- The sémipermeaﬁle membrane whose base material has been béeled off was
placed on a glass plate Mm the separating functional layer surface down, and then
;the porous support membrane was dissolved and removed with dichloromethane.
The separating functional Iajzer sample remaining on the glass plate was subjected to
20 a transmission measurement using a color meter to determine the.yellow index.
{(Polyfunctional amine content in parts excluding base material in semipermeable
-membrane) |
A semipermeable membrane was cut into 10 x 10 cm, and a base material was
peeled off to- obtain a complex of a cast formation composed of polysulfone with a
25 separating functional layer. This is immersed in75 0 g of ethanol for 8 hours, and the
components extracted with ethanol were measured by chromatography and a mass
spectroscope.  Then, the complex of a cast formation composed of polysulfone with
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a separating functional 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 polyfunctional amine content in parts excluding the base material in
the semipermeable membrane from the equation below.

[0104]

Polyfunctional amine content in parts excluding base material in

- semipermeable membrane = 100 x (polyfunctional amine weight / dried membrane

weight)
(Azo compound content in parts excluding base material semipermeable membrane)

A semipermeable membrane was cut into 10 % 10 cm, and a base material was

peeled off to obtain a complex of a cast formation composed of polysulfone with a

separating functional layer. This is immersed in 50 g of ethanol for 8 hours, and the
components extracted with ethanol were analyzed using an UltraViolet-Vis-Near
InfraRed spectrophotometer. Then, the complex of a cast formation composed of

polysulfone with a separating functional 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. The azo compound content in parts excluding the base material in the

semipermeable membrane was determined by the equation below from the
absorbance of the components extracted with ethanol at 450 nm, the calibration curve
of the absorbance of chrysoidine, a reference material, at a wavelength of 450 nm,
and the dried membrane weight.
[0105] “ o

Azo compound content in parts excluding base material in semipermeable
membrane = 100 x (azo compound weight in terms of chrysoidine / dried membrane
weight)

In Examples, to carry out relative evaluation of the performances of these
membranes, the permeate flow ratio and the removal rate ratio were used to carry out
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performance comparison. Specifically, thg permeate flow ratio and the removal rate
ratio were determinéd by the following equation.
[0106]
Permeate flow ratio = permeate flow rate in each Example and each
5 Corﬂparative Example / penﬁeate flow rate in Refelfence EXamples
Removal rate ratio = (100 - removal rate in Examplés and each Comparative
Example) / (100 - removal rate in Reference Examples)
The permeate flow ratio is a change, expressed as a ratio, in permeate flow
“rate when an untrea-téd composite semipermeable membrane is subjected to various
10 treatments, and when the perrﬁeate flow ratio 1s 1 or more, it means thatlthe permeate
flow rate has been increased.  The removal rate ratio is a change, expressed as a
rﬁtio; in removal tate when an untreated composite semipermeable membrane is
subjected to various treatments, and when the removal rate ratio is 1 or less, it means
that thel removal rate has been increased.
15 (Ratio of the number of azo gréups to the number of benzene rings)

CA composile semipermeable membrane was cut into 900 em?, and a portion
of the support, a base material (taffeta or nbrnwoven fabric made of polyester fibers),
1s peeled off. This is dissolvéd in2Lof me1':hylene chloride, and then filtration is
carried out to obtéin a separating functional polyamide layer. The separating

20 functional polyamide layer is dried and then collected- 1n a hermetically-sealed
container to make a measurement with a solid-state NMR instrument (CMX—300
manufactured by Chemagnetics) under the following conditions.

[0107]
Measurement atmosphere: dry air

25 Temperature: room temperature (~22°C)

Chemical shift reference: Si rubber (internal standard: 1.56 ppm)
Observation frequency: 13C: 75.4976 MHz
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Probe: ¢ 7.5 mm probe for CP/MAS
Observation width: 30.03 kHz
Pulse width: 90° pﬁlse: 4.5 Qs _
Pulse repetition time: ACQTM = 0.0341 séc,
5 | © PD =5 5 (CP/MAS), 300 s (DD/MAS)
Pulse mode: CP/MAS method, DID/MAS method
Contact fime: 2 ms
Sample rotational speed: 6 kHz
Data point: POINT = 8192, SAMPO = 1024
10 | ~ Fora polyamide functional layer, 1024 points are retﬁeved as measurement
data and zero-filled to 8192 points for Fourier transformation.  For each peak of the
7 spercti'umk after Fourier transformation, optimization calculation is performed by the
nonlinear least-squares method using as variable parameters the center position,
height, and half bandwidth of the peak shape creatéd using a Lorentzian waveform, a
15 Gaussiah waveform, or a combinaﬁon of both.
[0108] |
'ACcording to the above-described method, the ratio of the number of azo
groups to the number of benzene rings was calculated from the chemical shift valﬁe
of the carbon adjaéent to ap azo group (about 152 ppm).
20 (Reference Example A)
On a nonwoven fabric made of polyester fibers (air permeability: 0.5 to 1
cc/em?/sec), a solution of polysulfone in 15.0% by weight in dimethylformamide
. (DMF) was cast at a thickness of 180 um at room temperature (25°C), and the
resultant was immediately immersed in pure water and left to stand for 5 minutes to
72 5 produce a porous support membrane (thickness: 150 to 160 um) composed of a fiber-
reinforced polysulfone support membrane.
[0109]
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| Conpar at i

Exanpl es |I.

Example 1 | Conparati jExanple 2 [0115] Fromthe results of

to 3 and Conparative Exanples 1 and 2, it can be seen that
when the yell ow i ndex of the separating functional |ayer is below 10,

boron renoval rate cannot be inproved; when above 40, the nenbrane

perneate 5fl ux decreases, and therefore the treatnent is ineffective.

t he

Further, it can Be meen suppit membrash eustdbeiyee wavininnatesd fos2 behees 10 and
t he aw conpound content in parts excluding the base material in the

seni per neabineiquestsrahdusdtioenl aniine ssticcprdparedsichelnt thestotu pobwitc5841 by

wei ght or above 0.5% by wei ght, the nenbrane performance degrades

simlarly,

the results of Exanples 2 and 4, it can be seen that when the pH of a

amides Were 8f 96 by wheeght amhthaémt—pheaylienmiﬁe[mine/ilmes tridnpifdtdmfzene =

From

ni t rous aC|W@bﬂmﬂlamtw)samﬂwersq@orahembmghumhdowgnpjlbdmppﬁﬂm@caﬁI ux is

further inproved, the effect of inproving boron renoval rate decreases.
[0117]515 Frdrection NEsoperswas blpwartipirets fRym 5y aiandzAbe toi tmoantheexsesn t hat

when the concentration of a nitrous acid solution is |lower than 0 2% by
wei ght or Hiqgeens solwtinn fi%srbthe wappghtt merabizho sgface heTieedftearnm péschoe mance can
be inmproved, the effect is low [0118] 20Fromthe results of Exanples 2
and 7 to 9,sohtionsantpimingelhs%iatwaigternf triresii saidotords dat srgpdiedtntretbi me i S

shorter than 1 minute or |longer than 3 mnutes, although the menbrane

per f or manc sudathabée iwhotaopetice whewef, iuai:the|ssp1bomt/melﬁlﬁfaj1@]waﬂecfmotsltm1drfesuI ts of

Exanples 2 and 10 to 12,

menbr ane perfounance is inproved. (Exanple 13)

190

15

20

25

was held upright for 2 minutes for draining and dried by blomng air at 20°C using an
air blower. .
[0110]

The yellow index of the separating functional layer of the sémipe_rmeable
membrane was 6.3, and no azo compound was detected in parts excluding the base
mat¢rial in the semipermeable membrane. The membl;ane pérfonnance evaluation

of the semipermeable menibrane revealed that the salt removal rate was 99.55%; the

membrane permeate flux was 0.71 m® /mZ/day; and the boron removal rate was 90.8%.

(Reference Example B)

A fabric-reinforced polysulfone support membrane (ultrafiliration membrane)
which is a porous support membrane was produced by ;Lhe following method.
Specifically, a wet nonwoven fabric that is made of a mixed fiber of polyester fibers
with a single yarn fineness of 0.5 decitex and of 1.5 decitex and has an air
permeability of 0.7 cm>/cm?®/sec, an average pore size of 7 ym or less, and a size of
30 om long and 20 em wide was fixed onto a glass plate, and a solution (2.5 poise:

20°C) having a polysulfone concentration of 15% by weight with dimethylformamide

-(DMF) solvent was cast thereon to a total thickness of 200 um. The resultant was

immediately immersed in water to obtain a porous support membrane of polysulfone.

40

it can be seen that al so when the 25warm wat er
treat ment tlenpwitcat (hen.zb removs the oxessagilatian feah enheibranadhe asathrartche



The sem permeabl e menbrane obtained in Reference Exanple A was treated at
room tenperature (20C) for 1 minute with 0.2% by wei ght of an aqueous
sodiumnitrite solution whose pH was adjusted to 3 with sulfuric acid. The
sem per nmeabl e nenbrane was taken out "of the nitrous acid solution,
imersed in 0.1% by wei ght of an aqueous sodiumsulfite solution, and then
stored at robm)tenperature, resulting in that the sem perneabl e nmenbrane
turned brown fromwhite. The yell ow i ndex of the separating functional
| ayer of the semNepgrthigablyeulfeidyicans svpporl meinbraedvdshenaiedeoapoumnd cont ent
in parts excluding the base material in the sem perneabl e nenbrane was
0. 081% by wadigittof mFpkenyRmibdiamendofer 1 0 seoends agy dlctatsohitiopd bbialied by :
10sem pernmeabl e nenbrane reveal ed that the salt renoval rate was 99. 85%
t he menbr arksspleinge@l €% byxvelgs of tr8BediBidi® thllayide Andtchtewdampplicd BeRyal rate
was 94.7% show ng that the solute renoval rate and the nenbrane perneate
flux viere hohlkaté nf)mn/mﬂm ( Caotipa ntiad invebfaxa izl enady uphdineo deiii per epabt e
menbrane obtained in Reference Exanple A was inmersed in 0.1% by wei ght of
a chrysoi ditheexzodstohoion( azbihey éh ofder tevapotstcetde sdlhentyahbiovd omnthex of the
separating functional |ayer of the sem perneabl e nenbrane was 9.0, and the
azo conpoumencoateedi-face aredt tiseparhiued GP I°Nevdddewmeicesondbr 1 mithein
sem perneabl e nenbrane after nitrous acid treatnent was 0.038% by wei ght.
The 20nmenbratctea penidihanieewddadpaat srothe oficrhtransamiape wae 8 i/ scnaftd mebich
reveal ed that the salt renoval rate was 99.60% the nmenbrane perneate fl ux
was 0. 70 nBien2haayng acid hhlhd: drouenwere hpthalyzed dthwals s AGuctis NakCCh wer e
substantially the same as under conditions where the nmenbrane was not
i merised i Bolatichr yHledretiftee, the mehibome(viRef iemestsee ifthanwhier 4)00°Q3¢rQonpar at i ve
Exanpl e 4) ~ The sem perneabl e menbrane obtained in Reference Exanple A
was treat edhiattes moshtiianpenglositespifémeablich ThO28mpyysitesergipermdabkn aqueous
sodi um hypochlorite solution whose pH was adjusted to 7. The treating
time was | ninththe; otasided hel s perimpetcrfizabtae BBt aren iy ahakedroautmotalt he
agueous sodi um hypochl orite solution and then washed. with water. The
yel | ow i ndeate of 92%iearsktharatid efghé nmabéraifako beyes tcahe habseasfibpetemeabl e
menbrane was 7.2, and no azo conpound was detected 5in-the separating
functi onal ringyeaid théleenterindfraan eopeotmis veme Bothval uati on of the sem perneabl e
menbr ane reveal ed that the salt renoval rate was 99.80% the nenbrane
per méat e f (Examydes Da®B2 81 MR onlgayatisaritkantpdesbloara?)r enoval rate was 89. 2%
(Exanpl e 14) The conposite sem perneabl e nmenbrane of Reference Exanple B
was 10i mrer sed dhe 3&fipkoneable membrats obtairizd50 Retrdnce Exampkqueasigestadli um
nitrite solution whose pH was adjusted to 3 with sulfuric acid (the
nodi f i cat i etropnoeepsrafjre (AE) nathl. 2hédbypetiflrafan aguedub eodiaminitricf t he nunber
of azo groups to the nunber of benzene rings, and the content of azo
conpounds afligon tvhesespih seg adpsteid nor@ mathonlfior a@dm B¢ esncemtraiomiof €@ sol uti on
of 0.001% by wei ght of m phenyl enedi am ne and 0. 1% 15by wei ght of sodi um
sul fite (th#romwdciflitbatundergpeoivessasedtionChn be detaimowed asm doalotmsiod,of drd t he
renoval rate ratio and perneate water volune ratio of the nmenbrane |
per f @i0Omanc eitefetpeesehtimir sitrons Aiad. STokatreating tind¥aby mimitght Tlef an aqueous
hydr ogen peroxi de solution to the nenbrane performance before imersion in
an aqueous stwyigeogablpeemkiate vao takich ont aff the ahimun acid sdabibe ai th20 ( Exanpl e 15)
A conposite sem permeabl e menbrane was prepared in the sane manner as in
Exanpl e 14iremerspd it Water &tz °Caioc 2 niinates, oesudtingnmn plies thd engphirmpalie was 0. 002%
by weight in the nodification processes (B + C). The nenbrane performance,
the ratio ofentthaertumiedbroin fiom ghiveips to the nunber of benzene rings, and
the content of 25azo conpounds are shown in Table 2.

[0112] -

25 The yellow index of the separating functional layer of the semipermeable
membrane was 14.8, and the azo compound content in parts excluding the base
material in the semipermeable membrane was 0.065% by weight. The membrane
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(Exanpl e 16) A conposite sem perneabl e menbrane was prepared in the sane
manner as in Exanple 14 except that the concentration of

m phenyl enedi am ne was 0.01% by weight in the nodification processes (B +
C). The nenbrane performance, the ratio of the nunber of azo groups to the
nunber of benzene rings, and the content of azo conmpounds are shown in
Tabl e 2. 5(reolvpareicvauiicangtee Smipermeablegrenbrencpded thet henilper meabl e
menbrane of Reference Exanple 14, the nenbrane perform ce, the ratio of

t he nunber TtemozzgalgmmgP8.86%0; ttheemamhitsae perindstenhenwas 0.A4g o1 /mandayt hed dont ent
of azo compounds after imersi-on in 0:.1% by weight of a chrysoidine
aqueous sol herprorenfoypl ratehwas 938, Slavwmg that tiebdlatezemopq@atapad disi ve Exanpl e
6) The conposite sem perneabl e nenbrane of Reference Exanple 14 was
i mer sed atm@B@ahopernBasdborivge bathirpooveg (Exafplad).aqueous sodiumnitrite
sol uti on whose pH was. adjusted to 3 with sulfuric acid (the nodification
process A).[0ThH menbrane performance, the ratio of the number of azo
groups to the nunber of 15 benzene rings, and the content of azo
conpounds af t er Hutéers stssiweguegable membrehesivére obRinedray vagousisodivmmsibiie wei ght
of a m xed solution of sodiumsulfite (the nodification process C) are
shown in Talghecrprati¢rGotrpaiingttings, Pilampipberpenadigoripoeintents befprsarimeessical
menbrane was prepared in the sane manner as 20i n Exanpl e 14 except that

t he concentiregtmnan ipparihephladinzdhebisamatersal imthe wemipsan¢abdamembrapeocesses (B
+ C) was 0.0002% by wei ght. The nmenbrane performance, the ratio of the
nunber of azboyrnlipss of the spanting Bncuénabtaygie ney torgeoundregnichts aflenmignts of azo
conpounds are shown in Table 2. (Conparative Exanple 8) 25A conposite
sem p&? meabicel tmatrbend e pavtssexg sl the bise madierial amthersamiermgable membaangl e 14
except that the concentration of m phenyl enediamines in the nodificati.on
processes (dBdwaOn waer ta0Bont igmpasitgies alifrdtropssidiveatpent @xamples 2 tot he
ratio of the nunber of azo groups to the nunber of benzene rings, and the
content of l@zEompapovmbsamples §andad). i nlheasrfermancgnefl thase membiaaes arat e rati o
and pernmeate water volune ratio of the menbrane performance after

i mrer si on fsbpws tepgiher imlableds by wei ght of an aqueous hydrogen peroxi de
solution to the menbrane performance 5before inmersion in an aqueous

hydr ogen pdPb¥ilde sol ution are shown in Table 3. (Conparative Exanple 9) A
conposite sem perneabl e nenbrane was prepared in the same manner as in
Exanpl® 14 except that the concentration of m phenyl enedi amines in the
nodi fication processes (B + C was 0.1% by wei ght. The nenbrane
performance, 10the ratio of the nunber of azo groups to the nunber of
benzene rings, and the content of azo conpounds are shown together in
Table 2. [0120] 15

20

25
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[0115]
From the results of Examples 1 to 3 and Comparative Examples 1 and 2, it

can be seen that when the yellow index of the separatﬁlg functional layer is below 10,

- the boron removal rate cannot be -improved'; when above 40, the membrane permeate

flux d_ecrease's, and therefore the treatment is ineffective. Further, it can be seen that
also when the yellow index is below 10 and the azo compound content in parts
excluding the base material in the semipermeable membrane after nitrous acid
treatment is below 0.05% by weight or above 0.5% by weight, the membrane

performance degrades similarly, and therefore the treatment is ineffective.

[0116]

From the results of Exainples 2 and 4, it can be seen that when the pH of a
nitrous acid solution is lowered, although the membrane peﬁneate flux is further
improved, the effect of improving boron removal rate decreases.

[0117] |

From the results of Examples 2, 5, and 6, i_t can be seen that when the
concentration of a m'troﬁs acid solution is lower thaﬁ 0.2% by weight or higher than
1% by weight, although the membrane performance can be improved, the effect is
low.’ |
[0118]

From the results of Examples 2 and 7 to 9, it can be seen that when the nitrous
acid treatment time is shorter than 1 minute or longer than 3 minutes, although the
membrane performance can be improved, the effect is Jow.

[0119]
From thg: results of Examples 2 and 10 to 12, it can be seen that also when the

warm water treatment temperature after nitrous acid treatment is increased, the

. membrane performance 1s improved.

(Example 13)
- 44



CO | 90 O Desalination rate (% 9866 9866 9866 5966 E866 5866 L866 88 66
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The semipermeable membrane obtained in Reference Example A was treated
af room temperature (20°C) for 1 minute with 0.2% by weight of an aqueous sodium
nitrite solution whose pH was adjuéted td 3 With sulfuric acid. The semiﬁenneable
membrane was taken out of the nitrous acid solution, immersed in 0.1% by weight of

5 an aqueous sodium sulfite solution, and then stored at room temperature, resulting in
thaf the semipermeable membrane fui’ned brown from white. The yelldw index of
the separating functional layer of the semipermeable membrane was 15.1, and the azo
compound content in parts excluding the base material in the semipermeable
membrane was 0.081% by weight. The membrane performance evaluation of the

10 | semipermeable membrane revealed that the saltrremoval rate was 99.85%; the
membrane permeate flux was 0.83 m*/m”/day; and the boron removal rate was 94.7%,
showing that the solute removal rate and the membrane permeate flux were "both_
improved. |
(Comparaﬁve Example 3)

15 The semipermeable membrane obtained in Refefence Example A was
immersed in 0.1% by weight of a chlysoidiné solution (azb dye) for 2 minutes. The
ycilow index of the separating functional layer of the semipermeable membrane was
9.0, and the azo compound content in parts excluding the base material in the
semipermeable membrane after nitrous acid treatment was 0.038% by weight. | The

20 membrane performance evaluation of the semipermeable membrane revealed that the
salt removal rate was 99.60%; the membrane permeate flux was 0.70 m’/m?*/day; and
the boron removal rate was 90.7%, which were substantially the same as under
conditions where the membrane was not immersed in a chrysoidine solution
(Reference Example A). |

25 (Comparative Example 4)

The semipermeable membrane obtained in Reference Example A was treated
at room temperature (20°C) with 0.02% by weight of an aqueous sodium
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hypochloﬁte solution whose pH was adjusted to 7. The treating time was 1 mjnute;
and the semipenﬁeable membrane was taken out of the aqueous sodium hypochlorite
solutidlf_l and then Washed with Watér- The yellow index of the séparating functional
layer of the semipennezible membrane was 7.2, and no azo compound was detected

in the separating functional layer. The membrane performance evaluation of the
semipermeable membrane revealed that the salt removal rate was 99.80%; the
membrane permeate flux was 0.98 m*/m*/day; and the boron removal rate was 89.2%.
(Example 14) .

The composite semipermeablé membrane of Reference Example B was
immersed at 35°C for 45 secondé. in 2750 mg/L of an aqueous sodium nitrite solution
whose pH was adjusted to 3 with sulfuric acid (the modification process A). The
membrane performance, the ratio of the number of azo groups to the number of
benzene rings, and the content of azo compounds after the subsequent immersion for
2 minutesl in a mixed solution of 0.001% By Weighi: of m—phenylenediamine and 0.1%
by weight of sodium suifite (the modification processes B + C) are shown in Table 2,
and the remoifal rate ratio‘and permeate water volume ratio of the membrane
performancé after immersion for 5 days in 1.0% by weight of an aqueous hydrogen

peroxide solution to the membrane performance before immersion in an aqueous

hydrogen peroxide solution are shown in _Tablé 3.

{Example 15)

A composite semipermeable membrane was prepared in the same manner as
in Example 14 except that the concentration of m-phenylenediamine was 0.002% by
weight in the modification processes (B + C). The membrane performance, the
ratio of the number of azo groups to the number of benzene rings, and the content of
azo compounds are shown in Table 2.

(Example 16)
A composite semipermeable membrane was prepared in the same manner as

46



I ndex of separating functional 9'ZI 551 8717 EL 6.017 6'Et < 8 Er0O EZ. O
EtO cto Et Er0O Et0O EZO Modification process A Treating tinme (mn)

in Example 14 except that the concentration of m-phenylenediamine was '0.01% by
weight in the modification processes (B + C). "The membrane performance, the
ratio of the number of azo groups to the number of benzeﬂe rings, and the conteﬁt of
azo compounds are shown in Table 2.

5 (Comparative Example 5)

For the composite semipermeable membrane of Reference Example 14, the
membrane perfonnance, the ratio of the number of azo groups to the number of
benzene rings, and the content of azo compounds after immersion in 0.1% by weight
of a chrysoidine aqueous solution for 1 hour are shown in Table 2.

10 (Comparative Example 6)

The composite semipermeable membrane of Reference Example 14 was
‘immersed at 35°C for 45 seconds in 2750 mg/L of an aqueous sodium nitrite soluﬁon
whose pH was adjusted to 3 with sulfuric acid (the modiﬁcétion process A). The
membrane pefforrnance, the ratio of the number of azo groups to the number of

15 benzene rings, and the content of azo compounds after the subsequent immersion for
2 minutes in 0.1% by weight of a mixed solution of sodium sulfite (the modification
process C) are shown in Table 2.
(Comparative Example 7)

| A composite semipermeable membrane was prepared in the same manner as

20 in Example 14 except that the concentration of m-phenylenediamines in the
modification processés (B + C) was 0.0002% by weight. 'The membrane
performance, the ratio of the number of azo groups to the nﬁmber of bﬁnzenevrings,
and the content of azo compounds are shown in Table 2.
(Comparative Example 8)

25 A composite semipermeable membrane was prepared in the same manner as
in Example 14 except that the concentration of m-phenylenediamines in the
modification processes (B + C) was 0.05% by weight. The membrane performance,
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the ratio of the number of azo groups to the number of benzene rings, and the contént
of azo compounds are shown in Table 2, and the removal rate ratio and permeate
water volume ratio of the membrane perfofmanée after immersion for 5 days. in 1.0%
-by weight of an aqueous hydrogen peroxide solution to the membrane performance
5 bgfbre immersion in an aqueous hydrogen peroxide solution are shown in Table 3.
(Comparative Example 9) |
A composite semipermeable membrane was prepared in the same manner as
in Example 14 except that the concentration of m-phenylenediamines in the
modification processes (B + C) was 0.1% by weight. The membrane performance,
10 tﬂe ratio of the number of azo groups to.the number of benzene ringg, and the content
éf azo compounds are shown together in Table 2.

[0120]

15
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Exanpl e

[ Tabl e 3]

oi cl unxal
[0121]

"Exanple 13 |

hydr ogen peroxi de solution Ratio of the

| Ref er ence

15 Exanpl e 16 Conparative Exanple 5 Conparative Exanple 6 Conparative

5LZ.0 5Lt0 site cue

Exanple 7 Conparative Exanple 8 Conparative Exanple 9

| mersion for 5 days in aqueous-
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Azo conpound content (wt% Boron renoval rate(% Menbrane perneate fl ux
rate ratio conpared to initial

(nB8/m 2 /day) Renoval
ratio conmpared to initial
1.09 -Conparative -Exanple 8 -0.05 0.108 93.0 .0.68 -171 -1.11

can be seen from Table 2, in Conparative Exanple 5, Conparative Exanple 6,

val ue

val ue Perneate fl ow

Exanpl e 14 0.02. 0.018 -92.5 0.99 1. 36

[0122] 5As

Conparati vqoﬁzqqrrpl e 7, and Conparative Exanple 9, wherein the ratio

10

15

20

[Table 3]
31?2?101222 fza:orgiﬂs]i: l;l:;bef o Azo compound Boron resnoval Membrane Removal rate tPermeate flow
ys in aq ) group: poun R permeate flux  |ratio compared{ratio compared
hydrogen peroxide jnumber of benzene  |contemt (wt%) [rate (%) 3, 2 L L
. . {m”/m*/day) |te initial value Jto initial value
solution rings
Example 14 0.02 0.018 92.5 0.99 1.36 1.09
+ Comparative 0.05 0108 93.0 0.68 E) 11
Example &
[0122]

As can be seen from Table 2, in Comparative Example 5, Comparative

Example 6, Comparative Example 7, and Comparative Example 9, wherein the ratio

of the number of azo groups to the number of benzene rings in the separating

functional polyamide layer is less than 0.01 or more than 0.1, it is difficult to

simultaneously achieve a high permeate flow rate and high neutral molecule removal

properties.  On the other hand, it can be seen that, in Example 14, EXample 15, and

Example 16, particularly in Example 14 and Example 15, wherein the ratio of the

number of azo groups to the number of benzene rings in the separating functional

polyamide layer is in the range of 0.01 to 0.05, a high permeate flow rate and high

neutral molecule removal propertics was simultaneously achieved.

[0123]

It can be seen that, in Compa:ra"tive Example 8 and Comparative Example 9,

wherein the yellow index is above 40, and the content of azo compounds in parts

excluding the base material in the composite semipermeable membrane is 0.05% by

weight or more, although high neutral molecule removal properties were exhibited,

water permeation performance was degraded; and in Comparative Example 8, it can

be seen from Table 3 that the membrane performance was degraded by the

immersion in hydrogen peroxide for 5 days.

[0124]

These results show that high permeate flow rate, high neutral molecule
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of the nunmber of azo groups to the nunber of benzene rings in the
separating functional polyamde layer is less than O 01 or nore than 0.1,
it is difficult to sinmultaneously achieve a high perneate flow rate and
hi gh neutral nol ecul e renoval 10properties. On the other hand, it can be
seen that, in Exanple 14, Exanple 15, and Exanple 16, particularly in
Exanpl e 14 amdvibpadiettesldnd disiBiyhré igproadd i Fdbamphe whepdif theofatiaa0thgr oups
to the nunber of benzene rings in the separating functional polyam de
layer is i munitRr 6809er&ipsQe Gk menter 0bberaeid Gipsie theeRbarafith@Mncasel and hi gh
neutral nol ecul e renoval properties was sinultaneously achieved. 15[0123]
It can be sp@anii@lyerin00onparatndtickyaeml & a@o andp&niipad pirtyvechidaipl e 9,
wherein the yeIIOM/lndex is above 40, and the content of azo compounds in
parts excl udé BgehierDhGEtheRbE Fbﬁie defhipdifestigpRaibihes S BspRBABebyreNbr ane
is 0.05% by weight or nore, although high neutral nolecul e renoval
propergies wagke exhi bited, 20water perneation perfornmance was degraded;
and in Conparative Exanple 8, it can be seen from Table 3 that the

menbr ane pgNDIFSTERICE. APBLIfegB@AMed by the i nmrersion in hydrogen peroxide
for 5 days. [0124] These results show that hi gh peuneate flow rate, high
neutral noljecadle renoval properties, and durability are inproved in
Exanpl es wherein the ratio of the nunber of azo groups to the nunber of
benzene rings i MheRempepasld Membrine of drRareseal inaentida préyees hs 0.01 to 0.1,
and the content of azo conpounds in parts excluding the base material in

t he conposiseifkefitdbes ieabtame MRAhaahigh idssdliastord fafrbatte%nlys Saabhf .

| NDUSTRI AL APPLI CABI LI TY [0125] The sem perneabl e menbrane of the present

i nventd on pejectipes ahigedinpehlvariven sesbnhanahited ndalissbeéiglivediasht | nat i on
performance and is capable of 10rejecting at a high renoval rate even
subst ances retigil radge, Woittisebamicat hve bebn hirdlynejettedlto h andextabgh subst ances
-have been hardly rejected to a high extent by conventional sem perneable
menbr anes. chhiein@ibadl @emipeiBestbrinpabrmab| ergeébroatts sctnipapaiabke mémiapect i ng
at a high renoval rate, particularly, boron which has been hardly rejected
to a hi gh extsableiofirgj@siabianatighrreobvseateygireéculashn BoidnerisitDhes leen be
15suitably used in production of drinking water by reverse osnosis

treat ment . hafdlAtddotel. thadegh patiriadtalingitn diea Watet,ngd Aiertforstandesepar at i ng
functional |ayer, wherein azo conpounds are retained in the separating
functi®nal shisyey usedna ptddacsapal @inking: Wuochy enalse bayedis asmanyel | ow i ndex
of 10 to 40. 52. The sem perneabl e nenbrane according to.claim1, wherein

t he anpbunt of azo conpounds retained in the separating functional |ayer is
in the range of 0.05% by weight to 0.5% by weight. 3. The sem perneabl e
menbr ane according to claim1 or 2, wherein said
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sem pernmeabl e nenbrane is a sem perneabl e menbrane provided on its base
10 material with a separating functional |ayer, and the azo conpounds are
retained in parts excluding the base nmaterial in the sem perneabl e
menbrane in an anmount in the range of 0.05% by weight to 0.5% by wei ght.
4. The sem perneabl e nmenbrane according to any one of clains 1 to 3,
wherei n said sem perneabl e menbrane g Aavgonposite sem perneabl e nenbrane
in which 15the separating functional |ayer is provided on a porous support

merbrane for med D¥ehReinhd®lEmb@siae AivihH8: IBASE seRtAMbHncRAM 18 azo
conpounds are retained in parts excluding the base material in the

sem per neabjgerfRARS BRBphIhdd ArARRIR ih thel BFarh@RRn&iord] BP0 My wei ght to
0.5% by weight. 5. The semi perneabl e nenbrane according fo cilaim1, which
s a corrposgef)ﬁa&%smmarrﬁa?@ﬁsra%hwnﬁde&mmt@n@g a porous support
‘menmbrane on which a separating functional polyamde [ayer resulting from
pol ycondensat i onrie@gipcpReile RRIMAMRGLERBRL (GERARY | GhABINES abid of _

- pol yfunctional acid halides is forned, wherein the ratio of  the nunber, of

azo groups 4z chRBoiiIhERinell iP8RZeARatiHNEScticRal R SERAREENBY of HDS%iwnal
pol yam de layer is in the range of 0.01 to 0.1,” and the content of "25azo

conpounds hﬂﬁ@ﬁ&@@:@%qugk?g the base material in the conposite
sem perneabl e menbrane is 1ess than 0.05% by weight. 6. The sem perneabl e

menbr ane acgor dimg stRiRRYes¥e nRnbedmiadordink % SainMI@F 8] RherS@isdidsepar at i ng
functional layer is made of at |east one material selected from

pol yacryl onehigerBeatieme PSR 186 SéBiptimable RAAGBRA: PRVIRH bhRPasand
car boxyl at ed pol ysulfone. 7. A nethod of producing the sem perneabl e

nenbrene hayidgat abith @@}?hraﬁné FRRALAL 1 AGr, fHA el 20 2bmlpBiRls ard REiRRIRO
conprising the steps of: formng a sem perneabl e nmenbrane having a

m pheny!| engaBkdedife tHe s BatBRPIN thé YerfiB&inidable §dmbind Rem'AR8t &f 5. 0 X
le to 1.0 X 10- cnmséc; retaining the am nes in the separating functional

| ayer of thﬁgﬁﬁgé@ﬁﬂﬂﬁﬁhbaﬁ baMY, b waizh@mount in the range of 0.5% by
wei ght to 2.0% by wei ght; and then 10 contacting the sem perneabl e

nenbrane wi4 h a 9elsthiRimEMHK feRibRthe 2c&RMRL Wthyt HRloITCRARE $ t4B tBhdEihMar Y
aromatic am no groups and forns a di azonium sal't or derivatives thereof, a

nodi fi cati QEidReRERSSedble nBmbiui¥as BesmpbsiR sefitNehAe MERBABE i which
sem per meabl e nmenbrane conprising a porous support nmenbrane on which a

separaf i ng tﬁm?,biaaﬁgahpﬁabﬂmmﬁsl ¥ aled &S 8 hbloYsubpbitQRRHhYCRRISNBAL | On
reaction of polyfunctional aromatic am nes w th polyfunctional acid

hal i des i's chaingBtresih B8 REbAEGh LGN dnTitRYaANBrPbORE: 2 retdifidinHaR9 t he _
amnes in the separating functional |ayer of the sem perneable nenbrane in

an amount ieRcluli@ghtiRg8e tihtdril Zn B¥sBipsBheible membrab® M #CArhfsht id@e
sem permeabl e menbrane with a solution containing a conpound that 20reacts

with prina&M%%QQ@qgggb@ﬂkﬂgﬁg;@gggna@ggmprns a diazoniumsalt or
derivatives. thereof, the nodification process A and then
5. The semipermeable membrane according to claim 1, which is a composite
20 senﬁper-meable membrane comprising a porous support membrane on which a
separating functional polyamide layer regulting from polycondensation reaction of
polyfuﬁctional aromatic amines with polyfunctional acid halides is formed, wherein
the ratio of the number of azo groups to the number of benzene rings in the
separating functional polyamide layer is in the range of 0.01 to 0.1, and the content of
25 azo cdmpounds in parts excluding thé base material in the composite semipermeable
membrane is less than 0.05% by weight.

6. The semipermeable membrane according to any one of claims 1 to 3, wherein
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contacting the sem perneabl e menbrane with a solution containing a
conpound that reacts with the diazoniumsalt and i nduces a diazo coupling
reaction, a nodification process B, and contacting the sem perneabl e
menbrane with a solution containing a 25reduci ng agent,; a nodification
process C.
said separating functional layer is made of at least one material selected from
polyacrylonitrile, cellulose acetate, sulfonated polysulfone, and carboxylated
polysulfone. | |
7. - A method of producing the semipermeable membrane having at least a
5 separating functional layer, the method comprising the steps of:
forming a semipermeable membrene having a mnphenylenediramine solute
permeability coefficient in the range of 5.0 x 107 to 1.0 x 107 cm/sec;
retaining the amines in the separating functional layer of the semipermeabie
membrane in an amount in the range of 0.5% by weight to 2.0% by weight; and then
10 contacting the semipermeable membrane with a solution eontainirig a compound that
reacts with primary aromatic amino groups and forms a diazonium salt or derivatives
- thereof, a modification process A.
8. A method of producing a composite semipermeable membrane comprising a
porous support membrane on which a separating functional polyamide layer resulting
15  from polycondensation reaction of polyﬁmctional ai‘omatic arﬁines with |
polyfunctional acid halides is formed, the method comprising the steps of:
retaining the amines in the separating functional layer of the semipermeable
membrane in an amount in the range up ‘eo 2.0% by weight:
contacting the semibermeable membrane with a solution containing a compound that
20 reacts with primary aromatic amino groups and forms a diazonimﬁ salt or derivatives
| thereof, the_ modification process A; and then
contacting the semipermeable membrane with a solution containing a compound thatr
reacts with the diazonium salt and induces a diazo coupling reaction, a modification

process B, and contacting the semipermeable membrane with a solution containing a

25 reducing agent, a modification process C.



