DESCRIRTION; TI7dk. OF THE INVENTION:  SEPARATION MEMBRANE ELEMENT ANDy 5/ 53
METHOD FOR PRODUCING 5 COMPOSITE SEMIPERMEABLE MEMBRANE TECHNICAL FIELD
[0001] The present invention relates to a separation membrane element which is 10useful for
the selective separation of a liquid mixture. The separation membrane element obtained in accordance
with the invention is suitable, for example, for the desalting of seawater or brine water.
BACKGROUND ART 15[0002] There are various techniques for removing a substance (e.g., a
salt) dissolved in a solvent (e.g., water). In recent years, utilization of membrane separation methods
as processes for energy saving and resourc®&a¢ H@%preading. The membranes for use in the
membrane separation methods include a microfiltration 20 membrane, ultra:filtration membrane,
nanofiltration membrane, reverse osmosis membrane, etc. Membrane separation elements which
utilize these METhBrafa3 A @BEMITI™EG, for example, in the case of obtaining potable water from
seawater, brine water, water containing harmful substances, etc" or for producing industrial ultrapure

water, treatin%@&%?@?wgﬁﬂ JUHBRAGES ) PORGEIIDLBRAR4:02:59PM:;
Most of the rwgww?i@%@%on membranes which are presently on the
market are composite semipermeablé membranes. e are two kinds of composite semipermeable

membranes: composite semipermeable membranes which have a gel layer and an active
crosslinked-polymer layer that have 5 been disposed on a microporous support; and composite
semipermeabie-ela3EWBich have an active layer formed by condensation-polymerizing
monomers o icroporous support. Of these, composite semipermeable membranes obtained by
coating a migrjop ous support with a separation function layer constituted of a crossliniced polyamide

obtained by the polyconaeprRatRn:artiAnale;RelpctianRLAgamIne i3 bolfunctional acid
halide are in extensive use as separation membranegégf%aving Ig %gﬁﬁeagbﬁ&gﬁ ﬁigh separation
selectivify. [080@] for the selective separation of a liquid mixture, The separation membrane

element obtained in accordance with the invention is suitable, for example, for the

desalting of seawater or brine water,

BACKGROUND ART
15 [0002]

There are various techniques for removing a substance (e.g., a salt)
dissolved in a solvent {e.g., water). In recent years, utilization of membrane separation
methods as processes for energy saving and resource saving axe spreading, The
membranes for use in the membrane separation methods include a microfiltration

20 membrane, ultrafiltration membrane, nanofiltration membrane, reverse osmosis
membrane, ete. Membrane separation elements which utitize these mernbranes are
being used, for example, in the case of obtaining potable water from seawater, brine
water, water containing harmful substances, ete., or for producing industrial ultrapure

waler, treating wastewater, recovering valuable substances, etc.

25 [0003]



Incidentally, faorory swhich is toxic to the human body, animals and plants and which causes nerve 5z
disorders and growth inhibition, is contained in seawater in a 15large amount. Boron removal is
therefore important for the desalting of seawater. Various techniques for improving the boron-removing
performance of a composite semipermeable membrane have hence been proposed (patent
documents 1 and 2). Patent document 1 discloses a method in which a composite semipermeable
membrane formed by interfacial polymerization is heat-treated to improve the performance thereof.
20Patent document 2 dﬁclgqsoe%s a method in which a comgosite semipermeable membrane formed by
r

interfacial polymerization & ﬁaﬁ YREES CSREAL RARPLARES AT BASSHHLRIAY HemBGHEsolution of free

S

chlorine. Howgurh Sheprgsniianasdasanibed i3 e hxamRiesAlven indissedocynents are thought

to have a membrane permeation flux of 0.5 m3/m2/day or less and a boron removal ratio of about 91
to 92% at theadsowksls obthmpesite funipamoebla mestarmealcolaiedttyonigh-eemiersion on the
assumption that %eawateéigai‘}{/%rég a temperature of 25C, pH of 6.5, boron concentration of 5 ppm, and

TDS concentfation 613 5% i} BE I HARP RIS e stk eraphane lyarepdmdon pressure of
5,5 MPa.sThegg.has haRaePe R deRIE g%%%?’f%?% %@%%@@%%ﬁ%ﬁgﬁ%; rmeable

membrane which has higher boron-rejectin “in water

production plaitstirhavhiahxeiverke ostars iy embiantsRm aediAngieds.maged for higher water
permeability from the standpoint of further reducing the running cost. A method for satisfying such a

need is knowlH WRIEHS S THosHE Sefki serpesdis comipnmentis wistohrineluedaized bysslinked
polyamide po separation function layer is treated by bringing the membrane into
D A o elon (e ook vy

contact with an aqtieous solution con u 8). By this treatment,

the water perereshilliadatybeiiB pEadMiE-Baiainkas:thm RUARAITYakMlia:ghihe untreated

membrane. However, there is a desire for an even higher boron removal ratio and even higher water
permeabflity. ASKB00EE Fprbdinstraatheidliskidemse m axtrotiiemsthat sybentarcmerdntiesal
semipermea?}le me bgane is used for actually ohtaining a concentrated or purified desired substance
as permeate Bﬁarﬂ‘ﬁyﬁ ﬁgﬂzﬁgﬁﬁ‘}g’aﬁﬁ %’ﬁ&]i%ﬁ%ﬁiﬁ’ﬁéﬁﬁ?ﬂ&%mponens are dissolved away or
released fronyfigmembrane or from a component 20 member of the membrane module to lower the
purity of the desired substance or to result in an initial permeate which must be discarded, leading to
an increase in cost. In dedidentbydrosmentiiih irabiiern, Bahethadtads, RepmRissiosasdn which the
microporous support is reduced in water content to thereby minimize infiltration of the amine used as a

polymerizabl%“fﬁg’ﬁk%&h&?“éﬁ%ﬁﬁs%%e@?ﬁé%%ﬁwﬂwﬁﬁ@tf%dmﬂlaﬁiﬁﬁé ipeTRLCL 5192-(. |@259PA
B S AR LR e T

Various techniques for improving the boron-removing performance of a composite

sernipermeable mermibrane have hence been proposed (patent documents 1 and 2).

Patent document 1 discloses a method in which a composits semipermeable membrane

formed by interfacial polymerization is heat-treated to improve the performance thereof.

20 Patent document 2 discloses a method in which a composite semipermeable membrane

fermed by interfacial polymerization is brought into contact with a bromine-containing

aqueous solution of free chlorine, However, the membranes deseribed in the

Examples given in these documents are thought to have a membrane permeation flux of

0.5 m*/m*/day or less and a boron removal ratio of about 91 to 92% at the most when

25 these performance values are calculated through conversion on the assumption that



5 PATENT DOCUMENT [0007] Patent Document 1: JP-A-,11-19493 Patent Document 2: & |7/ 53
JP-A-2001-259388 Patent Document 3: JP-A-2007-90192 10Patent Document 4: JP-A-2006-122886
SUMMARY OF THE INVENTION PROBLEMS THAT THE INVENTION IS TO SOLVE [0008] 15An
object of the invention is to provide a separation membrane element which has a low content of
extractable components and has high boron-removing performance and high water permeability.
MEANS FOR SOLVING THE PROBLEMS 20[0009) The invention, which is for accomplishing the

object, has a i onfigurat aration membrane _element including a
composite se%?%%%gﬁ?egv %%%?5%%m ﬁgﬁf(ﬁqu%fﬁifﬁ‘%?gp%@ﬁg@d‘ﬁﬁ 2RRh Flyamide
separation fulitibrodeyefdisPeReer e R MISEARARILE SAIRQHHREIHEIRG A3ubsate and a
porous supporting layer, in which the polyamide separation function layer has a yellowness of 10
to 40, and a dSHEEIRAitohMF subShenebes drticechethfacinsiadaubs tiatelismeadx2023% by Sweight or less.
(2)The separation membrane element according to (1), in which, in the polyamide separation function
layer, when a fur rPcot%%g?%l up: ?g?r% %%%%eﬂECMk@Wth@%Wﬁﬁ%é REFUPAISA: function layer
which is gn ajgieg)facing the porous supporting layer and a surface of the polyamide separation
function layer which is on a 10 side opposite to the porous supporting layer is expressed by [(molar
equivalent of azo groupgyeatimbike mquie pradotiireplatits hy diduykgravpsiniseelaeaarivalent of amino
groups)]/(molar ggf}giv lent of amide groups), a value o{}i[i'ggfa functional-group ratio for the surface on

[

the side oppS&TtE s tHE BTSSR AHERY Ve petmeshittn Sion Srospnensntad thalsarface on the side
Iic(i{‘)g ;p(eziﬂfrﬁ% BRI LGS, ' A R d8 8P Lt DR SRR RS RRR,ement according
composite semipermeable membrane which includes a erpsslinked polyamide polymer
10 formed as a separation function layer is treated by bringing the membrane into contact
with an aqueous solution which contains nitrous acid (patent document 3). . By this
treatment, the water permeability can be improved while maintaining the boron removal
ratio of the untreated membrane. However, there is a desire for 2n even higher boron
removal ratio and even higher water permeability,
15 [0006]
Furthermore, there has been a problem that when a conventional
semipermeable membrane is used for actually obtaining a concentrated or purified
desired substance as permeated liquid or non-permeated liquid, low-molecular
components are dissolved away or released from the membrane or from a component
20 member of the membrane module to lower the purity of the desired substance or to
result in an initial permeate which must be discarded, leading to an increase in cost. In
order to overcome this problem, a method has been disclosed in which the nicroporous
support is reduced in water content to thereby minimize infiltration of the amine used as

a polymerizable monomer and to reduce the amount of the residual amine (patent

%)



substrate)is & lang=fiber nonwoven polyester fabric. (4)A method for producing a composite "¢ 13/ 53
semipermeable membrane, the method including; bringing an aqueous solution of a polyfunetional
amine into contact with a solution containing a polyfiinctional acid halide on a microporous support
including a 20 substrate and a porous supporting layer to form a polyamide separation function layer
having primary amino groups; and then bringing both a reagent (A) which reacts with the primary
amino groups to yield a diazonium salt or a derivative thereof and a reagent (B) which reacts with the
diazonium s riviaf] ereof intg contact with the polyamide separation function layer,

in which thee;%}a%lét%t&(% is%%%\g;%t lf’ﬁ o Contacr with & aﬂ%ﬁ%g%’fﬁ%%’b‘@ﬁpﬁrﬂeg’épamtion function
layer at a pregstien@dc. 2 YHite RrhighefandaiiaaehBRUE NS A gQNcentration of the reagent
(B) and a period of contact between the reagent (B) and the polyamide separation function layer is
regulated to 200,000 5ppm-min or less. (5)A method for producing a composite semipermeable
membrane, tﬁi&@%ﬂﬁ%ﬁ r{%ﬁ%g an aqueous solution of a polyfunctional amine into contact
with a solution containing a p |Pn Ndid halide on a microporous support including a substrate
and a pgroupgumpertingdaygeieform a polyamide separation function layer 10 having primary amino
groups; and then bringing a reagent (C) having a primary amino group, on the polyamide separation
function layel?4R# contact with a reagent (D) which reacts with the primary amino group to yield a
diazo:aium salt or a defivative thereof, in which the reagent (D) is brought into contact with a
surface of the polyamid&'SdJArsBrth i dBot ldytP44Ra pressure of 0.2 MPa or higher, and a product
15(pprmmin) of a conc t ( I d?ﬁ period over which the reagent (C) is in
contact with the polyarﬁ%%ﬁsjgé%%{%ﬁ%ﬁ%% a)z/gaigg?egulated to 200,000 ppm-min or less. [0010]

Incidentally, the reageftsetd Disc¢iphn Ihepipventmrach may be any of a 20 simple substance, a
compound, a mixture of simple substances and/or compounds, or the like. ADVANTAGE OF THE
INVENTION [0011] Patent Document 4: JP-A-2006-122886

SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE
- [0008]
15 An object of the invention is to provide a separation membrane element
which has a low content of extractable components and has high boron-removing

performance and high water permeability.

MEANS FOR SOLVING THE PROBLEMS

20 [000%)
The invention, which is for accomplishing the object, has any of the
following configurations.
O | A separation membrane element including a composite semipermeable

mepbrane which includes a microporous support and a polyamide separation function



According:tq thesinweation, a separation membrane element which has a low content of extragtabler ;-
components and which is excellent in terms of boron removal performance and water permeability can
be obtained. Use of this separation membrane element is expected to bring about improvements
which are energy saving 5and an increase in the quality of permeate. MODE FOR CARRYING OUT
THE INVENTION [0012] In the invention, the separation membrane element is an element in which a
10 raw fluid is fed to one surface of the separation membrane and a permeated fluid is obtained
through the q%%‘r' ﬁyrfasgg.ﬂ%lgogetgara%on membrane element may have been configured by binding a
large number 6f SHEBEs Of & Separation TerBIARERTy HHOIUG LSt SMAMPOIge membrane area
so that a largexgaaetiofdhe permeated fluid can be obtained per unit element. Examples thereof
include various elements such as 15the spiral type, hollow-fiber type, plate-and-frame type, rotating
flat membrane type, ani o Smbrineidtegratciveyfoecitndryardsuitadevaeapglicegons or
purposes. Arg ng JSese, the 3};}"3' segsaration membrane elements are frequeﬁgtly used from the
standpoint of tHE b RSP S B RRser EAE R the TabgRaisrioliAt 4ORINE bpplying a pressure
to the ragy flu@i@g[mggA spiral separation membrane element is configured of a central tube and,
wound on the periphery thereof, members including a feed-side passage material for feeding a raw
fluid to a sep@ation méimbsepreationfane ase RivALoNBeRINERS MLSAMMRLAGAR plurality of
components cqntained in the raw fluid, and a permeate-side 25 passage material with which a specific
component tA&Y ARYIR SSRAEHAT Sighin dayen. wheo 4 Smoimp-smevpratinforechintmerdae has been

separated frg@}ﬁgﬁor@%%@cﬁé?#éggrﬁaﬂ%gﬁ %;1%’ Qfe&%%gégr% élfg]IFq dﬁnéL% (égg_ Fi,;gntral tube. As the feed-side

passage material,"a het or t 0 olymeri Y B4 Fation membrane

preferably issamompgsiesemipsiiestieumgmpiant Rpding mseRAAIRR glANIAyer conslituted
e

5of a crosslinked polyarnide polymer, a porous supporting layer constituted of a polymer, e.g., a
polysult8ne, Sfrranaiie trates corminamonostee patyrierxpressaudly (tniteretaesatitbedate), which have

been superposed in this order from the feed, side, to the permeate side. As the permeate-side passage
material, us@oﬁéuﬁi%g%?? 5F & umplg% ?%pg‘%% 8#?@8???2W@Hﬁ’ﬁéﬁfﬁ%ﬁ%ﬂé@%ﬁ%@%ch has a more

or éxamp
finely rugge¢:auHatembRR equivalent of amide groups), a value of (the functional-group ratio for

the surface on the side opposite to the porous supporting layer)/(the functional-group
ratio for the surface on the side facing the porous supporting layer) is 1.1 or larger,
15 3 The separation membrane element aceording to (1) or (2), jn which the
substrate is a long-fiber nonwoven polyester fabric.
{4 A method for preducing a composite semipermeable membrane, the method
including: bringing an aqueous solution of a polyfunctional amine into contact with a
solution containing a polyfunctional acid halide on a microporous support including a
20  substrate and a porous supporting layer to form a polyamide separation function layer
having primary amino groups; and then bringing both a reagent (A} which reacts with
the primary amino groups to yield a diazonium salt or a derivative thereof and a reagent
(B) which reacts with the diazonium salt or the derivative thereof into contact with the

polyamide separation function layer,



-10.thejfeed-side;passage material and which can form permeate-side passages while preventing the
membrane from falling. According to need, a film for heightening pressure resistance may be
superposed on the tricot. (0014] In the separation membrane, the microporous support including a
substrate 15and a porous supporting layer has substantially no ability to separate ions or the like and
is intended to impart strength to the separation function layer, which substantially has separating
performance. The microporous support is not particularly limited in pore size and distribution.
However, preferred is, for example, a microporous support which has even and fine pores or has

e Wéw@% ﬁé@&a&%@ﬁdﬁﬁﬁ%‘%ﬁ%@ pAvreRfiwhere the separation

micropores whose diameter gra ¥ Tﬁgﬁ%

function layerjsfaiiRadpatagnutiaan P hihePihrtside.20% M'B?ﬂiegﬁ%;”éﬁg pl%(%g%s‘gresent in the

surface on the side where the separation function layer is formed have a Size of ‘0. 16100 urn. [0015]

The materialdrpbatng ef wectiventritiopdrbasespapdRand dhestbpbstheraaiviarapot particularly
limited. Examples of.the substrate include fabrics containing as a main component at least one
member sele %ﬁﬁ%ﬁ? o) gk@‘i’i?’ BrigFsatrtipe fastiae byesisaeslyiod &r@HBQ0F these is a polyester
fabric whych isRighiy statile mechanically and thermally. Preferred forms of such fabrics are a
long-fiber nonwoven fabric, a short-fiber nonwoven fabric, and a woven or knit fabric. Of these, a

long-fiber 5 nhwoven fabrtisdfiorppieligeddapdiadelayiamaprensm Witk adongdipgr nonwoven
fabric, it is passjble to prevent a polymer solution for forming a porous supporting layer from

excessively iFHitSHs, BHEHE S8 AGAMs g iR efbrelfanaiimal pounednomtorthetsvilistrate.
Furthermore -fihe oven fabric.is used, not only the porous supporting layer can be
prevented frggﬁﬁ%?#g%%%%tgﬁqg%g%ﬁ%ﬁ |8%J§t%%%§%igf@ﬁ{ﬁfm BRI &RE EEfses membrane
Unevenness aixesdiannuleiesiesaphi RDPOITS £28 R BEGNC RGPl alang fper nonwover
fabric makes it possible to prevent the trouble that the fluffing which occurs when a Fort-fiber
nonwovén falbTé s RISBRrE At Zrpewve audidteb btioging arpegae dq)diyvier splition snfgsults in
membrane defects. Since a membrane having no membrane defects is 15 necessary especially for

producing a Separsion Rembrate e HETRIG KR prrrerasicE hasrgms &P hohisoven fabric is
more preferragdasvins &iditaley 19840 ous to yield a diazonium salt or a derivative thereof,

in which the reagent (D) is brought into contact with a surface of the
polyamide separation function Iayer at a pressure of 0.2 MPa or higher, and 4 product
15 (ppm'min) of a concentration of the reagent (C) and a period over which the reagent (C)

is in contact with the polyamide separation function layer is regulated to 200,000

ppin-min or less,

[0010]

Incidentally, the reagents (A) to (D) in the invention each may be any of a

20 simple substance, a compound, a mixture of simple substances and/or compounds, or

the like.

ADVANTAGE OF THE INVENTION
[0011]



Meanwhile-as thesmaterial of the porous supporting layer, it is preferred to use a polysulfones cellulgse
acetate, poly(vinyl chloride), or a mixture of these. It is 20especially preferred to use a polysulfone
which is highly stable chemically, mechanically, and thermally. [0017] Specifically, a polysulfone
made up of repeating units represented by the following chemical formula is preferred because use of
this polysulfone facilitates pore 25diameter control and brings about high dimensional stability.
13-92-0412:59.PM; [0018) [Chem. I] [0019] 5The thickness of the microporous support affects both

the strength of the comg%gggd%ggg rmeat Jgnrréerlﬁpbrane and the loading density in the element
produced using the mem rom the’s andp?)lﬁ?rgfl%fﬁ e§l!ﬁ1f1’&‘étn“t’}f‘fﬁij‘éf“?é|"i‘il"é{‘f"strength and

rane.

a sufficient loadirg: dgesityciigthisiRess:0iih o MISTRRQIRHS FUPRAMIS AIGIsI 3Rl inthe range of 30 to
300 um, more preferably in the range of 50 to 250 um. 10 The thickness of the porous supporting layer

as a componBHtGmARCHHviopEes ermeppbtly isphefebatitydn thisaafitissatiBattn200 um, more preferably
in the range ?nf quto 109 lI_I-lum.L00201 The corg]iqgguration of a porous supporting layer can be examined

with a 15scanning electon ey SRTHE 1 RALRABCH eIt Ra e S5 nereaterriReforce

Microscape. i Sxamelss E{Qg@@ﬁfﬁﬁ&ﬁ{&&js to be examined with a scanning electron
microscope, the porous supporting layer’is peeled from the substrate and cut by a freeze-cutting

method to obtain a sample for cross-section examination. This sample is thinly coated with platinum,
Platinum- P NG R PR ShevEnTION
[0012]
In the invention, the separation membrane element is an element in which a
10 raw fluid is fed to one surface of the separation membrane and a permeated fluid is
obtained through the other surface.  The separation membrane element may have 'been
configured by binding a large number of sheets of a separation membrane of various
shapes to obtain a large membrane area so that a large amount of the permeated fluid
can be obtained per unit element, Examples thereof include varicus elements such ag
15 the spiral type, hollow-fiber type, plate-and-frame type, rotating flat membrane type,
and fiat~1ﬁembrane integration type which are suitable for applications or PUrposes.
Among these, the spiral separation membrane ¢lements are frequently used from the
standpoint of the ability thereof to yield a permeated fluid in a large amount while
applying a pressure to the raw fluid,

20 [0013)

A spiral separation membrane element is configured of a central tube and,
wound on the periphery thereof, members including a feed-side passage material for
feeding a raw fluid to a separation membrane surface, a separation membrane for
separating a plurality of components contained in the raw fluid, and a permeate-side

25  passage material with which a specific component that has passed through the



20 preferghbly: withguthenium tetrachloride, and is then examined with a high-resolution field-emigsien
scanning electron microscope (UHR-FE-SEM) at an accelerating voltage of 3 to 6 kV. As the
high-resolution field-emission scanning electron microscope, electron microscope Type S-900,
manufactured by Hitachi, Ltd., or the like can be used. From the electron photomicrograph obtained,
the thickness of the porous supporting layer and the projected-area equivalent-circle diameter of the
surface are determined, [0021] The thickness and pore diameter of the porous supporting layer are

average 5valyes, Qﬁﬁﬂl IB@ s.of.the porous su ting layer is an average value determined by
measuring the hi%xness%l agc%ggg-ﬁé%sc%%ﬁ & grr%%%(ﬁgw Sﬁﬁwaﬁﬁﬂ%&i gdifbular to the

thickness dirpetins@at inte\als @k 20k g, a\@w@&&t@d\@gﬁgggﬁﬂg}gﬁ%‘ggﬁﬁéo points. The
pore diameter an average value determined by counting 200 pores and averaging the projected-area
equivalent-cifierRdmeta robmmpris mpiryisido 2 Jhe separdtichenimientioprdheaplylyeanide separation
function Iayegois a Iae/er which ca!ﬂ be formed by the interfacial polycondensation of a polyfunctional
amine with a-polgTaRCTSRAICHR HE Femimne Liluting Sstowation fayeimdare rastiiesry amino
15groups as{Fartiak st W "ECHQB | id ich, constitutes the
separation functfﬁsg)%%w %@%M% 1 hg%hickneeéswo%tﬁe ﬁ%‘%}?ﬂ%&g{%{@ﬁgga%rp ?EHE?FOn layer is

generally in therapgywtmlae b absrrefesahijniaithezipigasf d, wl&dmeftom the standpoint of
20 obtaining sufficient separating performance and a sufficient permeate amount. [0024] The

present in\{eFﬁrS t&ﬁ%@@%ﬁ%ﬁ&@"iﬁ\‘?@%@mm%mm&gﬁf&aﬁ@mmﬁction layers, As a
R Lo e
polyamide separatib:ftingiichdayeidtalled tricot, which has a more finely rugged surface than
10 the feed-side passage material and which can férm permeate-side passages while
preventing the membrane from falling.  According to need, a film for heightening
pressure resistance may be superposed on the tricot.
[0014]
In the separation membrane, the microporous support including a substrate
15 and a porous supporting layer has substantialiy no ability to separate ions or the like and
is intended to impart strength to the separation function layer, which substantially hag
separating performance, The microporous support is not partienlarly limited in pore
size and distribution. However, preferred is, for example, a microporous suppott
which has even and fine pores or has micropores whose diameter gradually increases
20 from the surface on the side where the separation function layer is formed to the surface
on the other side, and in which the micropores present in the surface on the side where
the separation function layer is formed have a size of 0.1 to 100 nm.
[0015]

The materials to be used as the microporous support and the shapes thereof

25 arenotparticularly limited. Examples of the substrate include fabrics containing as a



the inventipn has ayellowness of 10 to 40. When the yellowness thereof is 10 to 25 among thaf:/ &2
yellowness range, a membrane which is especially high in water production amount among
high-performance membranes is obtained. On the other hand, when the yellowness thereof is 25 to
40, a membrane which is especially high in removal ratio 5 among high-performance membranes is
obtained. [0025] The yellowness is the degree in which the hue of a polymer deviates from
colorlessness or white toward yellow, as provided for in the Japanese Industrial Standards, JIS

K7373:2006, ﬁx@ﬂl i&g@gﬁ%ﬁ?&ﬂ&&%gﬁeg&%@%g%bgé [ggz%?%yeit\erg hefgellov.vne >.of the polyamide

separation function layer can be measured with a color m CoR TSR Ry AR etﬁape is applied

to the surfacesspébielBepefatiancitnesion iKyeyaia feed- wRaPR e SeMBR MeARISMembrane and
then peeled off. Thus, the polyamide separation function layer can be transferred to the 15cellophane

tape. Using tieétdrspritine Riptass dorms af shehifatiiescet ap g tapestovavtis iathie, polyamide

separation function layer is adhered. is subjected to a transmission examination. The yellowness of the
layer can be ﬁﬁﬁ%@g&ﬁ?g&vﬁ% ??’5‘%0%% ‘3?&’??{?53’85 °madeRient Eesi€omputer SM-7,

manufacgiredbywsudarent i pRRLs Qoo il r816. 2000  wilRAINeRQ! the polyamide

separation functio ayer having a yellowness of 10 or higher include a separation tfunction layer of a
polyamide whiekieasnalrgcttierinibting mevanomatignin gdthabh ds: Hothiag £leetign-donating group
and an electron-withdrawing group and/ar a structure that extends a conjugated system. These

25structures PESSERRFY FRTAR fakEtive pslhpaming Gepwhiserhrrdeisyer have a
yellowness b3l HANGE s URLIEIIG AR o sse stugures s nreased,

the yellowness is apt to become higher than 40." Furthermdte, when those § fuctires are introduced in

a multiple comticticin poerne sutipntisgy Uster eapoeinescarellatge pribisroplyaryde is apt to give a
separation finiction layer which is 5 reddish and has a yellowness higher than 40. As the yellowness

increase® befSHbub 2t sWb s A Sne renvetiiseressHasshrend angeredstrentlisfare portions
become larger I rf nd inner pores qf t 0 ide.separation fupction layer.
%S%QCJ% 8\?6?}1% BI%IQEO?&S gn bé gpeven eg. nlgz‘&g %@Pg&%ﬁ&lﬁp&%\gﬁﬁ

0 .
Consequently, use o olyamide separation function 1ay &fable decrease in

water permegfiResanporiibiaibgHaRA NG EaaRALR: R ARFRR A AUS JARHAINR% SR ong as the

yellowness is 10 to 40, th(? boron removal ratio can be heightened without excessively reducing the
water permeafiBiicaicabiic(602ed causesErayplistubttienatfepomabpatinggrdugoinaiude hydroxyl,

amino, and al‘goil% rouga% Exa gales of the electron-withdrawing group include carboxyl, sulfa,
15aldehyde, Sy amin 5?6‘8&%1 S hinSSHGHERYRAC ARYIREARITRSSERG R5SSS 1s

15 necossary especially for producing a separation membrane element having high
performance, a long-fiber nonwoven fabric is more preferred as the substrate.
[0016]
Meanwhile, a3 the material of the porous supporting layer, it is preferred to
use a polysulfone, cellulose acetate, poly(vinyl chloride), or a mixture of these, Itis
20 espeeially preferred to use 2 polysulfone which is highly stable chermically,
mechanically, and thermally,
[0017]
Specifically, a polysulfone made up of repeating units represented by the
following chemical formula is preferred because use of this polysulfone facilitates pore

25  diameter control and brings about high dimensional stability,



Examplesof the;struigture that extends a conjugated system include a polycyclic aromatic ring, g ¢
polycyclic heterocycle, and ethenylene, ethynylene, azo, imino, arylene, and heteroarylene groups,
and combinations of' these structures. From the standpoint of ease of an operation for structure
impartation, the azo group is preferred of these. 20[0029] It is preferred that in the polyamide
separation function layer, the structure including an aromatic ring that has both an electron-donating
group and an electron-withdrawing group and/or the structure that extends a conjugated system
should be pr\;—m@%fn a larger amount in the surface (a surface of the composite semipermeable 25
membrane) which-is on the side opposite to the porous supporting layer than in the surface which is
on the side fq¢ipgxthg porous supporting layer. By regulating the structure(s) so as to be present in a
larger amount in_the surface which is on the side opposite to the porous supporting layer, the boron
removal ratio cgn be heighteneg punt more satisfactorily.
5[0030] From the stand - [ Q [ogs a water permeation

' : & fo-se r-fnction layer, the structure
including an argmatic ring-t ' electron-withdrawing group
and the structure 10 that extends a conjugated system should be present jn@ large amount in the
surface on the side opposite to the porous supporting layer (on the side facing a surface of the
composite si% rmeable membrane) and be present in a small amount in the surface on the side
facing the porous supporting layer. [0031] 15Specifically, in the case where the structure is an azo
group, itds preferred thah&uﬁlam@mmpﬁﬁ%@ﬂg&Bﬁ@&tméwmv\{ﬂg%%gm%@'grOUp ratio for
each of the surface which is on the side facing the porous supporting layer and the surface which is on
the side opp6&REesithsmipeusainppeniglayed helopdigsdehiiy fmblasiageivaleateiazo
groups)+(molar equivalent of phenolic hydroxyl groups)+(molar 20 equivalent of amino groups)}/(molar
equivalent of' gnr%ﬁgjgaé%ﬁ%@}et‘he%rﬁwﬁﬂ@&?ﬁﬁ&%m%ﬁlﬁﬁﬁ@%hm%urface on the side

opposite to the:-RAEPuS; SURBRLI /Gthe: jQnal- tio.for the surface on the side facing
the porous supp(;gﬁii)ng Iaye?)%%g%é%ﬁe{%éghgﬁ a’r}gger. esgg}gé%i% P Patie e teen the
functional-gngferaitlpsnishpreferaiilp Gto 8 l@ssn2 HOR I ferably iTHE ARG 5f hesupgtional groups,
e.g., amjde groups, of thetpolyamide separation function layer can be determined through analysis
made 3135 foaléiz{%hmﬁsﬁ(.ﬂ the porous supporting layer s a component of the microporous support

is preferably in the range of 10 to 200 jm, more preferably in the range of 20 to 100
.
[0020]
The configuration of a porous supporting layer can be examined with a

I3 scanning electron microscope, transmission electron microscope, or atomie force
microscope. For example, when a cross-section is to be examined with a SCAnning
electron microseope, the porous supporting layer is peeled from the substrate and cut by
a freeze-cutting method to obtain a sample for cross-section examination. This sample
is thinly coated with platinum, platinum-palladium, or ruthenium tetrachloride,

20 preferably with ruthenium tetrachloride, and is then examined with a hi gh-resolution
field-emission scanning electron microscope (UHR-FE-SEM) at an accelerating voltage
of 3to 6kV. As the high-resolution field-emission scanning electron microscope,

electron microscope Type 8-500, manufactured by Hitaehi, Ltd., or the like can be used.

10



ray photoglegtron: spectroscopy (XPS). Specifically, the amount thereof can be determined by using ;
the method of X-ray photoelectron spectroscopy (XPS) shown as 5an example in Journal of Polymer
Science, Vol.26, 559-572 (1988) and Nihon Setchaku Galdcai-shi, V01,27, No.4 (1991). [0033]

For data processing, the position of the Cl s peak assigned to neutral carbon (CHXx) is adjusted to
284.6 eV, The proportion of carbon atoms having a nitrogen 10 atom or oxygen atom bonded thereto
to carbonyl carbon atoms is determined through peak separation. In the case of amide groups, carbon
atoms to Whic@l%l{'{i o%(in atonLhas been bgl?a%ed and carbonyl carbon atoms appear in a ratio of 1:1.

In the case of an aroma ?gtfc?(r)ll PR R AD ) AR R s i it i G FR Y eRRSMESE of carbony
carbon atOmsﬁiarﬂﬂ@&@E@&@é&%&ﬁ%@ﬂ@@dﬂg@&}%@{é}%ﬂ%&%ﬁ& arom eﬁgr axygen 15atom is the

proportion of [(molar equivalent of azo groups)+(molar equiva enolic hydroxyl groups)(molar
equivalent of @A%ihb groups)]. The ratio of this value to the proportion of carbonyl carbon atoms is
expressed as [(molar ezﬁivalent of azo groups)-1-(molar equivalent of phenolic hydroxyl

groups)+(molar equivaléht BRI AET SO SRR PEGaRaIeR SRS ipoups) A20f0634] In the
o1 the Doy s B B T e v oo

of the polyamide separation function layer

substances" byeaerswing fansitisvshic  afesexvarie exHaMHh 3R aligrmMgmbrane to come into the
permeated liquid when a liquid is passed through the separation membrane. Examples of the

extracted suBSTBARESHAE o dke dhisknnrs siredtipopfiniryain af 2ime ahg drotyzhig thefplobfunctional acid

Shalide, oliggnets ggﬁ R ftmctional,amine and poly-functional acid halide, the compound used
when the polyamidee sghgarg%}é)%aflﬁ%étizfgl?ﬁé? V\}g@?‘? e %ﬁﬁﬁ?@‘éﬁ’é@f%ﬁf’é&i’&é’ formed from those

extractable sunatanCEsOURUARd eRGEng PR RMical kealiehkolid et iakihe substances

extractable from the separation membrane are contained in the porous supporting layer and in the
substrat®. SPEES10substances in the substrate are apt to be extracted to come into the permeated

liquid, the [0022]
In the invention, the polyamide separation function layer is a layer which
can be formed by the interfacial polycondensation of a polyfunctional amine with a
polyfunctional acid halide. This separation function layer hence has primary amino
15 groups as partial structures or terminal functional groups of the polyamide which
constitutes the separation function layer,

[0023]

The thickness of the polyamide separation function layer is generally in the
range of 0.01 to 1 pm, preferably in the range of 0.1 to 0.3 pm, from the standpoint of

20 obtaining sufficient separating performance and a sufficient permeate amount,

[0024]

The present inventors diligently made investigations on such polyamide
separation function layers,  As a result, the inventors have found that there is a close
relationship between the yellowness of the polyamide separation function layers and the

25 boronremoval ratio thereof. Consequently, the poiyamide separation function layer in

11



presence)of @ largesagmount of extractable substances contained in the substrate may pose azproblem
when the membrane is used in the form of a separation membrane element. Consequently, it is
necessary in the invention to reduce the amount of extractable substances contained in the substrate.
15(0036] A method for determining the amount of extractable substances contained in a
substrate is as follows. The substrate is peeled from the composite semipermeable membrane, and
the substrate peeled is immersed in a solvent in which the substrate is insoluble. The immersion is
continued untj] the extractable substances have been 20sufficiently extracted with the solvent. The

substrate is tAREHETF SRS REATIHSEH B RéRtindY MibRedsdrrmssichrsrnhitdMisetature in a
desiceator, g gy SYRSEANE AR SRS SARGRIAIS, JUAIIE HERN Of e

extracted substances is calculated, Alternatively, the extracte ponents are examined with a
spectrophotometenfemoitychijieteefiotnsisib e sedianedigibradrmancediguid Reehigmatography, gas
chromatography, or the like for which calibration curves have been obtained beforehand, and the

amount of thé‘&?ﬁé@f?&%@ @?ﬁ%@é@&#r@rﬁ%ﬁé@%@ﬁ%@é@@hﬁ&ﬂﬁﬁ?@@@éﬁﬁb i13411tf.‘?\‘i@lihmi\l\/fIihf\é)ﬂequation, the
concentrgtlowoﬁggzég&%zfo%%%ﬁ%@m theS sg&sté te is determined. [0037] Concentration of

extracted substance welgﬂatnS? extracte ‘substances)/(weight of dry substrate) The

extraction of gxpagtable substances is conducted by immersing the substrate in ethanol for 8 hours. It
is thought that by the 8-hour immersion of the  substrate in ethanol, the extractable substances are
substantially wholly extreaeligwnesointhedsaresifodas] thedasefipryadadgezedont of substances

e e e SR s AR e e e ot
permeated 1Sigistale Ayt 1. 2096CE8A I IRR AU g Refgeated liquid. It becomes
10 [0026]
"The yellowness of the polyamide separation function layer can be measured
with a coler meter. A colorless cellophane tape is applied to the swface of the
separation function layer of a dried composite semipermeable membrane and then
peeled off.  Thus, the polyamide separation function layer can be transferred to the
15 cellophane tape. - Using the cellophane tape alone as a blank, the cellophane tape to
which the polyamide separation function layer is adhered is subjected to a transmission
examination. The yellowness of the layer can be thus measured.  As the color meter,
use can be made of SM Color Computer SM-7, manufactured by Suga Test Instruments
Co., Ltd,, etc.
20 [0027)
Examples of the pelyamide separation function layer having a yellowness of
10 or higher include a separation function layer of 2 polyamide which has a structure
including an arornatic ring that has both an electron-donating group and an electron-
withdrawing group and/or a structure that extends a conjugated systemn. These

25 structures possessed by the polyamide make the polyamide separation function layer
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necessary;tq cleanthe separation membrane or separation membrane element in order.to avoid sugh
a decrease in purity, and this cleaning may pose problems such as a decrease in performance due to
the chemical used for the cleaning, an increase in cleaning cost, etc. Consequently, in the invention,
the concentration of substances extracted from the 20substrate is 1.0x10-3% by weight or less.
Although preferably 0%, the lower limit thereof is practically about 1.0x10'5% by weight, [0039)
An example of methods for producing the composite semipermeable membrane and separation
membrane elgg\}ent dﬁscribed ?%)ve IS ex next. In 25 the example explained below, a

0

plaf'n,e
&M IES Pl B REhE A bl R VeIpteb it ydeni B Arvmraidesethereafter

separation membrane fs Use
subjected to apeciiciinataent iRLharshyLswiateResllow, e PRlAmIRS zeparation
function layer and the concentration of substance% extracted frglﬁ?t?lgasu 'str%te rponegfffes within the
specific rang@ser dhoewstruitises maberdicedinsenthhiplbesametiaimentmat beupgrormed before
the separation m,embrarglj is used to fabricate an element [0040] First, a microporous support is

prepared. ThBTHIRRS BB ST8°HIBIt Ralkepidsdraida Hurmoapvatoimetirelayenateidhls such as

"Millipores Filtgr M SYVES i factured by Millipore Corp., and "Ultrafilter UKIO" (trade
name), 10 manufactured %i@%ﬁﬁ%ﬁ%ﬁni d. %‘,‘241 a 6% %ggﬁf)ﬁ)énﬁeﬁ%%@é’ r%c?croporous

support in acterdancet uituthatraiiechdensebrebin LAffige shaalias Wak RessaEhand
Development Progress Report, No.359 (1968). Specifically, use may be made of a method in which an

N,N-dimethyibRRESEEEOME s RRIASSF, ther rokzamide separpotysitictimisyroured in a given thickness

ona denselydxgg ester. fabric qr 15nonwoven fabric, (Sybstrate) and the solution applied is
subjected to wet c%%éélu %’tl%sﬁ i %lv]laS ?? ﬂ%‘: %9%%?85%?8%3&3%6@%%% ENTaEETaRE substrate and a

porous suppdeirgdaeniarredbareomis AP NRRGINRIGHINS sHLfaRs.als Reroys supporting layer

is mostly occupied by fine pores having a diameter of tens of nanometers or less. 20[0041] Next,
a polyag?ide g&pingdtiofflmmaienaystisvionnisd b # ik traparens slppascdn Bhis step, an aqueous
solution contﬁéggg a(%)ol. unctional ,a%?ine and an organic-solvent solution which contains a
polyfunctional Feld Rali oS s eGSR FRIREtE et a0 pesmsatisne 20688t o conduct interfacial
polycondensgfiogion a surface of the microporous support. Thus, the framework of a separation
function layer can be formed. [0042] The term "polyfunctional amine" herein means an amine

that has at least two arfirmplegiyipaiareribleniig thercokladdeagiang ahwhichds a primary amino

group, ExamEIes thereof include aromatic polyfunctional amines such as the phenylenediamine in

which the t S YRSupEravel st cieaans ilsiseing swvinindagadichd, sulin, meta, and pan
g?:rigﬁg%exggﬁgﬁrgéi?%%&%%'%%%%ﬁ SRS, 35816, HiR0, M SIGS Siepe,_ aminobenzoic acid,

Examples of the structure that extends a conjugated system include 2 polyeyelic

aromatic ring, a polycyelic heterocyele, and ethenylene, ath}«;nylcnc, azo, Imino, arylene,

and heteroarylene groups, and combinations of these structures, From the standpoint

of ease of an operation for structure impartation, the azo group is preferred of these.

20 [0029]
It is preferred that in the polyamide separation function layer, the structure
including an aromatic ring that has both an electron-donating group and an electron-
withdrawing group and/or the structure that extends a conjugated system should be

present in a larger amount in the surface (a surface of the composite semipermeable

25  membrane) which is on the side opposite to the porous supporting layer than in the
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10 aminopenzyjamine; aliphatic amines such as ethylene diamine and propylene diamine, and aljicyglic .
polyfunctional amines such as 1,2-diaminocyclohexane, 1,4- diaminocyclohexane, 4-aminopiperidine,
and 4-aminoethylpiperazine. Preferred of these are the aromatic polyfunctional amines each having 2
to 4 amino groups per one molecule thereof, when the separation selectivity, permeability, and heat
resistance of 15 the membrane are taken into account, Suitable as such aromatic polyfunctional
amines are m-phenylenediamine, p-phenylenediamine, and 1,3,5-triaminobenzene, From the

standpoints of ayailahility and handleapility, it is more preferred to use mphenylenediamine
(hereinafter rg%}lﬁ%%%aiiﬁﬁﬁ ﬂflgﬂﬁigﬁaéﬂgs@%’@ﬁﬂ’m%ﬁho% BRAVEHRBAal amines may be

used alone, of R, R MRV BG2BL A PRINSEF SIMMIANERLSH, WIS IWo armar, amines are

simultaneously used, two or more of the amines shown above may be used in combination or any of
those aminesoprasitssatiecinoos mipration ayith dn Boraesniticd] Raw silersiduasecondary amino
groups per ong molecule thereof. Examples of the amine having at least two secondary amino groups
per one moleﬁ%@tw&}%’fr’i’l‘?&ﬁd@ﬁ&%%ﬁé"éﬁ@‘i‘%%ﬁ%%ﬁ@ﬂmﬂbme. [0044] The term
"poly-fungtio bg@jd halide"” means an acid halide which has at 5 least two halogenated carbonyl
groups per one molecule thereof Examples of trifunctional acid halides include trimesoyl chloride,

1,3,5-cyclohexanetricarbenytisehiofigmt andelaRidimyciebsanetlicarhonyldrahioride. Examples of

bifunctional acid halides include aromatic bifunctional acid halides such as biphenyldicarbonyl
dichloride, aZB8BEHIERE @i CEBOPRIRIEIDMauRs ropre hatlsfac thridyi deisisofirtbdkbyt Gbkloride, and
naphthalenediqagpﬁgglsghgggg%%,ﬁQOagc biftmetional acjdﬁj&%ljdes such as adipoyl chloride and

IR DR TO AT a i STRGEES 106U 0g #y apatitmsiaxi®ny i dichloride,

sebacoyl chlc?r{fa'e, and aficyclic

cyclohexanedigaraoayteighiorisen2pd e rahydeaiurandiaaron dichiarids o %S@C“V‘ty with the

polyfunctional amine is taken into account, it is preferred that the polyfunctional acid halide should be a
15 polyfithctitharaiehiiehlioridezaheystine dophihtior: saiciotivity @ndioeat iresisiaree: @hthe membrane
are taken int&@&:(g)unt, it js preferred that the polyfunctional acid halide should be a polyfunctional

aromatic acid GHf ﬁ&@ﬂ?ﬁ‘;ﬁw_ Q‘fd’ﬁr_%‘l’ﬁé?ﬁ‘%ﬂ%_ b Bosige %é@é_ﬁé%?@@f_l@%hgreof. More
Randleabiity, o 4D SR aat AR deR it TR BEERS! ore thereor
may be usedosithelsledatishythOpdbhitsasppsataghgdhat the polyfunctional) and/or the polyfunctional
acid haIide(sEO%g?]uld include a compouhd having a functionality of 3 or higher. 25[0046]
15 Specifically, in the case where the structure is an azo group, it is preferred
that in the polyamide separation function layer, when a functional-group ratio for each
of the surface which is on the side facing the porous supporting layer and the surface
which is on the side oppesite to the porous supporting layer is expressed by [(molar
equivalent of azo groups)+(molar equivalent of phenolic hydroxyl groups)+molar
20 equivalent of amino groups)]/(molar equivalent of amide groups), then the value of (the
functional-group ratio for the surface on the side opposite to the porous supporting
layer)/(the functional-group ratio for the surface on the side facing the porous
supporting layer) should be 1.1 orlarger. The upper limit of the ratio Between the
functional-group ratios is preferably 5 or less.

25 [0032]
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In order-tp;conduct the interfacial polycondensation on the micreporous support, an aqueous;selytion
of a polyfunctional amine is first brought into contact with the microporous support. It is preferred that
the aqueous solution should be evenly and continuously brought into contact with the surface of the
microporous support. Specifically, examples of methods therefor include a method in which the
surface of the microporous support is coated with the agueous solution of a polyfunctional amine and
a method in which the microporous support is immersed in the aqueous solution of a polyfunctional
amine. The period of CQH_;[aC'[ betwegen the mjcroporous support and the a%ueous solution of a

polyfunctional amine is prefSPaBR ?ﬁe ﬁ%‘g‘@fgiﬁg%&ﬂ* fEide monmmEdepeirapidterably in the
range of 10 s AGR 4R ] ' solution, of a polyfunctignal amine, the
Q5RRES RIS, [9945% d;termzﬁé&%}%%ﬂ%%ﬁ%m ma&eol?i, %Pﬁémﬁo 1?'\/%

concentration of the polyfunctional amine is pretera nge o ight, more

preferably in thepiariereotOnSpoctibS6cpy FEIght. Spetohglas theeansemiatianhereof 15is within that
range, sufficiﬁnt sa,lt-r%ovi,ng erformance and water permeability can be obtained. (0048] The

aqueous sol i BRSBIHFE diefrd a8y eoatestesgretticsitessoph (X& Somexanaple, a surfactant,
crenc et shglon BB, QD 2o 5 gtens 6 o e

reaction between the polyfunctional amine and tfie po

effect of imprOsikg: e, Wellzh)iNy.of theisurface of the microporous support to reduce the interfacial
tension between the aqueous amine solution and the nonpolar solvent. There are cases where an
organic solvéftidhctions as a catalyst for the interfacial polycondensation reaction and where addition

thereof to the aqueousp%ciglclilt'on of a{JoI féj}nctional agu'ne enables the interfacial polycondensation
il

reaction to be efficiently CONQULLET: FRREF IR LR &S PGBt 6 opsrraherbeial amine has
been broughtdnie) dcanteckiwitbgineg WPVWBH@MBQQ&&%I?%%%&%%HE%Qﬁgesgﬁiden“y removed

so that no droplets remain on the membrane, By sufficiently removing the exces§snolution, the trouble
that resifual depheExiEsvatme indadchtetacts affsmyl eabrantiaiiatontolavesthe membrane
performance 0%1 be a\ﬁioideinljor remg%(ing,the excess solution, use can be made, for example, of a

method in wRIcH IREATRbpdfbtS S5 SRR ErerRi raRbeTeaERTnR LS tinitregea gohyfunctional amine
was contactegsiseticaily ngb@ﬂ?ﬁ%ﬁé%?%aﬁ?&?%g rsa%lgtie?g_ 0 flg}w down naturally, a method
own fro ' [

in which a stream of nitrogen or the like is b Ah i horzfe againdt PeCARSHHbrous support to

forcedly removenttie molyasslsolutiosine bbredikeasisleeibersiprdPsiim: £84gBoAiter the removal of

the excess agueous solution, the membrane surface may be subjected to 15drying to partly remove
the water cofAEPRETR I abibgiBrpportion of carbon atoms bonded to a nitrogen atom or oxygen

I3 atom is the proportion of [(molar equivalent of azo groups)+H(molar equivalent of
phenolic hydroxyl groups)+(molar equivalent of amino groups)]. The ratio of this
value to the proportion of carbonyl carbon atoms is expressed as [(molar equivalent of
azo groups)+(molar equivalent of phenolic hydroxyl groups)+(molar equivalent of
amino groups)}/(molar equivalent of amide groups),

20 [0034]
In the invention, the concentration of substances extracted from the

substrate is low despite the yellowness of the polyamide separation function layer being

10 to 40.
[0035]
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(0050} 2-91- (Bubsequently, an organic-solvent solution which contains a polyfimctional acid halide is;
brought into contact with the microporous support with which the aqueous solution of a polyfimetional
amine was contacted, thereby forming the framework of a 20crosslinked-polyamide separation
function layer through interfacial polycondensation. For bringing the organic-solvent solution of a
polyfunctional acid halide into contact with the agueous-solution phase containing a polyfunctional
amine compound, the same method as for the coating of the microporous support with the aqueous
solution of a polyfunctiopal amine may be used. 25[0051] The concentration of the

polyfunctional acid halide fieiR SHiAiedSHEMCEs mREHISTroRasn Thitharesrgewed .01 to 10% by
weight, more prgiefabbsin. e B?é?&ﬁa?fe%o&ﬁ?g%&%)@xpée%%%eﬁ?q%{ %ﬁ%ﬁg&% tgi.s are as follows. By

regulating the concentration thereof to 0.01% by welight or higher. a suff| Bidfion rate is

Sobtained. Bypresydidtionptithecepannisaticintrereot Bxdfe by wrighi-anlasspsidedeactions can be
inhibited from taking place. It is more preferred to incorporate an acylation catalyst, such as DMF, into

the organic-sHIRHE S s eetaeikBncEqntb maingl prgediensesafipr iéactelelatéil by the catalyst.
[0052] 10t is i theorganic solvent for dissolving, a polyfunctional acid halide therein
v e e e DO A ASP e

should be a water-immiscible organi hdliftle is soluble and

which does nesisaina: el GRasoh/asfidenep-J 1ok ALEARIE BOMShLBAKAGANEABIC IS nert to
erre

both the polyfunctional amine compound and the polyfunctional acid halide. Pr examples

thereof includéhpaese fomabioniposaritraciehasibstaromnterangictantioanth thedecane. (0053] It
is preferred thﬁ\t rgfég!r the a%ugeo ?éstg‘luti n of a polyfunctional amine and the organic-solvent solution

of a polyfimefionarl acid A P t@%ﬁﬁ‘éﬁ%ﬁtﬁ@?@%@ﬁﬁ%%ﬁ&@ to conduct

interfacial polegRgeRsatigshiathers i M%ﬁgﬁ&ﬁ9&f#{ﬁtﬁ§é%§s@%{ud§g a crosslinked
ve ou

. . (v
polyarnide on the microporous support, the excess solvent s & removed. For the solvent

removalfusesebsiabesmiadie; fursenanplepofebmatihakintydish the memRraneisIeiticaly held to allow
the excess o&ggnic solvent to flow down naturally, thereby removing the excess solvent. In this case,

the period of ?ﬁ‘&%Wﬁé%@%?@%%‘?ﬁ?ﬁ‘ﬁ@@?WWWQ@@@%@@%@EWM, more preferably
10 seconds tg,&MIRHiES, WHEaSEWe6 e fAolding, %?erﬁxdxﬁsof a separation membrane

clement. Consequently, it is necessary in the invention to reduce the amount of
exfractable substances contained in the substrate.

15 [0036]

A method for determining the amount of extractable substances contained in

a substrate is as follows. The substrate is peeled from the composite semipermeable
membrane, and the substrate peeled is immersed in a solvent in which the substrate is
insoluble. The immersion is continued until the extractable substances have been

20 sufficiently extracted with the solvent. The substrate is taken out of the solvent, dried
by heating, allowed to cool to room temperature in a desiceator, and then weighed.
Subsequently, the extract is concentrated, and the weight of the extracted substances is
calculated.  Alternatively, the extracted components are examined with a
spectrophotometer for ultraviolet and visible region, high-performance liquid

25  chromatography, gas chromatography, or the like for which calibration curves have
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# 33/ 58-( togishorty aiseparation function layer is not completely formed. In case where the holging ¢
period is too long, the organic solvent is excessively removed and defects are apt to result. In either
case, a decrease in performance is apt to occur, [0054] 5Furthermore, the separation membrane
obtained by forming the separation function layer on the microporous support is subjected to a
hydrothermal treatment at a temperature in the range of 40 to 100C, preferably in the range of 60 to
100C, for 1 to 10 minutes, more preferably 2 to 8 minutes. Thus, the solute-rejecting performance and
water permeggélité semipermeable membrane can be further 10improved. [0055]

3 %i%gﬁ%ﬁ?ﬁ&a%%ﬂ%ﬂf&sm@wﬁ EstacpteraHe case of producing a

Next, this separa 8
spiral separafipgume BRI REME N B SRPRRIRR MamPrans. nethe periphery of a central
tube together with a feed-side passaggmfématerialganina per%%%‘%%%%ﬂgai,%é%{i}%ﬁ?%ﬂal. [0056]
Thereafter, @smasttdriovitishsinctde & dataraimatic ring having both an electron-donating group and an
electron-withdrawjng group and/or a structure which extends a conjugated system is imparted to the
polyarnide s tion function layer of 20 the separation membrane incorporated into the element.

[0057] Examples of mqggﬂg&&%gﬁlegg '{}QCEQE%%{C%@%@%”‘G polyamide separation function layer

include a method in which compounds having the structurés‘are caused to be held on the polyamide
separation function layer by-cldge(piédiht @fsxtracted substances)/(weight of dry substrate)

The extraction of extractable substances is conducted by immersing the
substrate in ethanol for 8 hours. It is thought that by the 8-hour immersion of the
substrate in ethanol, the extractable substances are substantially wholly extracted with

10 the ethanol,
[0038]

In case where a large amount of substances are extracted from the substrate,
there is a possibility that when the separation membrane or separation membrane
element is used, extractable substances might be extracted to come into the permeated

15 liquid, resulting in a decrease in the purity of the permeated liquid. Itbecomes
necessary to clean the separation membrane or separation membrane element in order to
avoid such a decrease in purity, and this cleaning may pose problems such as a decrease
in performance due to the chemical used for the ¢leaning, an increase in cleaning cost,
etc. Consequently, in the invention, the concentration of substances extracted from the

20 substrate is 1.0x10°% by weight or less.  Although preferably 0%, the lower limit
thereof is practically about 1.0x10™% by weight,

[0039]

An example of methods for producing the coraposite semipermeable

membrane and separation membrane element described above is expiaix;ed next. In

25  theexample explained below, a separation membrane is used to fabricate an element
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25and/er @ -methoddmavhich the polyatnide separation function layer is chemically treated tozintroduce
the structures through covalent bonds, etc. From the standpoint of enabling the polyamide separation
function layer to retain the structures over a long period, it is preferred to use the method in which the
polyamide separation function layer is chemically treated to introduce the structures through covalent
bonds, etc. In 5the case where the yellowness is to be heightened, it is preferred that the method in
which the structures are caused to be held by adsorption, etc. and the method in which the structures
are introducegnm%%gp covalent honds, etc. should be used in combination. [0058] 10For example, in

the case whete az0 §rups® rane IS IReEHHE MuRisYre te @ARisHistsREmeobieriembTor structure
impartation, @égui_mpg{@g@ﬂg&ﬁ&pgﬁ@gﬂ&(ﬁ&@@%ﬁ@#ﬁ%@i éa)igé?%?/%es of methods therefor

include a method (i) in which the polyamide sepa on lay primary amino groups is

treated to corverttiatipninfanbstanine e iftonane Gieups Hosaky MHQHH{E@&U?&;&ZO groups
15linked to the polyarnide separation function layer through covalent bonds. Examples thereof further

include a metHBE%ii) FPWRTER & Bdrmsseref privireghas the svmotipatsayie olesl orpiirtosnietace or in an inner

part of the cqup '% g}' rmeable membrane and the azq groups formed are adsorbed onto the
polyatnide separﬁén f nc%?gbﬁ fgﬁgr.rfﬁﬁébﬁ‘sf%rl%ﬁﬁg%ﬁé%ﬁ% ,e@%amples of the method (i) include a

method in widelEn aqueous solution of a polyfunctional amine is brought into contact with a solution
containing a polyfunctional acid halide on the microporous support including a substrate and a porous

supporting layer, to forfi#s Baljeiendersepmations fucmtien |d7be héAngRIRBHAIERAOIEroups and,
thereafter, a5%§9%§d1 : A Q’XQL%h reacts wiatﬂrt‘he rimarﬁ 25amino grorl%ps to yield a diazonium salt or a
derivative thereot and a raagent (e Wi ?@eé%@ With #hMikinomitenl DVB dersidvative thereof are
brought nto eenipekhea0ly ARIARAEPATALIER: MAGANIRYSE, BV prinaind the reagent (A) into
contact with the polyamide separation function layer having primary gmlno groups, a diazonium salt or
a derivifive mramedt iyl dny T Rostidzasianh malt iishieipsbemived Briaet eastsopiie,a water and is
thereby converted to ighenolic hydroxyl groups. Furthermore, the diazoniurn salt or the derivative

thereof reacteFiigh WRAFAFARCRiEfinGE Brtheddesritied ionSiravi§aiesWetoReaussupport or

separation fgnetRnJAusT: ' iC £ e compaung held on the separation function
layer, thereby formfrl%%g}sa;g{ g%%%é%%ﬁﬁ%é%@é%or neggﬁ IH5B% BREHB RS Bxpected.

method in which an N,N-dimethylformamide (DMF) solution of, for example, the
rolysulfone is poured in a given thickness on a densely woven polyester fabric or

15 nonwoven fabric (substrate) and the solution applied is subjected to wet coagulation in
water, Thus, a mieroporous support which includes the substrate and a porous
supporting layer formed thereon is obtained in which the surface of the porous

supporting layer is mostly occupied by fine pores having a diameter of tens of

nanometers or less,
20 [0041]
Next, 2 polyamide separation function layer is formed on the microporous
support.  In this step, an agueous solution containing a polyfunctional amine and an
organic-solvent solution which contains a polyfunctional acid halide and is water-

immiscible are, for example, used to conduct interfacial polycondensation on a surface
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.10[0066]1;-14 : Onrtiye other hand, examples of the method (ii) include a;method in which an acqugogs
solution of a polyfunctional amine is brought into contact with a solution containing a polyfunctional
acid halide on the microporous support including a substrate and a porous supporting layer, to form a
polyamide separation function layer having 15 primary amino groups and, thereafter, a reagent (C)
which has a primary amino group and a reagent (D) which reacts with the primary amino group to yield
a diazonium salt or a derivative thereof are brought into contact with each other on the polyamide
separation fungtion I,a}/er. In this method, the primary amino group of the reagent (C) reacts with the

reagent (D) (8- VST GBS SRR ortietis fivaciierent o emeton fonptemidryagsareaion function

layer or in argippneg part thereof, and the diazonium salt or the derivative thereof reacts with the

aromatic ring of the compound held on the separation function layer. As a result, a compound having
an azo grougdé4rmed on the surface of the composite semipermeable membrane or in an inner part
thereof and is adsorbed. Consequently, an improvement in boron removal ratio is expected, 25[0061]
18-02-04;02:59PM;/ 58-2¢ terme pplyiiiationg) tminsd hareitaneate mbraries ithebhpoatieatinto the element

to the treatmgnt D.Qr (1] e may_be made of a method in which the reagents are dissolved in
respective solve#%ggén%)%ﬁg e%]l? an %Pé ﬁcﬂ?otngrgor%] hﬁ%@éﬂ‘?ﬁf’f Fhis BRI, 5612] 5Conjugated

systems aregsignd @by iee thae FRURAJ AR IEAIR dRsPelaRIde.FePalation function layer. As

a result, the polyaznide separation function layer has a yellow to orange color and has a yellowness of

10 or higher PheBBS <o thénsehidpbmtsofmiyiativg trwe/bitovtnadsdab the palyamitiey 10separation
function Iayelata%aaﬁkxe ﬁf'}t)hin that r n%%thereby obtaining a2 membrane which is excellent in terms of
both water permeaton Qlﬂrxffeéﬁd“@o@ PEFRTE 1bEeRe iEiprinesrd of dritiaminsbprasiton function

layer Shou'dlﬁmhnﬁﬁﬁﬁéﬁwﬂé,@%wW%h%e%iu@igﬁiQ&i%%%t gilté%gcgf_tact of one reagent with

the separation function layer to contact of the other reagent ] In the case of the

method (i), thisireégeni{Bim aliietiontante suelitss tisytepalation TR jave @itage before the
reagent (A) is go[&tact,ed therewith or after the reagent (A) is contacted therewith. Alternatively, the

reagent (B) M4\ Buteotitrstitnalrninss ahshion hineisrnasesiahssatefofe and after the reagent (A)

is contacted 20, th ' the re. the ent,(A) and the reagent (B, e simultaneously
contacted with thesgzggg{%%’fﬁ%ﬂﬁéggﬁﬁﬁ %er ggataélélllo‘%ettéié? eeﬁ%]él?ﬂ) fggg,l%ﬁ%q?eagent (C) may be
contacted withstherstpatationdponifanciayel eihes belRiate PrRoeRL R JR.a0piRceM therewith or

after the reagent (D) is contacted therewith. Alternatively, the reagent (C) may be contacted with the
separation ﬂq&ﬁlﬁ%@%ﬂhm the separation selectivity, permeability, and heat resistance of

15 the mcmbrape ave taken into account.  Suitable as such aromatic polyfunctional amines
are m-phenylenediamine, p-phenylenediamine, and 1,3,5-triaminobenzene. From the
standpoints of availability and handleability, it is more preferred to use m-
phenylenediamine (hereinafter referred to as mPDA) among these.

[0043]

20 One of those polyfunctional amines may be used alone, or two or more
thereof may be used simultanecusly, When two or more amines are simultaneously
used, two or more of the amines shown above may be used in combination or any of
those amines may be used in combination with an amine which has at least two

secondary amino groups per one molecule thereof. Examples of the amine having at
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25beforejangd; after the reagent (1)) is contacted therewith, Furthermore, the reagent (C) and theg/ 73
reagent (D) may be simultaneously contacted with the separation function layer. Moreover, the method
() and the method (ii) may be simultaneously employed. In this case, the primary amino groups of the
polyamide separation function layer are converted to azo groups, which are linked to the polyamide
separation function layer 5 through covalent bonds, and simultaneously therewith, a compound having
an azo group is separately yielded and is adsorbed onto the polyamide separation function layer.
(0065] With respect to the reagents (A) and (D), these reagents are designated by 10 the different
symbols of (,Asag H’C(Iﬁﬁcﬁpg?ﬁ’é%”&g&?ﬁ?ﬁ ﬁé’f@lt?ém@éﬁlﬁﬁgw teelgdnpipastinevidt Beagent reacts
with the prlmgi% QLRSS of the polyamide separation function layer to yield a diazonium salt or
the like or whic reagent reacts mainly with the primary amino group of the reagent (C) to yield a
diazonium sdlidd#the like. However, the two reagents are substantially the same compound,
Furthermore the 15reagent (B) and the reagent (C) perform different functions, but the two reagents,
as a consequence, ma'E é%‘@&iﬁ@“é@ﬂm@aﬁd Mbdeémtwa@em;mmmmm may be used alone

or a mixtyre g Of Qre compaun be used. The aratlon function layer may be brought
into congct wg'ﬁl\éc?’ ér@ Freag e‘r‘}l)gb f r%eflﬂ?gén‘féﬁ%%ﬂ Bk cifizamp! ples of the reagents
(A) and (D), mnmmpammﬁmmemeseym&e%eidsas %?%&EHM Pef'va“ve thereof,
include aqueous solutions of nitrous acid, salts thereof; nitrodyl compounds Yhe like. Since an

agueous soIW@@@ﬂ@lMé&éﬁM@ﬂMM&;ﬂ@ghﬂﬁdﬂnﬂds amﬁmmﬁ@m evolving a gas, it

is preferred to t g&q’%%al XA ?d nitrous acid, for examsi)le by the 25reaction of a nitrous acid salt with an
acidic solutiSf: ngYH i AL ERe aifhacy onplAgid islicessugh se Riplyeryidieshens hydrogen on to

vield niousatith i WaRnibe. a5 sffsienhor A MIEN e ausous salion has a pH of 7 o

less, preferably 5 or less, more preferably 4 o sé Especiall pre Jerfalrtis 3 standpoint of
hand|eé@n||t;ciﬂoadmmém;ﬂmneﬁmmfmgimmﬁﬁe}ﬁgﬁﬁa%ﬁfﬂﬁaﬂwﬂrqw%!Edeg'ﬁz&{ Aulfuric acid in

5aqueous solytion.
adipoyl chloride and sebacoyl chloride, and alicyclic bifunctional acid halides such as
cyclopentanedicarbonyl dichloride, cyclohexanedicarbonyl dichloride, and
tetrahydrofurandicarbony! dichloride.  'When reactivity with the polyfunctional amine
is taken into account, it is preferred that the polyfunctional acid halide should be a
15 polyfimetional acid chloride. When the separation selectivity and heat resistance of
the membrane are taken into account, it is preferred that the polyfunctional acid halide
should be a polyfunctional aromatic acid chloride having 2 to 4 chlorinated carbonyl
groups per one molecule thereof.  More preferred of such acid chlorides is trimesoy!
chloride from the standpoints of availability and handleability, One of those
20 polyfunctional acid halides may be used alone, or twe or more thereo? may be used
simultaneously. |
[0045]
It is preferred that the polyfunctional amine(s) and/or the polyfunctional
acid halide(s) should include a compound having a functionality of 3 or higher,

25 [0046)
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[0067] -0 - sExaples of the reagent (3), which reacts with the diazonium salt or derivative thereof; ;
include compounds having an aromatic ring or heteroaromatic ring which is rich in electrons, Examples
of the compounds having an aromatic ring or 10heteroaromatic ring which is rich in electrons include
aromatic amine derivatives, heteroaromatic amine derivatives, phenol derivatives, and hydroxy
heteroaromatic derivatives. Specific examples of these compounds include aniline, the methoxyaniline
in which the methoxy group has been bonded to the benzene ring in any of the ortho, meta, and para

positions, the phenylenediamine in which the two amino 15 groups have been bonded to the benzene
ring in any of the ortho, BT i AARst SessitsHac ealimmsisnenioninvihichitheparmino group and the
hydroxyl gro the b ne.ring in any, of the ortho, met; and pare positions,
1,3,5- triami%&ﬁﬁ#ﬁ%ﬁ%@%ﬁ%ﬁ%&%ﬁnégy i fﬁgﬁ%ﬁ%‘?g% ¢ B EaRRH &Ry lamine,
4-aminobenzflaminepsitianilissaeid, B3 peihyiOabeRZIgRBud s A BARANARDINAIBN G a
2-aminonaphthalene, 1-amino-2-naphthol-4-sulfonic acid, 2-amino8-naphthol-6-sulfonic acid,
2-amino-5-ndFRRER Tk rekRbbisie, aunzart etk theowrfecand $eltsithesenfiphepet, o-, in-, or p-cresol,

catecholresgrcingl, hydroquinone, phloroglucinol, hydroxyquinol, pyrogallol, tyrosine, 1-naphthol,
2-naphthol, arFé%éﬁ%ﬂ 5?‘5%’?%&?6@%‘4‘%%&%"2%&9{9\?3 a methodp whishdheruaesseiieC), which is
convened to aidiagaaim.splioradeaiialhaaahd ik AiRaicaming devatives alcyclic

i
amine derivatives, aromatic amine derivatives, and heteroaromatic amines. rgxmm?ﬁeans andpoint of the
stability of the mrixehinmidelithe véroptivesthapot toibenyietddd ey ematicsanlinRbeeivatives and
heteroaromati%%nine derivatives are preferred. Specific examples of the aromatic amine derivatives

and the hetePSaPBRATHRBAATHRSde MRS AT ERMes It s an dhaairrspgeavisepprwhidithe methoxy
group has begp.bandeskio, the, benzens:tng in.any.of the ortho, meta, and paxa positions, the
phenylenedizﬁnine in Wﬁich thegtv‘\}gﬁaminé%%t%%ﬁ%ég%agéﬁ%%fé&%%&ﬁ@fﬁéﬁe‘Sing in any of the
ortho, ri@ta, anuktt€) mare positiahly; the:araipephenetdonedish theamino group and the hydroxyl group
have been bgnded to the benzene ring in any of the ortho, meta, and para positions, 1,3,5-
triatninobenig%ﬁ1,2,4-triaminobenzene, 3,5-diaminobenzoic acid, 3- aminobenzylamine,
4-aminobenzylamine, nilic acid '-dihydroxybenzidine, 1- aminonaphthalene,
2-arninonaphtbalene, ?ygr%lé%% cfﬁ%%ﬁﬁ%&-%%@ﬁ?ﬁ@%ﬁ 2 B CBCRRHIABREIIfonic acid,
2-amino-5-npgihfudtitrgil fafie acileRrmbsal iR B89, 200 bfm@%ﬁb&g{gndpoint of reducing the
concentration of extracted substances to the value shown above while keeping the yellowness of the
separation fllFeHERapchotanigs wiOr ity &54hbyvweatitve Sit Ismprefelcanbibaitheoaaniaest between the

reagenfs(A) 1OerPiénl reagent BT) scribgi above or the contact between the reagent (C) and the
reagent (D) Should" béaf:g%sﬁigu’c S U S Th R NS AT ERERRS h re o e iiby @by, it is

preferred thakiag-aroduct (ppmmin) of the concentration of the reagent (B) and the of contact between

the reagent (B) and the polyamide separation function layer
[0048]

The aqueous solution of a polyfunctional amine may contain ingredients
such as, for example, a surfactant, organic solvent, alkaline compound, and antioxidant
20 so long as these ingredients do not inhibit the reaction between the polyfunctional amine
and the polyfunctional acid halide. The surfactant has the effect of improving the
wettability of the surface of the microporous support to reduce the interfacial tension
between the aqueous amine solution and the nonpolar solvent. There are cases whers

an organic solvent functions as  catalyst for the interfacial polycondensation reaction
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should be regulgted tg, 200,000 ppm-min or less and that the reagent (A) should be 25 brought infos
contact with the surface of the polyamide separation function layer at a 13-02-U4; 02:59PM; pressure
of 0.2 TvIPa or higher. It is also preferred that the product (ppmmin) of the concentration of the reagent
(C) and the period of contact between the reagent (C) and the polyamide separation function layer
should be regulated to 200,000 ppmmin or less and that the reagent (D) should be brought into contact
with the surface of the 5polyamide separation function layer at a pressure of 0.2 MPa or higher. As a
result, the yellowness of the separation function layer and the concentration of substances extracted

from the subgthrdprscddidowiiiireofieo thngesshowinghoyks polgiletatisl batwesrdegctional-group

ratios also istﬁ\g)t ;o ecﬁamﬁ 1.1 or larger. [0070] 10The pressure at which the reagents (B) and (C) are
brought into CONACL With ¥ %CB‘H%EWF@E wapapafR herefciprlsadiasibe ordinary pressure or an

Ctw
elevated preggusg. However, from the standpoint of attaining both improvements in water permeability
and removal ratio and a reduction in the concentration of substances extracted from the substrate, it is

preferred that the proddéipipr smirotshe: db cfanmeyiiomaltaesaa980td Boang the period of

contact hetween the reagent (B) and the polyamide separation function layer and the product
(ppmrnin) of b AEE HmiR Brisus Bmgen fie arrsstreyisridd wffdntdytbevebsmthetreagent (C)

and the polygmy jon function Jayer should he, regulated to 200,000 ppmmin or less. These
products preferabi;}éa%re 1?8&38}? S;)%?%Ifﬁxg?'le%%’. *#é“}%%%rrﬁmﬁvmgﬁésﬁ@m}gw 2010 ppmmin
from the stardpeinblefieairsizg-0utdpRESRAIOAR RAN 298 Bk [0Q4 1 LEIQR e standpoint of

.improving the boron removal ratio while further heightening the water permeabllity, it is preferred that
the reagentd By Airmperpiamprnsfotranro cghbéntetibdtadidroemtivintycint susace iside (the side

opposie (o g PArRYS RS YRPSINGRYED), 2Ll RolRIpde separation function layer. [0072
10 which the aqueous solution of a polyfimetional amine was contacted is vertically held to
allow the exvess aqueous solution to flow down naturally, a method in which a stream
of nitrogen or the like is blown from an air nozzle against the microporous support to
forcedly remove the excess sotution, or the like, as described in JP-A-2-78428. After
the removal of the excess aqueous solution, the membrane surface may be subjected to
15  drying to partly remove the water contained in the solution.
[0050]

Subsequently, an organic-solvent solution which contains a polyfinctional
acid halide is brought into contact with the microporous support with which the aqueous
solution of a polyfunctional amine was contacted, thereby forming the framework of &

20 crosslinked-polyamide separation function layer through interfacial polycondensation.
For bringing the organic-solvent solution of a polyfunctional acid halide into contact
with the aqueous-solution phase containing a polyfunctional amine compound, the same
method as for the coating of the microporous support with the aqueous solution of a
polyfunctional amine may be used,

25 [0051]
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The solvent for dissglying the reagent (B) or (C) therein may be any solvent in which the reagent (B):or
(C) is soluble and which does not erode the separation membrane. The solutions obtained by
dissolving these reagents may contain 5 ingredients such as, for example, a surfactant, acidic
compound, alkaline compound, and antioxidant so long as these ingredients do not inhibit the
functions of the reagents. [0073] It is desirable that the solutions containing the reagents
dissolved therein should have a temperature of 10 to 90C. In case where the temperature thereof is
10lower than 10C, the reactions are less apt to proceed and the desired effects are not obtained. In

case where the temperdttf EREREBHRPITHHe Pelufatics ehjidslidhin Kage gotes vasulting in a

decrease in : Dex. ionamount. [007 ea ile, with respect to the solvent for dissolving the
reagent (A) g@(%%%ﬁﬁ%%rﬁa %ﬁ)l/ns%?v%aﬁ{ ,%%J.),'%ﬁvé?g\g% §¥/ B US RRTERIHE Fagent is soluble

therein and thesgobenozass smtoradiihe THERASIS TRGET EABIR.TIEMHaRS, g solution may

contain ingredients such as, for example, a surfactant, acidic compound, and"a ine gompound SO
long as thesdlifGragraiasionthrrcoimhthy ryavtightbehigten a sufifleint annfiorgreeR and the reagent.

20[0075].In tfg)% sogjcfior]%%%gta-nin e compoum%éﬁ) or () di‘;ssolved_ therein, the concentration of the
reagent eA) or (D) 18 preter B A A SHyEBE Pobasofdh B ergreisht eadesswhidee the concentration

thereof is lesg:Haan9 HALXRy et -2suflicient.effectis not obtained, In case where the
concentration thereof is higher than 251%, tr'tié‘l:st,g so?‘utigﬁtsls ﬁ%igﬁ%t%eﬁagﬁl SPII‘P ?é‘af)er@?erred that the

solution contaéiiatothentzlyst, 0RcBds OAVED R 'thS8 cigagienb [P Hisselvgd dherein should have a
temperature of 15 tp 45C. In case where the temperature thereof is lower than 15C, the reaction

requires much S A PRYSAFRSAEGR &S parrlemied ey theraitlistceeds 45C, this solution is difficult to
handle becamg}e reagent (A) or (D) decomposes quickly. 5[0076] The period of contact
between the reagent (A) or (D) and the separation membrane may be any period so long as a

diazonitén salt and/or drdedesataisk: thereef dsguiaiorml < HigeaNeRB LN ARESS &.ghort-time

treatment possible, while a low concentration necessitates a prolonged period for the treatment. When
the solution A&4da Bei FRad-htia vaRmimmiscitingegatie sobriothohdbeitabes impifern 240 minutes

or less, more RAIRFAPY HAMEBSH R 858, 1ML, fandpoint of the stabily of the solution.
organic solvent may be one which is inert to both the polyfunctional amine compound
and the polyfunctional acid halide. Preferred examples thereof include hydrocarbon
15 compounds such as n-hexane, n-octana, and n-decane,
[0053]
It is preferred that after the aqueous solution of a polyfinctional amine and
the organic-solvent solution of a polyfunctional acid halide were brought into contact
with the microporous support to conduct interfacial polycondensation to thereby form a
20 separation function layer including a crosslinked polyamide on the microporous
support, the excess solvent should be removed. For the solvent removal, use can be
made, for example, of & method in which the membrane is vertically held to atlow the
excess organic solvent to flow down naturally, thereby removing the excess solvent.
In this case, the period of vertically holding the membrane is preferably 1 second to 5

25 minutes, more preferably 10 seconds to 3 minutes. In case where the holding period is
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[0077] W-ig; preferredhat the pressure at which the reagents (A) and (0) are 15brought into cgntaets g
with the surface of the separation function layer should be 0.2 IVEPa or higher. By applying a
pressure, the portions with which the fluid to be treated with the separation membrane will come into
contact can be efficiently reacted. Furthermore, when the treatment is conducted under pressure, the
reagent solution undergoes reverse osmosis with respect to the separation function layer and the 20
substrate can be cleaned with the permeated liquid, In case where the pressure is less than 0.2 MPa,
reverse osmaqsis ;S only s%%?ﬁ because the difference between the pressure and the osmotic pressure

of the reagent’s A SRR BEG AR SHeR oW OemRrlrgle fermrcy tacosentireite the pressure to 0.2

MPa or highe,Risferably Q-3 MEa aL b t centration of substances extracted from the
substrate can be %uced to 1.Ox°_lfO'3$o.9 %%{%g%eigﬁggﬁ ee}écégs‘?ﬁgl{lﬁer%?vlf‘mﬁn[aug?gé(‘ff%?ﬁreferably 10

MPa or less. §00@8psutter theitteavmnens da.pr6d)ihashasipendusiessthg separation membrane 5can
be separateli brought into contact with a reagent in order to deactivate the reagent (A) or (0)
remaining th £83H or to convert the functional group of the residual diazonium salt or derivative

thereof. Examples of the reagent ta be used here include chloride igns, bromide ions, cyanide ions,
iodide ions, fluoroboric acé?%;/%}g cilmlgése %?%3%%%@?%88&%%%9@%6%@ HheFtHBtyanic acid. By
the reaction Tighwilbrdagtyioh BEQERPEHHIR MR SUieIPRS, H?&rBﬂfé’th? Ltesidual reagent (A) or (0)
can be deactivated but also a substitution reaction is induced to feplace amino groups with sulfo
groups. [007 8T msEBEhH Hivonnae aildihiod Q&G preftmisypirodiaceske afl dietw $e0P@|anel hSAlternatively,

such separaiiign membrane eleéene ts.can be connected serially or in parallel and disposed in a

pressure vessel 10 Configure x o%ffbgﬁiﬁ‘i‘fférmgsﬁegﬁ"eﬁﬁ TeieAbRE RS fOOBOYT he separation

membrane elemeRkPpdR-a6RRr AR MERBRIAN G IRAMIS S0 e mbrane can be further

10 improved.
[0055]

Next, this separation membrane is used to form an element. For example,
in the case of producing a spiral separation membrane element, the separation
membrane is wound on the periphery of a central tube together with a feed-side passage

15 material and a permeate-side passage material,
[0056]

Thereafier, a structure which includes an aromatic ring having both an
electron-donating group and an electron-withdrawing group and/or & structure which
axtends a conjugated system is imparted to the polyamide separation firction layer of

20 the separation membrane incorporated into the element.
[0057]

Examples of methods for imparting the structure(s) to the palyamide
separation function layer include a method in which compounds having the structures
are caused to be held on the polyamide separation function layer by adsorption, etc.

25  and/or a method in which the polyamide separation function. layer is chemically treated
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20 be combinedwith @ pump for feeding raw water thereto, a device for pretreating the raw watar; or
the like to thereby configure a fluid separation device. By using this separation device, raw water can
be separated into permeate, e.g., potable water, and concentrate which does not permeate the
membrane, Thus, water suitable for a purpose can be obtained. 25[0081] As the operation
pressure for the fluid separation device becomes higher, the salt rejection improves. However, since
the energy required for the operation increases and when the durability of the composite
semipermeable membrane is taken into account, it is preferred that the operation pressure at the time

when water td b EISELE SPsaEEH B PRtk st AR it se Mipo tiveroidnaietatirane should be 1.0
to 10 Ml)a. Wg@aEﬁﬁB‘?ﬁé I’%l%ﬁmﬁ&%%g ftc%ﬁ%{%}eﬁ% rvgagg{#g%%ndrease in the temperature thereof
[ lle’the

results in a decreaseé in salt removal ratio, W embra ARBSHERS AV dédBases as the feed

water temperatuieigie tdipegertians Qg matysAhR ;glﬁgﬁmg%f}@ﬁgg i&ﬁ&%ﬁ%&%}é&& 45C. With

respect to the p1-1 of the feed water, high pH 10 values may result in‘'generation of scales of
magnesium, &S Fhemissdrstedieinbeduamter stwottes Having eohidinsekdgneentiation, such as
seawater, Fu%@ermﬂo& , th%ge sz concern bc?it‘ﬂ,a membhrane deterioration due to high-pH operation.
It is therefore preferred 10 operats The HeVR 83 AAREREYL It dyrerertsodbattbesnstheids of the raw water
to be treated wiidH ae: GRIAGSH | in the._i tion,inglude, liquid mixtures
having a TDS (total dissolved s%ﬁ(%? hggr?tgéﬁf %ﬁ%%é@%’?ég ‘g?@lgﬁcrﬁ%léoge%\)v%aqgfﬁ brine water,
and wastewatet sirvgjareert; MDSwebihsotnh content bddtabdisholiedsaligsand is expressed in
"mass/volume"ﬁgg."wei ht ratio”. According to a definition, the content can be 20calculated from the
weight of a rSSIHIE Btitained by evaporating, at a temperature of 39,5 to 40.5C, a solution obtained by
filtration throq;g@g 0.45-urn filter. In a simpler method, the content is determined through conversion
from practical salinity (S). n EXAMPLES 25[0083] The invention will be explained below in

more détail by referencBote:ExaphpinshbrishetionenionshoudRetRerausiyad.asdeeing limited by

the following Examples in any way. [0084] 5The concentration of substances extracted from the
substrate, th&3RARA@E&n operation for structure impartation, are imparted to the polyamide

separation function layer, examples of methods therefor include a method (1) in which
the polyamide separation function layer having primary amino proups is treated to
convert the primary amino groups into azo groups, thereby introducing the azo groups

15 linked to the polyamide separation function layer through covalent bonds.  Examples
thereof further includs a method (ii) in which a compound having an azo group is
yielded on the surface or in an inner part of the composite semipermeable membrane
and the azo groups formed are adsorbed onto the polyamide separation function layer.
[0059]

20 More specifically, examples of the method (i) include a method in which an
aqueous solution of a polyfunctional amine is brought into contact with a solution
containing a polyfunctional acid halide on the microporous support including a substrate
and a porous supporting layer, to form a polyamide separation function layer having
primary amino groups and, thereafter, a reagent (A) which reacts with the primary

25  amino groups to yield a diazonium salt or a derivative thereof and a reagent (B) which

28



of the pplyamidg sgparation function layer, the ratio between functional-group ratios for the pelyarnide
separation function layer, and various properties of the element in the Examples and Comparative
Examples were determined in the following manners. With respect to each of the concentration of
substances extracted from the substrate, the 10yellowness, and the ratio between functional-group
ratios for the polyamide separation function layer, measurements were made on different five portions
and an average value thereof was determined. [0085] (Concentration of Substances extracted from
Substrate) 15The separation membrane element was disassembled, and the composite
semipermealif&dietithrimclineoikenloutiid dopletive ththend arapositthsaroiparme abig membrane were

removed, and r;‘?}e}}oiecg havin%di ensions of 10 x 10 cm was cut out of the composite semipermeable
membrane. THe’ SUB STt . g’@&?%?#ﬁth@ﬁi%&%?ﬁ%ﬁ B gutastsitotifor 8 hours. The
components gxiaciad il Ahe.SthaRsk 20 WEeLe; ' ith a spectrophotometer for ultraviolet and
visible region (Uji/-2450, manufactured ga;/} Shimfggqu%%gg%g}o %ﬁstgfﬁ)%%mfﬁb&%ad been

obtained befalesivativ; thecktfés\ielgbd.of The dubstancestextrcidfia0 thesvsikaiewas calculated.
Subsequently, the substrate was taken out of the ethanol, dried by heating at 60C for 4 hours, allowed

to cool t& rooMFERTsEISHFE convereddeaenniiakudrondigtmans ThEugbameration of the substances
extracted fro : ined using the following equation. [0086] Concentration of
extracted sug?%@é%%{%@ﬁﬁéfﬁg 1%68#'%3)% rgc%f%%véiu & ﬁl@ﬂgﬁ&ﬁa HED P Ybstrate)
(YellownesskonstituipeiseparaormenRbians dpmerhwatAikzAssenbed, apd hecemposite
semipermeable membrane was taken out. This composite semipermeable membrane was dried at
room temperdfdif the somnmandriridenithe sepewitiopHaneitapey(E TUEBKPoARiLE anvantiipstured by
Nichiban Co",&rﬁd# was ap #iedgo the surface pf,th@ﬁpol amide separation function layer and then
slowly peeled off 0 adhere the PoRAIATHS BB BT RitERmIaer to the cellophane tape. The
cellophame tagms@eeled off was fixed to a glass plate and examined with SM Color Computer SM-7,
manufactured by Suga Test Instruments Co., Ltd., to calculate the yellowness of the polyamide

separation function  On the other hand, examples of the method (ii) include a method in which

an aqueous solution of a polyfunctional amine is brought into contact with a solution
containing a polyfunctional acid halide on the microporous support including a substrate
and a porous supporting layer, to form a polyamide separation function layer having

15 primary amino groups and, thereafier, a reagent (C) which has a primary amine group
and a reagent (1Y) which reacts with the primary amino group to vield 2 diazonium salt
or & derivative thereof are brought into contact with each other on the polyamide
separation fanction layer. In this method, the primary amino group of the reagent (C)
reacts with the reagent (D) to yield & diazoninm salt or a derivative thersof on the

20 polyamide separation function layer or in an inner part thereof, and the diazonivm salt
or the derivative thereof reacts with the aromatic ring of the compourtd held on the
separation function layer. As aresult, a compound having an azo group is formed on
the surface of the composite semipermeable membrane or in an inner part thereof and is

adsorbed. Consequently, an improvement in boren removal ratio is expected,

25 [0061]
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15layer; [0087] (Ratio;between Functional-group Ratios for Polyamide Separation Function Laygr) The
substrate was peeled and removed from the composite semipermeable 20 membrane which had been
dried in the manner described above, and the separation function layer/porous supporting layer portion
was fixed to a silicon wafer so that the separation function layer or the porous supporting layer faced
outward. The porous supporting layer was removed by dissolution with dichloromethane to obtain a
sample for examining the surface corresponding to the front surface of the composite 25

semipermeable membrgne %tFLe s‘urfglge on the side opposite to the porous supporting 13-02-04;
'02:59'PM: layer) and a SShipRa°FsT 8 SahTmAG et mRIsRe s PrRted oRtLid s elopenttytheyer. These

samples Wer%@éfﬁééﬂﬂﬁﬂd?)(i?ﬁp&t&ﬂ%gm&@#m&%%ﬂ%ﬂ%ﬁé %?ra% %{gg&s&% olar equivalent of

phenolic hydroxyl groups)+(molar equivalent of amino groups)[ an htofamide

groups). The femetidriedolvoup aatithéoradaht Ssampleawpicheis repigpaniedhythe following equation,
and the ratio gﬁt#jaen these functional-group ratios were determined. Functional-group ratio =
[(molar equiv of no groups)+(molar equivalent of phenolic hydroxyl groups)-f-(molar equivalent of

amino grgups)]/(molar %&mi ent gsgrr’ggd%eﬁcq{}%gg@d%ﬁ%ﬁg&%&%@gayg ratios =

(functional-group ratio for surfdace on the'side op

layer)/(functipablagride pefatiatitor the o faga.ondbe side faging the RRIQUS SERPRAG layer) Apparatus:
ESCALAB2205XL, (manufactured by VG Scientific, the Unit%%g%%gdor#) 15Ex§%ﬁ%ﬁ X ray: aluminum

Ka 1 and 2 lifsTdasgeelion) IX qupasuapior and has,:0@lnwness of 10 or higher.
[0063]

From the standpoints of regulating the yellowness of the polyamide
10 separation function layer to a value within that range thereby obtaining a membrane
which is excellent in terms of hoth water permestion amount and boron removal ratio, it
is preferred that the separation funetion layer should not be treated with hot water or the
like during the period from contact of one reagent with the separation function layer to
contact of the other reagent therewith,
15 [0064]

In the case of the method (i), the reagent (B) may be contacted with the
separation function layer either before the reagent (A) is contacted therewith or after the
reagent (A) is contacted therewith, Alternatively, the reagent (B) may be contacted
with the separation function layer both before and after the reagent (A) is contacted

20 therewith. Furthermore, the reagent (A) and the reagent (B) may be simultaneous ly
contacted with the separation function layer. In the case of the method (ii) also, the
reagent (C) may be contacted with the separation function layer either before the
reagent (D) is contacted therewith or after the reagent (D) is contacted therewith,
Alternatively, the reagent (C) may be contacted with the separation function layer hoth

25  before and after the reagent (D) is contacted therewith, Furthermore, the reagent (C)
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Photoelegtran take<off.angle: 90 (Various Properties of Etement) The separation membrane glement
was placed in a pressure vessel, and this 20 device was operated for 3 hours under the conditions of a
temperature of 25C, pH of 6.5, and operation pressure of 5.5 MPa using 3.5% by weight aqueous
sodium chloride solution which contained boron in an amount of 5 ppm (recovery: 8%). The quality of
the resultant permeate and the quality of the feed water were determined, and the amount of the
permeate was measured. From the results, the following properties were 25 determined. [0088] (Salt
Removal Ratio (TDS Removal Ratio)) TDS removal ratio (%) = 100x (I-(TDS concentration of

penneate)/(THS Britasmmbiidhrsnibedimutienoaseatared dvithitre Arpoatioh finctidtHayamount of the
ressed in terms of the amount of water

e pe R tiomarecly o e
el et i b L
following eqURRBSPIBCFOMFPaTpal vdiich (9%6) inlkd0x (e totyanideseenitipmeibh Besmeate)/(boron
R g SR Eoisly thncat, 2 sommpound iy sy PMP soluton o
group is separately yielded and is adsorbed onto the polyamide separation function
layer.
[0065]
With respect to the reagents (A) and (D), these reagents ate designated by
10 the different symbols of (A) and (D) in order to discriminate between fhe two reagents
as to which reagent reacts with the primary amino groups of the polyamide separation
function layer to yield a diazonium salt or the like or which reagent reacts rainly with
the primary amino group of the reagent (C) to yield a diazonium salt or the like,
However, the two reagents are substantially the same compound, Furthermore the
15  reagent (B) and the reagent (C) perform different functions, but the two reagents, as a
consequence, may be the same compound, As each reagent, one compound may be
used alone or a mixture of two or more compounds may be used. The separation
function layer may be brought into contact with different reagents two or more times,
(0066]
20 Specifically, examples of the reagents (A) and (D), which react with a
primary amino group to yield a diazonium salt or a detivative thereof, include aqueous
sclutions of nitrous acid, salts thereof, nitrosyl compounds, and the like. Since an
aqueous solution of nitrous acid or of a nitrosyl compound is apt to decompose while

evolving a gas, it is preferred to gradually vield nitrous acid, for example, by the

25 reaction of a nitrous acid salt with an acidic solution. Although nitrous acid salts
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of 2001 um:on:aghertfiber nonwoven polyester fabric produced by a papermalcing 20 method (air 53
permeability, 1 cacm2/see) at room temperature (25C), and the coated nonwoven fabric was
immediately immersed in pure water and allowed to stand therein for 5 minutes. Thus, a roll of a
microporous support (thickness, 210 to 215 um) was produced. A 4,0% by weight agueous solution of
tn.PDA was applied to the microporous support obtained, and nitrogen was blown thereagainst from
an air nozzle 25 to remove the excess aqueous solution from the surface of the support membrane,
Thereafter, an n-d%ane solution cqontaining 0.165% by weight trimesoyl chloride was applied thereto

so that the suFfASEAVAE IS Mty nee rsnpadd o ard GRI0ss SwiatidhisesEciampyed from the
membrane by,ai i rinsed with 90 t water for 2 minutes. Thus, a roll
W%Idgmi%ﬂ@ﬁﬁg&%m%ﬁ%ﬂ%ﬁir?jﬁo g%ssa %regra ?8/5:/1?

of a composite semipermeablé 5 membrane whi epara U eéf’r’éﬂc'l%?yer formed on the

microporous qufpmmmsrdtminmpgezaagpmfemarmﬁqmma%ﬁﬁf@ﬂ%mﬁaﬁﬂtﬁ%brane obtained
was folded and cut to produce 26 pieces of leaf-like sheets, These 26 pieces of life-like sheets were

stacked 10soAMCHHS Ui Frelismeitstmasind with Bridiskideriwerisl dispdiett abtthy a direction which
was offset Wi%ﬁg&&e&&?ﬁe stacking direction, and each folded sheet was bonded to the adjacent

folded sheet(s) by uniting the sheets at the three edges other than the folded edge for each sheet. This

operation wagioémntiucted so as to result in a separation membrane element having an effective area of
37 m2. Furthermore, a net 15 (thickness: 900 pm; pitch: 3 mm x 3 ram) serving as a feed-side
passage material and dEersanlehidithe see8@URlhmiidiovecwidtt 2AQlgrontidgeawisgth: 300 pm; groove

depth: 105 pm) serving as g.penmeate-side passage material were alternately disposed between the
o %‘ﬁ%’ %?a%rﬁ %@%tﬁ%‘%%‘&iﬁﬁfﬁ%&&l@@ﬁﬁ%&&& RRESIFIEBTRIAS Bpfrally wound to

adjacent separa]tlon m

produce a Seﬂﬁf@;iﬁ%%ﬁﬁ@é@ﬁ@n@e’ﬁﬁ%ﬁby@tﬂ@&ﬂ%&ﬂﬁj%@?g%ﬁ %%%gg{ of the element and
ac nd fi

fixed with a tape. Thereafter, edge cutting, edge plate a ment, ament v{}%%rlng were

conductél tohstersarenaticing-hiathriseith [0@E2RXAMRERrbhatc amincskgsgRagation membrane
element obtained in Reference Example 1 was 25placed in a pressure vessel, and the element was

(3

subjected to STEBEPRANR ARG 5002t B Pher Sad edivAfoAuS iy ioxX hetmquaemeticthrough the
element a”d&l?i%é%g&?”kiﬁ@&ﬁ'&%@ég sand.stll for 60 minutes and then flushed with 30C pure
SO TG

water. Subsequently, the élement was su ep F]Féﬁhﬁ'%o- rn aqueous sodium nitrite

solution that athbeeniliegidaiditiairhindtiidy seiyieasid s Raseerktheanah ihe glement for 30

minutes at room temperature (30C) and an elevated pressure of 1.0 MPa and the ‘elemeént was then
flushed with Bﬁ%"\%ﬁ@r.n‘i%@ﬁft@ﬁ%@?ﬁ%&aﬁ%é@w&qe@m@smmmmamﬁwfite was passed

iroueh e SIS RIS Bloytle s PO s 0050 J0The separetr

positions, the aminophenol in which the amino group and the hydroxyl group have been
bonded to the benzene ring in any of the ortho, meta, and para positions, 1,3,5-
triaminobenzene, 1,2,4-triaminobenzens, 3,5-diaminobenzote acid, 3-
aminobenzylamine, 4-aminobenzylamine, sulfanilic acid, 3,3 dihydroxybenzidine, 1-

20 aminonaphthalene, 2-aminonaphthalene, 1-amino-2-naphthol-4-sulfonic acid, 2-amino-
8-naphthol-6-sulfonic acid, 2-amino-5-naphthol-7-sulfonic acid, N-alkylated forms and
salts thereof, phenol, o-, m-, or p-¢resol, catechol, resorcinel, hydrequinone,
philoroglucinel, hydroxyquinol, pyrogallol, tyrosine, 1-naphthol, 2-naphthol, and salts
thereof.

25 [0068]

29



[0094]: 1-1:- jthesproguction conditions for the separation membrane element are shown in Table 1.5
and the results of the evaluation of this separation membrane element are shown in Table 2. 15[0095]
(EXAMPLES 2 TO 7 AND COMPARATIVE EXAMPLES | TO 6) The same treatment as in Example |
was conducted, except that step (a), step (b), and the sequence of performing these steps were
changed as shown in the conditions given in Table I. The elements were evaluated in the same
manners as in 20 Example 1. The results thereof are shown in Table 2. [0096] (REFERENCE
EXAMPLE 2) A separation membrane element was produced in the same manner as in

Reference Example 1, &égpienef GiorpsiiéEnorvidnie nopotyestes fabisiomas yseeras a 25substrate.

(00971 (EXA .8 ation.membrane element obtained in Reference Example 2 was used
and treated w%ﬂ%ggstgrghé rl{*‘?gstﬁer%cr{uas %‘%&ﬁfﬂ@ﬁe EREHY et &Eﬁlié}n%é%watm 5 the sequence of

performing thesmsheRsue e ehanas dasaauRRhe.50 é“o'@% o ﬁ”s! LAle, Zﬂ-p;e element was

evaluated in the same manners as in Example 1. The results thereo are Shown i fle 2. [0098]
(COMPARAYEIENGS kAP digzppium salt or derivative thereof to be yielded, aromatic amine

5 derivatives and heteroaromatic amine derivatives are preferred. Specific examples of
the aromatic amine derivatives and the heteroaromatic amine derivatives include
aniline, the methoxyaniling in which the methoxy group has been bonded to the benzene
ring in any of the ortho, meta, and para positions, the phenylengdiamine in which the
twa amino groups have been bonded to the benzene ring in any of the ortho, meta, and

10 para positions, the aminophenol in which the amino group and the hydroxyl group have
been bonded to the benzene ring in any of the ortho, meta, and para positions, 1,3,5-
triaminobenzene, 1,2,4-triaminobenzene, 3,5-diaminobenzoic acid, 3-
aminobenzylamine, 4-aminobenzylamine, sulfanilic acid, 3,3'-dihydroxybenzidine, 1-
aminonaphthalene, 2-aminonaphthalene, 1-amino-2-naphthol-4-sulfonic acid, 2-aming-

15 8-naphthol-6-sulfonic acid, 2-amino-5-naphthol-7-sulfonic acid, and salts thereof.
[0069]

From the standpoint of reducing the concentration of extracted substances 1o
the value shown above while keeping the yellowness of the separation function layer
within the range shown above, it is preferred that the contact hetween the reagent (A)

20 and reagent (B) described above or the contact between the reagent (C) and the reagent
(D) should be conducted so that the following requirements are satisfied. Namely, it is
preferred that the product (ppmemin) of the concentration of the reagent (B) and the
petiod of contact between the reagent (B) and the polyamide separation function layer
should be regulated to 200,000 ppmmin or less and that the reagent (A) should be

25 brought into contact with the surface of the polyamide separation function layer ata
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10A solution; {pkt 6)yef both sodium hypochlorite (chlorine: 20 ppm) and 10 ppm sodium bromide;was
prepared. The separation membrane element obtained in Reference Example | was placed in a
pressure vessel, and the solution prepared was passed through the element for 30 minutes at room
temperature (30C) and an elevated pressure of 1.5 MPa. Thereafter, the element was flushed with
pure water. The 15results obtained are shown in Table 2. (0099] | 3-02-04 02:59PM; licy lidp 4-- kU)
Istem thl sten fa) steps (a) and (b)k sinttltannamc 1A/ uja tuJ uuls kw wp 4- ke,/ CMS (u) dais 4- ()

dais 4-- (a) dais steps b), | simultaneous kw ows Egi ems
(2) pr&ssu:(% a%%).zaﬂf% 0% hgher. It 1s also preferved th%.t the product (ppmrmin) of the
concentration of the reagent (C) and the period of contact between thé reagent (C) and
the polyamide separation function layer should be regulated to 200,000 pprmemin or less

and that the reagent (D) should be brought into contact with the surface of the

3 polyamide separation function layer at a pressure of 0.2 MPa or higher. Asa result,
the yellowness of the separation function layer and the concentration of substances
extracted from the subsirate become within the ranges shown above, and the ratio
between functional-group ratios also is apt to become 1.1 or lavger,

[0070]
10 The pressure at which the reagents (B) and (C) are brought into contact with

the polyamide separation function layer may be ordinary pressure or an elevated
pressure. However, from the standpoint of attaining both improvements in water
permeability and removal ratio and a reduction in the concentration of substances
extracted from the substrate, it is preferred that the product (ppmmin) of the
15 concentration of the reagent (B) and the period of contact hetween the reagent (B) and
the polyamide separation function layer and the product {ppr-min) of the concentration
of the reagent (C) and the period of contact between the reagent (C) and the polyamide
sepatation function layer should be regulated to 200,000 ppmemin or less. These
products preferably are 150,000 pprmin or less,  The lower limit thereof is preferably
20 10 ppmemin from the standpoint of carrying out the reaction of each reagent,
[0071]
From the standpoeint of improving the boron removal ratio while further
heightening the water permeability, it is preferred that the reagents (B) and (C) should
be brought into contact from the front-surface side (the side opposite to the porous

25 supporting layer) of the polyamide separation function layer.
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[0072]

The solvent for dissolving the reagent (B) or (C) therein may be any solvent
in which the reagent (B) or (C) is soluble and which does not erode the separation
membrane, The solutions obtained by dissolving these reagents may contain
ingredients such as, for example, a surfactant, acidic compound, allkaline compound,
and antioxidant so long as these ingredients do not inhibit the functions of the reagents,
[0073]

It is desirable that the solutions containing the reagents dissolved therein
should have a temperature of 10 to 90°C.  In case where the temnperature thereof is
lower than 10°C, the reactions are less apt to proceed and the desired effects are not
obtained. In case where the temperature thereof is higher than 90°C, polymer
shrinkage occurs, resulting in a decrease in water permeation amonnt,

[0074] |

Meanwhile, with respect to the solvent for dissolving the reagent (A) or (D)
theretn, any solvent, e.g., water, may be used 50 long as the reagent is soluble therein
and the solvent does not erode the composite semipermeable membrane. The solution
may contain ingredients such as, for example, a surfactant, acidic compound, and
alkaline compound so long as these ingredients do not inhibit the reaction between a
primary amino group and the reagent,

[0075]

| In the solution containing the compound (A) or (I9) dissotved therein, the
concentration of the reagent (A) or (D) is preferably in the range of 0.001 to 1% by
weight. In case where the concentration thereof is less than 0.001% by weight, a
sufficient effect is not obtained, In case where the concentration thereof is higher than

1%, this solution is difficult to handle. It is preferred that the solution containing the
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reagent (A} or (D) dissolved therein should have a temperatize of 15 to 45°C, In case
where the temperature thereof is lower than 15°C, the reaction requires much fime. In
case where the temperature thereaf exceeds 45°C, this solution is difficult to handle
because the reagent (A) or (D) decomposes guickly.

[0076]

The period of contact between the reagent (A) ot (D) and the separation
membrane may be any period so long as a diazonium salt and/or & derivative thereof is
yielded. A high concentration renders a short-time treatment possible, while 2 jow
concentration necessitates a prolonged period for the tregtment.  When the solution has
a concentration within that range, the period of contact is preferably 240 minutes or
less, more preferably 120 minutes or less, from the standpoint of the stability of the
solution.

[0077]

It is preferred that the pressure at which the reagents (A) and (DY are
brought inte contact with the surface of the separation function layer should be 0.2 MPa
or higher, By applying a pressure, the portions with which the fluid to be treated with
the separation membrane will come into contact can be efficiently reacted,
Furthermore, when the treatment is conducted under pressure, the reagent solution
undergoes reverse osmosis with respect to the separation function layer and the
substrate can be cleaned with the permeated liquid, In case where the pressure is less
then 0.2 MPa, reverse osmosis is only slight because the difference between the
pressure and the osmotic pressure of the reagent solution is small, resulting in a low
cleaning effect. By thus regulating the pressure 1o 0.2 MPa or higher, preferably 0.3

MPa ar higher, the concentration of substances extracted from the substrate can be
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rednced to 1,0x10% by weight or less, The upper limit thereof is preferably 10 MPa
or less,
[0078]

After the treatment (i) or (if) has been conducted, the separation membrane
can be separately brought into contact with a reagent in order to deactivate the reagent
(A) or (D) remaining thereon or to convert the functiona; group of the residual
diazonium salt or derivative thereof. Examples of the reagent to be used here iﬁciude
ckloride fons, bromide ions, eyanide ions, iodide ions, fluoroboric acid,
hypophosphorous acid, sodium hydrogen sulfite, and thiocyanic acid. By the reaction
with sodium hydrogen sulfite or with sulfite ions, not only the residual reagent (A} or
(D) can be deactivated but also a substitution reaction is induced to replace amino
groups with sulfo groups,

[0079]

The separation membrane element thus produced can be used alone,
Alternatively, such separation membrane elements can be connected serially or in
parallel and disposed in a pressure vessel to configure a composite-semipermeable-
membrane module,

[0080]

The separation membrane element or the separation membrane module can
be combined with a pump for feeding raw water thereto, a device for pretreating the raw
water, or the like to thereby configure a fluid separation device. By using this
separation device, raw water can be separated into permeate, .g., potable water, and
concentrate which does not permeate the membrane, Thus, water suitable for a
purpose can be obtained, |
[0081]
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As the operation pressure for the fluid separation device becomes higher,
the salt rejection improves. However, since the energy required for the operation
increases and when the durability of the composite semipeﬁneable membrane is taken
into account, it is preferred that the operation pressure at the time when water to be

5 treated is passed through the composite semipermeable membrane should be 1,0 to 10
MPa.  With respect to the temperature of the feed water, an increase in the temperature
thereof results in a decrease in salt removal ratio, while the membrane permeation flux
decreases as the feed water temperature declines. Consequently, the temperature
thereof is preferably 5 to 45°C.  With respect to the pH of the feed water, high pH

10 values may result in generation of scales of magnestum, etc. in the case where the fead
water 18 water having 2 high salt concentration, such as seawater. Furthermore, there
is & concern about a membrane deterioration due to high-pH operation, It is therefore
pretferred to operate the device in a neutral region,

[0082]

15 Examples of the raw water to be treated with the composite semipermeable
membrane in the invention include liquid mixtures having a TDS (total dissolved solids)
content of 500 mg/L to 100 g/L, such as seawater, brine water, and wastewater. In
general, TDS means the content of total dissolved solids and is expressed in
"mass/volume" or "weight ratio”. According to a definition, the content can be

20 caleulated from the weight of a residue obtained by evaporating, at a temperatace of
39.3 t0 40.5°C, a solution obtained by filtration through a 0.45-pm filter. Ina simpler

method, the content is determined through conversion from practical salinity (8).

EXAMPLES
25 [0083]
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The invention will be explained below in more detail by reference to
Examples, but the invention should not be construed ag being limited by the following
Examples in any way,

[0084]

The concentration of substances extracted from the substrate, the yellowness
of the polyamide separation function layer, the ratio between functional-group ratics for
the polyamide separation function layer, and various properties of the element in the
Examples and Comparative Examples were determined in the following manners,

With respect to each of the concentration of substances extracted from the substrate, the
yellowness, and the ratio between finctional-group ratios for the polyamide separation
function layer, measurements were made on different five portions and an average value
thereof was determined,

[0085)

(Concentration of Substances extracted from Substrate)

The separation membrane element was disassembled, and the composite
semipermeable membrane was taken out.  Droplets on the composite semipermeable
membrane were removed, and a piece having dimensions of 10 % 10 em was cut out of
the composite semipermeable membrane. The substrate was peeled from the piece and
immersed in 50 g of ethanol for 8 hours. The components extracted with the ethanol
were examined with a spectrophetometer for ultraviolet and visible region (UV-2450,
manufactured by Shimadau Corp.) for which calibration curves had been obtained
beforehand, and the weight of the substances extracted Som the substrate was
caleulated, Subsequently, the substrate was taken out of the ethanol, dried by heating

at 60°C for 4 hours, allowed to cool 1o room temperature in a desiceator, and then
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weighed. The concentration of the substances extracted from the substrate was
determined using the following equation.
[0086]
Concentration of extracted substances (wt24)
= 100x(weight of extracted substances)/(weight of dry substrate)

(Yellowness)

The separation membrane clement was disassembled, and the composite
semipermeable membrane was taken out.  This composite semipermeable membrane
was dried at room temperature for § hours. Thereafter, a cellophane tape (CT405AP-
18, manufactured by Nichiban Co., Ltd.) was applied to the surface of the polyamide
separation function layer and then slowly peeled off to adhere the polyamide separation
function layer to the cellophane tape. The cellophane tape pesled off was fixed to a
glass plate and examined with SM Color Computer SM-7, manufactured oy Suga Test
Instruments Co., Ltd., to calculate the yellowness of the polyamide separation function
layer,

[0087]

{Ratio between Functional-group Ratios for Polyamide Separation Function
Layer)

The substrate was peeled and remaved from the composite semipermeable
membrane which had been dried in the manner described above, and the separation
function layer/porous supporting layer portion was fixed to a silicon wafer sa that the
separation function layer or the porous supporting layer faced outward. The porous
supporting layer was removed by dissolution with dichloromethane to obtain & sample
for examining the surface corresponding to the front surface of the composite

semipermeable membrane (the surface on the side opposite to the porous supporting
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layer) and a sample for examining the surface facing the porous supporting layer.
These samples were examined by XPS to determine [(molar equivalent of azo
groups)+(molar equivalent of phenolic hydroxyl groups)+(molar equivalent of amino
groups)] and (molar equivalent of amide groups). The functional-group ratio for cach

5  sample, which is represented by the following equation, and the ratio between these
functional-group ratios were determined.

Functional-group ratio = [(molar equivalent of azo groups)+{molar
equivalent of phenolic hydroxyl groups)+(molar equivalent of amino groups))/(molar
equivalent of amide groups)

10 Ratio between functional-group ratios = (functional-group ratio for the
surface on the side opposite to the porous supporting layer)/(functional-group ratio for
the surface on the side facing the porous supporting layer)

Apparatus: ESCALAB220iXL (manufactured by VG Scientific, the United
Kingdom)

15 Excitation X ray: aluminum Ke 1 and 2 lines (1486.6 aV)

Xray output; 10kV, 20 mV

Photoelectron take-off angle: 90°

(Various Properties of Element)

The separation membrane element was placed in a pressure vessel, and this

20 device wes operated for 3 hours under the conditions of a temperature of 25°C, pH of
6.5, and operation pressure of 5.5 MPa using 3,5% by weight aqueous sodium chloride
solution which contained boron in an amount of 5 ppm {recovery: 8%). The quality of
the resultant permeate and the quality of the feed water were determined, and the
amount of the permeate was measured.  From the results, the following properties were

25  determined.
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[0088]

(Salt Removal Ratio (TDS Removal Ratio))

TDS removal ratio (%) = 100%{1-(TDS concentration of permeate)/(TDS
concentration of feed water)}

(Water Production Amount)

The amount of the permeate obtained from the feed water (seawater) was
expressed in terms of the amount of water production per membrane element per day
(m’/day),

[0089]

(Boron Removal Ratio)

The feed water and the permeate were examined for boron concentration
with an ICP emission analyzer (P-4010, manufactured by Hitachi, Ltd.), and the boron
removal ratio was determined using the following equation.

Boron removat ratio (%) = 100%{1-(boron concentration of
permeate)/(boron concentration of feed water)}

[0690]

(REFERENCE EXAMPLE 1)

A 13.7% by weight DMF solution of a polysulfone was cast in a thickness
of 200 pm on a short-fiber nonwoven polyester fabric produced by a papermaking
method (air permeability, 1 ce/em¥/sec) at room temperature (25°C), and the coated
nonwoven fabric was immediately immersed in pure water and allowed to stand therein
for 5 minutes. Thus, a roll of a microporous support (thickness, 210 to 215 ym) was
produced. A 4.0% by weight aqueous solution of mPDA was applied to the
microporous support obtained, and nitrogen was blown thereagainst from an air nozzle

to remove the excess aqueous solution from the surface of the support membrane,
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Thereafier, an n-decane solution containing 0.165% by weight trimesoy! chloride was
applied thereto so that the surfage was completely wetted, Subsequently, the excess
solution was removed from the membrane by air blowing, and the membrane was rinsed
with 90°C hot water for 2 minutes. Thus, aroll of a composite semipermeable
5 membrane which included a separation function layer formed on the microporous
support was obtained,
[0091]
The composite semipermeable membrane cbtained was folded and cut to
produce 26 pieces of leaf-like sheets, These 26 pieces of life-like sheets were stacked
10 so that the edges where the sheets had been folded were disposed along a direction
which was offset with respect to the stacking direction, and each folded sheet was
bonded to the adjacent folded sheet(s) by uniting the sheets at the three edges other than
the folded edge for each sheet.  This operation was conducted so as to result in a
separation membrane element having an effective area of 37 m2, Furthermore, a net
15 (thickness: 500 pm; pitch: 3 mm % 3 mm) serving as a feed-side passage material and 2
tricot (thickness: 300 pm; groove width; 200 um; ridge width: 300 pm; groove depth:
105 um) serving as a permeate-side passage material were alternately disposed between
the adjacent separation membranes in the stack. This stack of the leaf-like sheets was
spirally wound to produce a separation membrane element. A film was wound on the
20 periphery of the element and fixed with a tape. Thereafter, edge cutting, edge plate
attachment, and filament winding were conducted to produce an 8-inch element.
[0092]
(EXAMPLE 1)
The separation membrane element obtained in Reference Example | was

25 placed in a pressure vessel, and the element was subjected to step (a), in which a 500-
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ppm aqueous solution of mPDA was passed through the element and this element was
allowed to stand still for 60 minutes and then flushed with 30°C pure water.
Subsequently, the element was subjected to step (b) in which 250-ppm aqueous sodium
nitrite solution that had been regulated to pH 3 with sulfuric acid was passed through
5 theclement for 30 minutes at room temperatre (30°C) and an elevated pressure of 1.0

MPa and the element was then flushed with pure water, Thereafter, a 0.1% by weight
aquenus solution of sodium sulfite was passed through the element, which was then
allowed to stand still for 10 minutes.
[0093]

10 The separation membrane element thus obtained was evaluated.
0094]

The production conditions for the separation membrane element are shown
in Table 1, and the results of the evaluation of this separation membrane element are
shown in Table 2.

15 [0095]

(EXAMPLES 2 TO 7 AND COMPARATIVE EXAMPLES 1 TO 6)

The same treatment as in Example 1 was conducted, except that step (a),
step (b), and the sequence of performing these steps were changed as shown in the
conditions given in Table 1. The elements were evaluated in the same manners as in

20 Example 1. The results thereof are shown in Table 2.
[0096]

(REFERENCE EXAMPLE 2)

A, separation membrane element was produced in the same manner as in
Reference Example 1, except that 2 long-fiber nonwoven polyester fabric was used as a

253 substrate,
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[0097]

(EXAMPLE 8)

The separation membrane element obtained in Reference Example 2 was
used and treated in the same manner as in Example 1, except that step (a), step (b), and

5 the sequence of performing these steps were changed as shown in the conditions given

in Table 2, * The element was evaluated in the same manners as in Exaraple 1, The
results thereof are shown in Table 2.
[0098]

(COMPARATIVE EXAMPLE 7)

10 A solution (pH 6) of both sodium hypochlorite (chlorine: 20 ppm) and 10
ppm sodium bromide was prepared.  The separation membrane element obtained in
Reference Example 1 was placed in a pressure vessel, and the solution prepared was
passed through the element for 30 minutes &t room temperature (30°C) and an elevated
pressure of 1.5 MPa, Thereafter, the clement was flushed with pure water. The

15 results obtained are shown in Table 2.

[0099]
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893 Compargative:Example 2 22 3.4 1.3 99,8 33.8 94.9 Comparative Example 3 42 4,0 1.8 99:8;16.73
94.8 Comparative Example 4 15 1,6 1.0 99,8

[0100]
[Table 21
. Ratio
Cencentration hetween D8 Wntef Boran
of extracted . . produstion .
Yeliownass functional- removal ratio removel ratio
substances group ) amount %)
L Y 3
{R10™ wi%e) ratice® (m*/day)
Example 1 20 0.7 1,3 958 352 94,2
Example 2 22 .6 1.3 888 . s 63,1
Example 3 18 0.3 1.5 0.8 36.4 03,9
Example 4 14 0.4 I2 2.8 444 91,5
Exampie 5 33 0.9 1.4 99.8 7.5 95.7
Example 6 37 0.6 1.6 99.3 252 96,1
Exampie 7 16 0.4 14 99.8 40,1 827
Exumple 8 2 0.4 1.5 998 33.5 95,2
Comparative
Example 1 [ 21 1.0 99,7 36.4 89.3
Comparative 22 3.4 13 99.8 33.8 949
Examnpls 2
Comparative 42 4.0 1.8 99.8 16.7 94.8
Exnrmpls 3
Comparative
Example 4 B 1.6 L0 99.8 152 94,7
Comparative 6 0.3 1o 99.7 382 8.8
Example 5
Comparative 42 0.9 2.1 99.8 18.9 94,0
Example 6
Comparative 5 6.3 1.1 59.8 29.7 929
Exrmple 7
*: (front-surface side)/porous-supporti ng-layer side)
[0101]
5 As can be seen from Table 2, the separation membrane elements obtained in

Examples | to 8 each are a high-performance separation membrane element in which
the polyamide separation function layer has a yellowness in the range of 10 to 40 and
the amount of substances extracted from the substrate is smail and which is high in
water production amount and boron rernoval ratio.
10 [0102]
In Comparative Example 1, the step i) was omitted and the step ii) was

conducted not under pressure but at atmospheric pressure,  Because of this, the
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separation rnembrane slement obtained has a yellowness less than 10, has a large
extracted-substance amount, and shows low performance. The composite
semipermeable membrane is unsuitable for use as a separation membrane element,
[0103]

In Comperative Examples 2 and 4, the elements have a yellowness in the
range of 10 10 40 and have high performance. However, since the step i1} was not
conducted under pressure, the amount of extracted substances is large., The composite
semipermeable membranes are unsuitable for use as a separation membrane element,
[0104]

In Comparative Example 3, the element has a yellowness higher than 40 and
a high boron removal ratio, but has a low water production amount, Furthermore,
since the step i} was not conducted under pressure, the amount of extracted substances
is large. The composite semipermeable membrane is unsuitable for use as a separation
membrane glement.

[0105]

In Comparative Example 3, the element has 2 low boron removal ratio since
the step 1) was omitted.  The composite semipermeable membrane is unsuitable for use
as a separation membrane element.

[0106]

In Comparative Example 6, the element has a yellowness higher than 40 and
a high boron removal ratio, but has a low water produdtion amount. The composite
semipermeable membrane is unsuitable for use as a separation membrane element,

[0107]
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99.8 26,71 92.9 ((fremtysurface sidc)/(porous-supporting-layer side) [0101] 5As can be seen frantTable
2, the separation membrane elements obtained in Examples 1 to 8 each are a high-performance
separation membrane element in which the polyamide separation function layer has a yellowness in
the range of 10 to 40 and the amount of substances enacted from the substrate is small and which is
high in water production amount and boron removal ratio. 10[0102] In Comparative Example 1,
the step i) was omitted and the step ii) was conducted not under pressure but at atmospheric pressure.

Because of this, the 13-Y2-MO2:59PM;58 ration membrane element obtained has a yellowness
less than 10, has a Ialrg\;té1 §Q@£@f&8¥§tj%ﬂ?fﬂﬁ%§0§h?oﬁfw%ﬂ§ﬁ%‘m%msﬁ%ﬁ%@é\%e composite
semipermeahl@BRBRERA- s suilakle foruse asia é&ﬁ?&@ﬂé’?e eI ?AQ@’%QF [9103] 5in

0

Comparative Examples 2 and 4, the elements have a yellowness i the range o 0 40 and have
high performansétableirevse mincerthetstemdvas sieoanducted under pressure, the amount of
extracted substances is large, The composite semipermeable membranes are unsuitable for use as a
separation membrane element, [0104] 10In Comparative Example 3, the element has a yellowness
higher than 4fenetedligh RearFemay —lfatio, but has a low water production amount. Furthemiore,
since the step ii) was not conducted under pressure, the amount of extracted substances is large. The
composite seifipg&rmeable membrane is unsuitable for use as a separation membrane element.
15[0105

[ | The separation membrane clement of the invention is suitable especially for

the desaiting of brine water or seawater,
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In Comparative;Example 5, the element has a low boron removal ratio since the step i) was qmitted.s
The composite semipermeable membrane is unsuitable for use as a separation membrane element.
[0106] 20In Comparative Example 6, the element has a yellowness higher than 40 and a high boron
removal ratio, but has a low water production amount. The composite semipermeable membrane is
unsuitable for use as a separation membrane element. [0107] In Comparative Example 7, the
element has low performance although the amount of extracted substances is small. The composite
semipermeable membrane is unsuitable for usgg%@%eparation membrane element. 5 INDUSTRIAL
APPLICABILITY [0108] The separation m e element of the invention is suitable especially

~ for the desaltfogsiph lpjine water or seawater. CLAIMS [Claim 1] A separation membrane element
comprising a composite semipermeable membrane which comprises a microporous support and a
polyamide separation férfciersfayendidpasecl dhertcmmphisingerapososis: suppaseapprising a substrate
and a porous supportin wherein the polyamide separation functionrlgl%ﬂer has a yellowness

layer,
of 10 to 40, ARETH RORCERTFLETARSFE: B UG RRA U PR Hsha PRy S ssierationoinodon by weight or
less, [Claim Flyer disgble19RRE6AIR MRIBRIARE Slmbenbaseaiing n.clalm A, whereln, in the

polyamide separation function layer, when a functidnal-group ratio oreach o WS ce of the
polyamide sespppatitng feyxetion layer which is on a side facing the porous supporting layer and a
surface of the polyamide separation function layer which is on a side opposite to the porous supporting

layer is expressed by [[HEIEP SbfiRvAYERIGT speration fu)tHies daveybwalentlovptse nblie toydroxyl
0rouss) (1ol RIS ALAIITE sl (e sehalntof aide groype). A of (e

functional-group ratio urface on the side opposI B"Iayer)/(the
functional-grasglatiolées, the surface on the side facing the porous supporting layer) is 1,1 or larger. [C
The separation membrane element according to claim 1 or 2, wherein the substrate is a long-fiber

nonwoven p&@é‘ﬂe’%}fabric. [Claim 4] A method for producing a composite semipermeable

membrane, the method.including: brin% an agueous solution of a polyfunctional amine into contact
with a e separation me e element according to claim 1, Wherein, n the

polyamide separation function layer, when a functional-group ratio for each of a surface
of the polyamide separation function layer which is on a side facing the porous
supporting layer and a surface of the polyamide separation funetion layer which is on a
side opposite to the porous supporting layer is expressed by [(molar equivalent of azo
groups)+(molar equivalent of phenolic hydroxyl groups)+(molar equivalent of amino
groups)}/(molar equivalent of amide groups), a value of (the functional-group ratio for
the surface on the side oppasite to the porous supporting layer)/(the functional-group
ratio for the surface on the side facing the porous supporting layer) is 1,1 or larger.
[Claim 3]

The separation mernbrane element according to claim 1 or 2, wherein the
substrate is a long-fiber nonwoven polyester fabric.
[Claim 4]

A method for producing a composite semipermeable membrane, the method

including: bringing an aqueous solution of a polyfunctional amine into contact with a
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solutioncontaining gppolyfunctional acid halide on a microporous support comprising a substrate and a
porous supporting layer to form a polyamide separation function layer having primary amino groups;
and then bringing both a reagent (A) which reacts with the primary amino groups to yield a diazonium
salt or a derivative thereof and a reagent (B) which reacts with the diazonium salt or the derivative
thereof into contact with the polyamide separation function layer, wherein the reagent (A) is
brought into contact with a surface of the polyamide separation function layer at a pressure of 0.2 MPa

or higher, ango?ugroduct ggf{)m.mi f a concentration of the reagent (B) and a period of contact
between the Teagont (BY ‘bﬁﬁw@‘%@%ﬁ%ﬁ’&%‘ SRS ARl R ARG ANERAYS RIPBGTHIERBWESII0D, 000 ppmmin

or less. [ClaiguBdrate andarpEiiadf f:cﬁ'ﬁ&%‘i JaloR=olelaTelot i able membrane, the method
including: bringing an aqurgous sol%tion 0 gyéonyuncti0%8611Ig%{lr%l‘%fngcIaﬁg%rﬁtg‘('?{’]l cgc?n ac c\%?fh??%iblution

containing a bolirendtionabedic balige; andatmiciingroUsSUPRAFESOMAPRMNG A:s4Psiate and a porous
supporting layer tp form a, polyamide separation function layer having primary amino groups; and then

bringing a re jeRtTEY ARANEL RaREifiggriup, sak ene frsiyatinodeeptandionsigaation layer, into
contact with gafeagent (D). which re it ri .amino.group, to yield a diazonium salt or a
derivative the??gof, wﬁerieinqﬁ%e&r&é&ggen%% (% ?(%eéﬁ?tl’rﬁcoﬂ%ﬁ? FQGARE MRS the polyamide
separation fundyenidayes=attnprasstsa RiE.2 MPa or higher, and a product (ppmmin) of a
concentration of the reagent (C) and a period over which the reagent (C) is in contact with the

polyamide separation ftiREGBhIyergenidd iatbryuehe 5000 pEmwitin sutss of the

polyamide separation function layer at a pressure of 0,2 MPa or higher, and a product
{(ppmrmin) of a concentration of the reagent (B) and a period of contact between the
reagent (B) and the polyamide separation funetion layer is regulated to 200,000
ppurmin or less,
[Claim 5]

A method for producing a composits semipermeable membrane, the method
including: bringing an aqueous solution of a polyfmctional amine into contact with a
solution containing a polyfimctional acid halide on a Ihicroporous support comprising a
substrate and a porous supporting layer to form a polyamide separation funetion layer
having primary amino groups; and then bringing a reagent (C} having a primary amino
group, on the polyamide separation function layer, into contact with a reagent (D) which
reacts with the primary amino group to yield a diazonium salt or a derivative thereof,

wherein the reagent (D) is brought into contact with 3 surface of the
polyamide separation fanction layer at a pressure of 0.2 MPa or higher, and a product
(pprarmin) of a concentration of the reagent (C) and a period over which the reagent (C)
is in contact with the polyamide separation function layer is regulated to 200,000

ppm-min or less,
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