DESCRIPTION Separation Membrane Element TECHNICAL FIELD [0001] 5The present invention
relates to a separation membrane clement used to separate a component contained in fluids such as
liquid and gas. BACKGROUND ART [0002] There are various methods of separating a component
contained in fluids such 10as liquid and gas. For example, taking as an example techniques for
removing ionic materials contained in sea water, brackish water, and the like, separation methods
using an separation membrane element has B%%W&:[Peg@%ly used in recent years as a process for

energy saving and resource saving. Examples ofﬁe %ratio [neml%ranes used in separation methods
. . rafu)dx embrane etmen . . .
using a separation membrane element I5include, in terms of s pore size and separation function, a

microfiltration mﬁg@@g@p@i@ﬁltr&ttbn membrane, a nanofiltration membrane, a reverse osmosis
membrane. a forward osmosis membrane, and the like. These membranes are used in obtaining

drinking wateryfog gxample, from sea water, brackish water, and water containing harmful substances
and in the production of industrial ultrapure water, wastewater 20treatment, recovery of valuables, and

the likemnd used apffeppatetyt depandingebndhe desppectcompenbrino dersaparsgtetband separation
performance. [0003] In recent years, separation membrane elements suitable for purification of

sewage (domeshzrsiastesvapenertriangiftedtdordsgurduatdidiig 2abath room, a 25toilet room, and
other living environments) and wastewater deriving from a manufacturing plant, a restaurant, a fish
processing plaﬁ‘fi\, Q&%O&FB%% plant, and the like have been widely used in wastewater treatment
because the tr[%%@?nt can be carried out in a small space. [0004]

There are various methods of separating a component contained in fluids such
10 as liquid and gas. For example, taking as an example techniques for removing ionic
materials contained in sea water, brackish water, and the like, separation methods
using an separation membrane element has been increasingly used in recent years as
a process for energy saving and resource saving. Examples of separation
membranes used in separation methods using a separation membrane element
15 include, in terms of its pore size and separation function, a microfiltration membrane,
an ultrafiltration membrane, a nanofiltration membrane, a reverse osmosis membrane,
a forward osmosis membrane, and the like. These membranes are used in obtaining
drinking water, for example, from sea water, brackish water, and water containing
harmful substances and in the production of industrial ultrapure water, wastewater
20 treatment, recovery of valuables, and the like and used appropriately depending on
the desired component to be separated and separation performance.
[0003]
In recent years, separation membrane elements suitable for purification of
sewage (domestic wastewater deriving from cooking, laundering, a bath room, a
25 toilet room, and other living environments) and wastewater deriving from a
manufacturing plant, a restaurant, a fish processing plant, a food processing plant,

and the like have been widely used in wastewater treatment because the treatment



The separation membrane elements used in these treatments have in common in that source fluid is
fed to one surface of a separation membrane and permeate fluid 5is obtained from the other surface
even if the source fluid to be treated varies. The separation membrane element is constituted such that
a number of separation membranes with various shapes is bundled to increase membrane area per
unit element to thereby obtain much permeate fluid per unit element. In addition, various elements
have been pré8beEFHECSAd8 tHethtBAtRd use and purpose, 10such as spiral-type,

hollow-fiber-ty 8 %ate-and-frame-type, rotating flat membrane- type, and integrated flat
membrane-ty;[)% 8 ments. [0005] For example, as a fluid separation membrane element used in

reverse osmosis filtra{an, g, Spial- YOG RERAGURR MR D6 e MENECARRISNG dayatgsFollecting

15pipe having a hollow portion and a unit comprising a feed spacer that feeds source fluid to a

separation meYRAREBHETBGR] R REPRY atieRURRIBNEhalsapaiaies SRMROPeRtrsetaiied in the
source fluid, and a permeate spacer for conducting permeate fluid that has permeated through the

separation memimanedfidhabs sbpasatédfromithietfiead ftaid{tihd tedurcedleddvatitise tifleewhen fed to
the separation 20 membrane element) to the water collecting pipe, wherein the unit is wound around
the water colleepagtjsipen ésniiaedyeleseenbiscennst thadriugbetifid Bumise eAlkePaItaA large amounts by
putting pressure on the source fluid. [0006] As the feed spacer, a polymer net is mainly used in order

to form a flow'p&itPrarseSathuiRriers eharfeisRraisd 1o BSsRel ARl B AICARTHE Yeparation
membrane, a sompasitesemipeimesble membrane nwhich,a separation fungignl laver mainly
composed of Erosshinke polymers'suc asppgﬁ/aml , a'porous support layer comgosed of polymers

such as polysylione, é}@ﬁt&&%W@%%angm&emeéﬁﬁn%ftequmﬁréléy&ns%sag@g&tﬁwé@ne

terephthalate, which nonwoven fabric serves as a substrate, are each laminated from the feed side to
the perpeate side 4s sised-thpsthollas-Hirpgieepiaspacaraadabpe ealied aftcoidnedingea narrower
interval 5than that of the feed spacer is used in order to prevent sagging of the membrane and form a
flow path for petineaté fitigrthet dlaaftientsferedgto dsnaeptsrmeate flow path). [0007]  In recent years,
reduction in the cost of water production has been increasingly expected, and accordingly separation
membrane eléf¥¥dts with higher 10performance have been demanded. To increase separation
performance of a separation membra eﬁlement.and thegamoupt of enngate quidéaer unit time,

improvement in pfif, . CbSTARRE Gt<hlH! 3\%?6%0&1% PR BEPARE RTE MbTar e, R Bément
members hasheendi oPgsee- bR SRR, Ind it Desimenthdha matiofRena sheet the

surface of which IS $ aped into"an uneven shape as a 15permeate spacer has been proposed. In
Pateni Document 2, $heeHIRAVIBaEAREMd a unit comprising a feed spacer that feeds source

fluid to a separation membrane surface, a separation membrane that separates

components contained in the source fluid, and a permeate spacer for conducting

permeate fluid that has permeated through the separation membrane and been

separated from the feed fluid (the source fluid at the time when fed to the separation
20 membrane element) to the water collecting pipe, wherein the unit is wound around

the water collecting pipe, is widely used because permeate fluid can be taken out in

large amounts by putting pressure on the source fluid.

[0006]

As the feed spacer, a polymer net is mainly used in order to form a flow path

25 for feed fluid (hereinafter referred to as a feed flow path).  As the separation

membrane, a composite semipermeable membrane in which a separation functional

layer mainly composed of crosslinked polymers such as polyamide, a porous support



not use a substrate such as a permeate spacer or a feed spacer and uses a flat membrane on the
feed surface of which great unevenness is formed and inside 'Inch a hollow passage is provided has
been proposed. In Patent Document 3, the method that uses a sheet-like composite semipermeable
membrane in which a porous support 20 layer having great unevenness on its surface is provided on a
nonwoven fabric and a separation active layer is further provided thereon and that doesﬁréot use a feed

spacer such 38X hEBPE HhAhRAENGHS UTSHACRS W IPRGINEL BOBY PYSH SXHE FOFRE St addition, in

the treatment off Wzilstewater such as vyargee for the {e(duc ioq125in the cqfsgof Wast% ter treatment
. O O CI'S Such as OP’%%? C fere ht alatc, w C'; non\{voven d H%SICI'VC \%gd'i .
by a separation Remibrane elémen 4 re’is a g?owmg need for water permeability and durability of

the membrane, glement, Thus, a5:3hAWN AR R ALNLROSHIEE prIRARILIAN Megbrane element

having high water permeability, wherein the rejection rate hardly decreases even when the surface of
the separatiorFiycionaiHayeris e BpadenQr GAlF iSRRG Jayieb( seprationfenaianaiiayer) is not
readily peeled off from a porous substrate such as a nonwoven fabric; and further, even if clogging has
once occun-ethdhéhataggtgfsubstaces cased e Sreladily pemoved g, loé dre propdsent PRIOR ART
DOCUMENTS PATENT DOCUMENTS [0009] Patent Document 1: JP 2006-247453 A 10Patent
Document 2: §emia flpaspatinferperessclnidibgerp boroiogsdty Arupshn esbe o math)ip
2003-144869 A SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
15[0010] PLIQ)Q/%J/er, the separation membrane elements described above are not sufficient in terms

of improvement in parforance, i payfohlan, Siable ReQUNANGE AN e gRgration over a long

period of time. For example, for escribed In Patent Document 1, only the flow resistance

at the peiuieatg side;isROseRURAd AN dlRuy esSistanes-redusiagelfeskis et suifigient due to the

resistance on the sheet surface. For the method described in Patent Document 2, because of having a
hollow passage:gstandiaghin i eiréetinnduarallebtintheaseseparatierspeféaeimecftaftanembrane, it is
difficult to increase the height of unevenness on the surface, and the uneven shape is limited (a
groove with a $epalatifferecrobrof© < &mant and Y15 Bxanwiplef pardetiie Bhdmreottiidipesmeate flow path is
also limited; thus the effect of reducing the flow resistance at the feed side and at the permeate side is

not sufficient. FERRTHE RSP EEERBRE iRl PatE AR UMBIND Sy RIS TR SRS fBRhance

element members has been proposed. For example, in Patent Document 1, the
method that uses a sheet the surface of which is shaped into an uneven shape as a
15 permeate spacer has been proposed. In Patent Document 2, the method that does
not use a substrate such as a permeate spacer or a feed spacer and uses a flat
membrane on the feed surface of which great unevenness is formed and inside which
a hollow passage is provided has been proposed. In Patent Document 3, the method
that uses a sheet-like composite semipermeable membrane in which a porous support
20 layer having great unevenness on its surface is provided on a nonwoven fabric and a
separation active layer is further provided thereon and that does not use a feed spacer
such as a net or a permeate spacer such as a tricot has been proposed.
[0008]
In addition, in the treatment of wastewater such as sewage, for the reduction
25 in the cost of wastewater treatment by a separation membrane element, there is a
growing need for water permeability and durability of the membrane element. Thus,

as shown in Patent Document 4, a separation membrane element having high water



when using a cell for flat membrane evaluation is described in Examples of Patent Document 3. and
the pertbrmance when a separation membrane element is actually constituted is not disclosed in
Patent Document 3; when the separation membrane element is actually operated with pressure
thereon, the cross-sectional area of the 5feed fluid and permeate flow path is prone to change, and the
performance tends to change during the operation ov?r a long period of time. On_the other

00
hand, the sep2FaREAY HRMBREFRNIRTEICHER RSP ARSHI DB R M E LS $EEES85n membrane

element suitaple for treatment of, faor,example, 10sewage has an gffect on the i t of
) nal 159t : H QB8 ST RIRVESED .
durability but, iy ngr%?té?%vafécrtlﬁgraﬁlllélggﬁ|1t§,wr%rélﬂﬁéjsO llwmSr%li}jﬁpnowenzti eégglfsae t%e esign o?a spacer is

not sufficient, 90121 .. TS @neieckoh e PIRSSR! VSRRSO PIONHR & sRrASRION membrane

element that is able to increase the amount of permeate fluid per unit time and also 15able to improve

stability perfoin@neeh MEAMS RRRSQIMINGT bk RO BAEMS ¢0}1)bstanthieapresent invention for
achieving the object described above has ally of the constitution below. 20(1) A separation membrane

elemertt compesgiiy ecsepadation eenyrrposcdnd a permeate spacer, wherein a separation
functional layer is arranged on the surface of said separation membrane and a nonwoven fabric
served as a sHBd@BtARTaRa%deMBN e back surface of said separation membrane, 25wherein said
permeate spacer is an-anged on the back surface side of said substrate, wherein said permeate
spacer is ma&@&%&f@?&?%g{éﬁgl from said separation membrane, and a projectioFrJI area ratio of
said permeatig%%ier to said separation membrane is 0.03 to 0.80. (2) The separation membrane
element according to (1) above, wherein the above-described permeate spacer has a discontinuous

structure. Patent Document 1: JP 2006-247453 A
10 Patent Document 2: JP 11-114381 A

Patent Document 3: JP 2010-99590 A

Patent Document 4: JP 2003-144869 A
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

15 [0010]

However, the separation membrane elements described above are not
sufficient in terms of improvement in performance, in particular, stable performance
during the operation over a long period of time.  For example, for the method
described in Patent Document 1, only the flow resistance at the permeate side is

20 reduced, and the flow resistance-reducing effect is not sufficient due to the resistance
on the sheet surface. For the method described in Patent Document 2, because of
having a hollow passage extending in the direction parallel to the membrane surface
in a flat membrane, it is difficult to increase the height of unevenness on the surface,
and the uneven shape is limited (a groove with a level difference of 0.15 mm in

25 Examples) and the shape of the permeate flow path is also limited; thus the effect of
reducing the flow resistance at the feed side and at the permeate side is not sufficient.

For the method described in Patent Document 3, only the membrane performance



5(3) The separation membrane element according to (1) or (2) above wherein the above-described
permeate spacer is impregnated into the separation membrane by 1 to 80 pm. (4) The separation
membrane element according to any one of (1) to (3) above, wherein the above-described separation
membrane has a height difference on the 10surface of 100 pm to 2000 pm. (5) The separation
membrane element according to any one of (1) to (3) above, wherein a feed spacer is arranged on the
surface of the MiBVBsHEst ABR dosdlsh raamR Rt aREon is d@f‘?ﬁ@é@ﬁﬁ%‘%ﬁ?ﬁéﬁﬁ’i‘é’ﬁe element

according to ( above,[ g\/he%%lﬂ the 9bove- 15described feed spacer hasE contlnuo%saﬁtructure. (7

The separatio e Brari dlement alcon ?r?g%oePSi %fﬁ)cz)i\r/%t,1 WHEFSINThe S5overdestrbed feed spacer

nas a disconiphiyis sl RIER ¢ [ LF nIRRANIAR RDRIane RiemELARSAIAIRARone of (1) 10

(7) above, wherein the above-described separation membrane is composed of the above- 20described

substrate, a peratsnsWRAt IRy shipsmed BR thesubshatonand thesepafiandwacional layer formed
on the porous support layer. (9) The separation membrane element according to (8) above, wherein

the abave-dedesdEdidubsl tatarisase dtmntipadus-filberenonivaven fabitice peff@nnestpdsation membrane
element according to (9) above, wherein in the above- 25described continuous-fiber nonwoven fabric,
fibers on a sudearetgeinhtisoppipbsieosia lonheabsield@eribed porous support layer are more
longitudinally oriented than fibers on a surface layer on the above-described porous support layer side.
(V) The separ{a@[ﬁ)dﬁ]membrane element according to any one of (1) to (7) above, wherein the

above-described separation membrang is composed of the abopve-described substrate and the
separation fu nctionaﬁ@‘é? glg‘:%g} %% ﬁ% Stibstra e?EEEE&?gp%Eﬁégfﬂ%fﬁ%%ﬁ@[oo14]
According to the REGIENE IVeREgRRYPIRGING & PeIMRREsRANR 6! aifiaensmatesialhang a

particular projection area ratio to a separation membrane on the permeate side of a separation

membrane elemestc a-stablerpetmedie MioywRathdiasfaovsiessieducechflovf vesigtance and does not
readily undergo a change over 10time is formed, and a separation membrane element having an
enhanced perpeeatiobilperformansenphiteemamizininget e separatiba wedormanteudhni bet.obtained.
Consequently, a separation membrane element having both a high separation performance and a high
permeation péf8tdlance can be obtained.

Thus an object of the present invention is to provide a separation membrane
element that is able to increase the amount of permeate fluid per unit time and also
15 able to improve stability performance.
MEANS FOR SOLVING THE PROBLEMS
[0013]
The present invention for achieving the object described above has any of the
constitution below.
20 (1) A separation membrane element comprising a separation membrane and a
permeate spacer,
wherein a separation functional layer is arranged on the surface of said
separation membrane and a nonwoven fabric served as a substrate is arranged on the

back surface of said separation membrane,

\®)
ul

wherein said permeate spacer is arranged on the back surface side of said
substrate,

wherein said permeate spacer is made of a different material from said



BRIEF DESCRIPTION OF THE DRAWINGS 15[0015] Figure 1 is a cross-sectional schematic view
illustrating one aspect of the separation membrane and the permeate spacer in the separation
membrane element of the present invention; and Figure 2 is a cross-sectional schematic view
illustrating another aspect of the 20separation membrane and the permeate spacer in the separation
membrane element of the present invention. BEST MODE FOR CARRYING OUT THE INVENTION
[0016] The préSHeioRREBRTRE N BEQESHBSH it BRASIP BT 7 FPace iR Y bsent invention
IS a separation membranen%ement 6 Qoriﬁi@g‘a separation membrane and a permeate spacer. The

separation memoran . . L
permeate spac PIERASE B A different matenial from the separation membrane and have a projection

area ratio to the, separglion.membrans.of 903100 80 Refeabhndhe RaERERIRSRRGRL.IS composed

of a discontinuous structure. [0018] 5The separation membrane herein refers to a membrane that

separates corgpppRisjafhdiddepterhseparationimenbsanetstiface to obtain a permeate fluid that
has permeated through the separation membrane, and examples thereof include i) those composed of

a sepamtion f()clionsdpjayeimarpeardusnsuppornizaegrding sosubstrale dnd ¢) whesetmposed of a
separation functional layer and a substrate. 10the separation membrane of ii), the separation
functional layebiy erécsafhednemmeriaihease 61 MRSosBRISIOHEtC ARPRIEPORSTRNSERP B layer in the
separation membrane of is used as a separation functional layer. [0019] En the separation membrane
in the form of l)"()%’::EF]%M above, a erosslinked 15polymer is used as a separation functional layer in

lorme of, for YAITRLERAIE S canirol and duipblly SRselialy Ans porsys Support laver
, a po i

mentioned be aml(c)iré%leparatlon unctional layer obtained by polycondensation of

polyfunetiona%@g&qw@%g@y&g&{%%@q{i%%@g%@Ha@mmmq)mgional layer,
and the like can be suitably used in terms of separation performance.
10 surface of 100 pm to 2000 pm.
(5) The separation membrane element according to any one of (1) to (3) above,
wherein a feed spacer is arranged on the surface of the above-described separation
membrane.
(6) The separation membrane element according to (5) above, wherein the above-
15 described feed spacer has a continuous structure.
(7) The separation membrane element according to (5) above, wherein the above-
described feed spacer has a discontinuous structure.
(8) The separation membrane element according to any one of (1) to (7) above,
wherein the above-described separation membrane is composed of the above-
20 described substrate, a porous support layer formed on the substrate, and the
separation functional layer formed on the porous support layer.
(9) The separation membrane element according to (8) above, wherein the above-
described substrate is a continuous-fiber nonwoven fabric.
(10) The separation membrane element according to (9) above, wherein in the above-
25 described continuous-fiber nonwoven fabric, fibers on a surface layer on the opposite
side to the above-described porous support layer are more longitudinally oriented

than fibers on a surface layer on the above-described porous support layer side.



20[0020] On the other hand, the separation functional layer in the separation membrane of ii)
described above is not particularly limited as long as it has a separation function and a mechanical
strength required for the separation membrane element, and preferably formed, for example, from
cellulose, a polyethylene resin, a 25polypropylene resin, a polyvinyl chloride resin, a polyvinylidene
fluoride resin, a polysulfone resin, a polyethersulfone resin, a polyimide_resin, a polyetherimide resin,
and the like. If bhay BeSsRAEORSATPHEATY HELSMeRFHLdLE vt oReRIhbodrl 28R principal
component herﬁin r.efﬁ{{g tg theé:ogrti%nt of 500/%.bg/ weight or more andearg;%ably 60% by weight or

e : 0

. wherein apoye-acg ed separatio [& rane 1S Co OS VE .
more. In particCular. prefefred is a layer composed, Tor exampfe, of & P yvmyF(E:]hf)orlde resin, a

polyvinylidenefluaricla tesin.2.nalyshifone asin. and 3pevstharsions.rasin,uish are readily

formed into a membrane from a solution and have excellent physical durability and chemical
resistance. Spegifigaltyg, dor exaRieEarsobtion of polysulfone in N,N-dimethylformamide (hereinafter
referred to as DMF) is cast onto the below-mentioned substrate, i.e., nonwoven fabric to a uniform
thickness, andhedjesultant is subjected to wet coagulation in water, whereby the layer can be
produced. 10[0021] The porous support layer in the separation membrane of i) described above
and the separation fU¥REGEHAIL Ay S RTeFESdpxeation: e MBFEE GTNGaSISEEr Abdve can be

produced accarding to the m éhod described in "Office of saline Water Research anngevelopmcnt
Progress RepoteRes! §‘§’§eff§ 8Y'B¢ ARUSTHI TR SHINDHER CBRRENA SARHUSR BHTRERB rature, and

poor solvent in order to obtain the form _mentioned . | ive polysulfone
is dissolved inoaiﬁ%%%/rf{her?neasrlﬁslgg (ﬁgﬁgﬁﬁg%%? Irlz g%%%h’%g% t%l%r?e ga%gel%%@g%o%%entration of
a polysulfone #iggiBS0{HHOR -MiRXbARE obish MBS I8 NS AlLTIRAID PRRISE OB hakbSWate comprising
a nonwoven fabric to a substantially uniform 20thickness, and then the solvent on the surface is
removedl in aififae & Ceriadd, padeckefdinenatiembaich dee pal ysulionenisdeagudapechinaaiepagulating
liquid, whereby the layers can be obtained. In this process, at thc surface portion in contact with the
coagulating liquidotherssivdrtDhimtaipidly Hiffssesating, erfensansectines eoiagddtion of polysulfone
proceeds quickly, generating fine continuous pores the 25core of which is the portion where DMF
existed. [0022F 2HRGAHEr pEFPUREERIIHIT IR S SIERE 8 PdREdP ek biBeiratatiano the substrate
side, diffusion of DMF and c %tion of olxsulf ne proceed morge sIovC\{Iy than at the surface, and

C a lill erformance can be ol%t
therefore DMEY 88@%59% ETCR

1 al . .
6)?6?}% arge core, consequen Iy,lfﬁe resultlng continuous pores

will have a Iar%%%&agyggeéRlﬂgﬁ@ggépﬁ%,m%%@ge core-formation conditions described above
tht

varies 5slightly wi e distance from the surface, a layer having a smooth pore size distribution with
no defirjte bopgsieyy will be formed. By adjusting the temperature of the polysulfone resin solution
used in this formation process and the concentration

Figure 1 is a cross-sectional schematic view illustrating one aspect of the

separation membrane and the permeate spacer in the separation membrane element
of the present invention; and
Figure 2 is a cross-sectional schematic view illustrating another aspect of the
20 separation membrane and the permeate spacer in the separation membrane element
of the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION
[0016]

The present invention will now be described in more detail.

9]
(93]

[0017]
The present invention is a separation membrane element comprising a

separation membrane and a permeate spacer. The permeate spacer is made of a



of polysulfone, the relative humidity of an atmosphere in which application is performed, the time from
application until immersion into a coagulating liquid, the 10temperature and composition of a
coagulating liquid, and the like, a layer having a controlled average porosity and average pore size can
be obtained. [0023] Further, the separation functional layer constituting the separation membrane of i)

described above can be produced as described below. The aration 15functional Iag(%r constituting
the separatiofHEFMHARAE A faEs BHbERHALR %ﬁ?ﬁ%ﬁﬁ?ﬁ‘%ﬁ RROSHATAG AFHKIhG water, for

O e NES e g2 ter spniaing i sybsianges and i the

. S T . .
production of hatetia rapure water can be compose The Separation functional layer

of polyamide 8&9&%4@@?‘3%9@0&99[&%%%9&9@ layer by interfacial polycondensation 20 of
polyfunctional amines with polyfunctional acid halides. Here, at least one of the polyfunctional amines

and the polyfupgtignal acid halides preferably contain a tri- or more functional compound. [0024] The
polyfiinctional amine herein refers to an amine having at least two 25primary amino groups andlor
secondary amino gréhpsépapaomolenbiepathiaast mieroftheramiprogrtipsdpaiiated primary amino
group. [0025] Examples thereof include alicyclic polyfunctional amines such as phenylenediamine
and xylylenediamnoa st dfeddmmisBrEios earapRstracs BerbeHeagMrdRy Bibrtho, meta,

and pan relationship, 1,3.5-triaminobenzene, 1,2,4-triaminobenzene, 3,5-diaminobenzoic acid,
3-aminobenzﬁﬁﬁhﬁ%}’%ﬁ%ﬁﬁtﬁgé}?ﬁm‘@géﬁﬁﬁmﬁ%‘?%ﬁbﬂ (3 %?h?ﬁéeéﬁraglgga%g: ie ﬁré((%%(r%ine and

propylenediarife and Aevel PONUSHENALATINGR AEh apdardamimpencloneyade. 1.4

. . € C : .
diaminocyclohexane, ﬁ-apmlnoplpen ne, and 4-aminoethylpiperazine. n particular, an aromatic

polyfunctionaanaingnaving &&@&Wadmma&}ﬁmmawm SEFaNEATY apinaigroups in one
seleC

molecule is preferred in view of the tive separation performance, penneability, and heat
resistance of the saemlti@Ng.caitdmepifeythaeebaraine, fuphenyldagetiamines qadlie
,5-triaminohenzene are suitably used as such a polyfunctional aromatic amine. Among them, it is more
preferable to usantepteerfyieiadinpningdgte ki siepeedosratP RoadayPD A feRaiFiosf 15availability and

handleability. . , _
membrane of 1) is used as a separation functional layer.

[0019]
In the separation membrane in the form of i) described above, a crosslinked

15 polymer is used as a separation functional layer in terms of, for example, pore size

control and durability. Specifically, on the porous support layer mentioned below, a

polyamide separation functional layer obtained by polycondensation of

polyfunctional amines with polyfunctional acid halides, an organic-inorganic hybrid

functional layer, and the like can be suitably used in terms of separation performance.
20 [0020]

On the other hand, the separation functional layer in the separation membrane
of ii) described above is not particularly limited as long as it has a separation
function and a mechanical strength required for the separation membrane element,
and preferably formed, for example, from cellulose, a polyethylene resin, a

25 polypropylene resin, a polyviny! chloride resin, a polyvinylidene fluoride resin, a
polysulfone resin, a polyethersulfone resin, a polyimide resin, a polyetherimide resin,

and the like. It may be a layer comprising these resins as a principal component.



[0027] These polyfunctional amines may be used alone, or two or more of them may be used
simultaneously. When two or more of them are used simultaneously, the above-described amines may
be used in combination, or the above-described amine 20 and an amine having at least two
secondary amino groups in one molecule may be used in combination. Examples of amines having at
least two secondary amino groups in one molecule jnclude piperazing, 1.3-bis(piperidyl)propane, and
the like. [0028]1¢ PHASR RIS TIRRBEHAIAEIR IFARGE G488 E° oteé%l %?c%%]a%g lﬁb{}?r% g}ﬂléga%)tl%wo
imiogLiiated carhon yps.in one malecyle. [ iflingti L i include
trimesic acid Bﬁei?)er%{g?’g 18%/53 %y&%&arﬁ%éargrgégﬂtﬁ gg?%%ﬁigﬁgg%qggﬁfﬁ) u%%i%?carboxylic
acid trichloridg, andlherlikso Roeh eramplee AkRiTunionalarishbalidesinalude pomaileditunctional
acid halides such as biphenyldicarboxylic acid dichloride, azobenzenedicarboxylic acid dichloride,
terephthalie agigichitigeoisepkikalioacidsahloride; ardaafiytialend dicerboxylicaacidroniaride;
aliphatic bifunctional acid halides such as adipoyl chloride and sebacoyl chloride; and alicyclic
bifinictional asidihalidesisusie escelicispintass dicabboxytidadientkAiesiietsfelohexanedicarboxylic
acid dichloride, and tetrahydrofuran dicarboxylic acid dichloride, 10[ ,03% In view of reactivity with
polyfunctionaﬁﬁﬁ‘ﬁﬁéﬁ!%é&@l&%&&ﬁdﬁé@@@i@‘ﬁéﬁﬂé%%@&% %‘5‘?}? Pﬂ:fﬁgﬁgpé\g% chloride, and in

view of the selective separation perfo ce and heat resistance of thg n Qrape; it is preferably a
polyfunctionafmﬁﬁgrefg' IE?IE}OEHC% Ving Y64 car Ootéffl c%?@?igéelétrlgugs g|?;L1mone Tsmalecule. In

partioular, It s, moye, ITGHARIE (P (R HIMERIGACL AU ORCR prnine sigadRains Gleavalabilty and
e

handleability.rf%gf] hese polyfunctional acid halides may be used alone, or two or more of them

may be used sigplfansotsiya2P[QA3&bha evide dietrapadiied. functional layer surface with a height
difference by forming (such as injection forming, vacuum forming, pressure forming, mold forming,

embossing, tregifer processing, and thermoplastic resin processing) while maintaining the separation
performance thereafter, the molar ratio of a bifunctional acid halogen compound to a trifunctional

halogen compound (fie pesteofuhpopifanetishtlcBeRien ereEBFS I d e RIS trifunctional
acid halogen comgound) is preferably 0.05 to 1.5 and mor,ergrefer

) gbl 0.1t %1.0. .lt?épeb%rveesent
invention, as ﬁﬂ%%@lﬁmﬁﬁfé%}ﬁ&}?&’éﬁ A VEARTLL it A Figight Qifference in the
range of 100 to 2000 um on,the su({fgg &9hie fingh Sd%?@ﬁ@@&’%”‘@@%%@saﬁ%@aﬁ@nheh as a

separation méib Sﬁéocélﬁgﬂtﬁ(ﬁcﬁ)é separation membrane of i) described above, a separation

membrane in &’Q%}éﬁ%&@ﬁ%@i%%ﬂw@wpbﬁs ] OTIRNIoIRPHAifukyRsichstructure having,

for example, a Si element in terms of chemical resistance can also be used. Examples of the
separgton fungionak laeschayiie A Riganismipatgareicahypidratoliaturénthatecan ggaisgbidnclude, but

are et form mentioned above. For example, a given amount of polysulfone is dissolved in

dimethylformamide (hereinafter referred to as DMF) to prepare a given
concentration of a polysulfone resin solution. Next, the polysulfone resin solution
is applied on a substrate comprising a nonwoven fabric to a substantially uniform

20 thickness, and then the solvent on the surface is removed in air for a certain period of
time, after which the polysulfone is coagulated in a coagulating liquid, whereby the
layers can be obtained. In this process, at the surface portion in contact with the
coagulating liquid, the solvent DMF rapidly diffuses and, at the same time,
coagulation of polysulfone proceeds quickly, generating fine continuous pores the

25 core of which is the portion where DMF existed.
[0022]

At the inner part directing from the surface portion described above to the



10limited to, (A) a silicon compound in which a reactive group(s) having an ethylenically unsaturated
group and a hydrolyzable group(s) are bonded directly to a silicon atom, and (B) a condensation
product of hydrolyzable groups of a silicon compound (A) and a polymerization product of ethylenically
unsaturated groups of a silicon compound (A) and of a compound (B) having an ethylenically
unsaturated 15group, which (B) uses a compound having an ethylenically unsaturated group other

than the aboveubeseatsidesdicnienmipddHaapgrapulation ofipelyealfens BIRCEREBATEouNd in which a
reactive group(s) having an ethylenically unsaturat oup,and a hydrolyzable group(s) are bonded
directly to a 26SFESHRRLA BRI %@s@%%é%ﬁ.rfé%@é%r gg@ |\?§%rr%é?éeﬁg)vé}§%gﬁ%f%lenicauy
unsaturated group is bonded directl| ili Jo%amR 1] oups include vinyl,
allyl, metﬁgéﬁf&lﬁgﬂlﬁﬁl ’e&%%%ﬁ%@n #%%m%% oxyethJﬁ%%?/%)%?gr%%?/%}%%;étyryl. 25From the

standpoint of pelymetizakilitysfogibaatylonPronyhiagrydaxysapyksane b asedreferred. [0036]
Through processes such as a change of the hydrolyzable group bonded directly to a silicon atom to a

hydroxy grouplighegnsdzhsiatianteretiosniakesyplace inlwhichasiigonscompopmessenre bonded to each
other by siloxane bond to give a polymer. Examples of the hydrolyzable group include functional
groups such adBakoiy) aikemyldefintarboxydaketoiire farmatohyRyodikshae e arstestaisd
isocyanate. The alkoxy group is preferably CI-C10 alkoxy and more preferéaa%(%c.l- alkoxy. The
alkenyloxy grodphe PRErRHBRF ele it WiRBAYRIK: This O BReRSGRBRY ¢85S AR AORSLY AR S Il more

preferably C3 a}(l:ke loxy. The carbox lh]rou is preferably C2-C10 carbox La d mare preferably C2
carboxyl, i.e., ScBY .%’@xﬁ%ﬁﬁeasngg %e 1e]t%/x?%aengart&oglf§8fﬁd% ‘Fvn%el y?pgi lfl? lcért101>5<ime, dimethyl

ketoxime. and, g KRyt ATIDAMFENh GHRHRIRA.AGHAA WG ARADIA oW Is bonded

through oxygen to a silicon atom through an oxygen atom. Examples thereof include dimethyl

aminohydroxyleglisshy.aminobydiahoans meshyliathg aqinhydroxyikésaddyaidgannatam, a chlorine
atom is preferably used.[0037]
controlled average porosity and average pore size can be obtained.
[0023]
Further, the separation functional layer constituting the separation membrane
of i) described above can be produced as described below. The separation
15 functional layer constituting the separation membrane of i) described above that is
suitably used in obtaining drinking water, for example, from sea water, brackish
water, and water containing harmful substances and in the production of industrial
ultrapure water can be composed of polyamide. The separation functional layer of
polyamide can be formed on a porous support layer by interfacial polycondensation
20 of polyfunctional amines with polyfunctional acid halides. Here, at least one of the
polyfunctional amines and the polyfunctional acid halides preferably contain a tri- or
more functional compound.
[0024]
The polyfunctional amine herein refers to an amine having at least two
25 primary amino groups and/or secondary amino groups in one molecule, at least one
of the amino groups being a primary amino group.

[0025]
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15In forming a separation functional layer, a silicon compound having a silanol structure as a result of
hydrolysis of some of the hydrolyzable groups described above can also be used. Further, two or more
silicon compounds that have undergone an increase in molecular weight to the extent that some of the
hydrolyzable groups are hydrolyzed, condensed, but not cross-linked can also be 20used. [0038]

The silicon compound (A) is preferably represented by Formula (a) below. Si(R1),"(R2),(R3)4.",_n (a)
(RI represents a reaktivapiesuparseiliielydrbmylen raijinasanat Aeingrcuph 25represents any of

alkoxy, alkenyloxv, carboxyl, ketoximc, a halogen atom, or isocyanate. R3 represents H or alkyl. m and
n are an intedUEEEHISARHRG A XY YRR AR S al I E R A AL g TSURS BT AR DO RI, R2, and

R3, when twq or mare functional.graups are bonded to a silicon afom, they may be the same or

different.) ﬂlzs?%erréré%ff\llgnd%up mcl’u%ﬁ%%j 3tﬁde9ﬁlﬂﬂénlca r31/Su}15)§at’ur"ateda group as described above.

5[0039]  Rejsahyriplwablagrouniasdessiber aboye. Thecochandmbengtihe alkyl of R3 is
preferably 1 to 10 and more preferably | to 2. [0040] As the hydrolyzable group, alkoxy is preferably

used bgcauseiiipspésasan kyeaniion selitiee with visapsibnsditimirpadssparation fumncteonal layer.
[0041] Examples of such silicon compounds include vinyltrimethoxysilane, vinyltriethoxysilane,
styryltrimethoaydijéingsmeiatmiviomtcpyinee ttndulim d tBekgsilaneyclohexane, 1,4-
methacryloxypropyltrimethoxysilanc, 15methacryloxypropylmethyldiethoxysilane.
methacryloxyPrapyiasa kg sirmd-HRH aRReN Rt OBy AMBIMOKISTRIRSTIG0M2] In addition to (A) the
silicon compo silicon compound that does not have a reactive group having an ethylenically
unsaturated éb%iut has a

In particular, an aromatic polyfunctional amine having 2 to 4 primary amino

10 groups and/or secondary amino groups in one molecule is preferred in view of the

selective separation performance, permeability, and heat resistance of the membrane,

and m-phenylenediamine, p-phenylenediamine, and 1,3,5-triaminobenzene are

suitably used as such a polyfunctional aromatic amine. Among them, it is more

preferable to use m-phenylenediamine (hereinafter referred to as m-PDA) in terms of
15 availability and handleability.

[0027]

These polyfunctional amines may be used alone, or two or more of them may
be used simultaneously. When two or more of them are used simultaneously, the
above-described amines may be used in combination, or the above-described amine

20 and an amine having at least two secondary amino groups in one molecule may be
used in combination. Examples of amines having at least two secondary amino
groups in one molecule include piperazine, 1,3-bis(piperidyl)propane, and the like.
[0028]

The polyfunctional acid halide refers to an acid halide having at least two

halogenated carbonyl groups in one molecule.

3]
L

[0029]

Examples of trifunctional acid halides include trimesic acid chloride, 1,3,5-

11



20hydrolyzable group can also be used in combination. Examples of such silicon compounds include a
compound wherein m is zero in Formula (a), although defined as "m > 1" in Formula (a). Examples
thereof include tetramethoxysilane, tetraethoxysilane, methyltrimethoxysilane, and
methyltriethoxysilane. [0043] 25\ the compound lialrinn an ethvienirally unsaturated growhich excludes

(A) the silicon compound, will now be described. [0044] The ethylenically unsaturated group is
addition polynssaledisianeiiasblos/bE sgichte dsArcryglobetanenicaphopyisicidnethacrylic acid,

acrylic acid, styrene, and derjvatives thereof [0045] .. Such a cao und is preferably an
alkali-soluble B&TRSBHa ARV Ke-280 ?é?ff&@faﬁﬂogrlﬂgﬂ%n(gﬁﬁaaﬁégg%fggfi\l}éc%éﬁﬁé% iftF of water and

increase the s&l&%%eﬁgéni%\é%%w&g] a gﬁgi ?é)'c gnrrfggpa%%g(?elﬂg y lgqhé%{’op mple, for separation of an

aqueous solution. referred acl tures are carboxylic aci oSphonic acid, phosphoric

acid, and Su'f%%?oéﬁ;&@n@&9&%@9@%&#%9%%@@%@%&5&%ew%%a%}%ﬁma@é aBi@cid, an ester

compound, and a metal salt. Such compounds having one or more ethylen cally unsaturated groups
can corgain twilerHa e daidshthdlen niparieskdic aoiphlatidiz caiphaniodifutet2oasidicatlicals are
preferred. 15[0047] Examples of the compound having a carboxylic acid group among the
above-describedidenspdunsisdipyihghdorderantbsebetivyleshitatigeunsdialiayeHagpdupstinaiide the
following: malcic acid, maleic anhydride, acrylic acid, methacréiléc acid. 2- (hydroxymethypacrylic acid,

4-(me§h)acryl@5¢ié>@}ﬂé¥ﬁ‘§q fHRReItRY deRraia odicarPesybnarig h%?ﬂfes, 10-methacryloyloxydecyl
00481 ExaIB AL BOS UL o0 RSB S U1 HEH S Re v described
compour_ld_s h%\llciﬂ%ggg_ or more ethylenically unsaturated groups ill ?...1 L11.11/4/ V'mop] IV/
111',mytinierryi pnospnome acid, 4-vinylbenzvl phosphonic acid, 2-methacryloyloxyethyl phosphonic
acid, %—metha%yjlﬁwidoethyl phosphonic acid, 4-methacrylamide-4-methyl-phenyl-phosphonic acid,
o In view of reactivity with polyfunctional amines, the polyfunctional acid
halide is preferably a polyfunctional acid chloride, and in view of the selective
separation performance and heat resistance of the membrane, it is preferably a
polyfunctional aromatic acid chloride having 2 to 4 carbonyl chloride groups in one
15 molecule. In particular, it is more preferable to use trimesic acid chloride from the
standpoint of availability and handleability.
[0031]
These polyfunctional acid halides may be used alone, or two or more of them
may be used simultaneously.
20 [0032]
To provide the separation functional layer surface with a height difference by
forming (such as injection forming, vacuum forming, pressure forming, mold
forming, embossing, transfer processing, and thermoplastic resin processing) while
maintaining the separation performance thereafter, the molar ratio of a bifunctional

acid halogen compound to a trifunctional halogen compound (the mole of the

[\
ul

bifunctional acid halogen compound/the mole of the trifunctional acid halogen

compound) is preferably 0.05 to 1.5 and more preferably 0.1 to 1.0.  In the present

12



(dihydroxyphosphory1)-2-oxa-butyl]acrylic acid, and 242-dihydroxyphosphory1)- ethoxymethyl]-acrylic
acid-2,4,6-trimethyl-phenyl ester. [0049] Examples of the phosphate ester compound among the
above-described compounds having one or more ethylenically unsaturated groups include 2-
methacryloyloxypropyl monohydrogen phosphate and 2-methaeryloyloxypropyl dihydrogen phosphate,
2-methacryloyloxyethyl monohydrogen phosphate and 2- methaeryloyloxyethyl dinydrogen phosphate,

2-methacryloJS LRIy RORERTRIFI OISR I HORIHEHRD 8O REAGHRES P AN loxy
phosphate, 1Q- ]10methacryloyloxyd -di en phesphate, dipentaerythritol pentamethacryloyloxy
phosphate, p%b@ﬁﬁ%ﬁ%%&%r‘%gﬁgvc({i%é(?ﬂ/r%@qu%&ﬁp iﬁ?ﬁ-s)l/l{ E-ldgs zﬁl%-(%etsﬁggﬁﬁg)r%ide)hexyl
dihydrogen plag)éiggl% e'and 1,3-bis-(N-acryloyl-Npropyl-amino)-propan-2-yl-dihydrogen phosphate.
[0050] 15Examples of the compound having a sulfonic group among the above- described compounds
having one o) vels ethylenically unsaturated groups include vinyl sulfonic acid, 4-vinylpheny! sulfonic
acid, and 3-(methaerylamide)propy! sulfonic acid. [0051] 20To form a separation functional layer
havingsn organic-inpughnic d3\dsigh statictunesniBatirecoomipgimuthavépgranenon endrevethyfehically
unsaturated groups and a reaction solution containing a polymerization initiator are used in addition to
(A) the silicondessnibediabloTeis nepeasian e abpFyaiisvrhishtibs sIFG AR YTy EUrsort layer

mentioned below, further condense the hydrolyzable groups, 25and hesides polymerize the
ethylenically Mﬁ%@&%&ﬁ%%g@?ﬁa@ﬁﬁﬁlﬁnﬁhﬁéﬂﬂiﬂ v }ga:%?%?gﬁééée%ﬁﬁgunds. [0052]

o o e SR ARG U B scie opgaldconsrpualin b dsmpiefhan bonds

silicon atoms produces a large dens erence between the vicinity of the silicon atoms and parts

distant from the.s| iggﬂ SOMs.-ARSANSRAEN N e ReraiZ6 1 thessRalatianfunctional layer tends

to be ununifonn. 50n the other hand, in addition to the increase in molecular weight and cross-linking
of (A)the silicom gampousrhitseocopalysnatization okithréBytihe gonppound iaving an ethylenically

unsaturated group moderately disperses the cross-linking points formed by condensation of
hydrolyzable gtoyipsieaity thesenasseiinking poihtshiginbd 4y otynpésizationdastidyiestivaityaunsaturated
groups. Suc_h a moderate dispersion 100f the cross-linking points folrmsoetsseg?gastgﬁrc\ggnctional layer
having a un,f@hpp@@om, and (B) a condensation product of hydrolyzable group
compound (A) and a polymerization product of ethylenically unsaturated groups of a
silicon compound (A) and of a compound (B) having an ethylenically unsaturated
15 group, which (B) uses a compound having an ethylenically unsaturated group other
than the above-described silicon compound.
[0034]
First, (A) the silicon compound in which a reactive group(s) having an
ethylenically unsaturated group and a hydrolyzable group(s) are bonded directly to a
20 silicon atom will be described.
[0035]
The reactive group having an ethylenically unsaturated group is bonded

directly to a silicon atom. Examples of such reactive groups include vinyl, allyl,

methacryloxyethyl, methacryloxypropyl, acryloxyethyl, acryloxypropyl, and styryl.

[\®]
ul

From the standpoint of polymerizability, methacryloxypropyl, acryloxypropyl, and
styryl are preferred.

[0036]
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size, and a composite semipermeable membrane having well-balanced water permeation performance

and rejection performance can be obtained. In this case, the compound having one or more

ethylenically unsaturated groups, if its molecular weight is low, can dissolve and cause membrane

performance degradation during the 15use of a composite semipermeable mulibranc, and thus the

molecular weight needs to be increased. [0053 In such a&roduct'on mettg;d, the content of (A) the
r

silicon compound in TR RESERYRS §relides thanag sty Hilgéﬁ?{ﬁr%%‘fﬁ £84%oup and a
20hydrolyzabl bonded directly t ili tom i ferably. | 10 tsb
St ane ORI BT By T 2D B 0y St e LEE SRR & Peeigit

weight and m y W welight, base ts by weight of

the solid conteiysouiaingda, (e eason. seluforhe sl Sapiaieduitedation solution herein
pstgect _ _

refers to components contain nally in the resulting composite semipermeable membrane as a
separation 25fdngtienal laygrpwhichis e9mpraepls @hey thandeonneioaalstoupe distilled such as
water and alcohol produced in condensation reaction and solvents among all the components
contained in thkseackitnsoiutonardbdhel cheitentef fA)ithe:siticoy], belogruaidis.smdll, the degree of
cross-linking tends to be insufficient, which can cause problems such as degradation of separation
performance dweYendissolTtionlkxivezsuapaiapisicrahbtbndl iagodyang wembraisehlydtion. [0054]

5The content of (B) the compound having an ethylc i(;,l%ll nsaturated group is preferahly not more
than 90 parts by Weight andMSrengHerrSINYPSS B’zﬁ’% %\%Q%‘?Pt%l%%‘ggﬁg’ by%%?é %%rﬁ%’)ééd on 100
parts by weight of the solid content contained in the reacti l}l('onq\@(ggg}ggg tent Qf (B) the

compound is &hlﬁ%ﬂ‘é%‘é’%é‘ﬁg%%? e resurt r{g%re%hg%f:@;?o%%%%%o al layer will hg/%qa%r%éh degree of

cross-linking, @e}ﬁ%@‘?@P%E‘M%%é?@@&%ﬂ&@'&%?&%tﬁ?@?@a%ﬁ?g ot staflyywithout dissolution of

the separation functional layer. [00 The method of foiining the separation functional layer
having g@n orgaRigripREsMicNdRsid Bl uesups e irsedhsd aholeetx arpotinsthypRettiayer will now be
15described. [0056] In the method exemplified for separation functional layer formation, the step of
applying a reaatibdisthiltianosamtainiAg (Mhid it enovorpo gria it WBicthanctmpo gFIRdving an ethyl
enically unsaturated group, the step of removing a solvent, 20the step of polymerizing ethylenically

unsaturated gronged diauek etpBrecHHEAIIRY AN ERAR FSEPs 4P pe (€ the order
e SR Bl AR o n some
aminohydroxyl. As a halogen atom, a chlorine atom is preferably used.[0037]
15 In forming a separation functional layer, a silicon compound having a silanol
structure as a result of hydrolysis of some of the hydrolyzable groups described
above can also be used. Further, two or more silicon compounds that have
undergone an increase in molecular weight to the extent that some of the
hydrolyzable groups are hydrolyzed, condensed, but not cross-linked can also be
20 used.
[0038]
The silicon compound (A) is preferably represented by Formula (a) below.
SiR)m(R)o(R)smn (2)

(R' represents a reactive group including an ethylenically unsaturated group. R’

\8)
93]

represents any of alkoxy, alkenyloxy, carboxyl, ketoxime, a halogen atom, or
1socyanate. R’ represents H or alkyl. m and n are an integer satisfyingm +n <4,

provided that m > 1 and n > 1 are satisfied. In each of R! R? and R®, when two or

14



25First, a reaction solution containing (A) and (B) is brought into contact with the porous support layer
mentioned below. Such a reaction solution is generally a solution containing a solvent, and such a
solvent is not particularly limited as long as it does not break a porous support layer and dissolves (A),
(B), and polymerization initiators added as required. To this reaction solution, it is preferable to add
water of | to 10 times molar quantity and preferably 1 to 5 times molar guantity relative to the molar
number of (AJRe SMHATEd BgRATfREtAE WithSHiF Ay S BBy gﬁe%&sﬁgﬁcoﬁcid to promote
hydrolysis of (A).the silicon compound. [0058] As a solvent in the reaction solution, water,
alcohol-based’ Sﬂ’% solvents, ether-based organic solvents, ketone-based organic solvents, and
mixtures thereof are prefered Fxamplematalaghelhaseroimonissphaaisiagide methanol
10ethoxymethanol, ethanol, propanol, butanol, amyl alcohol, cyclohexanol, methylcyclohexanol,
ethylene glycglimonqragthy ether (2-methoxyethanol), ethylene glycol monoaceto ester, diethylene
glycol monomethyl ether, diethylene glycol monoacetate, propylene glycol monoethyl ether, propylene
glycol monoagwizeg, dipropylene glycol monoethyl ether, methoxybutanol, and the like. 15Examples of
ether-based organic solvents include methylal, diethyl ether, dipropyl ether, dibutyl ether, diamyl ether,
diethyl acetal, dihexi{ ésehytiokaabl cagrauiiaralsecEbeshibres of Keformhoasaimdigitsolvents
include acetone, methyl ethyl ketone, methyl propyl ketone, methy| isobutyl ketone, methyl amyl
ketone, meth?p@ﬂcﬂ’éIlﬁeifilﬂféfﬁ‘ﬁé}yd?e%)}p@gﬂé‘?rgtﬂﬂﬁ PkbtSite, trimethylnonanone, 20acetonitrile
acetone, dim?él%:%ixide, phoronc, cyclohexanone, and diacetone alcohol. [0059] The amount of
the solvent is'preferably 50 to 99 parts by weight % and more preferably 80 to 99 parts by weight %.

When the amount of&gﬁé@ém@m aiglgy, qgi@%%é%ﬂ@f&%ﬁ%&é@ fhe.memnbraneiaand when the

amount of the solvent is too’small, the water permeéability of the resulting separation nv-mbrmP trylc to

he low ¢[0060}ckhemoitReialthe Pariss supRathiayearseidrdienréactiomadition described above is
preferably carried out uniformly and continuously on the porous support layer. Specific examples

thereof includg@@dé Imethod of coating the porous support layer with the reaction solution using a
coating applicator such as a spin coater, a wire bar, a flow coater a die coater, a roll coater, or a
sprayer. Another exdixrplesStheustetHis@pEmprRRiig R do H@é@ﬁbﬁ%ﬁ’f‘%@‘ﬁa the reaction
solution. [0061] In the case of immersian, the contact time of the porous support layer with the

reaction solutiﬁﬁﬁ?ﬁ?’@@%ﬁ}?‘}ﬁ’ ﬁ%l}%‘é%e %Sltl(?% minutes and more preferably in the range of 1

to 3 minutes. After th ti lutign. ' [ tl ,
i pretorabid e e S Lt crop s e e orous Suppor

icient that droplets would not remain on the porous support

layer. Sufficiepf AaNAGkPERYENIE R gIadaliRn SlamembiRne iex igiviaecthux joite:aadbrane
defects resulting from the part where the droplets remained after membrane formation. Examples of
the method of.grgipingie Belutian tyailaan be used include holding

[0042]

In addition to (A) the silicon compound, a silicon compound that does not
have a reactive group having an ethylenically unsaturated group but has a
20 hydrolyzable group can also be used in combination. Examples of such silicon
compounds include a compound wherein m is zero in Formula (a), although defined
as "m > 1" in Formula (a). Examples thereof include tetramethoxysilane,

tetracthoxysilane, methyltrimethoxysilane, and methyltriethoxysilane.

[0043]

an ethylenically unsaturated group, which excludes

dilagill &

3]
%3]
o~

(A) the silicon compound, will now be described.

[0044]
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15vertically the porous support layer after the contact with the reaction solution to subject the excess
reaction solution to gravity flow, blowing air such as nitrogen from an air nozzle to compulsorily drain
the solution, and the like. After the draining, the membrane surface can also be dried to remove a
portion of the solvent in the reaction solution. 20[0062] The step of condensing the hydrolyzable
groups of silicon is performed by heat treatment after the contact of the reaction solution with the
porous support laver! fhethdemisg! be pise rareies igrebi istadrliéi v poen o8kl fowixaiapl es@temperature
that melts the porous suppart layer and degrades the performance as sepfiration membrane. In
order that the CEAERRAIH F&XHAR Broleta ST Dcimg 8%{%&%% IS8R a7 R ried out at
0C or higher an (rl%%rea&r,%ge&aebl f20C or higher. Further, the reaction temperature is preferably not
higher than 150€ @nd more preferably not higher than 100C. When the reaction temperature is OC or
higher, the hyg;@ is and the condensation reaction proceed rapidly, and when not higher than 150C,
the hydrolysis and the condensation reaction can be readily controlled. Further, by adding a catalyst
that prgmotes hydrolysis arceansirngationefhieviastiandraseaatpevad Ridlgwentedperature.
Furthermore, heating conditions and humidity conditions are selected such that the separation
functional layeadiilHavejsotesshaascocbenty opttheaboigersation sedttionaappropelately. [0063] The
polymerization of ethylenically unsaturated groups of (A) the silicon 10compound and (B) the
compound halgif§HM &t WhRENy MREHOPRANGIDD 18 A5 e foasTeaBle: B Hogi8destEAas heat
treatment, electromagnetic wave irradiation. electron 'beam irradiation, and plasma irradiation. The
electromagneﬁ%l\f/%‘%fesﬂ & includes infrared ray, ultraviolet ray, X-ray, gamma-ray, and the like. The
polymerization@%aIE/od may be selected optimally as appropriate, and the 15polymerization using
electromagnetic wave in-adiation is preferred in terms of, for example, running costs and productivity.
Amongghe electromagreticyryesufahravdrrRIAtoRangrVpiracialion prespesapreferred in
terms of convenience. When the polymerization is practiced using infrared rays or ultraviolet rays,
these light souttésanéedifini satedimadytiemitaoid\stive thghd imathesst 20way elengththedians @hd need
only include the electromagnetic waves in these wavelength regions. However, in terms of ease of, for
example, shorerng oh sslgneernting.itné amttebmibl of pdiyiveieanen eomitivsoTHedrdensity of
these electromagnetic waves is preferably higher than that of the electromagnetic waves in other

wavelength regiBReISBITERRtuTatef STORRTGIR SORBHE WASIIR BdSerdate 83t dhalogen lamp,

a xenon lamp, a UV lamp, an exeimer I?mé) a giet | halide amp, a noble gas fluorescent
tompounds'containing | to 2 acid radicals are préferred.

15 [0047]
Examples of the compound having a carboxylic acid group among the above-
described compounds having one or more ethylenically unsaturated groups include
the following: maleic acid, maleic anhydride, acrylic acid, methacrylic acid, 2-
(hydroxymethyl)acrylic acid, 4-(meth)acryloyloxyethyl trimellitic acid and
20 corresponding anhydrides, 10-methacryloyloxydecyl malonic acid, N-(2-hydroxy-3-
methacryloyloxypropyl)-N-phenylglycine, and 4-vinylbenzoic acid.
[0048]
Examples of the compound having a phosphonic acid group among the

above-described compounds having one or more ethylenically unsaturated groups

3]
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phosphonic acid, 2-methacryloyloxyethyl phosphonic acid, 2-methacrylamidoethyl

phosphonic acid, 4-methacrylamide-4-methyl-phenyl-phosphonic acid, 2-[4-
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lamp, a mercury lamp, and the like. Although the energy of the electromagnetic waves is not
particularly restricted as long as polymerization can be carried out, in particular, high-efficiency and
low-wavelength ultraviolet rays have high thin membrane-forming properties. Such ultraviolet rays can
he generated by a low- 5 pressure mercury lamp and an excimer laser lamp. The thickness and form
of the separation functional layer can vary significantly depending on each polymerization condition
and can vary @ﬁmﬁm@@e}b@nﬂﬂﬁé@hﬁthétwmwﬁgﬂ?@mdﬁﬁ%ﬁ%ﬁﬂﬁfdé%mg?ﬁﬁbﬂ@ﬂbwaves, the
distance to an object to be irradiated, and the processing time in the case of polymerization using
electromagnetraveth sl e dd ORISR ESEE be optimized as appropriate. [0065]
For the purpoi%?ggéincreasing the polymerization rate, it is preferable to add a polymerization initiator,
a polymerizat celerator, and the like in foilning a separation functional layer. The polymerization
initiator and the poly@&g@gggfa@%ggf)%qgo&@glecgg}p%mpwlyglm’gtggo@gg&gg%griately selected
depending, for example, on the structure of the compound used and the polymerization method. [0066]
Exampies of thamplvmashizatinnomnitiatel aeegiveni balgwn Rxamplesroliitiainigefor polymerization
using electromagnetic waves include henzoin ether, 20dialkyl benzyl ketal, dialkoxyacetophenone,
acylphosphinenettiderdo hisagytphdsphiné phidgscpliikpbares farmxtrapidoyloxypropyl
9,10-phenanthrenequinone), diacetylquinone, furylquinone, anisylquinone, 4,4'-dichlorobenzylquinone

and 4,4'- dialkbRyBesep ghiriohateadaneibapndeyanpeby Erangbedrogspinbesphatt Plyinerization using
heat include azo compounds (for example, 2.2'- 25azobjs(isqbutyronjtrile BN) or.
azobis-(4-eya??t?%%w&?ﬁéoééféwl|§@Pé’raf8§§n(f§}0é§5?ﬁ%léfa?§éaﬁf§ﬂy %?3%%%{,"8[%%%yl peroxide,
tert-butyl perqctoate, tert-butyl perhenzoate, or di-(tert-butyllperoxi r argmatic diazonium
salts, Hs- sucl%1 r%gﬁégﬁlflg,sg%trg’a% elg% grlurﬁtgg Sgl%rgf%%%%:%gg%%%}r%ﬂég ts?r%b@mssium persulthte,

ammarjum p%%ﬁl&%&%@l%!j%@wmdl 'ﬁﬂ%k@f?@%ﬁﬂﬁ%e’?%‘éﬁ%é&?ﬁﬁ%ﬂ@iene, and distyryl dianion. In

particular, benzopinacol and 2,2™- dialkylbenzopinacol are particularly preferred as an initiator for

radical 5polyrpesizatianadfA6yioxy pRespiideanshhodikeatit e ase prafiallypisatdin-gepipination with

an aromatic amine in order to accelerate the initiation. These combinations are also called redox
system. Exanptes 6f(suathaarsistade inclytiditiydrogrmbphasipretst 20bénzbid-(erestidle drN-
camphorquinone with an amine (for example, N,N-dimethyl-p- toluidine,
N,N-dihydroxyésmyl-grenatpiep prcimbdibrdtagearhineiicoate ester, or a derivative thereof). In
addition, a syi@%g@hat contains peroxide in combination with ascorbic acid, barbiturate, or sulfinic
acid, which acts as‘a reducing agent, is also preferred. 15[0068] Then, polycondensation reaction

occurg gipon heat Uealmghl-8t 290t LARRIMA b LA RERAIANGH diRiliangl gyer derived from

silane coupling agent med on the porous support layer surface. Although the heating temperature

depends on thrJdnatediabaijbenpoRNSEURRASE IAYRS cMRAiEB fe@ figiRatdissRluiomeheecurs and

pores of the porous support layer are blocked, and consequently the final separation membrane will
have a reducednwiateifprodardihg-capepiten Qrydhferother dand, Innestlibisyiamide)prosytficient
polycondensation reaction causes dissolution of the separation functional layer, thereby decreasing
the rejection ratdonic acid.

[0051]

20 To form a separation functional layer having an organic-inorganic hybrid
structure, (B) the compound having one or more ethylenically unsaturated groups
and a reaction solution containing a polymerization initiator are used in addition to
(A) the silicon compound. It is necessary to apply this reaction solution on the
porous support layer mentioned below, further condense the hydrolyzable groups,

and besides polymerize the ethylenically unsaturated groups, thereby increasing the

\9]
Ul

molecular weight of these compounds.

[0052]
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[0069] 25In the production method described above, the step of increasing the molecular weight of the
silane coupling agent and the compound having one or more ethylenically unsaturated groups may be
performed before or after the step of polycondensing the silane coupling agent. Alternatively, the step
may be performed at the same time. [0070] Although the separation membrane having an
organic-inorganic hybrid 5structure thus obtained can be used as it is, it is preferable to hydrophilize

the surface of the méhipelre ﬁﬁé?@cﬂ%i%i’%‘%‘?ﬁﬁl%’,r\ﬁ%s% %%&%@ﬂ&?ﬁfﬁﬂ‘ﬁﬁlﬁ’ ous solution or
an aqueous alkallnﬁ8 o%I %Q%%[\%%@ﬁ{a?]fé’%hh?? %s%]i(i;arg é(l’)cn é‘rlélrﬁloen%érllgxga/rd?gggﬁtutlng the separation

membrane of {10 5¢ exanmple. insewage freatment will now be

described in ARIRIIOHA cinidl/ I IERRELARHELASERAHAIIAGHO IR IANE l5H GRANING of the

starting solution containing a resin and a solvent mentioned above is formed on the 15surface of a

substrate (no@wg%aﬁeﬁﬁwiﬁ)e Bh NieeSttingpatution fsiorprRonataddnt thesubstidtent hereafter,
only the coated surface of the substrate having the coating is brought into contact with a coagulation

bath containingrainosisaliiend tmcadgidate the iesimsthere)darinivgaporodisresppoktitayer that
serves as a separation functional layer on the surface of the substrate. In general, the temperature of
the 20startingeddilitre isiprefarehiouaibisself. frone Witianzgiorarith d3)0he azaroryshh#ég&andpoint of
membrane-forming properties. [0073] To the starting solution, a pore-forming agent can also be

added. The p8retBrfEr Iy ame ML R %ﬁéﬁt%?%ﬁ%%%ﬁﬁé@%ﬁ?&?w&@ Sextracted when

25immersed i?oyr}leeg %?‘/gc%lglc}ie%ga %trt] bm?d?&&%}fgf@ g'?&?@%‘ R crzleofgsr—éh%l%im;gPMnts formed

by polymerization of ethylenically unsaturated groups. Such a moderate dispersion

10 of the cross-linking points forms a separation functional layer having a uniform pore
size, and a composite semipermeable membrane having well-balanced water
permeation performance and rejection performance can be obtained. In this case,
the compound having one or more ethylenically unsaturated groups, if its molecular
weight is low, can dissolve and cause membrane performance degradation during the

15 use of a composite semipermeable membrane, and thus the molecular weight needs
to be increased.
[0053]

In such a production method, the content of (A) the silicon compound in

which a reactive group(s) having an ethylenically unsaturated group and a

20 hydrolyzable group(s) are bonded directly to a silicon atom is preferably not less than
10 parts by weight and more preferably 20 parts by weight to 50 parts by weight,
based on 100 parts by weight of the solid content contained in the reaction solution.
The solids contained in the reaction solution herein refers to components contained
finally in the resulting composite semipermeable membrane as a separation

25 functional layer, which is components other than components to be distilled such as
water and alcohol produced in condensation reaction and solvents among all the

components contained in the reaction solution. If the content of (A) the silicon
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soluble in the coagulation bath. For example, inorganic salts such as calcium chloride and calcium
carbonate can be used. Further, polyoxyalkylenes such as polyethylene glycol and polypropylene
glycol; water-soluble polymers such as polyvinyl alcohol, polyvinyl butyral, and polyacrylic acid; and
glycerin can be used. [0074] The solvent dissolves the resin. The solvent acts on the resin and the
pore- 5forming agent and promotes the formation of a porous support layer by them. Examples of the
solvent that c&ATRROYBE dsiFEIRISSTN-SREte RiysroRHIHB RS o ,Nf&#ﬁgﬂ‘ﬁﬂéé@ﬁé‘fﬁiﬁén(DMAc),

N,N-dirnethylformamide (DMF), dimethyl sulfoxide (DMSO), acetone, and methyl ethyl ketone. Among
them, NMP, DFIRE, Ef"ﬁr?d‘%l\ﬂ%‘%&gfﬁ%?&() a5 @%}%Wﬁ??@“%’gﬂﬁﬁél}’ &an %‘r%?e‘r%\él?/ %% used.

10[0075] _ Frther, & a8 kot 0.2l50:Re Addsd e tikalaging solution. The non-solvent s a
(0] ves t -SO

liquid that does not'disso e resin. The non-solvent has the effect of controlling the coagulation
rate of the resjeygontrol the pore size. Examples of non-solvents that can be used include water and
alcohols such as methanol and 15ethanol. Among them, water and methanol are preferred in terms of

ease owastewater traateoenrhaot(B)ste Ampsiure iheneofmalyddsichityusedn[0dbErouplis the
starting solution, it is preferred that the resin be in an amount in the range of 5 to 40% by weight and
the solvent bepirfarebimoohier¢itbamAg ety te dobsasdmare pfisferais s thedpvuncstithe resin is
extremely small, the strength of the porous support layer decreases, and when it is too large, the water

permeability corbBerEabeteighirdasrsrarabi), RARSHM SUFERE eh threHISH SN FPAREERSHEN0 25% by
ight. Wh h t qf th tigt Il ti lution is.pr. t lation, and
weigh, When,he smotnt g e soltent 510 smell i siaing soluon (s pianeda ggition

when it is too | eeporous support o ecrease. More pre?gr?séd range is

50 to 90% by i '351{9%% Inihisi 636 dRaiNg eaHIAtion Paihy Bdsrereferisdthakife salvent be in

the range of 40 to 95% eight and the non-solvent be contained’in an amount of at least 5% by

weight. gVhen dhesamenn fdhsraplventdsdassthre49fapnweisht wht desiiscoagutatesias a faster
rate, resulting in smaller pore size. When the amount of the solvent is more than 95% by weight, the

resin does nosegagtitatéuanubedriseeuently the porous support layer can hardly be formed. More
preferred range is 50 to 90% by weight. When the temperature of the coagulation bath is too high, the
coagulation rafé0bétomes too fast, whereas when it is too low, the coagulation rate becomes too low,

and therefore, in general, it is preferable to select from within th [an(%%of,o to 100C. More preferred
temperature range is' 16 of forming the separation functional layer having an organic-

inorganic hybrid structure as described above on a porous support layer will now be
15 described.
[0056]

In the method exemplified for separation functional layer formation, the step
of applying a reaction solution containing (A) the silicon compound and (B) the
compound having an ethylenically unsaturated group, the step of removing a solvent,

20 the step of polymerizing ethylenically unsaturated groups, and the step of condensing
hydrolyzable groups are performed in the order mentioned. In the step of
polymerizing ethylenically unsaturated groups, hydrolyzable groups, in some cases,
may be condensed at the same time.

[0057]

25 First, a reaction solution containing (A) and (B) is brought into contact with

the porous support layer mentioned below. Such a reaction solution is generally a

solution containing a solvent, and such a solvent is not particularly limited as long as
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10[0078] The method of bringing only the coated surface of the substrate having the coating into
contact with the coagulation bath is not particularly limited. Examples thereof include, for example, the
method in which the substrate having the coating is brought into contact with the coagulation bath
surface with the coated surface down, 15 and the method in which the opposite side to the coated side
is brought into contact with a flat plate such as a glass plate or a metal plate and stuck to the flat plate
such that the édagaikaidrdskth ReTPRDSEET faabaer digwlusid the &ipatdrohaAFaHE oating is
immersed in the coagulation bath together wjth the Elate. {ntthe l?tter n}etrﬁd, thed l&)sttrate may be
stuck to the plAEAIRPEhAHGHES tine&roo S8 ARG SBMution POF fha st

(8] ater
e substrate may be stuck to

the plate alter (ing g coaling.o! e HaTing, pQIRR, a0 syRsifale, IAG7Sly ro T fgrmation of a

coating of the’star Ing solution on the substrate can chieved by applying thé starting solution to the

substrate or by, Ipmersing e AasURsH L dhntbensiatHa sQiution Wheandhe startiog eeldfion is

applied, it may be applied on one surface of the substrate or may be applied on both the surface.
Depending onthgntomepbsitponbiheyaiatisg solutiahe ifitiparcns suibstrate with a density of not more
than 0.7 g/uitl is used in the application, the starting solution will be moderately impregnated into the
porous substi@@2§D080] In the porous support layer (separation functional layer) of the separation

S5membrane prepared as described above, the average pore size on the surface brlought into contact
with the coagulation Safsr YEE SheiErela8 RAYE LS trishvaicahe s LIRS HREY surface. This

is because the ep?ceglent rate betwee tthe s_%ar;té g lg.oalyl}icosno Vré(rj1 tthen%?%gx Iatigrhté)getgfisrgelatively
slow because TAE CEEEUESN bARY EBRaIRS A sBIVEnt 1A AR amount of 40 16 95% By welight, and, in the

porous support JQlayer. e AN PIIR AN pIRAKRRSES AL IR AL RIAgRSComeS large on the
surface broug%t Into contact wit

the coagulation bath, whereas on the opposite surface, pores are
formedqonly b%}%%&%@ﬂ?@@ﬁﬂ}?ﬁ@@@ﬂ@&@l@pﬁ@mmp%hemgdn contact with the
coagulation bath, resulting in relatively small pore size. For this reason, the separation membrane thus
obtained is prefetaitydiskexanch #iatl&ixthdysultacadnetightethto Contadtowjttttheotbagulation bath is at
the side of the solution to be treated and the other surface at the side of the permeate solution. [0081]
Further, the sefhatatioslfisattieraiaesterciicthdisBpaeatichyae mprame bl cHsscisty ¥B6ve that is

suitably used, for example, in sewage treatment can be 20produced ﬁlso b th? method described

below with ad@iieH BIORRSEa6 RNy e Y the Serihy SEigtgRopylene glyco

monoacetate, dipropylene glycol monoethyl ether, methoxybutanol, and the like.

15 Examples of ether-based organic solvents include methylal, diethyl ether, dipropyl
ether, dibutyl ether, diamyl ether, diethyl acetal, dihexyl ether, trioxane, and dioxane.
Examples of ketone-based organic solvents include acetone, methyl ethyl ketone,
methyl propyl ketone, methyl isobutyl ketone, methyl amyl ketone, methyl
cyclohexyl ketone, diethyl ketone, ethyl butyl ketone, trimethylnonanone,

20 acetonitrile acetone, dimethyl oxide, phorone, cyclohexanone, and diacetone alcohol.
[0059]

The amount of the solvent is preferably 50 to 99 parts by weight % and more
preferably 80 to 99 parts by weight %. When the amount of the solvent is too large,
defects tend to occur in the membrane, and when the amount of the solvent is too

o senaration membrane tends to be low
LLLl& L’\lyul LA AEANWARANACARLIW LWARRALS LS WS AR VY e
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The contact of the porous support layer with the reaction solution described
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[0082] Namely, a starting solution containing a resin, a pore-foiining agent, and a solvent is used
as the starting solution mentioned above. To the starting solution, a 25non-solvent may be further
added. [0083] extracted when immersed in the coagulation bath. The pore-forming agent is preferably
highly soluble in the coagulation bath. For example, inorganic salts such as calcium chloride and
calcium carbonate can be used. Further, polyoxyalkylenes such as polyethylene glycol and

polypropyleneaiisols walerabbiuisialpdlghensistnly sad penjiringhsicondshemsiyeinyupagital, and

polyacrylic acid; and glycerin can be used. [0084] As a solvent and a non-solvent, those similar to the
above can be B¥E4. [gﬁgg]ﬁf(ﬂwl%?é}?ﬁﬁﬁ)g&ﬁlﬁ’élﬁ,theiWE%%&?HH?%?@QW%SHPHH%mOUnt in

the range of 5 12:10 gfofyloﬂpﬁl\évreggggb}lh% Hl(%.roeﬁfgsrlrgin agent be ig an rag}gﬁmg gmstt}e range %f 0.1 to 15% by
weight, the so}vgnt‘ﬁe I &N AMOUNt N the Tange of 4016 9496 By weight, ahd {he fortsolvent be in

an amount in {he.sange f,Q.10,2Q% Ly weight. When he.amongsal the rasinds extremelysmall, the

strength of the porous support 15layer decreases, and when it is too large, the water permeability can

be reduced. The esiRoasitaniiarihe; skaripg sokubpbrs aperepefesahlydndngirange of 8 to 25% by
weight. When the amount of the pore-forming agent is too small, the water permeability can be
reduced, and {(émh]it is too large, the strength of the porous support layer can decrease. Further,
when the amount of the pore-forming agent is 2 Oextremely large, the pore-finning agent remains in

the porous resin andlBigsofees HfuAHBcISeNhfcePBESIdERS R Hte REAOSS GuRBRY dtyseridatbsvater and
fluctuate the water. permeability. Mare preferred range of the pore-forming agent content in the starting
solution is O.SYF@%WS@L\%’@W@E ﬁﬁ@%’ WHBR e TNtD @%Wéﬁpfg%)ées%éﬁﬁrﬂt?éystarting
solution is profjefo gelatiop gnd whendt is o ayge; dhe; 2esticnaliy of e perous support layer can
decrease. When a non=solvent is not used, the solvent content in the starting soldtion is more

preferably in thg.ranagiaf 6 t.34SXRYwRight And stilkmere Braiarably {Bithe 1aNge95AR to 90% by

weight. When the amount of the non-solvent is too large, gelation of the starting solution readily
occurs, and whethit idrepicamelylsmalkdhisislidficbl foreantsaptoe pore sizsufibmadraaivgnt content in
the starting solution is more preferably in the range of 0.5 to 15% by weight. 5[0086] As a
coagulation batieyentiote guidamro bnmirbthse hititerventaiding @ thomsoibemealedeatsolvent can be
used. In the coagulation bath, the non-solvent is preferably in an amount of at least 80% by weight

when a non-s&fBliNg ieayths tiet shaip dreslimpiptsvrrinskAisidurmSrine fematiient is too small,

the Coagmatiolgxamples of the method of draining the solution that can be used include holding
15 vertically the porous support layer after the contact with the reaction solution to
subject the excess reaction solution to gravity flow, blowing air such as nitrogen
from an air nozzle to compulsorily drain the solution, and the like. After the
draining, the membrane surface can also be dried to remove a portion of the solvent
in the reaction solution.
20 [0062]
The step of condensing the hydrolyzable groups of silicon is performed by
heat treatment after the contact of the reaction solution with the porous support layer.
The heating temperature in this step is required to be lower than the temperature that
melts the porous support layer and degrades the performance as a separation

membrane. In order that the condensation reaction proceeds rapidly, in general,

[\
%2

heating is preferably carried out at 0°C or higher and more preferably 20°C or higher.

Further, the reaction temperature is preferably not higher than 150°C and more
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10rate of the resin decreases, which can lead to a larger pore size. More preferred range is 85 to
100% by weight. On the other hand, when a non-solvent is not used in the starting solution, the
non-solvent is preferably in an amount of at least 60% by weight. When the amount of the non-solvent
is too large, the resin coagulates at a faster rate and the surface of the porous support layer becomes
dense, but fine cracks 15can occur on the surface of the porous support layer. More preferred ranee is
60 to 99% bypvedegiit] Wihehi ghertthapédafidie oMihen cbagedetion tatbeisttoe igA( thieheghenilation rate
becomes too fast, whereas when it is too low, the coagulation rate becomes too low, and thus, in

general, it is Prefordislyts safeberrontssalioreactinerspracsdd audy Mafeigtarnbligisiperature range
is 20 to 60C. 20[0087] The formation of a coating of the starting solutjon on the substrate, the method
of bringing (0 8bu i OIS LA A HER S OF S tinte used are
the same as i the case re a pore-farmi ntis . T ration
membrane prgupéa}}%rd%la(?gﬁ%i gé? %E%tv%{%%%e{g sgf%usc}%af Ffe?gl)lr% %%ﬂ%%%%lg Lg‘gf%%? StLI} ng%rt %%%r (separation

functional laygp) s66Ra384PR the wifaes Qaarbichrthencaating Ridhestaringosalution is formed and
the porous substrate (nonwoven fabric) is exposed on the other surface, and, in the porous support
layer, the averageinoresiidaon the sistaabsochwinchthe:paatiog tfrikostatting sollltimvds formed is as
small as 1/2 or less the average pore size on the other 5surface. This is because the surface on which
the coating opthies stasting sulytion ibdfonméansstironesstioncpprorictiglth the coagulation bath faster
than the other surface, and therefore the replacement speed between the starting solution and the
coagulation JAHPH fast, resulting in formation of pores with a small size. For this reason, the
separation membram thus obtained is preferably used such that the 10s %\c on.which the coating of
qb Sl atgm alfls alie? ch Er 2 tﬁ 1l

the starting solution 1 fOA AP e dige DF IRE p%}lrﬁséaa{ EASBIIOR ANt &r Sirtace at the side

of the s0luion 1, e aHRC 0980 Lo lMER AL e SSRARUPD,NSHORALERISTS IeDliped above may

be subjected to a chemical treatment, for example, with & chloririe-containing compound, nitrous acid,

or a couplingagest Suogeh dhiapiave dhadasic.paHalRBEsSUEAs Wapeimeaiigmperformance and
rejection performance. [0090] For either separation functional layers, the thickness is not restricted,

and the form giéthesbparaticrimempaad @lofi)asrsadiatibn e mMeydestfomaxaniole;aas amenerse 0smosis
membrane, a forward osmosis membrane, or a nand-titration 20membrane, in which case the
thickness of tinelsdparafiiensdunrtiviiaMialeriy preferalsiBne R00andhmideemsideseparation

performance and permeation performance and particulayly preferably 5 to 30Q nm in teutis of
permeation pRASPHEARAO IS HRARRRL L BFsIRS'SE SRIFNBYYanh eRBFARIAlfe PREASe measured in

accorgance it a conventional, melhod of measyrina iha membrane hickness.gl 8 2gseparation
membprane, fgl’ é?(%mp e, as FOﬂ%WSI aﬁer separation memprane'Is
example, running costs and productivity. Among the electromagnetic waves,
infrared ray irradiation and UV irradiation are more preferred in terms of
convenience. When the polymerization is practiced using infrared rays or
ultraviolet rays, these light sources need not selectively emit only the light in these
20 wavelength regions and need only include the electromagnetic waves in these
wavelength regions. However, in terms of ease of, for example, shortening of
polymerization time and control of polymerization conditions, the intensity of these
electromagnetic waves is preferably higher than that of the electromagnetic waves in

other wavelength regions.
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The electromagnetic waves can be generated from a halogen lamp, a xenon

lamp, a UV lamp, an excimer lamp, a metal halide lamp, a noble gas fluorescent
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embedded in resin, an ultrathin section is prepared and subjected to a treatment such as staining, and
then observed under a transmission electron microscope. The main measurement method is such
that, in the case where the separation functional layer has a protuberance structure, the measurement
is made in the direction of the cross-sectional length of the protuberance structure located above the
porous support layer at 50-nm intervals with respect to 20 protuberances, and the thickness can be
5determined fronptheraveragknipogld the Igha. thesblisaehabricnengieaddBe deeHemapagtton membrane
in the form of described above, the thickness of the separation functional layer is preferably 1 to 500

um and more PR¥ETEUN IRAASHEREETSIE ¢S DaDIONS ARALIERHFEOR fERRS Tt dCts such as
cracking occur in the separatign functional layer and the filiration performance is readily degraded,
whereas it is tBW}ﬁﬁfﬁgib‘gﬁﬁ%g?ﬂnaﬂﬁ%rrh‘g%vc%eg &bulelt{lf%‘gﬁrlzégééféggﬁfﬁggt,ﬁ}g} the porous
support laver, i, 78 anchaisi hraniel aparesaradisnateatica estiied anlong as the

separation membrane Is provided with mechanical strength and the separation membrane does not

have a separgiiessprifaenance.fap Inw-malecuiarFize LORMONE Shstaiasaanforapetitieally, any
layers commonly referred to as a "porous support membrane" may be used, and examples thereof
include a layesdpavingrufiifetnmaittgpores wrpnscgoiiores!yrdaeatlyn20incaasiotyingizetfrom the
surface on which the separation functional layer is formed to the other surface. Preferably used is a
porous supporoigisionanihgaporsy wehifqsrs|edipenaiad ey thearavelspeHeddrienmtyo® 00 nm, which

is measured on the surface on which the separation functiongl layer.is formed using, for. example, an

atomic force nilEFSERHREH A RietiinATieRssd8R8. I PR BfrTiatEte & X725 M5%e a
projection area equivalent diameter of 3 to 50 nm in,terms of interfacial polycon iQp_reactivity
and retentivitygé?%lge%%rcgﬁ%ﬁ@ﬁ%&%ﬁn@a&% rane: Tbeﬁg:%magn eEllﬁé% &%'neé%ggf%qh% o’?%?support

layer i not pagfgHlagysrestHGEoLMiSi PLe TR ahi¥ Jprihe range of 20 to 500 tun and more preferably 30

to 300 pm in terms of strength of the separation membrane, formation of a height difference of the
separation megmigane, and form stability of a feed flow path. [0094] The form of the porous support
layer can be observed with a scanning electron microscope, a transmission electron microscope, or an
atomic force microscbpethEpuexampfenimedningbe pdlybseizatiionralithibispeaining elecdn
microscope, the porous support membrane is peeled off from a substrate (nonwoven 10fabric), and
then this is cuPBlyMEEZaLRARITE AR HieHpn sredmpieriordrbsdikaiBraiBggervation. The
sample is thinly coated \%vith lati %rpz plati um(ﬂoalladium, or r.ytheniu tﬁetra?hIoridedtpreferably with
ruthenium tetrSBHGHS8, MR SPELREE with SR UNFASHIGH TAIBIIAST ARid-ShRRSiBIT Séanning electron

microseope (UHREGSEM)3t BR-ASTRISIANNG LIRS B IR cfod 8 dfaial feolution

example, on the structure of the compound used and the polymerization method.
[0066]

Examples of the polymerization initiator are given below. Examples of
initiators for polymerization using electromagnetic waves include benzoin ether,

20 dialkyl benzyl ketal, dialkoxyacetophenone, acylphosphine oxide or

bisacylphosphine oxide, a-diketones (for example, 9,10-phenanthrenequinone),
diacetylquinone, furylquinone, anisylquinone, 4,4'-dichlorobenzylquinone and 4,4'-
dialkoxybenzylquinone, and camphorquinone. Examples of initiators for
polymerization using heat include azo compounds (for example, 2,2'-

azobis(isobutyronitrilej (AIBN bis-(4-cyanovalerianic acid)), peroxides (for

[\V)
n

example, dibenzoyl peroxide, dilauroyl peroxide, tert-butyl peroctoate, tert-butyl

perbenzoate, or di-(tert-butyl)peroxide), further, aromatic diazonium salts, bis-



15field-emission scanning electron microscope, for example, S-900 type electron microscope
manufactured by Hitachi Ltd. can be used. The membrane thickness and the projection area
equivalent diameter of the surface of the porous support layer are determined from the electron
micrographs obtained. The thickness and pore size of the support layer is the average value, and the
thickness of the support layer is 20the average value of the measurements at 20 points at 20-pm
intervals in thewfeadtiors Péspanaizitap o e silkn SEantEcHBFOH tieselis sBosesiighal observation.

The pore size is the average value of each progecti,on area equlivalent.diameftier of 200 pores counted.

[0095] 25NexBERH s dBERAREE RTSHEIErPt lﬁlrllét}\%’i’cﬁlfg‘§ RYGEEEOLRIA is used because it
ﬁ%ﬁo%r.‘d gonirols e peigh ﬂ%%ﬁe&%%-the separation

provides a monde'h%% m%cgggi%%l strfen C [
membrane sutface wlﬁﬂe’maln alp{lrﬁ/g(% e separat'r%n per%drman and permeation performance of the

separation mempEae: 1909k /45 AEIRRYGYERLIRAIE Jhgss sampsiag folyoletin, polyester

cellulose, and the like are used, and those comprising polyolefin and polyester are preferred in S5terms
of formgtion op@gighhdifference of the separation membrane and shape retention. Further, mixtures
of a plurality of materials can also be used. [0097] As the substrate, a continuous-fiber nonwoven

fabric or a chq@pf€&d] fiber nonwoven fabric can preferably be used, and, in particular, a continuous-fiber

10nonwoven fabric can more preferably be used because the substrate requires such excellent
membrane-forming Foiegifesardedili@onroargreraraihecrsador combprmicréidton due to

excessive permeation upon casting it, peeling-off of. the porous support layer, or further defects such
as ununifonniff SPE ﬁli’élﬁfio’t’éﬂéggwd’ ﬁ?ﬁtﬁ&%‘&& ]t?)l,t‘?oa*o Sphia

élXampFe, u mgn%tfi?ﬁg 4adstrate will not

occur. Ifthe 15340eliale compises:2.EONINUPUS:19E1 BRAVRYRIARUE FAMAASE 4 thermoplasiic
) _

continuous filaments, t nunifonnity In casting a macromolecule solution resulting from fluffing,

whichqgeurs whepa SHERRROLfReRPRNMAMRMEARH i5 HSRe. AR dRepRINENE efRplpcan be

prevented. Further,’in continuous membrane formation of the semipermeable membrane, a
continuous-fibeuigmeaNa-falbyizoxiyiehhas toloidik Opxiieltenyldithehsioin el ¢ prefenably used
as the substrate because a tension is applied in the membrane-forming direction. Particularly in the
case of the sepdeaitiofimémiseiie inthddition, oflysiesdtibecPalvovepd CoAtiiy 6o BaHABNWoven
fabric is preferred in terms of strength and cost, and further a polyester continuous-fiber nonwoven

fabric is prefelfé® AP¢ermS 357 fo RHRBRTHIA §’t&11§§‘t‘r‘é?§?‘§5’[’ cts as a reducing agent, is

also preferred.
15 [0068]

Then, polycondensation reaction occurs upon heat treatment at about 100 to
200°C, and a separation functional layer derived from a silane coupling agent is
formed on the porous support layer surface. Although the heating temperature
depends on the material of the porous support layer, when it is too high, dissolution

20 occurs and pores of the porous support layer are blocked, and consequently the final
separation membrane will have a reduced water producing capacity. On the other
hand, when it is too low, insufficient polycondensation reaction causes dissolution of
the separation functional layer, thereby decreasing the rejection rate.

[0069]

In the production method described above, the step of increasing the

[\
ul

molecular weight of the silane coupling agent and the compound having one or more

ethylenically unsaturated groups may be performed before or after the step of
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In the continuous-fiber nonwoven fabric, in terms of formability and strength, fibers on the surface layer
on the opposite side to the porous support layer are preferably more longitudinally oriented than fibers
on the surface layer on the porous support layer side. According to such a structure, the strength can
be retained to more reliably prevent membrane breakage and the like, and besides, in providing the
separation membrane with unevenness, formability as a laminate comprising the 5porous support
layer and the reityserdengigmhrosdenasauplingrieseh sHeFastirysdhatision 3emBraettiace is
stabilized, which is preferred. More specifically, in the continuous-fiber nonwoven fabric, the degree of
fiber orientati@hthf FE&lIETe layer opposite to the porous support layer is preferably 0 to 25, and the
degree of ori r&??tb n difference from the degree of fiber orientation in the porous support 10layer-side
surface layer is preferably 10 to 90. [0099] In the process for producing the semipermeable membrane
and the process for prpdiicingbe.plementniahsaling. e s piver adrcrignpmenon of
shrinkage of the porous support layer or the separation functional layer due to the 15heating occurs. It
is partigularly patiseabieuinotheinddinsisection 48 which ia peefsiablistadtydppitetdutingudntinuous
membrane formation. Because the shrinking causes a problem, for example, with dimension stability,
the substrate i thesinabiyrtnosefuttcisddvecadow! ratei tf thatnshiotienatsionaranegitfe. In the
nonwoven fabric, the difference between the degree of fiber orientation in the surface layer 20opposite
to the porous %ﬂp@@?tqa%la%‘%?ﬂﬁéﬂéfébf’é’é@flﬁﬁér orientation in the porous support layer-side surface
layer is preferablg/ 10" to 90' because thermal change in the width direction can be prevented. [0100]
The degree ot #iber orientation herein is an index indicating the direction of 25 the fibers of a nonwoven

o sHARUIAX AN SR L he rarRamARAI8 f e fibers

fabric substrate consltggtgggatgg ROF
constituting the nonwoven abric substrate determined when the membrane-foiniing direction in

performing coptinuers RDHANS fermalonds, assermaple heseQ andiheniirainnmoerandicular to
the membrane-forming direction, i.e., the width direction of the nonwoven fabric substrate is assumed

to he 900. Thdssdtilseghaweatdiiat the closer the degree of fiber orientation is to 0', the more the
orientation is longitudinal, and the closer it is to 90', 5the more the orientation is transverse. [0101]
With respect td#iéldegree of fiber orientation, 10 small pieces of sample are

With respect to such a separation functional layer, first, a coating of the
starting solution containing a resin and a solvent mentioned above is formed on the
15 surface of a substrate (nonwoven fabric), and the starting solution is impregnated into
the substrate. Thereafter, only the coated surface of the substrate having the coating
is brought into contact with a coagulation bath containing a non-solvent to coagulate
the resin, thereby forming a porous support layer that serves as a separation
functional layer on the surface of the substrate. In general, the temperature of the
20 starting solution is preferably selected from within the range of 0 to 120°C from the
standpoint of membrane-forming properties.
[0073]
To the starting solution, a pore-forming agent can also be added. The pore-
forming agent has the effect of making a resin layer porous by being extracted when

immersed in the coagulation bath. The pore-forming agent is preferably highly

N
ul

soluble in the coagulation bath. For example, inorganic salts such as calcium

chloride and calcium carbonate can be used. Further, polyoxyalkylenes such as
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randomly collected from a nonwoven fabric, and the surface of the sample is photographed at a
magnification of 100 to 1000 with a scanning electron 10microscope. For 10 fibers from each sample,
100 fibers in total, the angle is measured assuming the longitudinal direction (lengthwise direction,
membrane-forming direction) of the nonwoven fabric to be 0 and the width direction (transverse
direction) of the nonwoven fabric 90", and the average value the[eof is rounded t%vggole numbers to

determine theelgreE etriBar JridRabRT B PIE A Yo NBHCTHSL PRIFRINE P28  ifthe present
invention refers to a spacer in the separation membrane element,| I r id is fed to one
surface of the”SBpAPAti8 ‘?'h@ﬂr%?@ﬂé‘%g B%tt\éri%ﬂ;)aél?r'r?éﬁa gcﬁﬁ?lcf r%lr%’%{ggg%%%%ﬁ%c% (\glvﬁgh spacer is
for highly effi i@&tl collecting the permeate fluid separated from feed fluid to a 20member for
collecting the'permeate fluid such as a water collecting pipe. The permeate spacer, for example, is
wound around the waigrealieatingping taeeter withdheiseparation themiianedidsgrired above to
constitute a spiral-type separation membrane element. [0103] 25To prevent sagging of the membrane
and forgn a flopyrpay apthedpdrmeataside; fhempermedterspacesymaedsloyddyihda of a different
material, a material different from that of the separation membrane. Because the separation

membrane h&sampoee efthetsrbyetiishat pancheaisgshissiusteimersAPmEBIRCAtINNE dressure
resistance and the durability. Further, in the present inyention, the projection area ratio of the
permeate spaEéNt@%@éﬁ‘é‘rtéﬂBﬁer@M@r‘é?n@%&fg%’ﬁé‘)ﬁ’%g%.(m)f(r)érlr%n%% r?(lessure-resistant
and highly efficient per low path. The projection;3area ratiq is preferablyQhOrie Oy ¢0 and more
preferably Ozﬁl‘fggbfé%@g%aﬁ ac né)"r?r%(]‘een(?ﬁoﬁ ﬁ?@glﬁa%ﬁo%eére% refeg’res to the value obtained by
cutting out a ssparatioN MR ANGIARH RGiferent majetalnerasaivapASEIO BN X 5 cm and
dividing the projection area obtained when the different material is projected from 10above the
membyrgne su[ﬁ@@g]by the cut area. When the permeate spacer made of a different material is
integrated with a separation membrane as mentioned below, the separation membrane can be
dissolved or peeled dfiith¢neasurathenrojectionredd@oiodhasipiang/sintipe seiF a9 membrane
is made of a polyamide separation functional layer, a polysulfone porous sup Qrté?%ggand a

r

polyester nonwdvent falsrliauBhidtecpapbatelkpatis RS hadd 5 HIl S BET Y

Afe spacer is

adhered using a film to which an adhesive tape or a two-component adhesive i ' g apd the
substrate is die56REEPINRBALE EA ﬁﬂ’é’?ﬁ&t?o?%{?beﬁﬁsénp}gr?ﬁéﬁar giﬂpe er, after Wﬁlcﬁlﬁesprojection

area of the permeals, spader mads of adlfiercnt maleah iiebrEmaINs QU edikpitarhich an adnesive

tape or a tvvo-88rrlﬁpone esive Is applied can be 20determined similarly to the method mentioned

above, In dissglying the subBsiatedn thispraeessihe palyestesnanwavensfabesmidy be dissolved, for
example, by immersion in an alkaline solution with a pH of 13 for 24 hours. If the dissolution is

insufficient, the, imersiondimemaydesitendaditouhaexteinthatibe revstdate spacer is not
damaged. Alternatively, using micro-IR, the surface may be measured in | pm x | pm units to calculate
the projection Hr¢&0f the spacer from parts where polyester, the substrate, is detected and parts

where polyester is not detected. [0105 . . .
Pev In the starting[ solutlon, it is preferred that the resin be in an amount in the

range of 5 to 40% by weight and the solvent be in an amount in the range of 40 to
20 95% by weight. When the amount of the resin is extremely small, the strength of
the porous support layer decreases, and when it is too large, the water permeability
can be reduced. More preferably, the amount of the resin is in the range of 8 to
25% by weight. When the amount of the solvent is too small, the starting solution
is prone to gelation, and when it is too large, the strength of the porous support layer

can decrease. More preferred range is 50 to 90% by weight.

N
(O3}

[0077]

In this case, in the coagulation bath, it is preferred that the solvent be in the
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The different material means a material that satisfies either of the composition or size different from
that of the material used tiff the separation membrane. Accordingly, the material is not particularly
limited as long as it satisfies any of the composition, pore size, and shape that are different from those
of the materials of any 5of the separation functional layer, the porous support layer, and the substrate.
In terms of pressure resistance and efficiency of the permeate flow path, those that satisfy all of the
different compesigon 49098 %eby Merigha paddhe provsPABi U EPIFRSS IR DAMEaIE Spheer is
integrated with the separation membrane as mentioned below, those whic arranged on the back
surface (the dppBsita E?’d%’%g}?ﬁe 1 Sﬁégﬁti%"fﬂﬁ&%?%%r* %Venf gf?eSSt W Xb%igbvryi%l#ﬁ

Payer) 6f a nonwoven at is

substantially responsible for the me ical s f t lan mempraperangiuhigh arc of a
material differtg'ﬁtrftrscﬁrrlncﬁﬁagfl g%?ﬁé‘%o%%b%%fgﬁ%r%%%o %ls%%%%%g (g(g}or{%%ate spacer. [0106] The

permeate spages,mayRe: foreamaleosogdikasylindicalsdaldikect estiiedikanar a combination of

these shapes and can be constituted of a foam material, a powder material, or further those made of a
combination thereafudhB canmpesitionipaol patticu adydimbe thrin dérmMofchervical resigtance,
polyolefins such as polyethylene and polypropylene, copolymerized polyolefins, polyesters, and the
like are prefenefl) and0fobymyighrmiphestibpismpaeibapitbs peagulsnphbsh 2oonEsle polymers

can be used. [0107] The method of arranging the permeate spacer on the se q%ation membrane

back surface Bhee3saaEQmFAISBEFIRIEH TS ARBIEASWHU the ferrttePE S288P RES™ continuous
shape, the method of 'aminatifé%aﬁggﬁﬁ’erro Gessed Spacer (%r}st?)?e ack2 oSis%?e%fé%%lS@Rﬁﬁﬂtion
t ea

membrane is FYERFFET DI th haAG Whenh the permeate spacer has a discontinuous shape, the

method of forping and aangipgsa. digegniinurissubaiRsaR alilfereotsededal directly on the back

side of the separation membrane by means of, for example. printing or spraying is used. The
continugus st e herein refers to a structure having no partial division like a knit or a net shape,
and the discontinuous structure refers to such a structure that a permeate spacer is divided into a
plurality of parts wheThhs ghodeateiapaceonsySpeelededibirfmean § dpasabisrambmibraibe [0108]  In
the present invention, the permeate spacer preferably has a discontinuous structure in order to lower
the flow resistesrtingHotceseniasieyhte sdasilatien bathifremarariagsdmdtedpereqteishacer on the

whole back surface of the separation 10membrane, because of the presence of warp and. weft, parts
where the diffégisef include, for example, the method in which the substrate having the coating 1

brought into contact with the coagulation bath surface with the coated surface down,
15 and the method in which the opposite side to the coated side is brought into contact
with a flat plate such as a glass plate or a metal plate and stuck to the flat plate such
that the coagulation bath will not enter the back side, and the substrate having the
coating is immersed in the coagulation bath together with the plate. In the latter
method, the substrate may be stuck to the plate before forming a coating of the
20 starting solution, or the substrate may be stuck to the plate after forming a coating of
the starting solution on the substrate.
[0079]
The formation of a coating of the starting solution on the substrate can be
achieved by applying the starting solution to the substrate or by immersing the

substrate in the starting solution. When the starting solution is applied, it may be

N
Ut

applied on one surface of the substrate or may be applied on both the surface.

Depending on the composition of the starting solution, if a porous substrate with a
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material and the membrane are in contact exist continuously over the whole separation membrane,
i.e., the structure is continuous. Consequently, the flow resistance tends to increase. However, when
the permeate spacer has a discontinuous structure, not only stable fonnation of a permeate flow path
but also 15lower flow resistance can be achieved and, further, high pressure resistance and low flow
resistance can be simultaneously achieved 3by appropriately setting the interval between pans where
the different fAeatériafmd meratbabtang ane inussAtacth GPoUFWrR RS PERESEE acer has a
discontinuous structure, the interval between 20 the nearest two component members of the
permeate spaebibg BOJRR I JRERRAE? He W\‘Fop%?ffﬁéﬁésrﬁaﬁ‘?embers) is preferably 0.1 to 10 mm,
and particulatljré\éé@ he case of a reverse osmosis membrane, it is preferably from 0.1 to | mm. The
interval can eimined by measuring the cross-sectional slice structure of the permeate spacer

and the membrane, fof, exanples Wb 21 R3S MIGFAEERRERIBREI6LS B MIEra85eRE» 5(0110]

Further, to reduce sagging of the membrane and maintain low flow resistance, the pitch of the

permeate SpacghisREsiesahibitd dessibsn b6 ehpitclakthropaimeaiehspackidheoagarage value of
the center-to-center distances between adjacent two component members of the permeate spacer
measured atia@0cpoints v triploygeduiioarbahps ofitecocomporrelargnemiberavamaopexist at 200
points, measurements are made usin%all the gaps that exist. 5[0111] In the present invention, in terms

of pressure regisRIngE afSTCHERCAl rebistiReatse herrRlarsBpadaiG L Hrersrry ST nated into
the separation membrane by 1 to 80 p.m and more preferahly by 2 to 50 Rm. The.impregnation
thickness of ﬂ?é“ﬁ@ﬂﬁ@gtglg5%%%#%%?@1&@3%@%Sf%“bqr’gﬁaé}{%%ﬁg 50(?5?11 ?rtﬁ?rﬁlebdglkgy 10measuring
the cross-secliongl SIce RN B, OLIGRerIRAIRE  Agih e MM HANS IR GxamgRle, with a laser

. ontail TPO!
miIcroscope or an élfsectron microscope. When it is e an assessment with Images, the

impregnation {higkness 6aRRS HRIBIEGH fo6SXammBlt dPornahiSifsHEBASIIGOHR. 0112) 15In the

present invention, in terms of separation performanelL, permeation performance, and feed flow path
formation of thefsepbratign menbnane eidmastdheiheighbdifferdreamonithiesepasation membrane
surface (the feed fluid side) is preferably in the range of 100 pm to 2000 p.m. Further, to stabilize the
feed flow pathuofatiee miemmerst G ehprinde shpssator Alinh e ihresaBnpsroRRMEsapIB Yitling a
20height difference of 200 pin to 1500 p.m and particularly p[efera%i/ of 200 p.rﬂ to 10Q0 pm is

applied. [01139t beimminkeriacidifiddhes0a8UhE Y Bahd st HB B E Y Y HAE82, #The Separation
functional layl?(rﬂst rifsar%%s%%?tgg snc]}?a%esttlilcr)%dm%%%ilgg 't %rs %ﬁ?arln el(?iscgr@fr&%ﬂ/agyed such that
15 the surface brought into contact with the coagulation bath is at the side of the
solution to be treated and the other surface at the side of the permeate solution.
[0081]
Further, the separation functional layer in the separation membrane of ii)
described above that is suitably used, for example, in sewage treatment can be
20 produced also by the method described below with addition of a pore-forming agent
to the starting solution.
[0082]
Namely, a starting solution containing a resin, a pore-forming agent, and a
solvent is used as the starting solution mentioned above. To the starting solution, a
25 non-solvent may be further added.
[0083]

The pore-forming agent has the effect of making a resin layer porous by being
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25available shape measurement systems. For example, measurements can be made by height
difference measurements from a cross section using a laser microscope, a high-precision shape
measurement system KS-1000 manufactured by KEYENCE CORPORATION., and the like. [0114]
Examples of the method of providing height difference that can be used include, but are not limited to,
the method of subjecting a separation membrane to 5embossing, water pressure formation,
ealendering, cxthestikevhemlimpredeebiy thetvoazwlatombathat A0hepeso®EREEfagaMAdN of a separation
membrane having a height difference can improve uneven shape retention. For the heat treatment
temperature d?féfget‘ﬁél hhioselnklerB Apsrecnsiiatior Rrathifs SrPUNeIRAT BESER ¥ entified
using a known method %%%%Iin%?ny a substrate off th%gggg({ati%rd Omemprane np rrlrécseasuring the

DSC of the substate: © TS STIEE S IR BFadBs2r6r Produeing & herght différence that can

preferably be a&%da'gg&(k hULET8 8! IS IBrdyAeRS NI G ROIRYS SHBROFH 1M RE-sRIQgeSSing a
substrate, processing a laminate obtained by laminating a porous support layer and 15 a substrate, all

of which are pgyr dypafesaNrodusing FrseparationyHeaipyaacRN AR ERssIng - arsaparation
membrane on which a separation functional layer is formed. [0116] Although the shape of the
membrane sudkade having the height difference is not particularly restricted, it is important to reduce
the flow resistance in the flow 20path and stabilize the flow path when fluid is fed and permeated
through the sép@$alion membrane element. In these respects, the shape when observed from above
the membrane surface is oval, circular, elliptic, trapezoid, triangl%%r, ectangu‘!éar, square,
parallelogram, rhomBi& oM EBtERhMARS - SHYCak AW REBHA A% ﬁ’éé"fﬁ fife&diifensions include
such shapes :]:Q%%gf shape from above the surface 25is shaped in the surface direction as it is,
wideningly, and narrowingly. [0117] The area of the convex region located above the center line of the

height, glifference, inleims.ofie asraionServeeiri@have themenbrane.siiace (wo-dimensional

area), is preferably 5% to 80% based on the total membrane area, and particularly preferably 10 to
60% in terms giflewesistancsd AReikaw fhathostafitiiin0ddal Dknithe prasent inventiorgdis suitable to

arrange a feed spacer on the separation membrane surface (the feed fluid side) in order to obtain,
particularly, a @éparbtfarbmeriphartbestelnenttivaviag amaextetiéhe lengetehhlcoritithBbuboperability.
[0119] weight, and the non-solvent be in an amount in the range of 0 to 20% by weight.
When the amount of the resin is extremely small, the strength of the porous support
15 layer decreases, and when it is too large, the water permeability can be reduced.
The resin content in the starting solution is more preferably in the range of 8 to 25%
by weight. When the amount of the pore-forming agent is too small, the water
permeability can be reduced, and when it is too large, the strength of the porous
support layer can decrease. Further, when the amount of the pore-forming agent is
20 extremely large, the pore-forming agent remains in the porous resin and dissolves
during use, which can deteriorate water quality of permeate water and fluctuate the
water permeability. More preferred range of the pore-forming agent content in the
starting solution is 0.5 to 10% by weight. Further, when the amount of the solvent

is too small, the starting solution is prone to gelation, and when it is too large, the

strength of the porous support layer can decrease. When a non-solvent is not used,

N
93]

the solvent content in the starting solution is more preferably in the range of 55 to

94.9% by weight and still more preferably in the range of 60 to 90% by weight.
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As the feed spacer, for example. continuous structures such as a net can be 10employed. When a net
is used as a feed spacer, although the flow resistance in the feed flow path slightly increases, the
separation membrane element can be wound relatively at a high tension when winding it because the
feed flow path is stably formed. Thus the net is preferred because it causes little change in the flow
path upon operation, stoppage, and application of a pressure change and exhibits stable
15performan®éhendghadmegmperide: afotinse Mot 20 }@ratgs.qtbletibmaed fhwhéntmgdisdotidmuous structure is
employed as the feed spacer, the flow resistance can be set low while reducing the concentration

polarization df#18y106 i anhe' et ineHEe s yanadp ridiire hineadrel dhsair o 6ikforoves, which
is preferred. llfgam les of usable shapes of each c&mponent mem?er %guch a feed s(?%c r include
oval, circular, 8fiBHE; WAL SRR ERAHY S P FERARGUHP G TAPE PRrATRI0G MR8, Ynd
indeterminate, | L%J%,IQ,& fficular, when the concentration of a solute in a feed fluid is high, the "-)
pitch of the feed spacer is preferably Ito 100 mm, more preferably 3 to 50 mm, and particularly
preferably 3 {@@mm in order to prevent the concentration polarization and reduce the flow
resistance. [0122 The pitch of the feed spacer is also measured in the same manner as for the
pitch of the permeat&sspaesulifiendontinuoos-ssidediscontiinedisdiniciurenhenennaveoine same
definition as those of the continuous and discontinuous structure of the 5permeate spacer mentioned
above. [0123j0ttnethosobfgpicdadingibé sdpdhationgnambrancetberemt-stliratoresent invention will

now be described in detail taking a reverse osrposis membrane element as an example. 10[0124]
Although the &R OB ATIHB! thlerb 3t &fich hiatRtsinuher Atft-8¢ i iyt vBtion is not
limited, the respr%sﬁenstaltlll\{e me%der\{v% | be descri in whlchFaq elgfament %Egjoduced by laminating a

porous :suppor"f\Iay%r(:);\ndoa{1 poly:ami eesailénpoaur% ion fanctional eItlyéSr on 48U rgt%o?g%lﬁ an a
sepaggfion m%%%rﬂ'ﬂ@’rggﬁpdecreases, which can lead to a larger pore size. More preferred
range is 85 to 100% by weight. On the other hand, when a non-solvent is not used
in the starting solution, the non-solvent is preferably in an amount of at least 60% by
weight.  When the amount of the non-solvent is too large, the resin coagulates at a
faster rate and the surface of the porous support layer becomes dense, but fine cracks
15 can occur on the surface of the porous support layer. More preferred range is 60 to
99% by weight. When the temperature of the coagulation bath is too high, the
coagulation rate becomes too fast, whereas when it is too low, the coagulation rate
becomes too low, and thus, in general, it is preferable to select from within the range
of 15 to 80°C. More preferred temperature range is 20 to 60°C.
20 [0087]
The formation of a coating of the starting solution on the substrate, the
method of bringing the coating into contact with a coagulation bath, and the density
of the substrate used are the same as in the case where a pore-forming agent is not

added.

[0088]

[\
Ul

The separation membrane prepared as described above has a structure in

which the porous support layer (separation functional layer) is exposed on the
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15forming unevenness on the membrane surface, and further arranging a permeate spacer on the
back surface side of the separation membrane. For example, the step of forming unevenness can be
incorporated at any time before, during, or after the step of forming a separation membrane as
mentioned below. [0125] 20After combining a porous support layer with a substrate, a polyfunctional
amine aqueous solution is applied to.the Qorous support layer, and the excess amine aqueous solution
is removed, fSPERSAINSY Rifth B cartinera! hteiavinehsa BoRmiN fiohed AR ¥ntaining solution
peoza arnide seﬁpgragon functi%néil lﬁ er, The %%gnic olv?hnt is desirably one which

iS app“ed tO. f(f)lgg}.t?ﬁ onwoven 1aodric IIS FXHOPC dOthﬁr Uur ,da , 11 ti%OI'Olt(S
is 25immiscible with water, dissolves po yiunctional acl halides, an oes not break a porous support

membrane, a%g&ﬂ%ﬁﬁ HYSLUEDHBRI00E &3 dhdSiRAvE A0S RAHRGgnaLamine compounds

and polyfunetional acid halides. Preferred examples include hydrocarbon compounds such as

n-hexane, n-aganey sdtvalecasitddusthesniglimproverdepatalionpedourasge anthpermeation
performance as required, the polyamide separation functional layer is subjected to a chemical

treatmeént witlspfércexarhpie jchéonirre, theisls fatkalisybratitinusoatit ahthéuttrengrohamers and the
5like are washed to obtain a separation membrane. Thereafter, the separation membrane is provided
on its surfacef@fBesddparatsht A soRtctayEh dyeioram it exts apre shab His AtheiaERse: | min,
height: 0.7 mm,(g@iﬁrg R= %2 mm, intervals: 5 [gm , angd the separation mempbrane preheated at 80C is
passed throu ROre BRI RN SRTEY RYiEn 1P % HEL FRIBERAT U Em2) to produce a

Locontinuous SRget,AbiG. A RAFAIRMEMPIRAS AN RN HIGTeRes [0d 20kor gidsing he shee

and a conventio ement-producing apparatus, units in a net (for example, elg%t: 500 um,

intervals: 3 mpg)dsraRNG8H: i BlaseRbAIHERL oM BacKBErtaas i ibe srRantiar membrane (the

substrate side) or units in 15which a permeate spacer of a different material is arranged in dots in
place s a triceirdacthe suibistrabe sideinf dfehsepataipsoindoibiafienising & thewideplagiic resin
apparatus are provided to produce an 8-inch element with, for example, 26 leaves and an effective leaf
area of 37 m-piioratspetifivexramhible stbetisermetd dhfosigeoduibing uti eteimbatrerieddP088 lused
include methods described in references 20(Japanese Patent No. 4596297, U.S. Patent No. 6656362,
and JP 2004-20237 FM)e1ef 349 serateiion dpaghfien! HUTHDRANS et \Srie BReRdiEsHrention thus

produced can furtt'her he nnecteg |fn series or in parallel and hOL{SGd in a pressufe container to
to a emical freatmen Cf)l‘ GX% _6[ \§ a cnlorme-contaming compound, nitrous
rane module. 2 1

provide a separatlcon mem

acid, or a coupling agent in order to improve the basic performance such as

15 permeation performance and rejection performance.
[0090]

For either separation functional layers, the thickness is not restricted, and the

form of the separation membrane of' 1) is suitably employed, for example, as a
reverse osmosis membrane, a forward osmosis membrane, or a nanofiltration

20 membrane, in which case the thickness of the separation functional layer is
preferably 5 to 3000 nm in terms of separation performance and permeation
performance and particularly preferably 5 to 300 nm in terms of permeation
performance. The thickness of the separation functional layer can be measured in
accordance with a conventional method of measuring the membrane thickness of a

25 separation membrane, for example, as follows: after a separation membrane is
embedded in resin, an ultrathin section is prepared and subjected to a treatment such

as staining, and then observed under a transmission electron microscope. The main
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Further, the separation membrane element and module described above can be combined, for
example, with a pump for feeding fluid thereto and with an apparatus for pretreating the fluid to
constitute a fluid separation apparatus. By using this apparatus, for example, raw water can be
separated into permeate water such as drinking water and concentrated water that has not permeated
through the membrane to obtain water for the intended purpose. 5[0129] The higher the operating
pressure of thadhsi g patrafshod spavahibathin thereassevisiciisrisaterinprivstopat ¥¥more the
energy required for operation increases. Thus, for example Wfﬂent I%tgin drinking,water from raw

water, in view 8 FeBCIHRT TGS S SRS RSO HSBF R hatls Hhids PesrHen R fiow P2

Lht' @ permeate fiow path of the

membrane 10element, (e R2IRUNG RIGSSHE WG RISSING ISR TIAUA mebEane module

is preferably f?g%l%r.l a and more preferably from 0.2 MPa'to 6 MPa. The temperature of

feed water is praferahiy 3% 160 Resayss e Riahrrihissthempsaihesal égiestion rate decreases,

and the lower it is, the more the membrane permeate flux decreases. 15[0130] When such a fluid
separaton appekaibmigl dsed therexaigple, in water purifier application, brackish water desalination
application, or industrial water treatment, the desalination rate is preferably 97% or more. In particular,
in brackish wdt#9désalination application, the desalination rate is more preferably 98% or more, and in
20applications that particularly require water quality, the desalination rate of 9},/08 or more is desired.

[0131]  When the Priths riber Randr i B Fash thEhe seeiptierdiabsret Idheda SicEntration such
as sea water, scale of magnesium and the like can occur, and 25there is.a copce ut membrane
g@f&?ﬁg%&%ﬁepaf%%’é?gﬂ%% Q#EIS% separation antl.on Iza (eﬂ[J ﬁ' reperaf;ﬁ]?fsalb%

degradation d Sthe operation in range is preferred. On the

other hand, ingemicAl 4SRRI 2R Bddia A cRlofe GRRRQY ARknand washing

chemicals can be used. The pH of 1 to"13 and a Chlorine compound in an amount of 0.01 to 100 ppm

can be gsed tgdheexirnt dhatihigpeniranerRadpiraaps eusdiohdensadeand (B 32irbilte fluid treated
with the membrane element according to the present Invention is not particularly limited, and when

used in water jxgfimentcxandits dfghdsdwhates indiude flgoid thibtemesatioigreeikampiecsea water,
brackish water, and wastewater, which mixtures contain a TDS (Total Dissolved Solids) of 500 mg/L to
100 g/L. in genardic TRIScas ers to total dissolved solids and is expressed as "mass / 10volume" or
"weight ratio".[,(ﬁ)\(():g%rding to the definition, TDS can be calculated from

Next, for the porous support layer, the size and distribution of the pores are
15 not particularly restricted as long as the separation membrane is provided with
mechanical strength and the separation membrane does not have a separation
performance for low-molecular-size components such as ions. ~ Specifically, any
layers commonly referred to as a "porous support membrane" may be used, and
exé.mples thereof include a layer having uniform micropores or micropores gradually
20 increasing in size from the surface on which the separation functional layer is formed
to the other surface. Preferably used is a porous support layer having pores with a
projection area equivalent diameter of 1 nm to 100 nm, which is measured on the
surface on which the separation functional layer is formed using, for example, an
atomic force microscope or an electron microscope. In particular, it is preferable to
25 have a projection area equivalent diameter of 3 to 50 nm in terms of interfacial
polycondensation reactivity and retentivity of a separation function membrane.

[0093]

32



the weight of residue after a solution filtered through a 0.45-micron filter has been evaporated at a
temperature of 39.5 to 40.5C, and, more conveniently, TDS is determined by conversion from practical
salinity (5). Examples 15[0133] The present invention will now be described in more detail by way
of example, but the present invention is not limited to these examples, [0134] (Projection Area
Ratio of Different Material on Back Surface of Separation 20Membrane) Samples of a separation

membrane and a diffERerbiciesiafjberReresSyRBRIANE BAYWAS S %Sttt #dEing a laser
microscope (magnification is selected from_ahout 10 o 500 x), the to rojection area of the different
material was A& ?&P& By SRRsG & &é@%?ﬁ&@%@é&%ﬁeé’ ggeﬁ%ggi?égov%ggﬁl the'tifferent 25
material was RioECiatGm e s mRmBIANe Ritfasae iR Mrdie el g to obtain

ort g

values. These steps Were perfoinie ree samples, and the average of the values obtained in each

sample was egployeshasanBraiRctian freR falain[QF3ktdeient faifference on Separation Membrane
Surface) For the separation membrane surface of each sample cut out when determining the

projection arefporstig, the height difference between the highest Sportion and the lowest portion in
neighboring uneven portions was measured using a high-precision shape measurement system
KS-1000 manufacturébetprikEof ENDBra 0 RPORNTYON atobdateseniivd thidha/eqaijuntseight difference.
The height differences less than 10 um were omitted and points having a height difference of not less
than 10 tm wePeTHERSHIFASHNG th & YATTESSIOMETBY BURPIRME G e ANRIGHO GV alue was divided

by the number of the total ngeasured Point{?hto makt% qadeter{ninati n. These steps were performed for

three samplesrflbcﬁasﬁ%) %vergégxéﬁﬁee VAIIEs BRtan&d i Sac éva{mp aWAS ep 89‘83. [0136] (Degree

of Fiber Orien@&?&%ﬁgﬁ%@@uﬂs%zggom&r%?e%%éa@e%*%%&ﬁ fangomix eRiRGISEL oM a

nonwoven fabric, and ographs at a magnification of 100 to 1000 x were taken with a scanning
electram microgeeRe. arhrandpredibsrafomneashr-sasnled 0P tbatsindelsk the abgle was

measured assuming the longitudinal direction (lengthwise direction) of the nonwoven fabric to be 0 and
the width directotiofichobversaidirectir)sefble is thinly coated with platinum, platinum-
palladium, or ruthenium tetrachloride, preferably with ruthenium tetrachloride, and
observed with an ultra-high resolution field-emission scanning electron microscope
(UHR-FE-SEM) at an accelerating voltage of 3 to 6 kV.  As an ultra-high resolution
15 field-emission scanning electron microscope, for example, S-900 type electron
microscope manufactured by Hitachi Ltd. can be used. The membrane thickness
and the projection area equivalent diameter of the surface of the porous support layer
are determined from the electron micrographs obtained. The thickness and pore
size of the support layer is the average value, and the thickness of the support layer is
20 the average value of the measurements at 20 points at 20-pm intervals in the
direction perpendicular to the thickness direction in the cross-sectional observation.
The pore size is the average value of each projection area equivalent diameter of 200
pores counted.
[0095]
25 Next, as the substrate, a nonwoven fabric, which is a fibrous substrate, is used
because it provides a moderate mechanical strength and controls the height

difference on the separation membrane surface while maintaining the separation



20nonwoven fabric 90', and the average value thereof was rounded to whole numbers to determine
the degree of fiber orientation. [0137] (Desalination Rate (TDS Rejection Rate)) The electrical
conductivity of raw water, permeate water, and concentrated 25water was measured, and a
desalination rate was calculated by the following equation. Desalination rate (TDS rejection rate)
(%) =- (2 x TDS concentration of permeate water) / (TDS concentration of raw water TDS
concentrationistfesneesnend davaretiox notopneies PirduEpy diapdemabrane. The volume of feed
water (brackish water) permeated through the membrane element was expressed as water producing
capacity (m3/t9 Jpermeate water volume 5(m3) per day per membrane element. [0138] (Long-Term

Operability) The separation memprane glement was. operated, and measure %{ﬁ%gor one hour
were made, and ther$ ﬁggeo%%r}gﬁcv)ﬁnv%%ns o%ﬁ%%cgﬁl&neﬁléﬁgﬁ?gmgé%’rﬁ (r%ﬁg' Ssteé?tc.%} e retention of the

permeate watgt Valume. afte[ {0 QPRI BRISIIRPBORWERE 18 %txges%& liragsp@sdstermined by

the following equation. Permeate water volume retention (%) = x (Permeate water volume

after teg-timesgrapesitinmnResmepiasvialedyblymeaitah oseptimeofExamplasclatel Shapd Comparative
Examples 1 to 3) 150n a nonwoven fabric made of polyester continuous fibers (yarn diameter: 1
decitex, thickmesstmboutFddtigm ik peesdabpityalitgedin@tsees] thenddgpew vbdiber orientation: 400 in
the porous support layer-side surface layer and 20 in the surface layer on the opposite side to the
porous suppotPf&/ar), a solution of 15.0% by weight polysulfone in dimethyltimnamide (DMF) was cast

at a thickness of 180 pm at room 20temperatur(-%fi$5<t), and the.resultant was i diately immersed
i SesTe

in pure water and leffbEHATEHE hRNHEV R S FIRPERY AL TADIS SLE LIS IRBr (thickness: 130

Mm) roll comRosReb LR IBRE KRN HRLeE 9 i HIoR R PROSAREMR A ntinuous-fiber

10 nonwoven fabric can more preferably be used because the substrate requires such
excellent membrane-forming properties that strike-through of a macromolecule
polymer solution due to excessive permeation upon casting it, peeling-off of the
porous support layer, or further defects such as ununiformity of the membrane and
pinholes due to, for example, fluffing of the substrate will not occur. If the

15 substrate comprises a continuous-fiber nonwoven fabric composed of thermoplastic
continuous filaments, the ununiformity in casting a macromolecule solution resulting
from fluffing, which occurs when a chopped fiber nonwoven fabric is used, and the
membrane defects can be prevented. Further, in continuous membrane formation of
the semipermeable membrane, a continuous-fiber nonwoven fabric which has more

20 excellent dimension stability is preferably used as the substrate because a tension 1s
applied in the membrane-forming direction. Particularly in the case of the
separation membrane in the form of i) described above, a continuous-fiber nonwoven
fabric is preferred in terms of strength and cost, and further a polyester continuous-
fiber nonwoven fabric is preferred in terms of formability of a substrate.

[0098]

[\
ul

In the continuous-fiber nonwoven fabric, in terms of formability and strength,

fibers on the surface layer on the opposite side to the porous support layer are
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[0139] Thereatfter, the porous support layer roll was rolled out, and an aqueous 25solution of 1.8% by
weight of m-PDA and 4.5% by weight of c-caprolactam was applied to the polysulfone surface.
Nitrogen was blown thereto from an air nozzle to remove the excess aqueous solution from the
support membrane surface, and then an n-decane solution at 25C containing 0.06% by weight of
trimesic acid chloride was applied thereto such that the surface was completely wet. Thereatfter, the
excess solutiprfaabl Femovddnizond thallmericbtah thby Aireiow, thpsttiecerersb b oerorsshed with
hot water at 80C to obtain a roll of a separation membrane 5comprising a separation functional layer.
[0140]  THERRSLIHE N AfemPesEdined @ e SHB it HRSHERS S et iRPeddi® 1 to provide

height difference on the separation membrane surface, (the feed fluid side) and heat-treated at 90C for
1 minute. 10f@?ﬁﬁ’]&1£%Wé%§§ﬂ%?}?ﬁl’%@ﬁ§é%a§ﬁ%g:{ elsltléF‘?baepcﬁ&J i{ﬁe abte'2 Was'ton é%(fon the back

side of the separaion membrans i a0egslesMBRbRTORlastitRal0 AiRgeRsGachine, and the

separation membrane wa dressed to obtain 26 leaves in which the permeate spacer is

arranged Ou?M@@ﬁ@ﬁ&@ﬁ@?&nam?m@§@B§raﬁ@%M&%@w&&w&a&d%@e@w@ that the folded
side was shifted in the lamination direction and, at the same time, joined to adjacent leaves at three

sides other thagniheoioldeatisige: Alrfhis tinsebihiefedtivk apaforrdtie Sefpacation fivaihprane element
was arranged to be 37 m2. DSC of the substrate was measured and an endothermic peak was
observed nedroBotimenipregmatioer tidkhreestd dearpehihes eparieiionimea subateate was 5 pm.
In addition, the permeate spacer was a stripe-like rectangle such that the height/width rrﬁtio of each

component nfHERFGE DRSPS SHEIT WAXeD 18 BistFTabEl Lén tHRGHHE I8t dihal direction of

the component memberi?; thecp meate %Qacer ? the Iont%tudina{ direction of the_leaf (i.e., the
ollec e

e 70 pipe). i A7 Fhe p})lffc%og?%(saupepeoét flow path side of

direction perﬁgﬁa%%ﬁ?gr% e \Water g pip

the s§8aratiqg};ggmgrmai&tﬁ9e¥qp g@pégggf@s & lagrizontal distance from the highest point in one

high area to the highest point in another adjacent high area on a separation membrane surface with
height differeqppepand it is the average value of 200 counts. On the other hand, the pitch of the
permeate spacer is the average value of the measurements at 200 points of centerto-center distance
between adjacent tirotcempoemrfbmembeisofthecpeperestsh BpacertGinthedtegior¢serpendicular to
the central axis direction of a leaf of an element. For the projection area ratio, the values were rounded

to two deciméirseducipgihgielemarietherhFRE 5f ¢h sl B el e hRECERBBWLE spirally wound

around the water collecting pipe such that the fold%d side of the seCQ.ara i?n m%mbranﬁ was
shrinkage of the porous support layer or the separation functional layer due to the

15 heating occurs. It is particularly noticeable in the width direction in which a tension
is not applied during continuous membrane formation. Because the shrinking
causes a problem, for example, with dimension stability, the substrate is desirably
those which have a low rate of thermal dimensional change. In the nonwoven
fabric, the difference between the degree of fiber orientation in the surface layer

20 opposite to the porous support layer and the degree of fiber orientation in the porous
support layer-side surface layer is preferably 10° to 90° because thermal change in
the width direction can be prevented.

[0100]
The degree of fiber orientation herein is an index indicating the direction of

25 the fibers of a nonwoven fabric substrate constituting the porous support layer and
refers to the average angle of the fibers constituting the nonwoven fabric substrate

determined when the membrane-forming direction in performing continuous



10 arranged inwardly in the radial direction of the water collecting pipe to produce a separation
membrane element. A film was wound around the periphery and fixed with tape, and then edge
cutting, attachment of an end plate, and filament winding were carried out to produce an 8-inch
element. [0144] 15The element was placed into a pressure vessel and operated under conditions of
raw water containing 500 mg/L of salt, operating pressure: 0.7 MPa, operating temperature: 25'C, and
pH: 7 (recovemen®ysheThaperdonnasceads defifrmizdd thiTeiislie Serfgidil2aTo dieange the
projection area ratio of the permeate spacer, a tricot conventionally used was used in Comparative
Example 1. |n%mm@sfgr%%gsdaﬁﬁl%m5afaﬁvg@&%fﬁe§@0£ﬁ%em%m%ﬂé%ﬁ@ht/width ratio of

h t ber of th .was.th in E 1, th f shi
ot the noz eSS KA AETALS Pk Bloco L0t IacHNG! T8 e ArSb AT LR Sekesin, and

the discharge Jotanv/al Wels changed JRIAeL AR RIS ‘Péﬁr?(%%%%‘f(t%lﬂ%%’hgee&%@?ﬁﬁ RRQ\g<In

Examples 1 to 3, compared to’Comparative Examples 2 a € permeate water volume per unit

time increasedhbegarst dhgitiowiasistianss akthe permeate side was reduced. In particular, in
Comparative Example 2 in which the projection area ratio was too low, sagging of the membrane

between the pétiveéate spacers was significant, and low 5permeate water volume retention decreased.
On the other hand, when the projection area ratio was too high as in Comparative Example 3, the flow
resistance at the perfWethtecsiget ifsceadesrearef dikeimtisnpaione feswatepivonspbsamplrcahgced. [0147]
The comparison of Examﬁle 1 with Comparative Example 1, in which a tricot 10was used as a

permeate spal&dgh BRSO SN RN SR SABHE r st RS YRS S O ERE HIIRE, 1the flow resistance

at the permeals side wes feduced lo-signifcany cisge.the permests waler volume, and the
strlpe-llke permea SB&CEI’ snow ittle shape change even after a long=term operation to give the

value pf permegie Walgt VolsP ey SISIoR ASigh 25 2% 0d HOLAS) (BXample e s Example | was

repeated except that, when forming, a permeate spacer on the back side of the separation membrane,

the permeate sRaseWasiaimethensesmn dticxially: st elahervaoly@ster SHNmkmkings- S-type available
from TORAY 20INDUSTRIES, INC: 50 um) and then the peuiieate spacer was transferred onto a

membrane subistrate; dir60irand thatthevimprdgmati onttbick mes shofwidtipénmaate spacer into a
substrate was 0.6 um.
(transverse direction) of the nonwoven fabric 90°, and the average value thereof is
rounded to whole numbers to determine the degree of fiber orientation.
15 [0102]

Next, the permeate spacer in the present invention refers to a spacer in the
separation membrane element in which source fluid is fed to one surface of the
separation membrane to obtain permeate fluid from the other surface, which spacer is
for highly efficiently collecting the permeate fluid separated from feed fluid to a

20 member for collecting the permeate fluid such as a water collecting pipe. The
permeate spacer, for example, is wound around the water collecting pipe together
with the separation membrane described above to constitute a spiral-type separation
membrane element.

[0103]

flow path at the permeate
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side, the permeate spacer needs to be made of a different material, a material

different from that of the separation membrane. Because the separation membrane
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[0149] As a result, the permeate water volume was as Rood as 45.6 m3/day, but the
25long-term operability was reduced to 82%. [0150] (Example 5) Example | was repeated except that,
when forming a permLate spacer on the back side of the separation membrane, the process was
performed at a drying temperature of 80C using a urethane solution coating machine and the
impregnation thickness of the permeate spacer into a substrate was 82 um. \}\%0151] As a result,

the permeate Ha P SHHE Wis 7 BERTSISy AT RE AN TP R b A WEPEATF0152] (Example

6) 10Example 5 was regeﬁ XCEH}tthatﬁﬁﬁh%ﬁy'P ﬁem erafure after U{Fthan% Cs[?lution coating was

d
110C and therﬁls"llg[r%rbcﬁa r|1on$ﬁi(§?haess Ot the permea ees%gcs:%r} iNto A Substrats was B0 Um. [0153] As a

result, the permeats WREEHAINDEWRS Aiw R day sl dhRI9N9nEHR LARPE P WRg,92%. [0154]

(Example 7) Example 5 was répeated except that the drying temperature after urethane solution
coating was 9ffzangtheirepeegnationdhigknessif sheppaieaattspaats. 20Mitoppaeistiate was 75
um. [0155] As a result, the permeate water volume was 42.3 m3/clay and the long-term operability
was 92%. [0156k25(lexampler8)lE Xaiple(l Wasd epoatpd ExddptGR4t tthe. slibstrate was changed to
one having a dOegree of fiber orientation of 20 in the porous support layer-side surface layer and

104]

The projection area ratio herein refers to the value obtained by cutting out a
separation membrane and a different material permeate spacer to 5 cm x 5 cm and
dividing the projection area obtained when the different material is projected from

10 above the membrane surface by the cut area. When the permeate spacer made of a
different material is integrated with a separation membrane as mentioned below, the
separation membrane can be dissolved or peeled off to measure the projection area.
For example, when the separation membrane is made of a polyamide separation
functional layer, a polysulfone porous support layer, and a polyester nonwoven fabric

15 and the permeate spacer is made of polyolefin, the permeate spacer is adhered using
a film to which an adhesive tape or a two-component adhesive is applied, and the
substrate is dissolved without changing the form of the permeate spacer, after which
the projection area of the permeate spacer made of a different material that remains
on the film to which an adhesive tape or a two-component adhesive is applied can be

20 determined similarly to the method mentioned above. In dissolving the substrate in
this process, the polyester nonwoven fabric may be dissolved, for example, by
immersion in an alkaline solution with a pH of 13 for 24 hours. If the dissolution is
insufficient, the immersion time may be extended to the extent that the permeate

spacer is not damaged. Alternatively, using micro-IR, the surface may be measured
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polyester, the substrate, is detected and parts where polyester is not detected.

[0105]



40' in the surface layer on the opposite side to the porous support layer. [0157] As a result, the
permeate water volume was 46.2 m3/clay and the long-term operability was 83%, but the formability in
providing the separation membrane 5surface with unevenness was decreased and the desalination
rate decreased to 98.19/a. [0158] (Example 9) Example 1 was repeated except that the conditions of
the separation membrane and the permeate spacer were changed as shown in Tables 1 and 2. In
10forming a separatibhefdiéersnaimaiperalisophthaliateidl chidsdestirsscibigeef sie KamaPiRERTblar ratio to
trimesic add chloride was 0.2, The oval shaped unevenness on the separation membrane surface (the

feed fluid sideﬁ’Wé%e@E)@ﬁ’f‘?é‘Hm@@@g@géﬁ?@f@rﬁé‘?ﬁ)f?fﬁ%ﬁ?? ‘?jﬂﬁﬂr‘l’é‘?r{’r}i’é?‘iﬁe major axis
drecton o (e gugles, e REIBEIICHL (3 15wt colcting pie o i el folowed by

heat treatmen for 1 minute. S aresult, as’s hin ra

performance was pactighayexoellent wsrans e ke A1 anddsTeRRraRIY dras somewhat

low because the pitch of the permeate spacer was large. 20[0160] (Example 10) Example 'was

repeates] exceptihaidhe grndiiantoahithe sepa piesudapisaneRntidaesmeatecspaser were
changed as shown in Tables 1 and 2 and that a heat treatment was not performed after the embossing
ter providing thesepératisumemmbrane sudfaffecivittyart trgvemsitedon]pitl isathesult, the water
producing capacity improved, whereas the rejection rate somewhat decreased.
satisfy all of the different composition, pore size, and shape are preferably used.
When the permeate spacer is integrated with the separation membrane as mentioned
below, those which are arranged on the back surface (the opposite side to the
10 separation functional layer) of a nonwoven fabric that is substantially responsible for
the mechanical strength of the separation membrane and which are of a material
different from that of the nonwoven fabric are used as a permeate spacer.
[0106]
The permeate spacer may be, for example, rod-like, cylindrical, dot-like,
15 stripe-like, or a combination of these shapes and can be constituted of a foam
material, a powder material, or further those made of a combination thereof. The
composition is not particularly limited; in terms of chemical resistance, polyolefins
such as polyethylene and polypropylene, copolymerized polyolefins, polyesters, and
the like are preferred, and not only thermoplastic polymers but also heat- or photo-
20 curable polymers can be used.
[0107]
The method of arranging the permeate spacer on the separation membrane

back surface is not particularly restricted. For example, when the permeate spacer

has a continuous shape, the method of laminating a pre-processed spacer on the back

[\e]
wn
[72]

ide of the separation membrane is preferred. On the other hand, when the
permeate spacer has a discontinuous shape, the method of forming and arranging a

discontinuous substance of a different material directly on the back side of the
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[0162] (Example II) Example 1 was repeated except that the conditions of the separation 5membrane
and the permeate spacer were changed as shown in Tables 1 and 2. When forming a separation
functional layer, isophthalic acid chloride was added such that its molar ratio to trimesic acid chloride
was 1.0. To provide the separation membrane surface with an uneven shape, in place of embossing,
the separation membrane and a semicircular PP sheet were laminated and calendered (90C. 5 Pa).
10[0163]  AeParpHenImeRdIHSBYMRERNS tHidRAESIMNS PEOHBE AISWARIBR ipHednd T rejection
rate, the water producing capacity, and the long-term operabhility were stgl ilized. [0164] 15(Example |

2)  The coﬁ%%ﬁ%ﬁ&%‘é‘ﬁe{m&wr Sﬁﬁ%&ﬁg&%% aﬁg}%ﬁ}é’aﬁ’é@ﬁ B it tha é’étd as shown
in Tables 1 and 2. Irtm &%dgl%?ldlﬁlst%%% gftpr{ggﬁglagutc erg?_gt%@q(gg%raqeogrm%ﬁr@fgﬁtfgrm|ng a separation

. or a S . .
functional layer With 3n"breven s ape, the porous support layer ot polysulfone was provided with an

uneven shape, g0hy.metal eMbessing ARFLIPRR-& SaRasAtoR functionahiayes ywasdormed by interfacial

polycondensation without performing a heat treatment. Further, a net with a continuous structure was
arranged as gpgedeatespacespmuteptitkeblove, Example 11 was repeated. [0165] 25 As a result,
compared to Example 1, the projection area ratio of the permeate spacer being high and the shape of
the permeate [§3@8¢&r being a net with a continuous structure, both the permeate water volume and the
permeate water volume retention were reduced compared to Example 1. [0166] (Example 1$)
Example 12 was rep@aisnEsesdh iiNgRENe. cBAaRIsHE SR apafaibh ditthbrsr aHaYhe permeate

spacer were changed as shown in Ta%es 1 and 2't 0167]F As a rlesgvl , coar%%rggc oalsiéample 1, the
projection areﬁl}ﬁﬁ'@%ﬂr?édﬁé%@é’i@rs S PHENG ISR arddPHHEERRSe P pariaste®Sfacer being a

net with a congnyeys, SHELE, PO NGPEPRLRIG HUSINALIRAANRE Refpsaiaaigr volume

retention
10 membrane, because of the presence of warp and weft, parts where the different

material and the membrane are in contact exist continuously over the whole
separation membrane, i.e., the structure is continuous. Consequently, the flow
resistance tends to increase. However, when the permeate spacer has a
discontinuous structure, not only stable formation of a permeate flow path but also
15 lower flow resistance can be achieved, and, further, high pressure resistance and low
flow resistance can be simultaneously achieved by appropriately setting the interval
between parts where the different material and the membrane are in contact.
[0109]
When the permeate spacer has a discontinuous structure, the interval between
20 the nearest two component members of the permeate spacer (i.e., the length between
the two component members) is preferably 0.1 to 10 mm, and particularly in the case
of a reverse osmosis membrane, it is preferably from 0.1 to 1 mm. The interval can
be determined by measuring the cross-sectional slice structure of the permeate spacer

and the membrane, for example, with a laser microscope or an electron microscope.

N
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=
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Further, to reduce sagging of the membrane and maintain low flow resistance,

the pitch of the permeate spacer is preferably 0.1 to 3 mm. As the pitch of the
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10were reduced compared to Example 1. [0168] (Example 14) Example 1 was repeated except
that instead of not providing the separation membrane surface (the feed fluid side) with height
difference, a feed spacer of 15polyethylene net having a continuous structure (yarn diameter: 1100
um, pitch between intersections of net yam: 6 mm) shown in Table 1 was arranged. [0169] As a
result, compared to Example 1, the permeate water volume was reduced but the long-term operability
improved. 20[Pa70a(E spanplethsyveragexeatnsie lthoastgpdatecnexcbpansas fresveess efliseptoviding the
separation membrane surface (the feed fluid side) with height difference, a feed spacer having a

discontinuou§§ﬁ§€fﬁ%’%ﬂ%&%?§@ﬁ%i€ﬁ&ﬁeﬂeth?é§?ﬁWﬁ%%i%gﬁ BPHITH SR PSY K meter of 0.5
e & B e S e A 2 SRR S R eRileGmeate” 1o

Example 1, t wate was reduce ong-term operability improved. [0172]

(Example 16) Example ayy%‘.erg 3ied gxcept that the substrate was changed from the
5continuous-fiber nonwoven fabric to a nonwoven fabric obtained by a paper-making process. As a

result. the formghility was reduced, and the desalination rate decreased to 97.2%. [0173] (Example 17)
10Using a polyvinylidene fluoride (PVDF) resin and NI,N-dimethylacetamide (DMACc) as a solvent,
these were stirred suffitie pilysattateenpenatnrent 0 tosalntaiasis startingdsdiatiopabf PVDF: 13.0% by
weight and DMAc: 87.0% by weight. [0174] Next, the starting solution described above was cooled to
25C, then appkeéigtance, the permeate spacer 1s preferably impregnated into the separation
membrane by 1 to 80 pm and more preferably by 2 to 50 um. The impregnation
thickness of the permeate spacer into the separation membrane can be determined by
10 measuring the cross-sectional slice structure of the permeate spacer and the
membrane, for example, with a laser microscope or an electron microscope. When
it is difficult to make an assessment with images, the impregnation thickness can be
determined, for example, by analysis such as micro-IR.
[0112]
15 In the present invention, in terms of separation performance, permeation
performance, and feed flow path formation of the separation membrane element, the
height difference on the separation membrane surface (the feed fluid side) is
preferably in the range of 100 um to 2000 um. Further, to stabilize the feed flow
path of the element and enhance separation and permeation performance, providing a
20 height difference of 200 um to 1500 pum and particularly preferably of 200 um to
1000 um is applied.
[0113]
The height difference on the separation membrane surface, i.e., the separation
functional layer surface can be measured by using, for example, commercially

1. |
U U

25 available shape measurement systems. For example, measurements can be made by
height difference measurements from a cross section using a laser microscope, a

high-precision shape measurement system KS-1000 manufactured by KEYENCE
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15to a polyester fiber nonwoven fabric having a density of 0.48 glem3 and a thickness of 220 pm stuck
in advance on a glass plate, and immediately immersed in a coagulation bath at 25C having the
following composition for 5 minutes to obtain a separation membrane in which a porous support layer
(separation functional layer) is formed. 20[0175] Water: 30.0% by weight DMAc: 70.0% by weight

The separation membrane described above was provided with the same pc,ilicate spacer (projection
area ratio: 0. E§RRARA DB karigléhe1ik95[0176]  Then, as shown in Patent Document 4, the
separation membrane was stuck to both surfaces of a 320-mm-long, 220-mm-wide, and 5-mm-thick
support plate[%l\z}ilwg a permeate water outtake on its top such that the surface of the separation

membrane which had heen conReied i g aqac At bathseparation actionel layen was on

the opposite side to tﬁ%ms%pport plate side to obtain an clement. [0177] 5This element was placed in a
500-mm-long,, 15Q=THirwideo AN P mhighiamk hawgan aisdpezipahitahetiamand containing

activated sludge in a concentration of 3,000 mg/liter, and, while feeding air from the air nozzle at 210
liter/min, a pesateAtion, tastsvascsarricthondtata iltcationidneartiveldeitynd, et feraay, inbidis permeation
test, the initial filtration pressure difference in terms of 25C. was 100.4 kPa, and the filtration pressure
difference aftar2;000 kot IC e RPalonfial geab N tHeThRSRIPEER A IR ABALBRe water was
fed from the permeate solution side of this element at a filtration linear veloci%of 0.4 m/day for 1 hour,

a permeationEEF RS EAHTBETONE AGRNTSTRF SFIEPHHE abb9E e & FtFAHTH PRESSERE Gitference
recovered 10 Bttt thediest FhalRSH EiS PASPEIP RRRAIAM RRN PR
identified using a known method by peeling only a substrate off the separation
10 membrane and measuring the DSC of the substrate.
[0115]
Examples of the process for producing a height difference that can preferably
be used include, but are not limited to, processing a porous support layer, processing
a substrate, processing a laminate obtained by laminating a porous support layer and
15 a substrate, all of which are performed before producing a separation membrane, and
processing a separation membrane on which a separation functional layer is formed.
[0116]
Although the shape of the membrane surface having the height difference is
not particularly restricted, it is important to reduce the flow resistance in the flow
20 path and stabilize the flow path when fluid is fed and permeated through the
separation membrane element. In these respects, the shape when observed from
above the membrane surface is oval, circular, elliptic, trapezoid, triangular,
rectangular, square, parallelogram, rhombic, or indeterminate, and examples of the
shapes in three dimensions include such shapes that the shape from above the surface

irection as it is, wideningly, and narrowingly.
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The area of the convex region located above the center line of the height
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Difference in hei chi x Geometry - of convex portion Span of convex portion (long span x short span)
Pitch Different material Constitution Thickness pm prnrum - pm

10

15

20

difference, in terms of the area observed from above the membrane surface (two-
dimensional area), is preferably 5% to 80% based on the total membrane area, and
particularly preferably 10 to 60% in terms of flow resistance and flow path stability.
[0118]

In the present invention, it is suitable to arrange a feed spacer on the
separation membrane surface (the feed fluid side) in order to obtain, particularly, a
separation membrane element having an excellent long-term continuous operability.
[0119]

As the feed spacer, for example, continuous structures such as a net can be
employed. When a net is used as a feed spacer, although the flow resistance in the
feed flow path slightly increases, the separation membrane element can be wound
relatively at a high tension when winding it because the feed flow path is stably
formed. Thus the net is preferred because it causes little change in the flow path
upon operation, stoppage, and application of a pressure change and exhibits stable
performance over a long period of time.

[0120]

On the other hand, when a discontinuous structure is employed as the feed
spacer, the flow resistance can be set low while reducing the concentration
polarization of a solute, and the performance of the separation membrane element
improves, which is preferred. Examples of usable shapes of each component
member of such a feed spacer include oval, circular, elliptic, trapezoid, triangular,
rectangular, square, parallelogram, rhombic, and indeterminate.

[0121]

In particular, when the concentration of a solute in a feed fluid is high, the

o+

pitch of the feed spacer is preferably 1 to 100 mm, more preferably 3 to 50 mm, and
particularly preferably 3 to 20 mm in order to prevent the concentration polarization

and reduce the flow resistance.
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Example 1 300 net goomeny 1000 5 absence PA/PSI/PET non woven fabric .-;50/80 Example 2 300
net gatimetry 1000 5 absence PIPSUPET non woven fabric 450/80 - . Example 3 300

[0122]

The pitch of the feed spacer is also measured in the same manner as for the
pitch of the permeate spacer. The continuous and discontinuous structure here have
the same definition as those of the continuous and discontinuous structure of the

5 permeate spacer mentioned above.
[0123]

The method of producing the separation membrane element of the present
invention will now be described in detail taking a reverse osmosis membrane
element as an example.

10 [0124]

Although the method of producing the separation membrane element of the
present invention is not limited, the representative method will be described in which
an element is produced by laminating a porous support layer and a polyamide
separation functional layer on a substrate to obtain a separation membrane, then

15 forming unevenness on the membrane surface, and further arranging a permeate
spacer on the back surface side of the separation membrane. For example, the step
of forming unevenness can be incorporated at any time before, during, or after the
step of forming a separation membrane as mentioned below.

[0125]

20 After combining a porous support layer with a substrate, a polyfunctional

amine aqueous solution is applied to the porous support layer, and the excess amine

aqueous solution is removed, for example, with an air knife, after which a

polyfunctional acid halide-containing solution is applied to form a polyamide
separation functional layer. The organic solvent is desirably one which is
1

immiscible with water, dissolves polyfunctional acid halides, and does not break a

[\
w

porous support membrane, and it may be any solvent as long as it is inactive against

polyfunctional amine compounds and polyfunctional acid halides. Preferred
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net geometry 0(0 1000 absence non woven fabric -.150/80 Example 4 300 net ncometry 1000
absence PAT SCPET non woven fabric -50;80 Example 5 300 net geometry 1000

examples include hydrocarbon compounds such as n-hexane, n-octane, and n-decane.
Further, to improve separation performance and permeation performance as required,
the polyamide separation functional layer is subjected to a chemical treatment with,
for example, chlorine, acids, alkalis, or nitrous acid, and further monomers and the
5 like are washed to obtain a separation membrane. Thereafter, the separation

membrane is provided on its surface (the separation functional layer side) with
uneven shapes (conical, diameter: 1 mm, height: 0.7 mm, point R = 0.2 mm,
intervals: 5 mm), and the separation membrane preheated at 80°C is passed through
between calender rolls heated at 95°C at a pressure of (100 kg/cmz) to produce a

10 continuous sheet of the separation membrane having a height difference.
[0126]

Using the sheet and a conventional element-producing apparatus, units in

which a net (for example, height: 500 um, intervals: 3 mm) is arranged in place of a
tricot on the back surface of the separation membrane (the substrate side) or units in

15 which a permeate spacer of a different material is arranged in dots in place of a tricot
on the substrate side of the separation membrane using a thermoplastic resin
apparatus are provided to produce an 8-inch element with, for example, 26 leaves
and an effective leaf area of 37 m”>. More specific examples of the method for
producing an element that can be used include methods described in references

20 (Japanese Patent No. 4596297, U.S. Patent No. 6656362, and JP 2004-202371 A).
[0127]

The separation membrane element of the present invention thus produced can

further be connected in series or in parallel and housed in a pressure container to
provide a separation membrane module.

[0128]

[\
93]

Further, the separation membrane element and module described above can

be combined, for example, with a pump for feeding fluid thereto and with an
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5 absence PATSfEET non woven fabric 4,50/100 Example 6 300 net aeometry 1000 5 absence Pir All
S non woven fabric Example 7 300 net eomem 10(X) absence

apparatus for pretreating the fluid to constitute a fluid separation apparatus. By
using this apparatus, for example, raw water can be separated into permeate water
such as drinking water and concentrated water that has not permeated through the
membrane to obtain water for the intended purpose.

5 [0129]

The higher the operating pressure of the fluid separation apparatus, the more
the rejection rate improves, but the more the energy required for operation increases.
Thus, for example, when obtain drinking water from raw water, in view of rejection
rate and retention of a feed flow path and a permeate flow path of the membrane

10 element, the operating pressure during passing raw water through a membrane
module is preferably from 0.1 MPa to 8 MPa and more preferably from 0.2 MPa to 6
MPa. The temperature of feed water is preferably 3°C to 60°C, because the higher
it is, the more the salt rejection rate decreases, and the lower it is, the more the
membrane permeate flux decreases.

15 [0130]

When such a fluid separation apparatus is used, for example, in water purifier
application, brackish water desalination application, or industrial water treatment, the
desalination rate is preferably 97% or more. In particular, in brackish water
desalination application, the desalination rate is more preferably 98% or more, and in

20 applications that particularly require water quality, the desalination rate of 99% or
more is desired.
[0131]
When the pH of feed water is high, in the case of feed water of high salt

concentration such as sea water, scale of magnesium and the like can occur, and

s8]
192]

there is a concern about membrane degradation due to the high pH operation. Thus,
the operation in the neutral range is preferred. On the other hand, in chemical

washing, a low pH to a high pH, addition of a chlorine compound, and washing
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PA/PS//IPET non woven fabric -/30/100 Exatnple 8 300 net geometry 1000 absence PAIPSEPET non
woven fabric -150/80 Example 9 210 ellipse 1200x500 5 absence PA/PS//PET non woven fabric
440/100 1

chemicals can be used. The pH of 1 to 13 and a chlorine compound in an amount of
0.01 to 100 ppm can be used to the extent that the membrane performance is not
degraded.

[0132]

5 The fluid treated with the membrane element according to the present
invention is not particularly limited, and when used in water treatment, examples of
the raw water include liquid mixtures of, for example, sea water, brackish water, and
wastewater, which mixtures contain a TDS (Total Dissolved Solids) of 500 mg/L to
100 g/L. In general, TDS refers to total dissolved solids and is expressed as "mass /

10 volume" or "weight ratio". According to the definition, TDS can be calculated from
the weight of residue after a solution filtered through a 0.45-micron filter has been
evaporated at a temperature of 39.5 to 40.5°C, and, more conveniently, TDS is
determined by conversion from practical salinity (S).

Examples

15 [0133]

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

[0134]
(Projection Area Ratio of Different Material on Back Surface of Separation

20 Membrane)

Samples of a separation membrane and a different material permeate spacer
were cut out to 5 cm X 5 c¢m, and, using a laser microscope (magnification is selected
from about 10 to 500 x), the total projection area of the different material was
measured by moving a stage. The projection area obtained when the different

o/

material was projected from above the membrane surface was divided by he cut a

e Cut

+

N
Ul

ica

-

to obtain values. These steps were performed for three samples, and the average of

the values obtained in each sample was employed as a projection area ratio.

46



Example 10 1510 columnar 10(X) absence PA/PSVPET non woven fabric -/50/200 Example 11 450
semieircijla 1000 absence PAIPSEPET non woven fabric 7501)50 1 Example 12 500 columnar 800 5

[0135]
(Height Difference on Separation Membrane Surface)
For the separation membrane surface of each sample cut out when

determining the projection area ratio, the height difference between the highest

5 portion and the lowest portion in neighboring uneven portions was measured using a
high-precision shape measurement system KS-1000 manufactured by KEYENCE
CORPORATION. to determine the average height difference. The height
differences less than 10 um were omitted and points having a height difference of not
less than 10 pm were measured, and the value obtained by summing up each height

10 value was divided by the number of the total measured points to make a
determination. These steps were performed for three samples, and the average of
the values obtained in each sample was employed.

[0136]
(Degree of Fiber Orientation of Substrate)

15 Ten small pieces of sample were randomly collected from a nonwoven fabric,
and photographs at a magnification of 100 to 1000 x were taken with a scanning
electron microscope. For 20 random fibers from each sample, 100 fibers in total,
the angle was measured assuming the longitudinal direction (Iengthwise direction) of
the nonwoven fabric to be 0° and the width direction (transverse direction) of the

20 nonwoven fabric 90°, and the average value thereof was rounded to whole numbers
to determine the degree of fiber orientation.

[0137]
(Desalination Rate (TDS Rejection Rate))
The electrical conductivity of raw water, permeate water, and concentrated

PP, |

water was measured, and a desalination rate was calculated by the following equation.

N
ul

Desalination rate (TDS rejection rate) (%) = {1 - (2 x TDS concentration of

permeate water) / (TDS concentration of raw water + TDS concentration of
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absence PA/PSI/PET non woven fabric 740/100 Example 13 600 ellipse 500x200 3 absence
PAIPSCPET non woven fabric Example 14 6 presence P.AWSUPET non woven fabric -/50/80
Example 15

concentrated water)} x 100
(Water Producing Capacity)

The volume of feed water (brackish water) permeated through the membrane
element was expressed as water producing capacity (m’/day), permeate water volume

5 (m?) per day per membrane element.

[0138]
(Long-Term Operability)

The separation membrane element was operated, and measurements for one
hour were made, and then the operation was stopped after eight hours from the start.

10 The retention of the permeate water volume after the operation and stoppage were
repeated 10 times was determined by the following equation.

Permeate water volume retention (%) = 100 x (Permeate water volume after
ten-times repetition) / Permeate water volume after one time
(Examples 1 to 3 and Comparative Examples 1 to 3)

15 On a nonwoven fabric made of polyester continuous fibers (yarn diameter: 1
decitex, thickness: about 90 pum, air permeability: 1 cc/em?/sec, the degree of fiber
orientation: 40° in the porous support layer-side surface layer and 20° in the surface
layer on the opposite side to the porous support layer), a solution of 15.0% by weight
polysulfone in dimethylformamide (DMF) was cast at a thickness of 180 um at room

20 temperature (25°C), and the resultant was immediately immersed in pure water and
left to stand for 5 minutes to thereby produce a porous support layer (thickness: 130
um) roll composed of a fiber-reinforced polysulfone support membrane.

[0139]

Thereafter, the porous support layer roll was rolled out, and an aqueous

[\
w

solution of 1.8% by weight of m-PDA and 4.5% by weight of e-caprolactam was
applied to the polysulfone surface. Nitrogen was blown thereto from an air nozzle

to remove the excess aqueous solution from the support membrane surface, and then
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3 presence PAIPSEPET non woven fabric -/50/80 Example 16 300 net geometry 10(X) absence
PAIPSCPET paper -150/80 Coinparati'e Example | 300 net geometry

an n-decane solution at 25°C containing 0.06% by weight of trimesic acid chloride
was applied thereto such that the surface was completely wet. Thereafter, the
excess solution was removed from the membrane by air blow, and the membrane
was washed with hot water at 80°C to obtain a roll of a separation membrane

5 comprising a separation functional layer.
[0140]

The separation membrane was embossed into the shape described in Table 1
to provide height difference on the separation membrane surface (the feed fluid side)
and heat-treated at 90°C for 1 minute.

10 [0141]

Thereafter, the permeate spacer described in Table 2 was formed on the back
side of the separation membrane with a nozzle-type thermoplastic resin processing
machine, and the separation membrane was folded and dressed to obtain 26 leaves in

~ which the permeate spacer is arranged outside the separation membrane. These 26
15 leaves were laminated such that the folded side was shifted in the lamination
direction and, at the same time, joined to adjacent leaves at three sides other than the
folded side. At this time, the effective area on the separation membrane element
was arranged to be 37 m®. DSC of the substrate was measured and an endothermic
peak was observed near 90°C. The impregnation thickness of the permeate spacer
20 into a substrate was 5 um. In addition, the permeate spacer was a stripe-like
rectangle such that the height/width ratio of each component member of the permeate
spacer was 2:3 and formed such that the longitudinal direction of the component
member of the permeate spacer was the longitudinal direction of the leaf (i.e., the

direction perpendicular to the water collecting pipe).

8]
(%2}

[01421
LV

The pitch at the feed flow path side of the separation membrane in the Table

represents a horizontal distance from the highest point in one high area to the highest
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1000 5 absence PA/PSI/PET non woven fabric -51)/80 Comparati ve Example 2 net geometry 1000 S
absence PA/PS//PETPA/PS//PET non woven fabric -150/80 Comparative Example 3 300 net
geometry 1000

point in another adjacent high area on a separation membrane surface with height
difference, and it is the average value of 200 counts. On the other hand, the pitch of
the permeate spacer is the average value of the measurements at 200 points of center-
to-center distance between adjacent two component members of the permeate spacer
5 in the direction perpendicular to the central axis direction of a leaf of an element.

For the projection area ratio, the values were rounded to two decimal places.
[0143]

The laminate of the leaves described above was spirally wound around the
water collecting pipe such that the folded side of the separation membrane was

10 arranged inwardly in the radial direction of the water collecting pipe to produce a
separation membrane element. A film was wound around the periphery and fixed
with tape, and then edge cutting, attachment of an end plate, and filament winding
were carried out to produce an §-inch element.

[0144]

15 The element was placed into a pressure vessel and operated under conditions
of raw water containing 500 mg/L of salt, operating pressure: 0.7 MPa, operating
temperature: 25°C, and pH: 7 (recovery: 15%). The performance was summarized
in Table 3.

[0145]

20 To change the projection area ratio of the permeate spacer, a tricot
conventionally used was used in Comparative Example 1. In Examples 2 and 3 and
Comparative Examples 2 and 3, while the height/width ratio of each component
member of the permeate spacer was the same as in Example 1, the shape of shims of
the nozzle-type thermoplastic resin processing machine, the discharge rate of a melt

resin, and the discharge interval were changed.

N
ul

[0146]

As aresult of the evaluation described above, in Examples 1 to 3, compared
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absence PA/PSUPET non woven fabric -/50/80 long span means major axis and short span means
minor axis.thickness of PA is about fflpm. [0179] [Table 2] Permeation-side passage material
Material Structure Geometry Span (Width) Pitch Ratio of the projection area -

to Comparative Examples 2 and 3, the permeate water volume per unit time
increased because the flow resistance at the permeate side was reduced. In
particular, in Comparative Example 2 in which the projection area ratio was too low,
sagging of the membrane between the permeate spacers was significant, and low
5 permeate water volume retention decreased. On the other hand, when the
projection area ratio was too high as in Comparative Example 3, the flow resistance
at the permeate side increased and the initial permeate water volume was reduced.
[0147]
The comparison of Example 1 with Comparative Example 1, in which a tricot
10 was used as a permeate spacer, showed that despite the equivalent rejection rate, in
Example 1, the flow resistance at the permeate side was reduced to significantly
increase the permeate water volume, and the stripe-like permeate spacer showed little
shape change even after a long-term operation to give the value of permeate water
volume retention as high as 92%.
15 [0148]
(Example 4)
Example 1 was repeated except that, when forming a permeate spacer on the
back side of the separation membrane, the permeate spacer was formed once on a
biaxially stretched polyester film (Lumirror S-type available from TORAY
20 INDUSTRIES, INC: 50 um) and then the permeate spacer was transferred onto a
membrane substrate at 60°C, and that the impregnation thickness of the permeate
spacer into a substrate was 0.6 pm.
[0149]
As a result, the permeate water volume was as good as 45.6 m’/day, but the

long-term operability was reduced to §2%.

N
un

[0150]

(Example 5)
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itm mm Example 1 Polyester discontinuous striped 500 1 0.50 Example 2 Polyester t discontinuous
striped 300 1.5 020 Example 3 Polyester discontinuous striped

Example 1 was repeated except that, when forming a permeate spacer on the
back side of the separation membrane, the process was performed at a drying
temperature of 80°C using a urethane solution coating machine and the impregnation
thickness of the permeate spacer into a substrate was 82 pm.

5 [0151]

As a result, the permeate water volume was 41.9 m*/day and the long-term
operability was 90%.

[0152]
(Example 6)

10 Example 5 was repeated except that the drying temperature after urethane
solution coating was 110°C and the impregnation thickness of the permeate spacer
into a substrate was 50 um.

[0153]

As a result, the permeate water volume was 43.5 m3/day and the long-term

15 operability was 92%.

[0154]
(Example 7)

Example 5 was repeated except that the drying temperature after urethane
solution coating was 90°C and the impregnation thickness of the permeate spacer

20 into a substrate was 75 pm.

[0155]

As a result, the permeate water volume was 42.3 m*/day and the long-term
operability was 92%.

[0156]

25 (Example 8)

Example 1 was repeated except that the substrate was changed to one having

a degree of fiber orientation of 20° in the porous support layer-side surface layer and
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560 0.8 0.70 Example 4 Polyester discontinuous striped 500 1 0.50 Example 5 Polyurethane
discontinuous striped 500 1 0.50 Example 6 Polyurethane discontinuous striped 500 1

40° in the surface layer on the opposite side to the porous support layer.
[0157]

As a result, the permeate water volume was 46.2 m°/day and the long-term

operability was 83%, but the formability in providing the separation membrane

5 surface with unevenness was decreased and the desalination rate decreased to 98.1%.
[0158]
(Example 9)

Example 1 was repeated except that the conditions of the separation

membrane and the permeate spacer were changed as shown in Tables 1 and 2. In
10 forming a separation functional layer, isophthalic acid chloride was added such that

its molar ratio to trimesic acid chloride was 0.2. The oval shaped unevenness on the

separation membrane surface (the feed fluid side) was obtained by water pressure

formation in such a manner that the major axis direction of the oval was

perpendicular to the water collecting pipe of the element, followed by heat treatment
15 at 60°C for 1 minute.

[0159]

As a result, as shown in Table 3, the rejection performance was particularly
excellent, whereas the value of the long-term operability was somewhat low because
the pitch of the permeate spacer was large.

20 [0160]
(Example 10)

Example 1 was repeated except that the conditions of the separation

membrane and the permeate spacer were changed as shown in Tables 1 and 2 and

that a heat treatment was not performed after the embossing for providing the

b
wu

separation membrane surface with an uneven shape.
[0161]

As a result, the water producing capacity improved, whereas the rejection rate
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0.50 Example 7 Polyurethane discontinuous striped 500 1 0.50 Example 8 Polyester' discontinuous
striped 500 | 0.50 Example 9 Polyester t discontinuous striped 2000 4 050 Example 10

10

15

2

Y]
n

0

somewhat decreased.
[0162]
(Example 11)

Example 1 was repeated except that the conditions of the separation
membrane and the permeate spacer were changed as shown in Tables 1 and 2.

When forming a separation functional layer, isophthalic acid chloride was added

such that its molar ratio to trimesic acid chloride was 1.0. To provide the separation
membrane surface with an uneven shape, in place of embossing, the separation
membrane and a semicircular PP sheet were laminated and calendered (90°C, 5 MPa).
[0163]

As aresult, the impregnation thickness into a substrate was 32 pm, and the
rejection rate, the water producing capacity, and the long-term operability were
stabilized.

[0164]
(Example 12)

The conditions of the separation membrane and the permeate spacer were
changed as shown in Tables 1 and 2. In addition, instead of providing the
separation membrane after forming a separation functional layer with an uneven
shape, the porous support layer of polysulfone was provided with an uneven shape
by metal embossing, and then a separation functional layer was formed by interfacial
polycondensation without performing a heat treatment. Further, a net with a
continuous structure was arranged as a permeate spacer. Except the above,
Example 11 was repeated.

[0165]

As aresult, compared to Example 1, the projection area ratio of the permeate

spacer being high and the shape of the permeate spacer being a net with a continuous

structure, both the permeate water volume and the permeate water volume retention
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EVA discontinuous dotgeometry 1000 5 0.05 Example 11 EVA discontinuous dotgeometry 500 3 0.10
Example 12 PET continuous netgeometry 400 3 0.60 Example 13 PET continuous

were reduced compared to Example 1.
[0166]
(Example 13)
Example 12 was repeated except that the conditions of the separation
5 membrane and the permeate spacer were changed as shown in Tables 1 and 2.
[0167]

As aresult, compared to Example 1, the projection area ratio of the permeate
spacer being high and the shape of the permeate spacer being a net with a continuous
structure, both the permeate water volume and the permeate water volume retention

10 were reduced compared to Example 1.
[0168]
(Example 14)

Example 1 was repeated except that instead of not providing the separation

membrane surface (the feed fluid side) with height difference, a feed spacer of

15 polyethylene net having a continuous structure (yarn diameter: 1100 pm, pitch
between intersections of net yarn: 6 mm) shown in Table 1 was arranged.
[0169]

As aresult, compared to Example 1, the permeate water volume was reduced
but the long-term operability improved.

20 [0170]
(Example 15)

Example 1 was repeated except that instead of not providing the separation
membrane surface (the feed fluid side) with height difference, a feed spacer having a
discontinuous structure (dots of semicircular PVC foam resin with a pitch of 3 mm, a

b

diameter of 0.5 mm, and a height o

r
I

[\
n

300 pwm) shown in Table 1 was arranged.
[0171]

As aresult, compared to Example 1, the permeate water volume was reduced
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netgeometry 400 1 0.80 Example 14 Polyester t discontinuous sniped 500 1 0.50 Example 15
Polyester . discontinuous striped 500 1 0.50 Example 16 Polyester ' discontinuous striped 500

but the long-term operability improved.
[0172]
(Example 16)
Example 1 was repeated except that the substrate was changed from the
5 continuous-fiber nonwoven fabric to a nonwoven fabric obtained by a paper-making
process. As a result, the formability was reduced, and the desalination rate
decreased to 97.2%.
[0173]
(Example 17)

10 Using a polyvinylidene fluoride (PVDF) resin and N,N-dimethylacetamide
(DMAC) as a solvent, these were stirred sufficiently at a temperature of 90°C to
obtain a starting solution of PVDF: 13.0% by weight and DMAc: 87.0% by weight.
[0174]

Next, the starting solution described above was cooled to 25°C, then applied

15 to a polyester fiber nonwoven fabric having a density of 0.48 g/cm3 and a thickness
of 220 um stuck in advance on a glass plate, and immediately immersed in a
coagulation bath at 25°C having the following composition for 5 minutes to obtain a
separation membrane in which a porous support layer (separation functional layer) is
formed.

20 [0175]

Water: 30.0% by weight
DMAc: 70.0% by weight
The separation membrane described above was provided with the same

permeate spacer (projection area ratio: 0.10) as that of Example 11.

[\~
2}

[0176]
Then, as shown in Patent Document 4, the separation membrane was stuck to

both surfaces of a 320-mm-long, 220-mm-wide, and 5-mm-thick support plate
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1 0.50 Comparative Example 1 PET continuous tricot , Omtted fabric) 0.3 0.82 Comparative
Example 2 Polyester discontinuous striped 200 10 0.02 Comparative Example 3 Polyester
discontinuous

10

15

having a permeate water outtake on its top such that the surface of the separation
membrane which had been contacted with the coagulation bath (separation functional
layer) was on the opposite side to the support plate side to obtain an element.
[0177]

This element was placed in a 500-mm-long, 150-mm-wide, and 700-mm-high
tank having an air nozzle at its bottom and containing activated sludge in a
concentration of 3,000 mg/liter, and, while feeding air from the air nozzle at 210
liter/min, a permeation test was carried out at a filtration linear velocity of 0.4 m/day.
In this permeation test, the initial filtration pressure difference in terms of 25°C was
0.4 kPa, and the filtration pressure difference after 2,000 hours was 1.2 kPa.  After
performing the backwashing in which pure water was fed from the permeate solution
side of this element at a filtration linear velocity of 0.4 m/day for 1 hour, a
permeation test was carried out again similarly to the above, and the filtration
pressure difference recovered to 0.5 kPa.
[0178]

[Table 1]
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striped 450 0.5 0.90 Polyesterlyester type hot-melt adhesive' Aron Melt" PFS-1201 (manufactured by
Toa Gocei Co., [0180] [Table 3] TDS . Water perrneabihty Water permeability retention % ma3/clav
% Example 1 99.3 47.8

Feed-side passage Separation membrane
. Geometry . .
J St f Tt
Di:ieerie:hcte of convex ]pan © convhex pe lmi Pitch ?;gz;zllt Constitution Thickness
y .
g portion (long spanxshort span)
pm - pm mm - - um
Example 1 | 300 net 1000 s | absence [ PAPSTPET 1 5080
geometry non woven fabric
Example2 | 300 net 1000 s | absence | PAPSTPET o 5080
geometry non woven fabric
Example 3 | 300 net 1000 5 | absence | TAPSTPET 1 sois0
geometry non woven fabric
Example4 [ 300 net 1000 s | absence | PAPSTPET 10 500
geometry non woven fabric
Example 5 | 300 net 1000 5 | absence | PAPSTPET 5100
geometry non woven fabric
Example 6 | 300 net 1000 s | absence | PAPSTPET 1 500
geometry non woven fabric
Example 7 300 net 1000 5 absence PA/PSHPET . -/30/100
geometry non woven fabric
Example 8 300 net 1000 5 absence PAPSTPET . -/50/80
geometry non woven fabric
Example 9 210 ellipse 1200%500 & | absence PAPSTPET .| -/40/100
non woven fabric
Example 10| 1510 | columnar 1000 3 absence PA/PSM)I.ET ) -/50/200
non woven fabric
Example 11 450  pemicircula 1600 5 | absence PA/PSf/PI?T . -/50/150
non woven fabric
Example 12 500 columnar 800 5 | absence PAPSIPET . -/40/100
non woven fabric
Example 13 600 ellipse 500x200 3 absence PAPSHPET . -/40/100
non woven fabric
Example 14 6 | presence PA/PSHPET . -/50/80
non woven fabric
Example 15 3 | presence PA/PSIPET . -/50/80
non woven fabric
Example 16 300 net 1000 5 absence PA/PSTPET -/50/80
geometry paper
Comparative 300 net 1000 5 absence PA/PSYPET A -150/80
Example | geometry non woven fabric
Comparative] 3, net 1000 5 | absence | PAPSTPET | 500
Example 2 geometry non woven fabric
Comparative 300 net 1000 5 absence PA/PS{/PET ' _50/80
Example 3 geometry non woven fabric
" long span means major axis and short span means minor axis. Thickness of PA is about 0.1um.

[0179]

[Table 2]
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92 Example 2 99.2 48.9 81 Examph.. 3 99A 43.1 94 Example 4 99 45.6 82 Example 5 99.3 41.9 90
Example 6 99.3 43.5 92 Example 7 99.3

Permeation-side passage material

Material Structure Geometry (\3?331) Pitch ero?:;:(zigi t:reea

— — um mm —

Example 1 Polyester * 1 discontinuous striped 500 1 0.50

Example2 | Polyester | discontinuous striped 300 1.5 020

Example3 | Polyester = | discontinuous striped 560 0.8 0.70

Example4 | Polyester | discontinuous striped 500 1 0.50

Example 5 |Polyurethane| discontinuous striped 500 1 0.50

Example 6 |Polyurethane| discontinuous striped 500 1 0.50

Example 7 | Polyurethane| discontinuous striped 500 1 0.50

Example 8 Polyester * | discontinuous striped 500 1 0.50

Example9 | Polyester = | discontinuous striped 2000 4 0.50

Example 10 EVA discontinuous }dot geometry 1000 5 005
Example 11 EVA discontinuous | dot  geometry 500 3 0.10
Example 12 PET continuous |net geometry 400 3 0.60
Example 13 PET continuous |net geometry 400 1 0.80
Example 14 | Polyester = | discontinuous striped 500 1 050
Example 15 | Polyester * | discontinuous striped 500 1 0.50
Example 16 | Polyester = | discontinuous striped 500 1 0.50
Cg::f;??f PET | continuous (mmt:;?;bﬁ ol 100 0.3 0.82
Cg::j;?:;e Polyester ~ | discontinuous striped 200 10 0.02
C};);rgf;?:;/e Polyester " | discontinuous striped 450 0.5 090

) Polyester: polyester type hot-melt adhesive " Aron Melt" PES-120L (manufactured by Toa Gosei Co.,

[0180]

[Table 3]
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42.3 92 Example 8 98,1 46.2 83 Example 9 99.4 47.1 82 Example 10 99.0 50.1 81 Example 11 99.5
48.2 88 Example 12 99.1 43.2 86 Example 13

TDS | Water permeability Wate;i:;:siblhty

% m’/day %

Example 1 99.3 47.8 92
Example 2 99.2 48.9 81
Example 3 99.4 43.1 94
Example 4 99 45.6 82
Example 5 99.3 41.9 90
Example 6 99.3 435 92
Example 7 99.3 423 92
Example § 98.1 46.2 83
Example 9 99.4 47.1 82
Example 10 99.0 50.1 81
Example 11 99.5 48.2 88
Example 12 99.1 43.2 86
Example 13 99.4 44 86
Example 14 99.2 44.8 93
Example 15 99.3 45.6 93
Example 16 97.2 43.1 89
Comparative Example 1] 99.3 41.2 90
Comparative Example 2| 98.3 18.3 55
Comparative Example 3] 99.3 24.1 90

[0181]

As described above, the separation membrane element obtained by the
present invention has high water producing performance, provides stable operation

5 over a long period of time, and has excellent rejection performance.

INDUSTRIAL APPLICABILITY
[0182]

The separation membrane element of the present invention can be suitably
used particularly in desalination of brackish water and sea water and

10 sewage/wastewater treatment.

1: Separation membrane surface (feed fluid side)
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99.4 44 86 Example 14 99.2 44.8 93 Example 15 99.3 45.6 93 Example 16 97.2 43.1 89 Comparative
Example 1 99.3 41.2 90 Comparative Example 2 98.3 18.3 55

2: Separation membrane back surface (permeate fluid side)

3: Permeate spacer of a different material
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Comparative Example 3 99.3 24.1 90 [0181] As described above, the separation membrane
element obtained by the present invention has high water producing performance, provides stable
operation 5over a long period of time, and has excellent rejection perfbrrnance. INDUSTRIAL
APPLICABILITY [0182] The separation membrane element of the present invention can be
suitably used patrticularly in desalination of brackish water and sea water and 10sewage/wastewater
treatment. DESCRIPTION OF S'ITIVIBOLS [0183}4:I8Eparation membrane surface (feed fluid side) 2:
Separation membrane back surface (permeate fluid side) 3: Permeate spacer of a different material

CLAIMS 1. A separatiSRITib FAHE BN EMSth EIRRE D 8 Ao SPATHN SHBIEBSI & petineate

spacer, wherein a sgoaration functional layer is arranged on the surface of said
permeate Spacer,

wherein a separation functional layer is arranged on the surface of said
5 separation membrane and a nonwoven fabric served as a substrate is arranged on the
back surface of said separation membrane,
wherein said permeate spacer is arranged on the back surface side of said
substrate,
wherein said permeate spacer is made of a different material from said
10 separation membrane, and a projection area ratio of said permeate spacer to said
separation membrane is 0.03 to 0.80.
2. The separation membrane element according to claim 1, wherein said

permeate spacer has a discontinuous structure.

3. The separation membrane element according to claim 1 or 2, wherein said
15 permeate spacer is impregnated into the separation membrane by 1 to 80 pm.
4. The separation membrane element according to any one of claims 1 to 3,

wherein said separation membrane has a height difference on the surface of 100 pm
to 2000 pm.
5. The separation membrane element according to any one of claims 1 to 3,

20 wherein a feed spacer is arranged on the surface of said separation membrane.
6. The separation membrane element according to claim 5, wherein said feed
spacer has a continuous structure.
7. The separation membrane element according to claim 5, wherein said feed

spacer has a discontinuous structure.

28]
(2}

8. The separation membrane element according to any one of claims 1 to 7,
wherein said separation membrane is composed of said substrate, a porous support

layer formed on the substrate, and the separation functional layer formed on the
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5separation membrane and a nonwoven fabric served as a substrate is arranged on the back surface
of said separation membrane, wherein said permeate spacer is arranged on the back surface side
of said substrate, wherein said peimeate spacer is made of a different material from said
10separation membrane, and a projection area ratio of said permeate spacer to said separation
membrane is 0.03 to 0.80. 2. The separation membrane element according to claim 1, wherein said
permeate spaperduaseppist&nwnuous structure. 3. The separation membrane element according to
claim 1 or 2, wherein said 15permeate spacer is impregnated into the separation membrane by 1 to
SO gm. 4. Thé sepald§oRRHaHH AHEQRRFE AR B &) DA AR B, wherein said
separation memtprante has anqlei ht difference on the. surface of 100 gm to 2000 gm. 5. The separation

subsirate 1s a ous-tiber nonwoven fabrig. . .
membrane elemen accoré;l%g 0 any one of claims 110 §, 20wherein a feed spacer is arranged on the

surface of saiq geparfionMEMBIANEM Brah &I SRRA ALCN-MGMBPARGCENRYLACRRLIRY to claim 5,

wherein said feed spacer has a continuous structure. 7. The separation membrant, element according
to claims5, whesgtihgaid fese apacer bag.sriis6ostvos alet I Rr2Rtiideppepaatintembrane
element according to any one of claims 1 to 7, wherein said separation membrane is composed of said
substrate, a psaglpcsuppsarpiayclafemasdnoer ¢Hersutvslireatdy anedrited Sepaibtiorofuactidhatlayer foul ed
on the porous support layer. 9. The separation membrane element according to claim 8, wherein said
substrate is a EystinBGHsL MBEYSHRRIVERTEBEIIC-10. The separation membrane element according to
elm 9, wherein jn said. 5 continuous-fiber nonwoven fabric, fibers on a surface Ia){gtrﬁc?n the opposite
rfa

side to said pdrous stPpSTPEAGR PRI RGN AARP BHRA IR G SR FBE PR ce layer on said

porous SUPPOLLIYS!, IS e ki (15136 %Q%Ee'%”c%}%é@“%% s §£‘?J‘%%B£t?§%%°e{ NG anY,0ng of claims 1
to 7, wherein sali separation membrane IS composed of sal substrate and the separation

10fungipnal laygedormadyap fiemed R @ substrate.
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