DESCRIPTION TITLE OF THE INVENTION: SEPARATION MEMBRANE, SEPARATION
MEMBRANE ELEMENT, AND 5 METHOD FOR PRODUCING SEPARATION MEMBRANE
TECHNICAL FIELD [0001] The present invention relates to a separation membrane and a
separation 10membrane element to be used for separating components contained in fluid such as
liquid or vapor, and relates to a method for producing the separation membrane. BACKGROUND ART
[0002] 15Various methods are known for separating components contained in fluid such as liquid or
vapor. For example, a case of a technique fOERIRIFITIGIONIC substances contained in seawater, brine
water or the like is described, for which, recently, use of a separation method with a separation
membrane element has become expanding as a process for energy saving and resources saving. The .
separation 20membrane to be used in the separation method with a separation membrane element

includes nﬁ&?&fﬁt%ﬁﬁ“ﬁ%ﬁ%@@ﬁhraﬁItration membranes, nanofiltration membranes, reverse

0Smosis n‘giﬁ]ﬂ I 1 | gembye ﬁtkﬁ N PQInL-Qf o[€;sjze and the
separation un%%ﬁ%ﬁggﬁfa%[] t g\?gs’ membl?r{%?sézﬁg%use ,%&%%%%%r@égéng drinkable water
from seawgierhipinepvaienas pise fran@awater cenaningiarmfal materials or the like, as well as for

production of ultrapure water for industrial use, and also for drainage treatment, recovery of valuables,
etc., and can be used suitably for different purposes depending on the components intended to be
separated therewith and on the separation performance thereof [0003] Separation membranes are all
alike in thatt{-HaNIfhfd-iElldeo one surface of 5the separation membrane and a permeated fluid is
obtained through the other surface thereof The separation membrane element may be configured by
binding up[%oégbe number of sheets of a separation membrane element of various shapes to provide a

large membrane a“%‘%es&}géﬁt%l@éﬁﬁo?ﬂ&‘dﬁ:ts%tg?ﬁ%ﬂSﬁ%@ﬂH@&%@&%g&ﬁQ@&per the unit

element. Various types’of such elements are produced, including t 10type, hollow-fiber

type; platerpncsfiaroetypa retatingdiptomembang tegsnchiiatomaniy ang indegeation type, in

accordance with the intended use applications and purposes. [0004] For example, a fluid separation
membranéieeinentfpsiusedfosl seeise nsmhodisorlfrdidtetianiis seserifiedasmmamexample. As the
separation membrane element member, widely used is a spiral-type separation membrane element
which comprises members of a feed-side passage member for feeding a raw fluid to the fed fluid side

of the sepgﬁg r@ﬂﬁne&g separation membrane for separating the components contained in the
raw fluid, %ﬁ? &) passage member for leading the permeated fluid that has 20passed
through th aration membrane and has been separated from the raw fluid to a porous
water-collﬁcﬁ% tube and in which those members are wound up around the porous water-collecting

tubestherein, as capabieef takingoueaklargs ameyntafihenepmeaied diuidiyadermrassure applied to

the raw fluid.
such as liquid or vapor. For example, a case of a technique for removing ionic
substances contained in seawater, brine water or the like is described, for which,
recently, use of a separation method with a separation membrane element has become
expanding as a process for energy saving and resources saving. The separation

20  membrane to be used in the separation method with a separation membrane element

includes microfiltration membranes, ultrafiltration membranes, nanofiltration
membranes, reverse 0smosis membranes, forward osmosis membranes and others in
point of the pore size and the separation function thereof; and these membranes are
used, for example, for obtaining drinkable water from seawater, brine water or also from

25  water containing harmful materials or the like, as well as for production of ultrapure

water for industrial use, and also for drainage treatment, recovery of valuables, efc., and



[0005] 25Recently, with the increasing demand for reducing the cost in water production with a
separation membrane element, there has increased the demand for reducing the cost of separation
membrane elements, and improvements of separation membranes, various passage members and
element members have been proposed for cost reduction. [0006] 5For example, Patent Document 1
describes use of concavoconvex-embossed sheets as the permeate-side passage member; Patent
Document 2 describes use of a flat membrane having concavoconvex shapes formed on the feed-side

surface theseof apd haying balipw: RassRYESINSIdedbnilNaURE ofasuRskale dhetein and Patent

Documents 3 and 4 describe use of a sheet-like composité semipermeable membrane 10that

comprises@pesadsiseippart witheomeavpaeniexpehpesfosmedon the surface thereof and a
separation-active layer, with no use of a feed-side passage member such as a net and a
permeate-§i€3jassage member such as a tricot. BACKGROUND ART DOCUMENT 15 PATENT
DOCUMENT [OOO?%Paten,t Document 1: JP-A 2006-247453 Patent Document 2: JP-A 11-114381
Patent Document 3> PRI BRUBBGH GELte s Lathaht 22 ypiadig fedioses SBRMIARY OF THE

INVEIgTIOt PROBLEMS THAT TH INVENTI%{I}IIIS TObS[ Le\alth OOO? y SHgwever, the

Q
separation membrane and a permeated fluid 15,05t : ‘he other surface .
above-men |oné33Isepara ion mem rang e%me S cou]Id noi1 8°sai0 16 be sdfficient iA point of the

performangg ipgreas g SEpASANY IRRRIRLRS dheh slrRilipRRANRRRAS RGN 415 £ Or example,

in the method of using the concavoconvex-embossed Sheets as the permeate-side passage member

described imRbieot Bleewndal skpangiety el d etigiancer oadbespdepeste sice dan lageeduced, but
the flow resistance-reducing effect could not be said to be sufficient since there still 5exists sheet
surface resistahuae[0Goolthifie rghoo afnisinga fenmenthfané dmbb abtebredavadbavex shapes
formed on the feed-side surface thereof and has hollow passages inside it, with no use of a substrate

therein, as'BE<LABERtIn PARMTVREMEND: SiftERRe fRRING Etalis HAD S dhose PhalEW passages
exterilsing %}rf]pteh%(gjlllrgv%tﬁgep %frgclal,e;gi%?et—g% - anr?]%r%f?)%,sl‘%{fa%% filtait§membrane type and flat-
membrane integration type, in accordance with the intended use applications and
purposes.
[0004]
For example, a fluid separation membrane element for use for reverse osmosis
15 filtration is described as one example.  As the separation membrane element member,
widely used is a spiral-type separation membrane element which comprises members of
a feed-side passage member for feeding a raw fluid to the fed fluid side of the separation
membrane, a separation membrane for separating the components contained in the raw
fluid, and a permeate-side passage member for leading the permeated fluid that has
20 passed through the separation membrane and has been separated from the raw fluid to a
porous water-collecting tube and in which those members are wound up around the
porous water-collecting tube therein, as capable of taking out a large amount of the
permeated fluid under pressure applied to the raw fluid.
[0005]
25 Recently, with the increasing demand for reducing the cost in water

production with a separation membrane element, there has increased the demand for



difficult to enlarge the height of the surface concavoconvex shapes and the concavoconvex shapes
are limited (regarding the concavoconvex shapes, grooves having a depth of 0.15 mm are formed in
the Examples given in the patent document). Additionally, since the shapes of the permeate-side
passages are also limited, the flow 15resistance-reducing effect on both the feed side and the
permeate side could not be said to be sufficient. [0010] In Patent Documents 3 and 4, there is
described the membrane performance in a case of using a cell for flat membrane evaluation in the
Examples glye hetein, AruaYatoINdRe 6858 dissanaralianpriveaveriedounabRy applying a
liquid reactive monomer onto the porous support having concavoconvex shapes formed on the surface
thereof, anddherefiere thedeasiigaiyawshba ofiehdiontiniiasmbAs Baesbittihecpaligeoeval ratio in the
Examples is only about 90% or less. In addition, in Patent Documents 3 and 4, though no disclosure is
given relatingt tedhetiperfoimance of a 25fabricated separation membrane element, it may be
considered that in case where the separation membrane element is actually driven under pressure
applied théP@Qﬁ}the cross-sectional area of the feed-side passage and that of the permeate-side
passage would readily chan not.only in the initiaksta e but also after long-term driving, the
perforance of the bR IGOd FEainy Chanbb Db TP ERE R S RSB T he presert
invention tg,prviderR seRAEAHoN P SRMANS AR A JenaratiR IRmMbr s Alement sffegliye for
enhancing the separafion and removal performance of a separation membrane having concavoconvex
shapes ondiaeBtifade thereohcineshencihgihefsepnadatiomafesdbiaaeperterinance mkincreasing the
amount of permeated fluid per unit time, and for enhancing the chemical resistance 100f the
membrandaiagiboBikalpagsdatrciiide MEANSIFOR SOVINGT HEIPRQEBEEMS{0012] The
above-mentioned object can be attained by a separation membrane having 15 a plurality of
concavocdrRsRE VAR A HetRsiBeHisg A EIiM&H&@Wﬁ&?ﬁ%é%‘ﬂ?%@%lﬁ%ﬁ@g@%rmed on at
least gne syrfage, atihe separatonmembrane, in.uhieh, a0 ausiage valye dl.ef g mipimum thickness
and an average value a2 B2 Thaxithum thickness in the CORCAVOcOnVeX parps saﬁ's%%/ the following
relational expe3sion e[]sléfﬁ't%tﬁn{jg&%e%%ér?@’im%§%§@@tmgﬂ%m@%§a§e§ﬁﬁ%plﬁl&ﬁ asseparation
membrane element. [0013] The object can also be attained by a method for producing a
separatiommaraidangerineameaidedinciyedimgnarangihaeafaioing component on one surface of a
work-in-process separation membrane; and while the forming component is thus kept 25arranged
thereon, pressing the work-in-process separation membrane from the other surface thereof by a liquid

or vapor applied thereto, having a temperature of from 50C
PO AR R CROUND AR P SOCTRIERY

15 PATENT DOCUMENT

[{0007]
Patent Document [:  JP-A 2006-247453
Patent Document 2:  JP-A 11-114381
Patent Document 3:  JP-A 2010-995%90
20 Patent Document 4: JP-A 2010-125418

SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE
[0008]
25 However, the above-mentioned separation membrane elements could not be

said to be sufficient in point of the performance increase, especially in point of the



to I00C, thereby forming height differences on the surface of the work-in-process separation
membrane. ADVANTAGE OF THE INVENTION 5[0014] According to the invention, owing to the
height differences formed on at least one surface of the separation membrane, highly-efficient and
stable flows can be secured both on the feed side and on the permeate side with no use of a feed-side
passage member such as a net and a permeate-side passage member such as a tricot. 10Further,
during forming, surface defects hardly form on the surface of the membrane and the membrane is

excellent inghemicalfasisiance Bacidnalkall andthe ke And @3 AL8RILENS,GAR be obtained

high-performance and highly-efficient separation membrane and separation membrane element

excellent indheapettorrsanreshofieindeing sepaiaiet-eampnenisanthinthe pexrivability performance.
15 BRIEF DESCRIPTION OF THE DRAWINGS [0015] [Fig. 1] Fig. 1 is a partly-developed

perspectivEaikaiiappwingt dneeschinplefbfhessgparatorihnembreaie Bismenbottecedidntion. 20[Fig.
21 Fig. 2 is a partly-developed perspective view showing another example of the separation
membrane BeHEHE SR ftreitiane cttect peid apehy wid 0 barniicaispes psrspdidtive view

showigg anot erﬁx%m ¥e of the §e1paration membrane element of the invention. [Fig. 41 Fig.
. CXISES SQECt syriace resistance. . .
4 is a partly-develope perspec’tlve view showing another 25example of the separation membrane

element of U@@@Tvention. [Fig. 5] Fig. 5 is a partly-developed perspective view showing another
example OF the separation membrane element of the invention. [Fig. 6] Fig. 6 is a cross-sectional
view showing one exaipigedt e SesiaradifatmembranetafithesinyenionobiEigshabEig. 7 is a
cross-sectional view showing one example of the separation membrane of the invention. [Fig. 8]
Fig. 8 is a brosedsuctionrdiedsowieytheretiand tampiblof thessegsaratisls ihewitirapassfahe invention.
10 MODE FOR CARRYING OUT THE INVENTION [0016] Embodiments of the invention are
described bESRISIRTNS D AratoPEMERBIeRI P LB RTide RS ChfidHF ARER A ation

Memgrane> he separation m%mbran%s par{ates the f:(?mopt?lnents rom theiﬂuid.having been fed
dmnar hoTl W pa sa%ets extending 1 t e§ fec 1}9&8&1’&1 el 1o the memurane surface, it 1S )
to the feed side of the Separation membrane. Use 0 Separation membrané gives a permeate fluid

having pagggetiivaiahdhg SeParRiab MEMRIRE. cbhBavoconvex shapes and the
concavoconvex shapes are limited (regarding the concavoconvex shapes, grooves
having a depth of 0.15 mm are formed in the Examples given in the patent document).
Additionally, since the shapes of the permeate-side passages are also limited, the flow

15 resistance-reducing effect on both the feed side and the permeate side could not be said

to be sufficient.
[0010]

In Patent Documents 3 and 4, there 1s described the membrane performance in
a case of using a cell for flat membrane evaluation in the Examples given therein;

20 however, in the case, the separation active layer is formed by applying a liquid reactive
monomer onto the porous support having concavoconvex shapes formed on the surface
thereof, and therefore the reaction would be often nonuniform. As a result, the salt
removal ratio in the Examples is only about 90% or less. In addition, in Patent
Documents 3 and 4, though no disclosure is given rélating to the performance of a

25  fabricated separation membrane element, it may be considered that in case where the

separation membrane element is actually driven under pressure applied thereto, the



separation membrane may comprise, for example, i) a separation function layer, a 20porous
supporting layer and a substrate, or ii) a separation function layer and a substrate. The separation
membrane of the embodiment ii) may be provided with a layer having the same constitution as that of
the porous supporting layer in the separation membrane of the embodiment i), as the separation
function layer thereof. [0018] 25Fig. 7 and Fig. 8 each show an example of the configuration of the
separation membrane of the above-mentioned embodiments i) and ii), respectively. [00191 As
shown in RighsZ.sthesieparalion membiant 19:c05mnrassA sehstiaienthearfna/atign membrane 13,
and a porous supporting layer 12 arranged between the substrate 11 and the separation function layer
13. 5[0020}Asl ¢ hawityintaig S stbrse patatio thmeibl 3ne d Bicemprises Bsubsiradelipgnd a
separation function layer 16 laminated on the substrate 15. A porous supporting layer 12 is not
arranged Beawsehnhansalodtiate eBamidvinel depubisitioraniggetion layer 16. As described above, the
same constitution as that of the porous supporting layer 12 may 10be applicable to the separation
function Ia%(}]'f . Also the same constitution as that of the substrate 11 is applicable to the substrate
15. [0021] In tﬂg separ tion .rsnemgjrane hhe surfacg.on th[e side of th&e%eéaaration function layer is

shown as the surface %Zf olﬁgt él ele nsf) ?%Rﬁté ﬁ1 r%%er a%:neveorﬁ ]t%% gﬁ%ggriate sﬁ%ai%}g%hown as the

surface 35,gmihaReimeaiesidecAsaaasiRedifalow. hen atawiikicisderdto:he.sidrface 34 on the

feed side, then the raw fluid is separated into a permeated fluid that has passed through the
separatiorameraboanbranid inamosavedstpaaribihe side okthevsufans: 3 and e chaesnirated fluid that
has remained on the side of the surface 34 of the separation membrane. 20[0022] <Separation
Function Lhgetsface therepl Supaluisinabmbrawatshtmsabows prfiore epibodieagngi), for

example, a crosslinked polymer js used for the separation functiqn layer from the viewpoint of the pore
size contro SARHE ARG Sh UL Tt et A SEDB AR e SO RS DFP R Iayer

formﬁg thrgyglg ﬁ%%x%r%%eﬁsz%fgna‘ﬁla% %BQE]HGQ Ilii(%pal amine and a polyfitnctional acid halide or an

organic/inorganic function layer or t k&on a porous supporting layer to be mentioned below,
from the viewpoint of the separation performance thereof The separation function layer in the
separation membrane of the embodiment i) may contain a polyamide as the main ingredient thereof
The separafioAM IR B@RI54 ¥y AldB Y RORIL Fdl®xample, for obtaining drinkable water from
seawater, brine water or also from water containing harmful materials or the like, as well as for
producing @®edure water for industrial use. Polyamide is, for example, a polycondensate of a
olyfunctional amine and a polyfunctio cid halide. [Q02 . .
poly %he 3.%0‘/?“1‘1‘}/61’1&01’16({1 (?Lj%ct can be a‘{thed? lay a separation membrane having
15  aplurality of concavoconvex parts which have a height difference of from 100 pm to
2000 pum and are formed on at least one surface of the separation membrane, in which
an average value d1 of a minimum thickness and an average value d2 of a maximum
thickness in the concavoconvex parts satisfy the following relational expression [1]:
08<dl/d2<1.0 [1]
20 The separation membrane is applicable to a separation membrane element.
[0013]
The object can also be attained by a method for producing a separation
membrane, the method including: arranging a forming component on one surface of a
work-in-process separation membrane; and while the forming component is thus kept

25  arranged thereon, pressing the work-in-process separation membrane from the other

surface thereof by a liquid or vapor applied thereto, having a temperature of from 50°C



10In this description, "a composition X that contains a substance Y as the main ingredient thereof"
includes a case where the content of the substance Y in the composition X is 50% by weight or more,
a case where the content thereof is 60% by weight or more, a case where the content thereof is 80%
by weight or more, and a case where the composition X substantially comprises only the substance Y.
The term 15"composition” is a concept that includes a mixture, a composite and also a compound, etc.
[0024] The constitution of the polyamide, as well as the polyfunctional amine and the
polyfunctiopal qeid, halide il he xemplifistinthesactionefithe prosucisn.methrds20given below.
Further, the separation function layer that constitutes the separation membrane of the above i) may
have an orggaiatinnnganibrhydrid structure with an Si element or the like, from the viewpoint of the
chemical resistance thereof The organic-inorganic hybrid-structured separation function layer is not
specifically defined, for which, for example, employable is a silicon compound (A) with an ethylenic
25unsaturated group-having reactive group and a hydrolysable group directly bonding to the silicon
atom there’ﬁPXg‘WEpl‘i\ Jaoﬁﬁagn%@N?ﬁglﬁydrolysable group of the silicon compound (A) using
any o@er %@fl ]nic unsaturated group-having compound (B) than the above-mentioned silicon
compound, and-also as well as a polymer of the ethylenic unsaturated group of the silicon compound
(A) and the ethylenig disalhsatethiRURINBY IRV k(B SI80&akes forPREGHGRIY dhe
separation function layer may contain at least one polymer of the following: a polymer formed
through candenséiteroatid/oepolyioe nzatibrund, theldomffouad (A) atable; fl&aspalyimer formed through
polymerization of the compound (B) alone; and a copolymer of the compound (A) and the compound
(B). Tisepoibadt clbeésed vdpaadsaréhamenacespameitbhthese ompbinddsidg and the

compound (B), the compound (A) may be condensed via the hydrolysable group therein. 15[0026]
In the sep&fAtioet fEtSH T4 ,%ﬁ&%b?ﬂgﬁwm@@aﬂﬁﬁaﬁaﬁ%&ﬁ&@éﬁa 1865y weight or more,

more, pref ram..20¢ .\Wei 509 ' t f] ' r content of
the chiman B o R e 8 O 008 by
weight. ThgyéaHenbr 4L Yaight| it omieunddAdsamrewndB) nay; Redre e tad Ak.aWVithin the

range, the polycondensate contained in the separation function layer may secure a relatively high

crosslinking g theranah; tirarbfened hiklg gitfatioarity and hittidyre¢inrane pthetgeparated components
could be prevented from being released from the separation function layer and, as a result, the

separation#aEbisreid sanalica sramerine sionoe mspHantE Ysperiyimance of KaegBound (A),
the compoungxélBg and other compounds may fqQrm polymers (including condensates) and the like
compound¥PARE Q&W?QS?iéfé\%ﬁgPﬁ/ﬁ%’ﬁgﬁ%%ﬁrﬂ%ﬁﬁ & compound (A) in the separation
funct{gn layer" is discussed here, the compound (A) shall contain the amount of the components
derived from the 5compound (A) in the polycondensate. The same shall apply also to the compound

(B) and to theothersompounss. (9028IEThe s&varaiion function layer does not have any other
ethylenic unsaturated
[0015]
[Fig. 1] Fig. ! is a partly-developed perspective view showing one example
of the separation membrane element of the invention.
20 [Fig. 2] Fig. 2 is a partly-developed perspective view showing another
example of the separation membrane element of the invention.
[Fig. 3] Fig. 3 is a partly-developed perspective view showing another
example of the separation membrane element of the invention.

[Fig. 4} Fig. 4 is a partly-developed perspective view showing another

25  example of the separation membrane element of the invention.



group-having reactive group than the compound (A) therein, but may contain the 10components
derived from a hydrolysable group-having silicon compound (C). Examples of the compound (C) of the
type will be described hereinunder. [0029] The compound (C) may be contained as a condensate
of the compound (C) alone, or may be contained as a condensate with the polymer of the compound
(A) and 15the compound (B). [0030] Next described is the separation function layer to constitute the
separation membrane of the above ii). The separation membrane of ii) is favorably used for drainage

treatment. 20[0031][Fig. SW\IOtP@g_eﬂg%aygrg?jgggg}O%%%%@&% (Hggjti%%%%rtaigoﬁ%separation

membrane of ii) may be any one having séparation function and mechanical strength, and may be

formed, foeexapiplet fiore satulase palyaibyrneresinhpehrigmiene resin, polyvinyl chloride resin,
polyvinylidene fluoride resin, polysulfone resin, 25polyether sulfone resin, polyimide resin, polyether

imide resin, etc. Thélaparatios. fanctormksy@civaiconmishanyngfdhesrareplao Aththe main ingredient
thereof [0032] . In particular, as the main ingredient of the separation function layer, preferred is
polyvinyl cPiBAHIE IR SHFPURRRSYIBE ARV ANBRRIe resin, polysulfone resin, polyether sulfone resin or the

like which enables T@/ ng fggrmﬁion thrcgys%ghscgllglti\%‘g tir\;@ and 5which |s excellent in physical
durability and chemicd resistance. 16035] R0 LeriBeq Bew 1 r3tiBlf function layer may

be formed{gr axamREmBY.fasig.aRAMtgn of polysulfone in N,N-dimethylformamide (hereinafter this
may be referred to as DMF) onto the substrate to be mentioned below, or that is, 10onto a nonwoven

fabric in a predeteriiifed thickpesssthereanstelinaid iywuntwoaguiating dRawaier [0834] In the
separation membrane of the above ii), the average pore size in one surface of the porous resin layer
(or that is, Srexdivaratorbfene b thiajerniey. be two or 15more times the average pore size in the
other surface thereof [0035] Of the separation function layer in any case, the thickness is not
specifically defined. The separation membrane of the above i) is favorably employed, for example, for

areverse IS Jprward osmes ofjltrati mbrane. In such a case, the 20thickness of
the \S@{Jal’a%?gﬂg I‘%r?éé%rﬁ%#eﬁ preéﬁa@?@?ﬁ)m m nm from the viewpoint of the separation
performan the permeation performance, and is especially from 5 to 300 nm from the viewpoint

of the permeation performance. [0036] In the separation membrane of the above i), the
thickness of the sepandtidiments of the invention are described below.

[0017]
I. Separation Membrane

[5  <OQutline of Configuration of Separation Membrane>

The separation membrane separates the components from the fluid having

been fed to the feed side of the separation membrane. Use of the separation membrane
gives a permeate fluid having passed through the separation membrane. The
separation membrane may comprise, for example, 1) a separation function layer, a

20 porous supporting layer and a substrate, or ii) a separation function layer and a substrate.
The separation membrane of the embodiment ii) may be provided with a layer having
the same constitution as that of the porous supporting layer in the separation membrane
of the embodiment 1), as the separation function layer thereof.
[0018]

25 Fig. 7 and Fig. 8 each show an example of the configuration of the separation

membrane of the above-mentioned embodiments 1) and i), respectively.



25function layer may be measured according to an already-existing separation membrane thickness
measuring method. For example, after embedded with resin, the separation membrane is cut into an
ultrathin section, this is stained and then observed with a transmission electron microscope. In one
typical measurement method where the separation function layer has a pleated structure, the layer
thickness of one pleat is measured at intervals of 50 nm in the direction of the length of the cross
section of the 5pleated structure positioned above the porous supporting layer, and 20 pleats are
measured ﬂ@()tmﬁ same manner, and the data are averaged. [0037] On the other hand, in the case
of the separation membrane of the embodiment of the above ii), the thickness of the separation
function layer is preferahbyfidmiie. 30thd Separananerprateiablyitom i ie 200ubsirafihandhe thickness
of the separation function layer is 1 um or more, then the separation function layer would hardly have
defects sugtraridpacksmhticolid ndrefonewaimpmtiiadaion peeoamgaddestWaserthibe thickness of the
separation function layer is 500 um or less, then the layer could maintain good filtration performance.
15[0038] <BBFHAE $d5Hdthig rayation funching lagen dd'supporting layer imparts mechanical strength to
the seﬁoarag@?dgembrane. The pore size and the pore distribution in the porous supporting layer are
not specifically defined, and the porous supporting layer does not have to possess any 20separation
function for componeats haxinorasmallmeleeanskeiHehasiens and othelis e eHigally, the
porous supporting layer may be any one that is generally referred to as a "porous supporting film" and,
for examplesdpatades futayien handngdaiidradihenpbresitisroughout theplayeas aspyeatliag a layer having
fine pores of which the pore size may gradually increase from one surface of the layer on which the
separation@sfuhittionclayerisddheiedto the Bibrraie iasadhessonrariéferapigtiond pord ize of the
porous supporting.Jayer for use herein is such, that the diameter of the circle corresponding to the

projected ARASFHHE HOFEY &l it SHTERNSH tHESAFHEE FrtHerpEtbh S RBFHEE Ry br Bitwhich the
o RS IR A A A R R A A S Y B oo

from 1 nmto specially prefera orous supporting a pore size of from 3 to

50 mm, indergsatathe;dinipstrupktherirclg aesresponding to the projected area of each pore, from
the viewpoint of the interfacial polymerization reactivity and the retentiveness of the separation

function péefirhpance of the layer. [0039] The thickness of the porous supporting layer is not
specifically defined. 10From the viewpoint of the strength of the separation membrane, from the
viewpoint of formindtHes eightidifferentBstn the Sepmaadthmedthrate apprfesionthenciawpoint of the

configuratjon stability of the feed-side passages, the thickness is preferably within a range of from 20
0 500 p R A A TNACE S Gt I3 50 T 100261 25 PHeSEBEHS Sl of the

Poros S”&ps‘%fék% Jﬁ}{ﬁé %%pee?)ig%ﬂtmg%ém%é@side. As described below, when a raw fluid

is fed to the surface 34 on the feed side, then the raw fluid is separated into a permeated
fluid that has passed through the separation membrane and has moved toward the side of
the surface 35, and a concentrated fluid that has remained on the side of the surface 34
of the separation membrane.

20 [0022]
<Separation Function Layer>

In the separation membrane of the above-mentioned embodiment i), for

example, a crosslinked polymer is used for the separation function layer from the
viewpoint of the pore size control and the durability. Specifically, preferred is a

25  polyamide separation function layer formed through polycondensation of a

polyfunctional amine and a polyfunctional acid halide or an organic/inorganic hybrid



observation with a scanning electron microscope, a transmission electron microscope or an atomic
force microscope. For example, the layer may be observed with a scanning electron microscope as
follows: The porous supporting film is peeled from the substrate (nonwoven fabric), and then this is cut
according to a freeze-fracture method 20 to obtain a sample for cross section observation. The
sample is coated with platinum or platinum-palladium or with ruthenium tetrachloride, preferably
coated thinly with ruthenium tetrachloride, and observed with an ultrahigh-resolution field

emission-tmﬁct%@@wggagoglﬁﬁtm U PReARS (FRaRE M) WadRE AN AGFBIaIAIaR YR figge of from 3

to 6 kV. As the ultrahigh-resolution field emission-type s€¢anning electron microscope, 25herein usable
is an electrawpidnoscopesephiitachiigSetanhtotieteCin the electron microscopic pictures thus taken,
the thickness of the porous supporting layer and also the pore size, in terms of the diameter of the
circle correspondind k6 shpaprbjucisacirsdofcedcihporpaiatine Barfacenthefduf enddéisamined. Thus
determined, the thickness apd the pore size of the supporting layer are average values. The thickness

of the suppdRNd IRaMIE BANRBIAGESFAfRUR dre st Hisrthr 2OhSoiPRaTAIS 2 THIER RS of 520 m
in the directi igular to the thickness directjon,of the layer.in observation of the cross section
of thes(ljaye?rg. %g(rprgg?rg gs%%e’ ﬁ%gﬁmlngﬁb%rfe@ ab%? sdgrné( ?;bgaeagl%éﬁ%gptﬁ%%%%é er}ngf‘%ﬁé%ircle
correspongingstortbe Risiecteshansahaanhinaie.And @ltkbeifeund.data ars, aysiagded to obtain the
pore size. [0041] 10The material of the porous supporting layer is preferably polysulfone, cellulose
acetate, polymimylechioeidia: épdxgtrieisine. or Bobyhide oy, foleeninaiecof aoly o tbeserd\sithe material
having high chemical, mechanical and thermal stability and capable of facilitating pore size control,
preferred ROpENRGIfI afotentsyrobdsaribert bssddalidayer having the same constitution as the
porous su %rﬁ g layer described in this section may be provided on the support as a separation
function Ia@% -In this case, the pore size of the porous supporting layer shall be defined in accordance
with fBe SUbStance?I{[%?sed%(gQ@éﬁf@g "’LO%%%(%OSI}URSI%%I %5 tains l?}lgl)%’ {’i 3 (EQ e{saubtﬁg%tleinusable is a
fibrous substrate of a nonwoven falric front the viewpoint oP‘glvmg Suitable mechanicat strength and
controlling ibe-Meighheifiarenca.ans the-suace.ahthe seRamtAR Membane while maintaining the
separation performance and the permeation performance of the separation membrane. 25[0044]
As the norwayesitiabri iuSatidaneciigbser cnonprisingepolyotefie, qalyastheraglislosedsthe like.
Preferred are those comprising polyolefin or polyester from the viewpoint of forming the height
difference¥setHOsBIALafi GRS BRI LR emtchbihenseiviediioiby sretahifRjunsiontratersiveness. Also
usable here are those comprising 5different types of materials as. mixed. [0045 As the substrate,
P BV S ¥

preferably US8E 1S TORG RSP AOBPHERRKHES NIBGEN fabliR® Biferably, the
substeate sgfisfies;the-candifions Tat%‘f@d@ RE S0 tlon is n.the substrate, the solution
does not penetgate therethroug@h mOrhn towgrd tﬂéﬁbraéé%é%[f}?gg%?e% %?dae %ft t%%méjl%ﬁcrlate, that the
porous sugporting layer hardly peels away from the substrate, and that the substrate hardly fluffs to
cause separation layer unevenness and other defects of pinholes, etc. Accordingly, as the substrate,
especially|p@efBrred is use of a long-fiber nonwoven fabric. The substrate may be a long-fiber

nonwoven fabric of thelmoplastic continuous filaments. In 15continuous production of the separation
membrane, tensionl Ffa§PBe e &ftHer edviemife raa el aihsr wnstiandretoire i Hesirable that

the separ BB IEHERLAB O RSOV SO CHBERFUHLY, e EHN U2 EHEbftr nomwoven
fabrigyfrong; g ¥awROINk RGPS RS ARANE 198 AR A SRR RS daRon
membrane of the above i} may have an organic-inorganic hybrid structure with an Si
element or the like, from the viewpoint of the chemical resistance thereof. The
organic-inorganic hybrid-structured separation function layer is not specifically defined,
for which, for example, employable is a silicon compound (A) with an ethylenic
‘25 unsaturated group-having reactive group and a hydrolysable group directly bonding to

the silicon atom therein, as well as a condensate of the hydrolysable group of the silicon



20polyester long-fiber nonwoven fabric from the viewpoint of the formability of the substrate. [0046]

In the long-fiber nonwoven fabric, preferably, the fibers in surface layer on the side opposite to the
porous supporting layer are more longitudinally oriented than the 25fibers in the surface layer on the
porous supporting layer side, from the viewpoint of the formability and the strength of the fabric.
Having the configuration, the nonwoven fabric can more effectively secure the strength thereof and
can be therefore prevented from being broken. Further, the configuration of the type enhances the
fOFmabi|ity@&B@dﬁ@‘dﬁ?ﬁ%iﬂ@%&%&iﬂﬂm&%&u%&&tglﬁdﬁ)i{%{vﬁ@cﬂ]ﬁpﬁﬂﬂﬁt@tﬁ’sﬁé}{j the
concavoconvex shapes of the separation membrane can be thereby stabilized. More 5specifically, the
fiber orientdtichdegnemiivtied siliifacedayerod, thelsite eppedites tojibsperadsisuppoding layer of the
long-fiber nonwoven fabric is preferably from O to 25, and preferably, the fiber orientation degree
difference Wetteat: thereinfacthfayiEeon epraridagpositths gibyhursussuppbedrgitaper and the
surface layer on the poro pporting layer side is from 10 to 90. 10[0047] The process of
producing 31%[98?%&%?#‘? brane and the process of producing the separation membrane element
includ§ a f@@ﬂgf step. When heated in this, the porous supporting layer or the separation function
layer may shrink. Especially in the lateral direction in which no tension is given in continuous film
15production, the sRakaaelis, 1RticeabigichNashiinkage: maz &%%azw%amp@gqmﬁional
stability or the like, and therefore, the substrate is desired to have a small thermal dimensional change.
In the nonwevetidatmiz, when the difference between the fiber orientation degree in the surface layer
on the side opposite to the porous supporting layer and fiber orientation degree in the surface layer on
the porous supportibhgtkyeeisfaerdisiromhorsiopatipernmikosalgeanasonedrdedirection of the
fabric by heat can ge tarded, and therefore, the fabric of the type is preferred. [0048] The fiber
orientationcag]@lp(-ffgl g‘%i P to herein is an index of indicating the direction of the fibers of the

nonuggen fabric 0 aNRIUIEIE APIRNS Y BROINGAYG! ATADAMBANRANE AYSIAOg Andle of the

fibers constituting t rcina ere the machine direction in cohtinuous film

formation is referred toasRrepdthe: disaptioninerpandisulasipthedmaghine direction, or that is, the

lateral direction of the nonwoven fabric substrate Is referred to as 90. Accordingly, when the fiber
orientation degree isiraarbmterGntihetetireciibdessare inlmtre dopgitudinal drientaonpdiwhen the
degree is nearer to 90, then the fibers are in more lateral orientation. 5[0049] The fiber
orientatiorfte e 9 BetBtiRbdhs<craNBNETER Binahesprgrnind cas hehwstielyrilegrmpred from the
nonwoven, abric, and the surface of each piece is photographed at 100 to 1000-power with a scanning
electron mi %’é%‘ope. Ten fibers from each sample, therefore 100 fibers in total are analyzed in point of
the gngle thgmef, 10based on the angle of the lengthwise direction (longitudinal direction, machine
direction) of the' nonwoven fabric referred to as 0 and on the angle of the cross direction (lateral

direction) of the nomwaxeRfalfitfrefercad10a8rdMhe aa fownd dateapoararaged ptbraygrage value is

rounded from the first decimal place to the closest whole number to be the fiber orientation degree of
the analyzdfayriecEHi0050pThensubstrdteatthelponcliy s bp porighy tay e abd weégbepahation function

layer to
the separation function layer, the content of the compound (B) is preferably 90% by

weight or less, more preferably from 50% by weight to 80% by weight. The ratio by

20 weight of compound (A)compound (B) may be from 1/9 to 1/1.  Within the range, the
polycondensate contained in the separation function layer may secure a relatively high
crosslinking degree and, therefore during filtration through the membrane, the separated
components could be prevented from being released from the separation function layer
and, as a result, the separation membrane can realize stable filtration performance.

25 [0027]
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be contained in the separation membrane may contain any other additives such as colorant, antistatic
agent and plasticizer than the above-mentioned components, in a ratio of 5% by weight or less, 2% by
weight or less or 1% by weight or less. 20[0051] <Concavoconvex Parts> In this embodiment, a
plurality of concavoconvex parts having a height difference of from 100 um to 2000 um are folioed on
at least one surface of the separation membrane. Of those 100 concavoconvex parts, the average
value dl of the 25minimum thickness and the average value d2 of the maximum thickness satisfy the
following relational %Qr&ﬁﬁmlrhlt A@;%@&i‘x%d EB) a%g%g%m&%g@y%@ngned expression [1],
the separation membrane realizes excellent separation performance and pernieation performance. In
case whergdheeaneaviaaavexnnants@is fatredep b feedside attbaiseparatianmenbrane and
5when these satisfy the above-mentioned expression [1], then the concavoconvex parts stably form

the feed-sidbapabsdgestitherdithcAphuraling ofdondavegonvesnp@tstianiaged Feigiruditiérence of from

200 i_tm to 1500 jim, more preferably having a height difference of from 200 Jim to 1000 min, as

formed thei&im, REAMEIRIRANAS thelSepairaf dhe gerfithahthe sAeBRe Pt dFatshispbitnance of the
separgtioncr.per%br%n@i 1% gw %nlgggssea{:onc%oga%]é/%a aafts relggr{g%ge%g the fegg ide of the
membrane; hen e %\blll y e TeedEde passages can &rurthier enhance%?f’blﬁ FS) "Height
difference%ﬁ@%vgw"cg%ggﬁgg_avoconvex parts are provided" are meant to include formation of
grooves, recesses and/or projections and the like in the 15 separation membrane. The size and the
form of the@yogives, the recesses and/or projections and others in the longitudinal cross section and in
the transverse cross section are variable and are not defined to be specific configurations. [0053] For
example, the concaVbeesnartisartomigrblass dorfigiresy thantigyccarhgbfoemfedaraitie passages or
permeate-side passages. In other words, for forming the feed-side passages, it is good that continuous
groove strEfHRRAAIRE B & HEoEn tRAR B AP AR Toerearp R B aIRE St the separation
memll:Hane are formed, on tl&e feed-?ﬁjg S rfebclg orfowq separation membrane @r forming

a €0

components derived from Olys having silicon compo ) .
permeate-sﬁép passages, Itis gooa CoMinuGUS Groove structures cgplé%? collecting the

permeate ASfighin thenvalensRliRetingehe when e separatian aembiaee is incorporated in an

element are formed on the permeate-side surface of the separation membrane. [0054]
"Concavogoonyex part" is meant to indicate the region between the tops of the adjacent two convex
parts on one surface of the separation membrane in the cross section of the separation membrane. In
other words, at leastlsneotrpeendaétionaf e Gseparaaionavedabraieibidesriedsihree adjacent
convex parts and concave parts provided between those convex parts in one surface of the separation

membrané &%y 84AHPRE SoREANFL DR $aedeartite ddhisrpbrme il SRR (P #éfiat part in the

crosg ;ect{&g is nclgg%oclie{ﬁ? as the above-mentioned "top".

f0030]

Next described is the separation function layer to constitute the separation
membrane of the above ii). The separation membrane of i1) ié favorably used for
drainage treatment,

20 [0031}

Not specifically defined, the separation function layer in the separation
membrane of i) may be any one having separation function and mechanical strength,
and may be formed, for example, from cellulose, polyethylene resin, polypropylene
resin, polyvinyl chloride resin, polyvinylidene fluoride resin, polysulfone resin,

25  polyether sulfone resin, polyimide resin, polyether imide resin, etc. The separation

function layer may contain any of these resins as the main ingredient thereof.

11



[0055] 10In case where a network-like groove is provided on one side of the separation membrane,
the number of the groove would be "1" in the planar view, but in the cross-sectional view thereof, there
appear a plurality of concavoconvex parts. Also in a case where a network-like convex part is provided
on one side of the separation membrane, the number of the convex part would be "1" in the planar
view, but in the cross-sectional 15view thereof, there appear a plurality of convex parts. These
configurations are within the scope of the structure where "a plurality of concavoconvex parts are
provided". [[G654] The height differences may be formed, for example, by the structure to provide
concavoconvex shapes in the cross section, as in the separation membrane 3a in 20Fig. 6. In other
words, the convex panasfitudafeasithidadace 34 betheSbparationi omefmbrame [BgecorreSpedds to the
concave part of the permeate-side face 35 thereof, and the concave part of the feed-side face 34
correspondsRYYKBEGHeR Fait R tRel perkidsacdinoided esan. |naewREps Etidh RYdYEBEne 3a, the
height differepce in the feed-side face 34 is nearly the same as the height difference in th
permeate-séhll?jpg?gégs%@ggﬁé%kgr&fﬁr%g ’el%a ffys. %f{%ﬂﬁﬁ%%%ﬂﬁg@ﬁ}raﬁé%g%@gggpgﬁgm presented
by DI.{0034); Al ih& seRaratmmRmaI6micPAAIBRGIRANESERAAtion membrane element may
have the above-mentioned height differences; or only a part of the separation membranes may have
the above{nsstjoned height differences. The height differences may be provided on the entire surface
of one separation membrane, or one separation 5Smembrane may include both a region where the
height differences ake desicplesddetbandha sepporiiwhérective heightdiffeedhoesdrioprovided. [0058]
The height differences of the separation membrane may be determined by the use of a

commerciﬁﬁﬁfﬁgﬁl%léaégﬁﬁm%ﬁ%ﬂ%%@%%f@ﬁﬂ ﬁ‘&%ﬁb@fﬁ&ﬁ@’@i@l&%ﬁﬁ@roscope, the
cross sectjpn of Jhgesreﬁ@grgggo%g mg&}gﬁn%ﬁn&% ts)gbag%‘%lé/%e et?n [cnn ?suzﬁbi%%\geéggﬁ L%cilfferences therein;

or using a fgsjﬁr-lp}rfeusmn con |g%lsr 0N ‘ana ysSIS System, Keyence's the stitfice of the

sepajgtion,mempranR ReaReienaly grAtRMERsYIR theeiabtdiffesances Wiegin. As sampled

randomly, different sites having different height differences are analyzed, and the total heights are
summed upandalingdiiddestdry the number of the analyzed sites to obtain the average value of the
height differences. In the invention, the height difference may satisfy the above-mentioned range, as
measured[8€&blding to any of the measurement methods described here. A specific measurement

method is described in the section of Examplesb%iven hereinunder. 20[0059] . Preferably, the pitch
of the height differefd8 RRAE L DEHOHRTh HRaAROESH OIS RYFREEPSER RS, ThERE preferably from

0.5 mmto 15fmm.'{€e itch mean theror' ntal distance from the highest point of gne high part to
the mgnesE e S R R R R R T 8 Premorane

having the.Zpbeight diferanses 1brreoR ilPREWiher surfdlaRhape of the concavoconvex parts (that is,
the shape of the concave parts or the convex parts) is not specifically defined; however, it is important

to reduce [b@3figw resistance in the passages and to stabilize the passages when a fluid is fed to the
separation membrane element to run therethrough. From these viewpoints, the shape 5of the concave
parts or the convex(Qidhe swembarntenkiah ditemingneesvatheitsiglaress is not specifically

defined. The separation membrane of the above i} is favorably employed, for example,
for a reverse osmosis, forward osmosis or nanofiltration membrane. In such a case, the
20 thickness of the separation function layer is preferably from 5 to 3000 nm from the
viewpoint of the separation performance and the permeation performance, and is
especially from 5 to 300 nm from the viewpotint of the permeation performance.
[0036]
In the separation membrane of the above 1), the thickness of the separation
25  function layer may be measured according to an already-existing separation membrane

thickness measuring method. For example, after embedded with resin, the separation
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oblong, trapezoidal, triangular, rectangular, square, parallelogram, rhombic or amorphous. Regarding
the shape of the concave parts or the convex parts in the cross section vertical to the separation
membrane, when the feed side is considered as an upper side and the permeate side is considered as
a lower side, the parts may be formed 10to have a predetermined width from the upper side to the
lower side, or may be formed to be broadened or narrowed from the upper side to the lower side.
[0061] The area of the convex parts on the feed side of the separation membrane is preferably
from 5% toRadrralativetodhearaadherertssandion thedapslithe fead sidg 1atwo-dimensional
area), and is more preferably from 10% to 60% from the viewpoint of the flow resistance and the
passage steifityisTihe erea@f thierosnvsx pantsns thei@lojectadaneat Mkthsprdjentetoward the plane
parallel to the feed-side surface of the separation membrane, of the part higher than the centerline of
the height SFERSIRE i tioe fawd brde slpried Brgiarscbaratsnthicknprant (iermdseliple, the

dashed-dotted ling in 20Fig.,6). In other words, it js desirable that the ratio of the area Ml to the
projected zr-f]reé%lsﬁgioar}fﬁ%%%@?a%%%ﬂ%‘%é%%f%f%ﬂ%éﬁﬁk}fﬁa BN INFS TS ARG the

aboveymephanedfARgG=0083bned above e g&%ﬁ@h‘%g&g&%@%@ Dy %@g?ﬁggtp%ight differences

formed on the 25permeate side thereof is tavorable to ration membrane element not having a

permeate-gigigpagsageosentianthereind tThe &eparatiosrdpeambrane having the height differences
formed on the feed side thereof is favorable for a separation membrane element not having a

feed-side d&EHge member therein. The separation membrane having the height differences formed
on both sides thereof is favorable for a separation membrane element not having therein any of a

permeate-side pas%@ﬁféﬁ%é‘ﬁ%‘?»dﬂé}%ﬂﬁi%%§§§B@‘éﬁﬁém@ﬁ@%@iﬁiﬁﬁllﬁn@ﬂi@@@cond
Paving the hGHPA el LB ST G Do RS QTSGR B AR FARE To0it hiiaimen, the
sepaigtion, memhans hxinabe baobboierenserdprnas o e Asibsale: s Figigghs favorable:

and in the fifth embodiment; the separation membrane having the height igé%tlﬁferences?%rmed on the
feed side thesenf isfavaralle, [8663e sepaihen fhe-aveags viaur dhafithe.puienum thigkness and

the average value d2 of the maximum thickness in the concavoconvex parts fall within the range of the
above-metitionelsaxgressio tharedortorintzin Hreatived tighaperforWaeoetendiniglel-afSefficient
separation membrane and separation membrane element excellent in the performance of removing
separated RoRRPBHEAE AN Feim LR BIP p o hente neresldmamainigedtmical resistance
to acids, a{llfgliao%nde%tgergntgebe used in washing the membrane. [0064] 20The average value dl of the
minimum thicknes€ and the average value d2 of the maximum thickness in the concavoconvex parts
can e de[t@@mjmed with a scanning electron microscope, a transmission electron microscope or an
atomic force microscope, like the configuration of the porous supporting layer. [0065] 25When the
separatiorPaesobSuepistanalyaed-according to the method mentioned below, it is good that the
analyzed sample satisfies the above-mentioned

The porous supporting layer imparts mechanical strength to the separation

membrane. The pore size and the pore distribution in the porous supporting layer are
not specifically defined, and the porous supporting layer does not have to possess any
20 separation function for components haﬁng a small molecular size such as ions and
others, Specifically, the porous supporting layer may be any one that is generally
referred to as a "porous supporting film" and, for example, includes a layer having
uniform fine pores throughout the layer as well as a layer having fine pores of which the
pore size may gradually increase from one surface of the layer on which the separation
25  function layer is formed to the other surface thereof. Preferably, the pore size of the

porous supporting layer for use herein is such that the diameter of the circle
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expression [1]. A sample of the separation membrane cut in a predetermined size is sliced according
to a freeze-fracture method to give a sample for cross section observation. The sample is coated with
platinum or platinum-palladium or with ruthenium tetrachloride, preferably coated thinly with ruthenium
tetrachloride, and 5observed with an ultrahigh-resolution field emission-type scanning electron
microscope (UHR-FE-SEM) under an acceleration voltage of from 3 to 6 kV. As the
ultrahigh-resolution field emission-type scanning electron microscope, herein usable is an electron
microscopgogfeklitaeihg &-2R0MadeldDREGK INhoRe fancavasanvaxParthayina height difference
of 10 1.1n1 or more, the minimum thickness ti and the maximum thickness t2 are measured. In
different conppvotgiugxrpartshitie thanapamithdknessitland thémadmunsiicknessniz are measured
similarly, and the sum total of the found data of the minimum thickness tl and also the sum total of the
found datd@FeBIRIBSSRRITTARERIFEHE PR soMRBUrE HOThE BdariVbtahof thepesialiiium thickness tl is

iicknese, BH a0 BT b AR IV HOBSE 4% OOy Frb B
measgremeQtAgR.!s ARARTEBYRIARRHAILS e e mpimr diphsesysRegilically, 100

concavoconvex parts are analyzed as above, an average values may b€ computed. 20[0067]

Needless-igesaiiie dnensapardiion mevans:da aftin- 6, he senfighiatiorQfihgseparation
membranes 10 and 14 of Fig. 7 and Fig. 8 is applicable. [0068] The embodiments to be

obtained by woatlinifgthecpadtitutimecarittthea2Beonfiguration described in different sections all fall
within the technical scope of the present invention. [0069] II. Production Method for Separation
Membrané®R8tmation of Porous Supporting layer in i), and Formation of Separation Function Layer in

i)> 5The porous supporting layer in the separation membrane of the ahove i) and the separation
function layer in tthggﬁgf‘% e#r‘ﬂé%%%@“ﬁf%ﬁ%&?ﬁﬁge&dﬁ 154 fB?Hgﬁaﬁgc‘?ﬁ%ﬂ?&to the method
describedqin -Office 0 1 f Rﬁaﬁ 0 " NQ. 359 (1968), in
Whic#?he ﬁ&%&%i{%@%ﬁ%ﬁ? f?:teeso vgjrrf'ﬁ]eé1 rgg%grrglt%grgg{éhqtgég%’o%rﬁsggﬁl\%ﬁ%‘?goc%%?%IIed SO as to

obtain thefaauer themeptoAatLaRtg I AHOBSHIRARR] membral-axANRIR, AdiedesRimiped amount of
polysulfone is dissolved in DMF to prepare a polysulfone resin solution having a predetermined

concentratlerncdi@gyrtepolybilifpnd tesfcsetidiopaisagpplide: ontdaesubsstraferaly ndthivoven fabric
nearly in a 15given thickness, then the solvent in the surface is removed in air for a given period of
time, and tReEe k&I B IR SOfoie B UsaEistablnvalbBEYtAaaE R a3 im e urtended layer. In
this step, '@QJS surface part that is kept in contact with the coagulant liquid, the solvent DMF rapidly
evaporate wsly and the polysulfone rapidly coagulates, thereby providing fine open cells each having

oo e P M P O L SR AT o,
more slowdysanehiolystlfonecanaigdialesaismoara sl hamiBstbe electron microscope or
an atomic force microscope. For example, the layer may be observed with a scanning
electron microscope as follows:  The porous supporting film is peeled from the
substrate (nonwoven fabric), and then this is cut according to a freeze-fracture method
20 to obtain a sample for cross section observation. The sample is coated with platinum
or platinum-palladium or with ruthenium tetrachloride, preferably coated thinly with
ruthenium tetrachloride, and observed with an ultrahigh-resolution field emission-type
scanning electron microscope (UHR-FE-SEM) under an acceleration voltage of from 3
to 6 kV. As the ultrahigh-resolution field emission-type scanning electron microscope,

25  herein usable is an electron microscope of Hitachi's S-900 Model.  On the electron

microscopic pictures thus taken, the thickness of the porous supporting layer and also
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surface area, and therefore in the inside area, DMF tends to aggregate to form large 25nuclei, and
consequently, the open cells to be formed may grow big. Needless-to-say, the nucleation condition
may gradually change depending on the distance from the surface, and therefore a layer having a
gentle pore size distribution with no definite boundary can be formed. By controlling the temperature of
the polysulfone resin solution to be used in the formation step, and also by controlling the polysulfone
concentration and the relative humidity in the atmosphere where the coating operation is 5attained, as
well as theiimetoshe: lakesmalier aeadinchare drafereidippipgdatheispaguiant liguidandthe
temperature and the composition of the coagulant liquid, there can be obtained a desired layer of
which the a¥erayeporosifyeandtbe hvaayepdresidecdre dintsakéecinithe, ithtetidedhasannér. [0072]
10The porous supporting layer and the separation function layer can be reworded as a porous resin
layer or a H¥1IDf4F ?é%‘fr?fg%rs.‘i%?éﬁﬂlﬁfié)’fﬁ iR fGERES ToltRing tHe Sapkpasibaifiisction layer of the

above ii) is mainly described; however, the farmation metho cribed below is applicable to the
formation e O#gn%?atﬁeer }‘pso%icl)lﬁlg (?realgl'arl‘i%ﬂ)?/lg (ot h?ey%%l&fga}i %d[ggﬁﬁms ta“k@fqhaé ggé)ré?la;ﬁ&d function
layer &5 formed, A falaws Gk caring-Am alaliidconceiaishatgoniains the
above-mentioned resin and a solvent is first formed on the surface of a substrate (for example,

nonwovencigRriciiiandtie g sorfeanifate isimpragnaied e thesubsiiaie. Buhseayently, only the
coating film-having side of 20the substrate having the coating film is kept in contact with a coagulation

bath contairdmeeasnusasolvbationdayofdte thelesinyahmedypdomivg e potedisirasif 4ayker as the
separation function layer on the surface of the substrate. It is desirable that the temperature of the
liquid condftrattialyBsdraRd BABAXRET A @ BERO RS 82820C from the viewpoint of the film
formability, (5'635 of 25[0074] In this, a pore forming agent may be added to the liquid concentrate.
The pore {orml g agent is extracted out during immersion in a coagulation bath, thereby making the

resin fpyer porous. Preferabhy heRors iR a6 is/biably.spiuhie gbfpﬁ:ﬁ@»ﬂg,u'am- For example,

usable here are inorganic salts such as calcium chloride 5 and calcium carbonate. Also usable are

polyoxyalkyléiiesesiielaas peityethylehiegieceband pelysopyiere:gyeal laatensofuble golymers such
as polyvinyl alcohol, polyvinyl butyral and polyacrylic acid; and glycerin. [0075] The solvent dissolves
resin. Thetkeigentadisonathtabdre fogrhighy dyericalnhedpmnd sl therfoahstivitiofahé porous resin
layer. As the solvent, usable here are N- methylpyrrolidinone (NMP), N,N-dimethylacetamide (DMACc),
N,Ndimetﬁ?ﬁﬁwﬁé’%fﬂ%ﬁ(@mPBF&%‘W%F@XH@%?T%@WM?@-methyl ethyl ketone, etc. Above
all, prefer;% &r]e NMP, DMAc, DMF and DMSO of which the resin solubility is high. 15[0076] In
addition, a non-solvent may be added to the liquid concentrate. The non-solvent is a liquid that does

not gigsolve resin. JRenQmsQl ik contRls IR cRagealinn Jéﬁ%%ﬁ%ﬁiﬁstﬁqg‘ﬁéﬁﬁ}é control the size of
the pores to be formed. As the non-solvent, usablé here are water, and alcohols such as methanol and
ethanol Abowsotall|avatelksntbedeihdnobareoprefeyred frovivtienviawpinis:ohthesepsiness in drainage

function layer, In this case, the pore size of the porous supporting layer shall be

defined in accordance with the substances to be separated.

[0043]

20 <Substrate>
Next, as the substrate, usable is a fibrous substrate of a nonwoven fabric from
the viewpoint of giving suitable mechanical strength and controlling the height
difference on the surface of the separation membrane while maintaining the separation

performance and the permeation performance of the separation membrane.

25 [0044]
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treatment and the cost. A mixture of these is also usable here. [0077] In the liquid concentrate,
preferably, the resin is within a range of from 5 to 40% by weight and the solvent is within a range of
from 40 to 95% by weight. When 25the amount of the resin is too small, then the strength of the
porous resin layer may lower; but when it is too large, then the water permeability of the membrane
may lower. More preferably, the resin content is from 8 to 25% by weight. On the other hand, when
the amount of the solvent is too small, then the liquid concentrate may readily gel; but when it is too
large, then the strength,efihiaRREGUBFESIN YRS MR QWSS R PrSIRIaRIY thE1saluent content is
from 50 to 90% by weight. 5[0078] In the coagulation bath in this case, preferably, the solvent content
falls withincel hdngrecofifiwlik40 tBrofEYbdyweight anthphieing ppblefihcenisivt iscatieasht% by weight.
When the solvent is smaller than 40% by weight, then the resin coagulation rate may be high and the
pore size MayBEEmEWHE s Saefitiereneve ththe savaradly waldhengharitfieresia could not
coagulate and the porous resin Jayer is difficult to form. Moye preferably, the resin content is from 50 to
00% by wIGHE U ah SRR TS P B S pe itr ROt e RE BB tion rate may be
rapid;out ony trar 0 coagulation rate may be slow. In general, therefore, it is
desirasgle %%ﬁ%gwgg%%% ga%%s E\l/v(i%tﬁlll’}r{%?range of from 0 to 100C. More 15preferably, the
temperaturgogg)ge is from 10 to 80C. [0079] . The method of bringing only the coating film-side
surface of the substrate having the coating film into contact with the coagulation bath is not specifically
defined. For example, thresebyistd) prefersibbneskd imethogd-fiheradireshSirbir bavisightihe coating
20film is brought into contact the coagulation bath in such a manner that the coating film- side surface
thereof coliR§Facaisa Batrbsisfadichrabnaifomvhiare wilfigsdhe eorditiana Grisyhtate, a metal plate

or the like is stuck tq the other side of the substrate opposite to the coating film side thereof in order
that the cERITSC LI B hs T B theeiatket SRR CS 51 MR R S PRt ondition, the

substgate having the.coall 2flm.is. inype i ' %I%?%’ it late stuck
thereto. Innt%e latter tmg&gg,(ﬁw coa%ng | ré%%h%%&%? ’?:%%%:aéﬂngtlr%%@r%ay e %#r%é%%ﬂ the substrate
after the platehasdreensturkdanbe sidbstratadanaiias the seating i midhedigig.concentrate has
been formed on the substrate, the plate may be stuck to the substrate. [0080] The coating film of the

liquid coneeprratiemiaycberformedsoriietubdstfmshy HréapdyingctheAiguict oaheenttate onto the
substrate, or by immersing the substrate in the liquid concentrate. In case where the liquid concentrate

is applied YePfteisuputestall it Ml weddp phie alonienenzbstmeru et Ekibstrate BhiEyDe onto both

f th f. In thi , Wh bstrate (that is, a cell bst havi densit
o7 0.7 g/oR3 OPIESE G LG AEPHE LI S e HEAE Ehui LA BBtRea o he 10porous.

subgtate, thouglhdepsading o the: %Qﬁﬁpﬁﬁiﬁ%eﬁim%él%lﬁisﬂ%ﬁ%g QB Hereo T the porous

resin layer (that is, separation function layer) in the separation menibrane thus produced in the manner

as above itheaviiAgeiRRitaizainee-smdacesthal Rasiran Keptinke Haskwith thergoagulation bath
is two or more times the average 15pore size in the other surface thereof This is because, since the

coagulationdzdidntondaimetheoselvaabiintars asdantiof Sibsird®to 85p6dmliweight theasifustitution rate
between the liquid concentrate and the coagulation bath is relatively low and, as a result, in the porous
resin layeP APl iherbavrrara v h s bednrBpYimrdptsd Wi ane Bbaigutaten Bath grow

rapidly to. aerrigt%}loinrfllctileeavsl%\}/%%i%?[% ggﬁ;ﬂ\{\éhsil?eggtﬁheﬁlg tt grcgs ?gﬁd more preferred is a
20 polyester long-fiber nonwoven fabric from the viewpoint of the formability of the
substrate.
[0046]
In the long-fiber nonwoven fabric, preferably, the fibers in surface layer on the
side opposite {o the porous supporting layer are more longitudinally oriented than the
25  fibers in the surface layer on the porous supporting layer side, from the viewpoint of the

formability and the strength of the fabric. Having the configuration, the nonwoven
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20the surface of the opposite side is not brought into contact with the coagulation bath, and therefore
the pores are formed only through phase separation of the liquid concentrate so that the pore size is
relatively small. Consequently, the separation membrane thus produced in the manner as above may
be used in such a manner that the side thereof that was kept in contact with the coagulation bath could
be the feed side 25while the other side thereof could be the permeate side. [0082] According to
the method mentioned below, in which a pore forming agent is added to the liquid concentrate, the
separations{ynetian taver dirdbeveapasatienivemiran & efbe.aReys i eandsfonred,{Q083] SNamely,
as the above-mentioned liquid concentrate, a liquid concentrate that contains a resin, a pore forming
agent andfaosoheng iselsed. A nohesolve ndmigy g addat doyihediduid eothechinatdi [0084] The pore
forming agent is extracted out during immersion in a coagulation 10bath, thereby making the resin
layer porot}s Ipreinsigshat inelpdes hsprrouaganposting Hysscblasrsehetedagubihe For example,

usable here are inorganic salts Sﬁ,li%h as calcium chlgride and _calcium carbaonate. Also usable are

polyoxyallllﬁ%%&é@% %g}ﬁBE?e? Sﬁspgﬁ%b‘%“alﬁﬁ“@ %?869@?\ ﬁTﬁEﬁI?W&QQOIuMBrBolymers such
as pobyviny alieal, R BHbiAk AN e RolYagHIc A0 Bfo?gg‘gﬁgf(gﬁgq%hé% g solvent and

the non-solvent, thé same as those mentioned above are us |qU|d0 concentrate,

preferablypdaguresippisivithiavarange aifsopé iwrRd0% rmeightetbapradarming agent is within a
range of from 0.1 to 15% by weight, the solvent is within a range of from 40 to 94.9% by weight, and

the non-sceivéptd&withinteerfihgecofefromod te 208« HjeveaightcWbenttiresarfivanswf the thesin is too
small, then the strength of the porous resin layer may lower; but when too large, then the water
permeabil S PRRE SR IR SRE RO TR SteRipeF prarsr sty utcedansicomtbarprene 25liquid
concentrate is f{tom ? to 25(?(0 by.weight, Or%1 he other hand, when the amount of the pore forming
agent is tosg@rﬁa}f}%h%mfﬁé ﬁvhstg'oﬁ% eXb y of the membrane may lower; but when it is too large,
the qt@engfbogﬁﬁhe porous resin layer may lower. Further, when the amount is extremely too large, then
the agent may remain in the porous resin and may dissolve out during use, whereby the quality of the

permeate may worsge gRddfeonpiedrennaabiipaetiieneaihiangsmma ustegiesMore preferably,

5the content of the pore forming agent in the liquid concentration is from 0.5 to 10% by weight. When
the amoumtohttie stivenpisatomsnealibtiendhe figuid-bolkcehtrtesay redbiilygbéatadt when it is too
large, then the strength of the porous resin layer may lower. In case where the non-solvent is not used,
the solveritEofte RETAH SRS B8 RS PAIRGSFRBTE B R B WAYSTRAYashislef from 55 to 94.9% by

: o o )
weight, even moiﬁi%r? t%?‘rf%%a Iéﬁg}%n a range of from 60 to 90% b welf;ght. When the amount of the

non-solventis 160 arge, en |quﬁnc151n%]er?t}?é}%tﬁ?giloﬁéf;%ﬁ? P RYL Y8 I, then the pore

sizewoul ﬁﬁl@{f&?ﬂltth@sﬁ%ﬁ@%e'\ﬂsoﬁgty&fﬁ@b%ﬂp%ﬂl@%&ﬂ&%&ﬂ@és&%\fgme%me liquid
concentrate is within a range of from 0.5 to 15% by weight.
dimensional stability or the like, and therefore, the substrate is desired to have a small
thermal dimensional change. In the nonwoven fabric, when the difference between the
fiber orientation degree in the surface layer on the side opposite to the porous supporting
layer and fiber orientation degree in the surface layer on the porous supporting layer side
20 isfrom 10° to 90°, then the change in the lateral direction of the fabric by heat can be
retarded, and therefore, the fabric of the type is preferred.
[0048]
The fiber orientation degree as referred to herein is an index of indicating the
direction of the fibers of the nonwoven fabric to constitute the porous supporting layer,

25  and means the average angle of the fibers constituting the nonwoven fabric in a case

where the machine direction in continuous film formation is referred to as 0° and the
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[0087] 15The coagulation bath may contain a non-solvent, or a mixture of a non-solvent and a solvent.
In the coagulation bath, the content of the non-solvent is at least 80% by weight when the liquid
concentrate contains the non-solvent. When the content of the non-solvent is too small, then the resin
coagulation rate may be low and the pore size may increase. More preferably, the content is within a
range of from 85 to 100% by 20 weight. In case where the liquid concentrate does not contain the
non-solvent, then the content of the non-solvent in the coagulation bath is preferably at least 60% by
weight. WagadhencamratRlibedanssaivemdsiirelerge: thenthatasipsragiiatian Fate may be high
so that the surface of the porous resin layer could be dense, but fine cracks may be formed in the
surface ofrthevporeusberinlbyesidMorefpreterablyythe contentifalls, 2Bwithireditange of from 60 to 99%
by weight. When the coagulation bath temperature is too high, then the coagulation rate may be high;
but on the®@sHtidy\WhERaeDearpher 8fubds tebllows tiemtmeoroaatidmabesientaitower. In general,
therefore, jt is desirable that the temperature is within a range of from 15 to 80C, more preferably
within a ra%"éte‘%ﬁﬁﬁé% %ﬁﬁf(‘}e@é(‘}??&’dég]%& htg‘?ﬂé!i‘ﬁdpﬁ’%rﬁﬁ)‘}‘?ﬁfhﬁlﬂ]ﬁ‘é leissaherRREEPthe liquid
concentra ilhe substrate, the method of bringing the coating film with the coagulation bath and the
density of the substrate to be used are the same as those in the case where the pore forming agent is
not used. [0089] 10The meparatian pembaneRIasuseddniheimarneras @#ﬁneséﬁq%@éconﬁgured that,
on the surface thereof coated with the coating film of the liquid concentrate formed thereon, the porous
resin layepitioat isethadepbratiopliingtontlaysrindhensipeiratad thesubfanecobkidhisieprsed out
while on the other surface thereof, the porous substrate (for example, nonwoven fabric) is exposed
out. In thelhetoaEPasthaal/} thEDA0arayer 1% horecaniting ehecsararisiesenpd. witienHebetsating liquid of

the liquid goncentrate formed thereopn is 1/2 or, less of the ayerage pore size in the other surface. This
is becausé the %éfﬁ}?f@glg@attg rﬁﬁ?ﬁen[:% céé‘fﬁsidr’ﬁ Pﬁagfﬂf’ﬁ@nl vratBheakatdhs thERSEn is rapidly

brought i ' i0n: bath ' er ce, and therefore the
sub?t{i?utigﬁﬁg?%%g gg%v%éggf?h%ﬁ%%%ﬁ ?E&%&%ﬁ‘%?gﬁ%%{%%&%ﬁ %Pia%’ is %%L%llgeh and, as a result, in
the substraie hiayinethe eeating dimaine RIEA-&iZ6 is kephswRlhCanseauentlyydhe separation
membrane thus produced in the manner as above may be used in such a manner that the side thereof
coated withridwico g fildiroftibe)licfice coneentratebiocmderthérean 8o6uld Hacdieupddarate side while
the other side thereof could be the feed side (that is, the side to which the liquid to be treated is
applied). 25{009tRorMAt S BrSseyEpstis Aamared divmaPedisidecimal plpae edbardeissifunction layer

to constitute the separatio em%[czrne.of the abovegv) be formed.as follows. [0091] The separation
function lay ?lgo%fﬁ%ﬁfﬁ 8?&]%% QE TR ORISR e@%&? a@%@r‘*ﬁoﬁ%@l be formed through
interfgcial[gg ndensation of a polyfunctional amine and a polyfunctional acid halide on the porous
supporting layer. In this, preferably, at least one of a trifunctional or more multifunctional compound is

used as at least ongief diespalyfuncionalsampperan therebfunrierstatichialides{00821:40The

polyfunctional amine is an amine having at least two primary amino groups and/or secondary amino
groups in leneontelecd e, tirewtpen it teastidnenamimo @roeip ima prlieraaydiiviersgebap. [0093]

colorant, antistatic agent and plasticizer than the above-mentioned components, in a
ratio of 5% by weight or less, 2% by weight or less or 1% by weight or less,
20 [0051]
<Concavoconvex Parts>
In this embodiment, a plurality of concavoconvex parts having a height
difference of from 100 um to 2000 um are formed on at least one surface of the
separation membrane. Of those 100 concavoconvex parts, the average value d1 of the
25  minimum thickness and the average value d2 of the maximum thickness satisfy the

following relational expression {1}
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For example, there are mentioned aromatic polyfunctional amines in which 15two amino groups bond
to the benzene ring in any positional relation of an ortho- position, meta-position or para-position, such
as phenylenediamine, xylylenediamine, 1,3,5-triaminobenzene, 1,2,4-triaminobenzene,
3,5-diaminobenzoic acid, 3- aminobenzylatnine, 4-aminobenzylamine, etc.; aliphatic amines such as
ethylenediamine, propylenediamine, etc.; alicyclic polyfunctional amines such as 1,2- 20
diaminocyclohexane, 1,4-diaminocyclohexane, 4-aminopiperidine, 4- aminoethylpiperazine, etc. [0094]
In consideration of the selective separaRikty; permeapility and hefqt]resistance of the membrane, the
polyfunctional amine is preferably an aromatic polyfunctional 25 amine having from 2 to 4 primary
amino groups and/drasetongddky amimergeotipscih ompecaioiedullle tisstherpobyfunatibralearomatic amine
of the type, preferably used here is m- phenylenediamine, p-phenylenediamine or
1,3,5-trianfioBeh & laberanaiiompre prardireand Rezpratiple RedrImmS helBinatesihererred to as

-PDA) fram the vi int of the availability and t dleability thereof. [0095] 5Th
e a6 T PR P R HRABY. I case
vvherestwova{em@sgE&%&gkﬁx&%%@m%%&gﬂ%}@kmmﬁ egrﬁlé«!_%ﬂ% éQ&%@%ﬁ%ﬁ@%?d amines

may be used as combined together, or the above-mentio amine may be combined with any other
amine havip®itiaastive:-s@candaysABINBQEAMP IR PNeIREISEYASINSARIReRaVnG at least two

secondary 10amino groups in one molecule, for example, there may be mentioned piperazine, 1,3-
bispiperidyl progiziéffetenfo@gaiom 20T hengol it onahacighididbljstaniagid halitle having at least
two halogenocarbony| groups in one molecule. 15[0097] _For example, as trifunctional acid
halides, th@uféeé%%%fga iHB it 1988 kmopiormeisbeyripHaxbse abarss:Wic acid trichloride,
1,2,4-cyclobutanetricarboxylic acid trichloride, etc. As.bifunctional acid halides, thege are mentioned
aromatic Biftinctional acid halites such %%%Fp%@ﬁﬂ&fc%%%%fﬁ@ G GRHEH gL embrane;
20azapenzgacdieathowy leaciddishlod fentrRoiihalle aridlarida. Ispathilinage dhlaride,

naphthalenedicarboxylic acid chloride, etc.; aliphatic bifunctional aci s such as’adipoyl chloride,
sebacoy! ehtosigisligiof alicRalic ifipstinnat agifiaaligss suthias ¢yclopentanedicarboxylic acid
dichloride, cyclohexanedicarboxylic acid dichloride, tetrahydrofurandicarboxylic acid dichloride, etc.
25[0098] [0052]In consideration of the reactivity thereof with a polyfunctional amine, the polyfunctional
acid halide is preferably a pogfunctional acid chlgride. In consideration of the selective separability

and the heat resistafe2Bt tHESHERB AR Priderasrd tieserAcoRIBhRASE - RIRiadeds B6lyfunctional

aromatic acid c;[htlgrid u%h%vi%g%{om to 4 chlorocarbon I/grroy(ps in one rgo egc‘ﬂée.. articular, more

In
preferred IS THimesic acid chiof g?r%r(%’i%%v\ensé\f\?ﬁglsﬁ%so? ea aﬂg%ﬁllcl)t?/saa it %ility thereof

(00985 separatiBSBRRbAHRCIONA acidhalifesinav PeUFRD ALNG OFNLCUNRiASoN of two

projections and others in the longitudinal cross section and in the transverse cross
section are variable and are not defined to be specific configurations.
[0053]
For example, the concavoconvex parts may be so configured that they can
20 form feed-side passages or permeate-side passages. In other words, for forming the
feed-side passages, it is good that continuous groove structures capable of efficiently
feeding a raw fluid to nearly the entire area of the separation membrane are formed on
the feed-side surface of the separation membrane. For forming permeate-side
passages, it is good that continuous groove structures capable of collecting the permeate
25 {luid in the water-collecting tube when the separation membrane is incorporated in an

element are formed on the permeate-side surface of the separation membrane,
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10or more kinds thereof simultaneously. [0100] As the polyfunctional acid halide, usable here are
both a bifunctional acid halide and a trifunctional halide compound. From the viewpoint of maintaining
the separation performance of the separation membrane, preferably, the ratio of the 15bifunctional
acid halide to the trifunctional halide compound is from 0.05 to 1.5 in terms of the ratio by mol of (mol
of bifunctional acid halide/mol of trifunctional acid halide), more preferably from 0.1 to 1.0. [0101] A
specific method for forming a polyamide layer as the separation function 20layer is described below.
[0102] f0AMdaqueous solution of a polyfunctional amine is applied onto a porous supporting film,
and then the excessive aqueous amine solution is removed with an air knife or the like. A
polyfunctional acid haheeazopeairingaolutiorbpplidicartthit r2Sand¢hecerabssive poifunctional
acid halide is removed with an air knife or the like. [0103] = Subsequently, the monomer may be
removed RFFEEHIRYC I YBSF I thercoRrel s Pl hecBisdetaace bremiedheratsnent with chlorine,
acid, alkali, nitrous-agcid or the,{ljillﬁe}[.1 é“‘ﬁg%r the CEIe ical tre tm%rllt, the coated film.may_be washed, or

l, oL & 1 Othér wor nﬁ?%mﬁbﬁﬁoss SeCUON HyHiic solvent may

3 m .
after washed, the film may be processed for chemical teatnie

be ussd fogfheapelyarional ArishalidasonangselIon-The AEANIG SONENL IS pigferably one

immiscible with water but capable of dissolving a polyfunctional acid halide with no’"damage to porous

resin. Theroryadid bolwent thayche avax paerinersio anfalyfunaionalamnemesmannd ang to a
10potyfunctional acid halide. Preferred examples of the solvent include hydrocarbon compounds such
as n-hexaf&mpbetakem teodeenel 5 08) earpaatiorflet. the segpoation fnctiopdayierthaving an
organic-inorganic hybrjd structure with an Si element and the like is described. As mentioned above,

the 15sepSIAtoItTHRRLS AIBTEF IR e FRIMERHBREANIEMybrid structure may be formed through at

least onegge 51 n of condensation of the compound (A) or polymerization of the compound (A) and the
compoun . irst described is the compoun : e ethylenic unsaturate
(B% 0106] First d ibed is th d (A). 20[0107] The ethyleni d

groupshaving reactivecaseumeisectiyhondsite he.slcop atoma Thereasklye iR of the fype includes

a vinyl group, an allyl group, a methacryloxymethyl group, a methacryloxypropyl group, an
acryloxyetiyhgnoup, dre acrytexyiropydgoepyeusiysy'grauphE pmdheisewpeinté tiesgolymerizability
25thereof, preferred are a methacryloxypropyl group, an acryloxypropyl group and a styryl group.
sectional view thereof, there appear a plurality of concavoconvex parts.  Also in a case
where a network-like convex part is provided on one side of the separation membrane,
the number of the convex part would be "1" in the planar view, but in the cross-sectional
15 view thereof, there appear a plurality of convex parts. These configurations are within
the scope of the structure where "a plurality of concavoconvex parts are provided".
[0056]
The height differences may be formed, for example, by the structure to
provide concavoconvex shapes in the cross section, as in the separation membrane 3a in
20 Fig. 6. In other words, the convex part of the feed-side face 34 of the separation
membrane 3a corresponds to the concave part of the permeate-side face 35 thereof, and
the concave part of the feed-side face 34 corresponds to the convex part of the permeate-
side face 35. In the separation membrane 3a, the height difference in the feed-side face
34 is nearly the same as the height difference in the permeate-side face 35.

25 Accordingly, in Fig. 6, both these height differences are jointly represented by D1,
[0057]
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[0108] Via the process where the hydrolysable group directly bonding to the silicon atom
changes to a hydroxyl group, the compound (A) gives a polymer through condensation of bonding the
silicon compounds to each other via a siloxane bond. 5[0109] The hydrolysable group includes
functional groups such as an alkoxy group, an alkenyloxy group, a carboxyl group, a ketoxime group,
an aminohydroxy group, a halogen atom and an isocyanate group. The alkoxy group is preferably one
having from 1 to 10 carbon atoms, more preferably having 1 or 2 carbon atoms. The 10alkenyloxy

group is preferably arietaspgriton 2dadacarban-aiems smerepiriesabhefonmz Wehkearbon atoms,
and even more preferably having 3 carbon atoms. The carboxyl group is preferably one having from 2

to 10 carboratenisthnebe preferdlolyed heighivih{fawocearbonrdiomsyrookiat ispamtasetoxyl group.
Examples of the ketoxime group include a methylethylketoxime group, a dimethylketoxime group and
a 15diethyKeTO%RRRS GratpaThiaAhRuEiIgrsdupakt ik ansethe hheiheighbdiisemesso the silicon
atom via trr}leam% envaéom The group of the t(?lipe includes. a dim%tgylaminoqrﬁ\%/drox group,
diethylaminoﬁy r r>?y br%u?)nang anr%etﬁufélﬁ?y a%?ﬁosl%?‘fr%i%é’}% "Rhe §|8“§3 S, preferably

used s a hlring o, ARICELSbt, 2 rIBiiAriRGthe sERAAieR fUNCUoR. YR ASe:HSARle is a silicon

compound in which the" above-mentioned hydrolysable group has hydrolyzed to give a silanol
structure. Alsgivisadtieristhelynedidcfa ey Mopeosiiean compounds, in which a part of the
hydrolysable group has hydrolyzed, condensed and polymerized to such a degree 25that the resulting
polymer dB¥¥Bbt form a crosslinked structure. [0111] As the silicon compound (A), preferred
are those represented by the following formula (a): ga) (RI represents a reactive group containing an

ethylenic unsaturate8giblEbt RBfeidsRs A he SRAGHIGT SO §ie tyahe SKERYIBRY BYdhp, a carboxy

group, a ketoxime group, & halogen atom or an isocyanate group. R3 represents H or an alkyl group.
m and n e&c¢ nggecgﬁl in éagpga %ﬁi}fr%e s }%r,agﬁa & |§?}1/|ng Slr#?@l anc ﬁ@]{m%eﬁ?lﬁgzaand fe, when

two gp mofgs fyRgianabgrounshondiehe silicoR-AtRMmo DR MEY.REINS samgipsdiffgrent.) 10RIis a

reactive group containing an ethylenic unsaturated group, and is as described above. [0112] R2
is a hydrolyisahle: gheuei@ndifiaseschidesh ahovend heighrparnlsnbehiiheiatkyhgraup to be 123 is
preferably from 1 to 10, more preferably 1 or 2. 15[0113] The hydrolysable group is preferably an
alkoxy groupteimcéarmmeesdtion kgdidheanbecyisthessapdoriningebsepanaiobefandtioed ayer. [0114]
Examples of the silicon ,comCPo_und include vinyltrimethoxysilane, 20vinyltriethoxysilane,
styryltriméﬂ?@ﬁ%lgﬁe}}elght ifferences therein. = As sampled randomly, different sites having
different height differences are analyzed, and the total heights are summed up and
15 divided by the number of the analyzed sites to obtain the average value of the height
differences. In the invention, the height difference may satisfy the above-mentioned
range, as measured according to any of the measurement methods described here. A
specific measurement method is described in the section of Examples given
hereinunder.
20 [0059]
Preferably, the pitch of the height differences in the separation membrane is
from 0.1 mm to 30 mm, more preferably from 0.5 mm to 15 mm. The pitch means the
horizontal distance from the highest point of one high part to the highest point of the
other adjacent high part on at least one surface of the separation membrane having the

25  height differences thereon.
[0060]
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methacryloxypropylmethyldimethoxysilane, methacryloxypropyltrimethoxysilane,
methacryloxypropylmethyldiethoxysilane, methacryloxypropyltriethoxysilane and
acryloxypropyltrimethoxysilane. [0115] 25In addition to the compound (A), also usable as combined is
a silicon compound (C) not having a reactive group with an ethylenic unsaturated group but having a
hydrolysable group. For the compound (A), "m 1" in the general formula (a); but for the compound (C),
m is zero in the general formula (a). Examples of the compound (C) include tetramethoxysilane,

tetramethoxysilane Tmeshypisiotatoxysiiane andmeatbytiethoxysiiaage al0hd 6hncave DX described is
the compound (B) having an ethylenic unsaturated group, except the compound (A). [0117] The

ethylenic undhtueneakgratyp Fasotrepetiiityl bf ddditdrhpulyveeriz ationpdtEramplbsotisuch a
compound_include ethylene, propylene, methacrylic acid, acrylic acid, styrene and their derivatives.

[0118] DovarsiiphreietReRsSta odiralehrizs thsieassrasoumshadliisl anfaditr heup so as to
increase the selgctive eagf'glt%{ for water of t sz&ara ion membrane and to 1%?irgt,‘arease the salt
I

IHBFHPAPEEIS uddi PSPt BR B 2l btesolutions,

rm ,
blocking ratio thereor when the seﬁaarll%ﬁon membrane

(0119 orhretenmesh stiupe Rl dhgREHiRcluds Ao A pRhRsRhaRiGasid. a phosphoric

acid and a sulfonic acid; and regarding the structures of those acids, the acid 20may éxist in any state

of a free asidoray) espersiaripnimg dng etaksalt, IhaeoppRalldhavingahlgasi-one ethylenic
unsaturated group may contain two or more acids, but especially preferred is a compound having one
or two acigmgparlpsisfo1Regarding gy thepalob s srativn artom poussybayimts at idbastrose ethylenic
unsaturated 25group, those having a carbox?%lic acid group include maleic acid, maleic anhydride,

acrylic acitfHRANSERHE e sprirtoRyrsBtRimscRARIAERI fod tie e)emsidsiekpetyltrimeliitic acid

and its correspondin hydride, 10-.methacryloyloxydecylmalanic acid, :
oy R Sy et T T PH Of the

abovermeptionec ¢REPRWAGSNaVInG HJeAHAp e RGHRRTFAd ITAHRy BX30IRIES Of those

having a phosphonic acid group include vinylphosphonic acid, 4-vinylphenylphosphonic acid,

4-vinylbenaybphosphwiit aqidrdwee thaarsie yippyettid phdsphenie agid,
2-methacrylamidoethylphosphonic acid, 4- methacrylamide-4-methylphenylphosphonic acid,
2-[4-(dihy¥8%Yphosphory1)-2-
'The area of the convex parts on the feed side of the separation membrane is
preferably from 5% to 80% relative to the area thereof seen from the top of the feed side
15 (two-dimensional area), and is more preferably from 10% to 60% from the viewpoint of
the flow resistance and the passage stability. The area of the convex parts is the
projected area M1, as projected toward the plane parallel to the feed-side surface of the
separation membrane, of the part higher than the centerline of the height difference on
the feed-side surface of the separation membrane (for example, the dashed-dotted line in
20 Fig.6). In other words, it is desirable that the ratio of the area M1 to the projected area
M2 of the surface of the separation membrane (M1/M2) falls within the above-
mentioned range.
[0062]
The separation membrane having the height differences formed on the

25 permeate side thereof is favorable for a separation membrane element not having a

permeate-side passage member therein. The separation membrane having the height
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10oxabutyllacrylic acid and 2,4,6-trimethylphenyl 2-[2- dihydroxyphosphoryl)ethoxymethyl]acrylate.
[0122] Of the above-mentioned compounds having at least one ethylenic unsaturated group, examples
of phosphate ester compounds include 2-methacryloyloxypropyl 15monohydrogenphosphate and
2-methacryloyloxypropyl dihydrogenphosphate, 2- methacryloyloxyethyl monohydrogenphosphate and
2-methacryloyloxyethyl dihydrogenphosphate, 2-methacryloyloxyethylphenyl
monohydrogenphosphate, dipentaerythritol pentamethacryloyloxyphosphate, 10-methacryloyloxydecyl
dihydrogedjftaspbatéotipeénta iy thtolide ntarsethatrytoyioxyphosphateiomaneibranc
20acryloyl-piperidin-4-y1) phosphate, 6-(methacrylamide)hexyl dihydrogenphosphate as well as
1,3-bis(N-absnyieyl Nt grapyiamirshsrop apssegd radmnkiodgerphos phstesjozish memhtse
above-mentioned_compounds having at least one ethylenic unsaturated group, examples of those
having a stffAR ACRF I HSERIGE VRIASGIRShRO Bt ,ea-%gmﬁﬁmﬁﬁé?ﬁ@ seRgrafion
3-(methacrylamide)propylsulfonic acid..[0124] In forming the separation function layer.having an
organic o B e s RS B i ound @

and agoolymrrizatian ipitiaiaris usRd;fhe yeaationdiguid ds8ppiachenialbeparaismsupporting layer,
and the hydrolysable group is condensed and the ethylenic unsaturated 5group is polymerized
thereon, wherehyiiheleompovbesiereibedeited thtoseppolyinemdtizble havidg tedeiyhere the
compound (A) is condensed alone, the crosslinking chain bonding centers at the silicon atom, and
therefore théfersners/fafmensdpdriidentheecphit Erouablehansiiedpratoambndithenpahespaced from the

silicon atom would incre?%e. As 10a result, the pore size in the separation function layer tends to be

uneven. OYTRAE SRR ARG HeKRR ool At iR e AP Rnee R ais Lop Bigitiized in
addition to Stl}g vgg{gf@ggh@lﬂo&gg the grosslinki geosfethaga%om oun,(c)i ng% Hself th ros%I};nking point
ey bl grdti and e s R R i

derived from the condensation o rolysable group and the crosslin rived from the

polymerizatiga-afdhersivienicpsatiratrcigieupiseridhsid Ssuitably dispersed. When the
crosslinking points are dispersed in that manner, then the pore size in the separation membrane could

be uniform08&3& result, a good balance of permeation and removal through the separation membrane
can be realized. The low-molecular compound having at least one ethylenic unsaturated group may
dissolve out during Wéetai aisyegoredicthb debamtismpve thistlarrss hod dverysinge whlecompound is

20converted into a polymer having a high molecular weight in the separation function layer, the
separatiorﬁﬁw' iR etioks) SR RO ANS BTG W FE RS gi(iltﬂ'ét%’rﬁ %{ﬁ?@?é ] In the

production etnodnRESIR! A0 (08 £ ARGl & COMPANY S Rormance and highly-

15 efficient separation membrane and separation membrane element excellent in the
performance of removing separated components and in the permeability performance
and also excellent in chemical resistance to acids, alkalis and others to be used in
washing the membrane.

[0064]

20 The average value d1 of the minimum thickness and the average value d2 of
the maximum thickness in the concavoconvex parts can be determined with a scanning
electron microscope, a transmission electron microscope or an atomic force microscope,
like the configuration of the porous supporting layer.

[0065]
25 When the separation membrane is analyzed according to the method

mentioned below, it is good that the analyzed sample satisfies the above-mentioned
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25parts by weight or more relative to 100 parts by weight of the solid content in the reaction liquid,
more preferably from 20 parts by weight to 50 parts by weight. The solid content in the reaction liquid
includes, of all the components contained in the reaction liquid, the components to be finally contained
as the separation function layer in the obtained composite semipermeable membrane, except for the
solvent and other volatile components such as water, alcohol and the like formed in condensation.
When 5the amount of the compound (A) is enough, a sufficient crosslinking degree can be obtained
and the riskpfadissollition af theptemixhnentauafithersepbrationtunctiprdryandusing filtration through
the membrane to worsen the separation performance of the membrane can be reduced. [0127]
10Preferablifethacesistiont tefafiscisnissiing 1B e D0 miresabipmelgfitiorrisssseetative to 100 parts by

weight of the solid contgﬁlt contai%ed in the regction, liquid, more preferably from 50 parts by weight to
80 parts by WEGHI O Whel THEBBIfehE ot e“@ﬂ?ﬁ’[f?}mlrﬁn(%‘) PR R MR HER GE YHB crossiinking
degree of }Gﬁxé}ﬁlﬁipﬁﬂf Ation fynctian laver ¢ be high, and the membrane secures stable
filtration therethroug 15(%&?1%rl no ﬁﬁ( o%d%&?%%g%l%]‘g%%p%qpﬁ%% uﬁtg |cc)r:r£| ?élyagl’.d[?) 28] Next
descriped ds@mathachohfarmingihe sepasatinfensiandayse B@a\ﬂﬂ&g@i%%ﬂiﬁﬂ&%&%%@ hybrid
structure as mentioned above, on a porous supporting layer. [0129] 200ne example of the method for
forming the 8&RdrEtRMDnatilen dayerciemprises kagtep dfoapplying idreagtichdigiidicgitaining the
compound (A) and the compound (B) onto a substrate, a step of removing the solvent, a step of
polymerizHSSoHE GikhfanieRcvERR SCgPaiRE SRF BOR EY BRI heiniy thiablgdiciysdtsisagroup that are
to be carried out in that grdey. During the step of polymerizing the ethylenic 25unsaturated group, the
hydroIysaﬁécbo%cﬁﬁen%ﬁﬁtgcé&ﬁ(?é@ e same time. [0130] First, a reaction liquid
containin%hg(ﬁompound (A) and the compound (B) is brought into contact with the porous supporting
layer to be merntioned below. The reaction liquid is generally a solution containing a solvent. Not

spedifically definedrihasebrentsoaxs pay Rra:capabieplidissalvingrile carpaund (. the
compound (B) 5and an optional component, polymerization initiator, not damaging the porous
supportingnieyeranlhiek mssytberatidedtaxineire slckibndigeichie arameodnt of ftfierker 10 molar times
the molar number of the compound (A), preferably from 1 to 5 molar times, along with an inorganic
acid or anCBFGAKEANEaRRTEY fertity 1o th btk eirorhate the myaialysitbtimssompsund (A). 10[0131]

The solvent of the, reaction liqujd,is preferably water, an alcohol-type arganic solvent, an ether-type
organic sONVeRt, %1%ksé oli_\aer-Yyr‘?‘eK{otr}é% TS %ﬁ%ﬁ%{@ﬁ“aﬂ%g RS e RS L RO I-type
solvent, there At e RIANGA ReARCLAINPHIE %&ﬁmag{%ysfgg]%ﬁe”é{nﬁ%ﬁea?h fppy! alcohol,

cyclohexanol, 15methylcyclohexanol, ethylene glycol monom ethoxyethanol), ethylene

glycol mopgacetel estes sieihyiene.glyaeismonomednd sihet disthvense:gveolsaenracetate,
propylene glycol monoethyl ether, propylene glycol monoacetate, dipropylene glycol monoethyl ether,

methoxyberamre oetbiaks treasthegetypbrotjaoicsovent; thetid dresaentibtiecsnee toydab fdlethy ether,
dipropyl ether, dibu%;{l%?ether, diamyl 20ether, dimethylacetal, dihexyl ether, trioxane, dioxane, etc. As
the ketonEHEHRYEAFELST Ehts tHetdedieifisignber aédhemecasnisenretppinstsnebtaiethyl propyl

Eiiolns, maevtg%l %59%1} EE%P&% rrrpa%gq é%n%lcggé%ge, Bﬁgﬁgl?}@x | ketone, diethyl ketone, ethyl
yl ketohe, trimethylnénanone, acetonit ne; oxide “PRGTONE e SEXanone,
diacetone,alcolal, €162l 33k the average values may be computed.
20 [0067]
Needless-to-say, to the separation membrane 3a of Fig. 6, the configuration of
the separation membranes 10 and 14 of Fig. 7 and Fig. 8 is applicable,
[0068]
The embodiments to be obtained by combining the constitution and the
25  configuration described in different sections all fall within the technical scope of the

present invention.
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The amount of the solvent to be added to the reaction liquid is preferably from 50 to 99% by weight,
more preferably from 80 to 99% by weight. When the amount of the solvent is 99% by weight or less,
then the advantage is that there hardly occur defects in the membrane; and when the amount is 50%
by weight or more, a separation 5membrane having high water permeability can be obtained. [0133]
Preferably, the porous supporting layer and the reaction liquid are kept in contact with each other by
uniformly and continuously applying the reaction liquid onto the porous supporting layer. Specifically,
for examplghere is mentioned a method 10where the reaction liquid is applied onto the porous
supporting layer by using a coating apparatus such as a spin coater, a wire war, a flow coater, a die
coater, a rbll Boatestianshlethodtthr Agparaeotiddedbsaaemethod of immersing the porous supporting
layer in the reaction liquid. [0134] 15In the case of immersion, the contact time between the porous
supporting TRYERARMAENYREE SHRBRAENS [srsrcinbhaddhiaater elciwamios Tyumtioninutes, more
preferablyﬁvithin a.range of from 1 to 3 minutes. After the reaction liquid has been brought into contact

with the por%es‘f }slﬁﬁ orting layer, preferably, the porous supporting layer is processed for complete

iqid semoval therefigm s faahpoiiahicanimay 2eman ae e laver-Rufisien lgyid removal
prevents surface defects to be caused by Some liquid drops remaining on the surface, thereby
preventinglibedpambranempestiormansetfiosapaatsaningnbamicichermevali there-mayheiemployed a
method where the porous supporting layer after kept in contact with the reaction liquid is hung
vertically tectverbhy imiikenththekdeswilhedanciditicaid sihontdnsodstyadrop aeivn, or a 25method of
spraying a nitrogen flow or the like onto the layer via an air nozzle to thereby forcedly remove the
excessive HYRRASHT MrkHHE hethod)0-Ardr e fiy iiuv heshaba P ahaneerRBraREAMace may be
dried to further removye a part of the solvent in the reaction liquid. [0135] The s f condensing the
hydrolysat!E) & é(r)(ﬁ)\(%l %ﬁefﬁ%%lﬁlcngnalnsgé%ﬁ 24 ou Ig%}oallj%ﬁoﬁ%rgt ?éggfgrﬁéﬁ? QE@%FLE%?%@W% reaction

liquid dnto gpmtactaith tre.Rereys supporting layer. The heating temperature in this case is required to
be lower than the temperature at which the porous supporting layer is melted to decrease the

performan@®wigreof as a separation membrane. In order to progress the condensation reaction
rapidly, the heating is preferably carried out typically at OC or higher, and more 10preferably at 20C or
higher. In addition, fee esamtidn tepnsisiatovasd emions diapdysuprete tiblyl 180 @ BNGWer, and more
preferably 100C or lower. A reaction temperature of OC or higher progresses the hydrolysis and the

condensalGTPREQ AR, R RoAL iRk A e peirstrecd coBern Brtiswer Neatedst easier to

control the h}gd{ﬁﬁgsis and th&gondensafio& reactio IQ ?ddf'lion the addtiggn of a catalyst for

Do 1€ resin sofuton 1s applied onto a substrate of a hdnwoven 11C nearly
15promotlﬁg e ygrtﬁyss or the cordensation allows the reaction 1o be progresseyd Aflower

temperatuges. FUINGENOIAHbe dRER oM Re heatiogaandition ﬁpﬁapﬂaegwaﬂitgé%gpmiﬁon are
selected to provide the separation function layer with pores, in such a way that the condensation
reaction cambeandnteckofttrappiaprialttyhd0d 6 RAsdtheavetpathiotithedolyorerigation of the

ethylenic unsaturated group of the compound having an ethylenic unsaturated group, the compound
(A) and thiveorsblasier.  In this step, in the surface part that is kept in contact with the coagulant
liquid, the solvent DMF rapidly evaporates away and the polysulfone rapidly coagulates,
thereby providing fine open cells each having grown from the part in which DMF has
20 existed and which serves as a nucleus after DMF removal.
[0071]
In the inside area from the surface part toward the substrate side, DMF
evaporates away more slowly and polysulfone coagulates also more slowly than in the
surface area, and therefore in the inside area, DMF tends to aggregate to form large

25 nuclei, and consequently, the open cells to be formed may grow big. Needless-to-say,

the nucleation condition may gradually change depending on the distance from the
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(B), the polymerization can be carried out by heat treatment, electromagnetic wave irradiation, electron
beam irradiation, or plasma irradiation. The electromagnetic wave herein includes infrared rays,
ultraviolet rays, X rays, and 7 rays. While an optimum 25selection of the polymerization method may
be made appropriately, polymerization by electromagnetic wave irradiation is preferable in terms of the
running cost, the productivity, etc. Polymerization by infrared ray irradiation or ultraviolet ray irradiation
is more preferable among the electromagnetic waves in terms of convenience. In the case of actually
carrying outfabemerizatessorith theuse oidnfpriatt ys arellisvisletsavsithesedigitsources do not
have to selectively generate 5only light rays in these wavelength ranges, and it is enough for the light
sources tobgendrtedin bt raysédeludingelectiom dyneticpraysin tidsepvbveléngthadanges. However,
the strength of these electromagnetic waves is preferably higher as compared with electromagnetic
waves in ottidfigatR gt Engsdornitions Erire halRt Lo satiRiEtadhs ghiaHation time and control
the polymerization %:ondi igr&?é 1%31§Z1Lmidit-rhe {Iaea tromz%%neti wayes can be generated from a

t
halogen Ia?ﬁ%?eamfgﬁ%rﬁ ?3mp, a Yamp, an iléiFner amp, afr%‘éva?fﬁaﬂ‘aéﬂ%%ﬁo ?5‘?%0&55 fluorescent

lamp, $ MereHRY JamRy&1Gs WRile b eancime Ph e slagh mﬂ;g&%&va?aiﬁﬁg%m{g%égaﬂﬁw limited as
long as polymerization can be carried out, above all, short-wavelength™ 15 ultraviolet rays with a high .
degree of gfficieney haverhighthie filhfereing Riopariehevepaikamialel, radys-can Be generated by
low pressure mercury lamps and excimer laser lamps. The thickness and the configuration of the
separatiorphipickdri idgrereth iy saey sl difiderikedependingaied dre theraspsothszeaiyamerization
conditions, and may vary si%;nificantly depending on the wavelength and the intensity of the
electroma§iifie!loh R tandesi$4RREr 1o the object to be irradiated, and the processing time, in the
case of poggﬁéization with electromagnetic waves. Therefore, these conductions need to be
appropriately optimized. [0138] It is preferable to add a polymerization initiator, a polymerization
promeer, 25etc., injifie formatigpette RSRAMAIORIUBSHAR JAUGhIALINE RYIPASEQLIDGEEPINg the
polymerization rate. The polymerization initiator and the polymerization promoter herein are not
particularlydisnpeduancsartpppropoaielyselestegaccaldishiaihe skuciums fithmeampounds used,
the polymerization approach, etc. [0139] Examples of the polymerization initiator are given below.
ExamplessepaidiSinfiiaw oot poieradrization svitkisle dessribghidtivvwase shinSudetbenzoin ether,
dialkyl benzil ketal, dialkoxyacetophengne, acylphosphine oxide or hisacylphosphine oxide,

a-di keton&?%%%ﬁ@?é@@%%mé%&ﬁg?@?ﬁwmﬂiﬁlfﬁ%‘? RIBAYEFTSHE 2% pksylquinone,
4,4'-dich|o(g?9%n (I)gyuil one and 4,4'- dialkoxybenzylquinone, and camphor quinone. Examples of the
initiator for the 1 polfil erization with heat include azo compounds (for example, 2,2'-
azot;ig(iso@@tygpnitrile) (AIBN) or azobis-(4-cyanovalerianic acid)), or peroxides (for example,
dibenzoyl peroxide, dilauroyl peroxide, tert-butyl octaneperoxoate, tert-butyl perbenzoate, or
di-(tert-butyl)peroxidé}, fupthetiardonatiordiazaniuforsaltsabisthifoniutissadtsoaiamAtia fdonium salts,
aromatic sulfonium salts, potassium persulthte, 15ammonium persulfate, alkyl lithium, cumyl
potassiumli@adiopaseapieth Aheh eortath 8libs/mlodramentiaise\vis e abdnzopiicats! fred formed
2,2'-dialkylbenzopinacol are particularly preferable as initiators for radical polymerization.

on the surface of a substrate ({or example, nonwoven fabric), and the liquid concentrate
is impregnated into the substrate. Subsequently, only the coating film-having side of
20 the substrate having the coating film is kept in contact with a coagulation bath
containing a non-solvent to coagulate the resin, thereby forming a porous resin layer as
the separation function layer on the surface of the substrate, It is desirable that the
temperature of the liquid concentrate is generally selected withiﬁ a range of from 0 to

120°C from the viewpoint of the film formability thereof,
25 [0074]
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[0140] The peroxides and a-diketones are preferably used in combination with an 20aromatic amine in
order to accelerate the initiation. These combinations are also referred to as redox series. An example
of these series is a combination of benzoyl peroxide or camphor quinine with an amine (for example,
N,N-dimethyl-p-toluidine, N,N-dihydroxyethyl-p-toluidine, ethyl p-dimethylaminobenzoate, or their
derivatives). Furthermore, another series are also preferable which contain a peroxide in combination
25with ascorbic acid, barbiturate, or sulfinic acid as a reducing agent. [0141] Then, heat
treatment at about 10this 200E: pradiugesgacongebsatidedreadteoingthbeehyeforating dlsilane coupling
agent-derived separation function layer on the surface of the porous supporting layer. While the

Peating ieﬁiﬁé@!@?é?dﬂ_éﬁéﬂ? @ngé;ﬁ]a%ﬁar@gt?@%ﬁ&% %wﬁwtgtla?éﬁ%iﬁrghm heating .
emperature causes aissojution 1o oC res.o € POorous supportn I u ecreasing tne
gttt s R o T R A o B G S e A
| Font e Y : . . !

ow a heatjpg é@éggggﬁ.t”f%f 89&%89%%%&%%&’?!&?&%&9%&&%9]%@& (LREUAN IR HisSPlYE e separation

function layer, t y decreasing the removal ratio. [0142] 10In the above-mentioned production

methad, thesten-pfRebimalizing rcompruRd Raving AkieastoneieibyeRiainsatuated compound

with a silane coupling agent may be carried out before or after or during the polycondensation step
with the sitaxdegrobiyplipgl agerity 6l 43L& ssbidbEeparation sneniy anbhiayindcahadygahigtindrganic hybrid
structure thus obtained in the manner as above can be used directly as it is, but before use, it is
desirable it Headpabe e iieatidniBragldsBydrophilized, for example, with an alcohol-containing
agueous sll:zgllbqi n or an alkaline aqueous solution. [0144] 20In any of the separation membranes of the
above i) and’il),'the separation function layer may be processed for chemical treatment with a

chlorine-containing-sompaund Jiligus,acish @ eqiinling.ae50L Anthie PhrfasihmpYRABEQf enhancing

the basic performance such as the permeation performance and the removal performance thereof.

25[0145] shresnationeobhaanGay ooy pxrRayt83in layer A QEHBGC0mMPARahldh@yangsd on one
surface of a work-in-process separation membrane and, while the forming component is thus kept

arranged thetedny thdidioreénIPdEess . Segamatintanstabdan® M pressdd-from the other surface thereof
by a liquid or vapor applied thereto, thereby forming_height differences on the surface of the

5separatichnsEnbramerisie@ME). dapethid g HiosidaitlsdeR aseirgiroter Vg Rprb%ieRs uniform
ts i d i fori d, and theref it
concavoconvex parts Qiar%gge ance %\N&w%ﬂ%%: ! ef 8@%@(?% ﬁﬁgﬁ%gse ., and therefore it is

. eic ; SH) . .
possible to Obtain a sepdration membrane in whic avérage value hie“10Minimum thickness
and the a\é%qgggﬂailyﬁi R of the maximum thickness in the concavoconvex parts satisfy the

above-mentioned relational expression [1]. [0147] The temperature of the liquid or the vapor during
forming is mpeeifically from

In addition, a non-solvent may be added to the liquid concentrate. The non-
solvent is a liquid that does not dissolve resin.  The non-solvent controls the
coagulation rate of resin to thereby control the size of the pores to be formed. As the
non-solvent, usable here are water, and alcohols such as methanol and ethanol. Above

20 all, water and methanol are preferred from the viewpoints of the easiness in drainage
treatment and the cost. A mixture of these is also usable here.
[0077]

In the liquid concentrate, preferably, the resin is within a range of from 5 to

40% by weight and the solvent is within a range of from 40 to 95% by weight. When
25 the amount of the resin is too small, then the strength of the porous resin layer may

lower; but when it is too large, then the water permeability of the membrane may lower.
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50C to 100C. Forming by the liquid or vapor at a temperature of from 50C to 15100C enhances the
formability of the separation function layer, the porous supporting layer and the substrate. As a result,
not only the structure of the separation membrane can be prevented from being broken during forming
but also the retentiveness of the shape of the concavoconvex parts can be enhanced The heat
treatment temperature during forming can be identified according to a known method of measuring the
heat 20treatment temperature of polyester fibers by peeling the separation membrane alone from the
substrate fdliowee byabiedbanegrSaiof thdrsubBtra s f0dv8leight. Tiim phesshee iduking forming is not
specifically defined so far as a plurality of convex parts having height differences of from 100 um to

2000 um cEreBdifommeEnd o sixer O dosralb BrethEedisardtiomenaimis arr: lsadibies:the pressure

is preferably frgm Q.5 to 5 MN for forming stahle passages not worsening the membrane perfoimance.

ora] PR e he TR P TG BHES B LSr G ERonda o the

concave %%@?&E?ﬁﬁ@%ﬁl@@x‘? @J&éﬁ{lg%({l‘aq?%egﬁ%?w \@MEE?_nces, the pitch and the shape of the
also on

above-mentioned separation membrane an € concave area on 5the feed side, and
conseyjuently7ghese are suitably selected in accordance with the shape of the intended
concavoconvex parts. [0150] The material of the forming component is not specifically defined so
far as it has a suffidietitestreggtati@sisttnintthtkh egee pstftedoismihe wof thet separatialisedthirane;
10however, in view of the handleability and the workability, preferred are thermoplastic resin,
thermosetfiff B8<h fae1a Al Thdyorsisy é@#ﬁb@ﬁ@ﬁtsﬁrﬁﬁrﬁlémﬁ&&ﬁi K8she’bdud-side passage

member or the permeate-side passage member. The "work-in-process separation membrane”
may be a%eelélr{;ran 6#65*.’8&8‘1%%&%%‘1\%& sﬁﬁ/g%_{’s%?lﬁ?é’ é‘;é%pgffifﬁ*?%‘é‘?ﬁ% ftidther than
CONCaVOCOINEX DAILSiBh Q?f'&_‘lytf?&%@9&@%@%&%@“%%%@&%@%&%@%@% iiupys. In other

words, the work-in-process includes a substfate, a porous supporting fi m to be a porous

supporting{ayeicafiendaminates il e:uksiatrrihedikao serarationfunstigdiin(a film to be a
separation function layer after laminated with a substrate or the like), a 20 laminate of a substrate and

a porous $upportMgriapaicaldmitiatecohasuiostraté and & weiiratipaviigiatioriWayperiha laminate of a
substrate, a porous supf)gorting layer and a separation function layer, etc. The work-in-process includes

ha|f-fini§hé%a5%%ﬂ?&§’.a tgpperature is R rgh- Wit aRe e TTGRAIRG ChREaGEEHLeX parts in the
O T KNS e G

Specifically, exgmaﬁiyés ofthe & eBVb orfMming concavoco

inelude, 19¢ GXamPple 1RSI OLBAERRSINGNERANNASPARIG IAYeJgicormayan of concavaconvex

parts therein before forming the separation function layer; a step of processing the substrate alone or
forming corsR@yatonvexdspastsdherami sidpef lamirsatay the porous supporting layer and the

substrate followed by processing the 5resulting laminate for fowling concavoconvex parts therein; and
a step of pPeE8Esing the
The method of bringing only the coating film-side surface of the suﬁstrate
having the coating film into contact with the coagulation bath is not specifically defined.
For example, there may be mentioned a method where the substrate having the coating
20 film is brought into contact the coagulation bath in such a manner that the coating film-
side surface thereof could face the bath surface, or a method where a flat plate such as a
glass plate, a metal plate or the like is stuck to the other side of the substrate opposite to
the coating film side thereof in order that the coagulant could not step in the thus-
masked surface of the substrate, and in that condition, the substrate having the coating

25  film is immersed in the coagulation bath along with the plate stuck thereto. In the

latter method, the coating film of the liquid concentrate may be formed on the substrate
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separation membrane already having the separation function layer formed, for forming concavoconvex
parts therein. An element produced by changing the permeate passage member with the forming
component may be processed for applying water under pressure thereto, thereby forming
concavoconvex parts in the element. 10[0153] One specific method is described. A continuous sheet
is cut into a suitable size, a polypropylene-made net (height 800 microns, pitch 5 mm) is arranged as
the forming component on the back side of the separation membrane, and hot water at 80C is applied
to the surfafierahthdasepasatien melbsahe wubdesta, pregaurehotdadidFados S HbRajntdtes, thereby
forming concavoconvex parts in the separation membrane. [0154] As the pressure transmission
medium, sfinfguth ks vsiiorvaponidiasebsweith hbidkiehersforsledncailiscohieriparts can be
formed noc}&d aging the surface of the separation function layer. As a result, the surface defect ratio
of the sep QQ% 20 membrane can be reduced to 1% or less. [0155] Here, the surface defect

atio of the separatign IeNBIARG, R e PRIAIEA. AR aloNs, AIPL PIESSUTE ONRING, g separation

membrane is cut into a size cm x 5 cm, the surface on the si € separation unction layer of

the seﬂoar@%ﬁy@mmﬁe@iﬁﬁ&w seiheha dynat ahsorbesRysthe seraratian: funetion layer.

Subsequently, the separation membrane is washed with running water, and the value obtained by
dividing thEqardaeidhestainel: past yhthe totdlcqidaofdhaaeparatidicdenty aniespieedithat is, 25
cm?2) is referred to as the surface defect ratio. The area of the stained part of the separation

membranéléxrppeardtit ot anhutisambde ariyaie of theydigitatinhage stasethbigetanning the

stained separation membrane with a digital 5scanner. [Q156] The type of the dye, the
concentralb B G BT BT AR L e s Ay PG bUFSRA G & Hescribed in

detail in thﬁ/ﬁﬁﬁ PROf BXRMPIER, Ve ﬁ'cﬁ"é’on]c%?bﬂf?g l&ﬂléﬁﬁ%@?%@%ﬁ%@ ikt ﬁ'eeme”t The

above-mefitioned separation’membrane is applicable to a separatio rane element. With

referemce fR.ihe didwings altached herato embedingisnfihe senMativdomenkrane element of the

invention are described below. 15[0158] I. First Embodiment As shown in Fig. |, the spiral-type
separatiorj¢@imbrane element la separates the raw fluid 101 into a permeated fluid 102 and a
concentrated fluid 103. The separation membrane element la comprises a perforated water-collecting
tube 6, a 20separafifriin@RiBrEIE3h Iy HirSthahis preter 1iom ypeber Jerer blatdseardatfilament

winding 70. [0159] The perfqrated. water-collecting. tube 6 is a tube that is hollow inside it, and its
g m m]brarle tlﬂmsp proguce n telrlle mManner as gbove,t € average pore s?zeom the surface

that has been kept in contact with the coagulation bath is two or more times the average

15 pore size in the other surface thereof. This is because, since the coagulation bath
contain the solvent in an amount of from 40 to 95% by weight, the substitution rate
between the liquid concentrate and the coagulation bath is relatively low and, as a result,
in the porous resin layer, the pores in the surface that has been kept in contact with the
coagulation bath grow rapidly to thereby increase the pore size; while on the other hand,

20 the surface of the opposite side is not brought into contact with the coagulation bath,
and therefore the pores are formed only through phase separation of the liquid
concentrate so that the pore size is relatively small.  Consequently, the separation
membrane thus produced in the manner as above may be used in such a manner that the
side thereof that was kept in contact with the coagulation bath could be the feed side

25  while the other side thereof could be the perméate side.

[0082]
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surface has a large number of pores each communicating with the inside. As the 25material of the
tube, usable are various materials including hard plastics such as PVC, ABS, etc., or metals such as
stainless, etc. The number of the perforated water- collecting tube to be arranged in one separation
membrane element is basically 1 (one). As described below, the permeated fluid 102 that has passed
through the separation membrane is collected by the perforated water-collecting tube 6. [0160] 5The
separation membrane 3b is arranged to surround the perforated water- collecting tube 6 to form the
wound body 3. In othetondingsothe: sepasdtiaprmemsbianeselamelitlndpastoealied spinaltype
separation membrane element. As the separation membrane 3a, applicable here is the
above-mentideth doricavdconvextpirshaaeirgatopdtatinmieyebranks 46{@b60h In this
embodiment, as the feed-side passage member to form the passages on the feed side, a
polymer-nfag ¥ane o€ hesdors iheipdimiestesdide passage member, a woven fabric member that is
referred to 85 fLt)ricot 4 and has liner meshes than those of the feed-side passage member is used, for
the purposle of forming the passages on the 15permeate side while preventing the separation
membyrane 3 from falling{OLGRL abovelRGRRRRPHOR MEMRARG 32 m@ﬁéﬁoeﬂwﬁ&@khwfaces of the
permeate-side passage member and is envelope-like adhered thereto forms the envelope-like
membrane&aaibhe tesifegtheamialppeetikennandiranei Sasednstiutes-teveermeated 20fluid
passages, and the envelope-like membrane 5a laminated alternately with the net 2 is arranged to
spirally supdsinddatibegistiidarensovdteiecollecting tube while a predetermined part on the opening side is
adhered to the outer peripheral part of the tube. [0163] 25In this embodiment, the separation
membrané 884 stuck to form the rectangular envelope-like membrane 5a. At one side of the
rectangular envelo -Iik%re {pnqirlanée gna{ IS g)&e&g&&t{h&ggen&% side is stuck to ltqhe gerforated
water-collecting tube & IV SUcCh'a marmer that the opening Conid TREE e 64 gPaf%lrl% céry the perforated
watefecollggiingrube omlia emsiong e pemhrane spadiered R0 %ﬁ%ﬁt{g@%%qtvy@ter-collecting
tube 6 is arranged to surround the perforated water-collecting tube 6 to 5 form the wound body 3.
[0164]  highhesvlobhdbadyc3agutatumiar axdtsmetwaidaippearaneerdintbissembodisent, the two
end faces of the wound body 3 in the lengthwise direction of the perforated water-collecting tube 6, or
that is, thectétendibuedantdiseleigm ewddaste.in 2dmigisablsarcpelyed talladahesfitsthersd face and the

second end face, respectiv %.8101?5] The filament winding 70 is constituted by so arranging
adhesive-??ﬂ[?’tfét HL%%@(&%@ e U 5 P FOBHE A BT B SRR B 82pafAariBH membrane
3b in the wound,b IR [ WOr he filament winding is.so arranged as to surround the 15outer
periphery% &hg 1\/\/%%&1!;31 oic})?/l@?%irat%cg %tyﬁ%g gﬁr?géé %%n%lgﬁ%rr%ing to the side surface of the
colupynar of the wound body 3. The filament winding 70 thus arranged in that manner prevents
the raw fluid 101 from running into the separation membrane element la through the outer periphery
thereof and enhancés tiiresorenitamid ahstiengtiehth ehseparadioth she mbrdnace ahretarkhe "outer

periphery" may be said to 20indicate especially the part except the above-mentioned first end face and
the secondsable.

[0086]
In the liquid concentrate, preferably, the resin is within a range of from 5 to
20 40% by weight, the pore forming agent is within a range of from 0.1 to 15% by weight,
the solvent is within a range of from 40 to 94.9% by weight, and the non-solvent is
within a range of from 0 to 20% by weight. When the amount of the resin is too small,
then the strength of the porous resin layer may lower; but when too large, then the water
permeability of the membrane may lower. More preferably, the resin content in the
25  liquid concentrate is from 8 to 25% by weight. On the other hand, when the amount of

the pore forming agent is too small, then the water permeability of the membrane may
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end face of the entire outer periphery of the separation membrane element la and the wound body 3.
In this embodiment, the filament winding 70 is so arranged as to cover nearly the whole of the outer
periphery of the wound body 3. [0166] 25The first end plate 71 is a porous member having a nearly
circular outer edge and is mounted on the first end face of the wound body 3. Via the holes of the first
end plate 71, the raw fluid 101 is supplied onto the feed-side surface of the separation membrane 3b
in the wound body 3. [0167] The second end plate 80 is provided with the permeated fluid outlet port
81 5and thewandentrdiadiflisdoutigicpait 82cant I8 huiaiedgrisnepsnsikcldarnThe second end
plate 80 is thus mounted on the second end face of the wound body 3, and the permeated fluid outlet
port 81 anbitfibeEonbentiatamuid GutdteperbeRater grdregeticatghet eny partadt thehwound body 3.
[0168] 10Fluid separation with the separation membrane element la is described. In this embodiment,

the raw LR Y 1EHBARY Tt g PRSI WhpEhiits meliBRhbersmasirtaranged
mide i OB LS OJSRLTI oy i 101 B Ssparec g e permested
t e

fluid 102 that has 15 passed through the separation membra and the concen ¢ fluid 103

containingikae dMBRT HERbIgosH BStARNGE s g% S i dodc g REImeated duid, 103 s passed

through the pores 61 and reaches inside the perforated water-collecting tube 6. The pelmeated fluid
102 having'pizbsed Wion gl insidenthe perfolated wateseallectingihele; fiflstheeuag thrgugh the
permeated fluid outlet port 81 and is discharged out of the 20separation membrane element la. On the
other hand¢#HbycericBHtrafea fluitaodrens tarolbigiiterese pAtht onrmemizareyanchayoves inside the

wound body 3, and is finally discharged out of the separation membrane element la via the
concentra?ggeffuidg&ft?é? gg?rﬁéﬁ‘fdli%ﬁogﬁeﬁt §él§3r‘l‘(§pel§rﬁlb%6‘i’llr‘{8ﬂ‘t content i the fgving, the

members klinie bSshAU R SRSCIRER willRsiangs Ly Flad areiven the sae reforence

. BVen more .
numerals or signs and their eSCI'IptI n Is omitte ere. own In FIg. Eﬁ,et%e separatlon

membrang.elerasit Waalthisephadiperthasdbe ssricaniiowatiomasitalpihesgparation

membrane element la of the first embodiment except that this has neither a net nor a tricot as the
passage rmandners. (Specificatiyn the livpudd ddbedyiBleafitiya:sk paratiomm membaseaglement 1b is
provided with neither the net 2 nor the tricot 4 shown in Fig. 1, but has only the surrounding
10envelopBelike heeraYand b difficult to control.  More preferably, the content of the non-
solvent in the liquid concentrate is within a range of from 0.5 to 15% by weight.
[0087]
15 The coagulation bath may contain a non-solvent, or a mixture of a non-solvent
and a solvent, In the coagulation bath, the content of the non-solvent is at least 80% by
weight when the liquid concentrate contains the non-solvent. When the content of the
non-solvent is too small, then the resin coagulation rate may be low and the pore size
may increase. More preferably, the content is within a range of from 85 to 100% by
20 weight. In case where the liquid concentrate does not contain the non-solvent, then the
content of the non-solvent in the coagulation bath is preferably at least 60% by weight.
When the content of the non-solvent is too large, then the resin coagulation rate may be
high so that the surface of the porous resin layer could be dense, but fine cracks may be
formed in the surface of the porous resin layer. More preferably, the content falls

25  within a range of from 60 to 99% by weight. When the coagulation bath temperature is

too high, then the coagulation rate may be high; but on the contrary, when the
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[0172] 3. Third Embodiment For producing the intended separation membrane element, the
permeated passage member is changed to a forming component to produce the element, and the 15
separation membrane element is given running water under pressure to thereby prepare the
membrane have concavoconvex parts. A specific configuration is described with reference to Fig. 3.
[0173] As shown in Fig. 3, the separation membrane element Ic of this embodiment 20has the same
configuration as that of the conventional spiral-type separation element la shown in Fig. 1, except that

it has a forgingGRAMPRNERLAR, ImBIARE OfiParisAt AR %@&e.cifiﬁaé%é&ﬁhﬁé%&iped £edy 31 of the

separation membrane elementIc,  concavoconvex parfs need not to be formed in the separation

membranel@drbefotafivid RoapplicatonwThinfermipg cofpenent 4a4s. anargadembhe permeate-side
surface of the separation membrane 3c in the wound body 31. [0175] The raw fluid 101 is applied
under predEithénts tieseeparatiot! imepibtane element Ic, whereby the separation membrane 3c is
pressed ar?{(?éngﬂ the forming component 4a by the raw fluid. Accordingly, in the area where the forming
compone adlis arranged, the separation membrane 3c protrudes toward the feed side and in the

area\ghere the forrqiﬁﬁgrg&lgl(p(pn t4a is pot arran the separation membrane 3c dents toward the
permeate side. In that manner,ollﬁpﬁ%nsn {]g?a |("oart1;fl rﬁéfge?%gﬂ[}r%ﬁ:eﬁ éggbgrl%%%%%%%ﬁrb ¥s are formed

along the capviguealionafHoa (BRiRg:SOMPRBSRN A Ry 1 iaw g 407, applieg under pressure to the

first end face of the element. The 10 separation membrane 3c thus having the concavoconvex parts
formed thekeisithad the sdstereaofignatibarashthatné theltgodavbeenveywRatshapdag separation
membrane described in the above section I. [0176] 4. Fourth Embodiment 15As shown in Fig. 4, the
separatiorf BB rgsatdfeAbRtId of this embodiment has the same configuration as that of the
separatioEéQ%‘rﬂbrane element la of the first embodiment, except that it has the wound body 32 in
place of t nd body 3. The wound body 32 may have nearly the same constitution as that of the

8% ?arrrgg e%lglb t@g %%%leo.%%'gge membran% 5b byt does not

wouggl body 3 exc t@%,{ﬂ,eg tgll%
have 20the tricot 4. Oel7 5. %%h r%%t ent ﬁe OVEé-mentione Oéfr%bsosc?lr%ee%fg%e be

combinediHaOIXANRIRELSS thercTRWALdR Fith MhelbE.BRRAIBHAT MEMprANe slement I8.afdhis

embodiment has the same
thereon, the porous resin layer (that is, the separation function layer in the separation

membrane of ii)) is exposed out while on the other surface thereof, the porous substrate
(for example, nonwoven fabric) is exposed out. In the porous resin layer, the average

15 pore size in the surface coated with the coating liquid of the liquid concentrate formed
.thereon is 1/2 or less of the average pore size in the other surface. This is because the
surface coated with the coating film of the liquid concentrate formed thereon is rapidly
brought into contact with the coagulation bath, as compared with the other surface, and
therefore the substitution rate between the liquid concentrate and the coagulation bath is

20 high and, as a result, in the substrate having the coating film, the pore size is kept small.
Consequently, the separation membrane thus produced in the manner as above may be
used in such a manner that the side thereof coated with the coating film of the liquid
concentrate formed thereon could be the permeate side while the other side thercof
could be the feed side (that is, the side to which the liquid to be treated is applied).

25 [0090]

<Formation of Separation Function Layer in i)>

32



25configuration as that of the separation membrane element la of the first embodiment, except that it
has the wound body 33 in place of the wound body 3. The wound body 33 may have nearly the same
constitution as that of the wound body 3 except that it does not have the net 2. [0178] 6. Other
Embodiments 5The feed-side passage member may be any one capable of securing the passages for
the raw fluid and the concentrated fluid, and its shape, thickness, composition and others are not
defined to any specific ones. For example, as the feed-side passage member, any net heretofore

employed in the artTh€rapioyablerentol iyl AN ReImealiomsideiassagenemper may be any
one capable of securing the passages for the permeated fluid, and its shape, thickness, composition

and otherstareenotdetmnddrtoclms $piéaific ones. For example, as the permeate-side passage member,

tricot heretofore employed in the art is employable here. [0180] 15Embodiments to be obtained by

combiningfﬂﬁ)g}c}onfigurations and the embodiments described in different sections are also within the

technical scope of tgg present invention. E)lSlF]‘| IV. Production Method, for Separation Membrane
escri

Element 20Next deSefib SR aHL R8I ST R R DR AT P L PSFS b membrane
element. [Gbal Tha poduslian e B@J&?ﬁb@a?%%f&}ﬂ%ﬁ@ﬁf%r@f‘fg@é@@ﬁ%&%&%ﬁ&?” ically

defined. One typical method for producing the sepafation membrane ment is described, in which

a polyamidadse paration fungtiand aedisdaminatec e i ROus s P oing filprand.aisulstrate to
obtain a separation membrane and then the separation membrane is worked to provide the
separatiodaatmibrafe tiémentrfher fioord mguiidtinotichor! invpartingdheigletddifferdncesito tfe separation
membrane may be carried out before, during or after the step of producing the separation membrane
as describ8g pfsliecsiona smine onthopefitspeirapovad kb dscing separation membranes (for which
one separ@ﬂl)%a embrane may be folded) may be adhered to each other. [0184] The adhesive to be
used for adhésion is preferably one of which the viscosity 10falls within a range of from 40 PS to 150

PS, mpre preferablyﬂ@%i?ﬁlﬁéi6912&%915’@is an amine having at least two primary amino

groups and/or secondary amino groups in one molecule, in which at least one amino
group is a primary amino group.
10093]
For example, there are mentioned aromatic polyfunctional amines in which
15 two amino groups bond to the benzene ring in any positional relation of an ortho-
position, meta-position or para-position, such as phenylenediamine, xylylenediamine,
1,3,5-triaminobenzene, 1,2, 4-triaminobenzene, 3,5-diaminobenzoic acid, 3-
aminobenzylamine, 4-aminobenzylamine, etc.; aliphatic amines such as
ethylenediamine, propylenediamine, etc.; alicyclic polyfunctional amines such as 1,2-
20 diaminocyclohexane, 1,4-diaminocyclohexane, 4-aminopiperidine, 4-
aminoethylpiperazine, etc.
[0094]
In consideration of the selective separability, permeability and heat resistance
of the membrane, the polyfunctional amine is preferably an aromatic polyfunctional
25  amine having from 2 to 4 primary amino groups and/or secondary amino groups in one

molecule.  As the polyfunctional aromatic amine of the type, preferably used here is m-
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In case where the viscosity of the adhesive is 150 PS or less, then the laminated envelope-like
membrane is prevented from being wrinkled when the membrane is wound around the perforated
water-collecting tube, and therefore the performance of the separation membrane element hardly
worsens. When the viscosity of the adhesive is 1540 PS or more, then the adhesive is prevented from
flowing out at the edges of the envelope-like membrane (at the part of the adhered face) and is
therefore prevented from adhering to any unnecessary part to worsen the performance of the
separation,mambraineflsmentntnadaitionmsivce thesedhesivedsprarented fram floying away, the
number of the step for removing the adhesive flow is reduced and the working 20efficiency is thereby
enhancedpf0isfsll is m-Phefeiabbyithe mniocminaftredehasivestonh® Bpplikcnistseicle thatifhie coating
width could be from 10 mm to 100 mm after the envelope-like membrane is wound around the
perforatedoHite eslpsitibprubtiodreteahd iisibrrealpart of the raw fluid 25does not flow into the
permeate % (jia the adhesion failed part, and therefore the adhesive region does not expand during
the Winding} %5 ration and the permeation-effective area of the membrane can be prevented from
reducing. [0186] Asth %SJ ive,.prefe i H% dhesive, In order that.the adhesive 5could
have gnviscosity ofsﬁ%kr% Ogllg \{%ulBS%EP%,%%egﬁ%éﬁgb e% %?ai%lt’ﬁeomgiﬁoﬁg re |1é)rr11t(f£(%‘g§a?r{ate and the
curing agenbiralyelsie-Riendeg i RSOV RIRE | polyob At fremidhkito 1/5. The
viscosity of the adhesive is measured with a B-type viscometer (JIS K 6833). Briefly, the main
ingredientaanddhercusiat dgeittoaremeeasusddhseparatehhanet:d anicdureindthegbiainoa fheedetermined
ratio is measured. 10[0187] = A specific production method for the element is described below. A
sheet-like BEPSraoHREHBTARR HAVPRIHBIGCHiMETR Are & Torhise isnhiang atdewstiiereof is prepared.

Using a conventional separation membrane element production apparatus, an urethane adhesive
(ocyanaCS ST 21155 & UIEFES BASAE of e SHEBEREE (8GRI AASHBRAT. and then the

menbyane5,glde soigtons sR.okhe faldad melias.could e kenr operJn that manner, 26

envelope-type membranes each having a wi are prepare a manner that the
effective asppifeigepiothe separation membrane element to be produced could be 37 m2. A
predetermined part of the opening side is adhered to the outer periphery of a perforated
water-collgdiifg 20tube, as spirally wound therearound to prepare a separation membrane element.
For the production method for the separation membrane element, referred to are the methods
described in refereABEPPIF B RA s¢E! hpide is 1 9ol hypide havinmsaeeas{dw8s] V. Use of
SeparatioH l}/lembraqga Elgment 25The separation membrane elements are, as connected in series or
in parallel, 2388 H5 Blt)g sirEEomEINe o Eoistruct a separation membrane module. [0189]

Further asgambpined with a pump to supply a fluid thereto and an apparatus for pretreating the fluid or
the like, the separation membrane element and the module can construct a fluid separation apparatus.

Using the separatigiyeppanptdsadafifunctional acid halides, there are mentioned trimesic acid
chloride, 1,3,5-cyclohexanetricarboxylic acid trichloride, 1,2,4-cyclobutanetricarboxylic
acid trichloride, etc.  As bifunctional acid halides, there are mentioned aromatic
bifunctional acid halides such as biphenyldicarboxylic acid dichloride,

20 azobenzenedicarboxylic acid dichloride, terephthalic acid chloride, isophthalic acid
chloride, naphthalenedicarboxylic acid chloride, etc.; aliphatic bifunctional acid halides
such as adipoyl chloride, sebacoyl chloride, ete.; alicyclic bifunctional acid halides such
as cyclopentanedicarboxylic acid dichloride, cyclohexanedicarboxylic acid dichloride,
tetrahydrofurandicarboxylic acid dichloride, etc.

25 [0098]

34



5example, feed water can be separated into permeate such as drinkable water and concentrate not
having passed through the membrane, thereby obtaining water that satisfies the intended purpose.
[0190] When the operation pressure for the fluid separation apparatus is higher, then 10the salt
removal ratio could be higher. However, in consideration of the increase in the energy necessary for
driving and of the maintenance of the feed passages and the permeate passages, the operation
pressure in applying water to be processed to the separation membrane module is preferably from 0.2
MPa to 8 MPa. When dhesiespriaibiehotéheriaaciiater isitlighssithentbe-sathieenawal ratio may
lower, but when 15the temperature is lower, then the permeate flux to run through the membrane also
decreasedrdinbraforeatiaeiddmpdedsureferpbiferablyinormdE! o kb Mitlen the pH of the raw fluid is
higher and in case where the feed water has a high salt concentration such as seawater, scale of
magnesiuPBiitsEios AiADToriscANg ReaREHIBaRe hrlesbradstmsantddhgunag8patation at such a
high pH. Accardingly,, it is irable that. apparatus is driven in a neutral region. [0191] The
fluid to be ?rré% ?g%y‘mg gggg?gaﬁ%amaé% r%?rllgee(E%L ent Psnﬁ%?%%eagﬁfggﬁv 8%#&2@‘? r\’%ﬁen the element
is useg] forh%r%grr%mfeyqt@mfstl&ggﬁaqwagﬁmgﬂ%% g mixiyre, having i (total dissolved
solids) of from 500 mg/L to 100 g/L, such as 25seawater, brine water, wastewater, etc. In general,
TDS indicatesctetdlidissaburdasnlidsiandeis tepraseniag it sTass Malmei©Lnveight ratio”. According
to the definition, TDS may be computed from the weight of the residues of a solution having passed
through a Baaglealstsn tikegodnd vaporized at a temperature of from 39.5 to 40.5C, but in a more
simplified manner, TDS can be converted from the practical salinity (S). [0192] 5 VI. Summary As
obvious fréM1RE description given hereinabove, this document includes the following technical
matters. (1) A separation %ré%)ran having a pluralit oi concavoconvex parts which have a
height difference of from R%%%\ng} %fahr%%aerse 8?%1’8&11 Sof’}rlclI St98a8t She1THElT é%%ooﬁ‘%ﬁ% separation
memrang, more Whekeineah, AVEHAGSalLgydl of a minimum thickness and an average value d2 of a
maximum thickness in the concavoconvex parts satisfy the following relational expression [I]: 0.8
di/d21.0 1E}009B] (2) A separation membrane having a surface defect ratio of 1% or less.

(3) The separation membrane of the above (1), wherein the surface defect ratio is 1% or less.

(4) The separation fxcirbpatidoicaiopalfatid belre (39tis [Brewtidtodompfisesionsd stblstrate and a
separatior%&l ct%la%mqvided on the substrate. 5) The separation membrane of any of the
above (1) @13 rErEwRRpReesh g e rare v ah orb RS HispBRTHRPIRY &f BrovIaRESH e substrate and

a separaligi fuclion gy, Riovided or 116, RoTous, shporing:

layer. . The separation
membrané of the aBove (4) of (§) Wherbin the sUDSITALe gr%%-%erratnigrﬁgv%l\?en fabric. (7)

The sepangiion.membianealdbe.abevardfrwhenainithe fbsrsdndhe surdacgdayer ofthe Jang-fiber

nonwoven fabric on the side opposite to the porous supporting layer have a higher longitudinal
orientationfhan:thie figensinflimsLsfHséuayrnal thadbagdEhas nshwaveniéabliscaniiielipprous
supporting layer side.
more preferably from 0.1 to 1.0.
[0101]
A specific method for forming a polyamide layer as the separation function
20 layer is described below.
[0102]
An aqueous solution of a polyfunctional amine is applied onto a porous
supporting {ilm, and then the excessive aqueous amine solution is removed with an air
knife or the like. A polyfunctional acid halide-containing solution is applied onto it,

25  and the excessive polyfunctional acid halide is removed with an air knife or the like.

[0103]
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5(8) A separation membrane element comprising the separation membrane according to any of the
above (1) to (7). (9) A method for producing a separation membrane, the method comprising:
arranging a forming component on one surface of a work-in-process separation membrane; and
10while the forming component is thus kept arranged thereon, pressing the work-in-process
separation membrane from the other surface thereof by a liquid or vapor applied thereto, having a
temperature of from 50C to 100C, thereby forming height differences on the surface of the

workein-process SeRQIAIGRMAMBAABLIRH ity EOSIREUBINES AlhL 0 (EhmpLpegombined in any

desired manner, and may be combined with any known technique. The production method of (9) is

applicablede-pd dustiaayddResepatatiamengoabanahany @it imé e BXAMIPLES RQ[0195]
The invention is described in more detail with reference to the following Examples, however, the

invention iscibvlithitdkat afkbgr thest@&Enmalgiestfeo ahd Anmvethiibh WaiebPraduadion bifeBeparation
Membrane) 25The amount of permeate that had been obtained in separation of feed water into
permeate SR ESntEHit e S RO seph iRt ShamisIoFsHE@ @S represented as the amount of water
produgtio 6% e separation membrane in terms of the amount of the permeate (cubic meter) per
square meter of the membrane surface per day (m3/m2/day). [0197] (Salt Removal Ratio by

Separation Membragie), pThe (eckwaier aRd,PEIReae yiisstamined i inslaaiissopductivity,

and the salt removal ratio was determinéd according to thé following equation. Salt Remdval Ratio

(TDS RemovalfatiofHderzafle (RBaaseestsation indeimerieldFRE careeniratimio feed water)} x
100 (Amount of Water Production by Separation Membrane Element) 10The amount of permeate that
had been distailvatia papanatiomal Fesdhwlade vitito petmente tanwconcesimate theaugima separation
membrane element was represented as the amount of water production by the separation membrane

element i BEYARS BEtHRE SMO0RR Mé@@?ﬁ!@ﬁf@%ﬁ}%ﬁ%@%@ﬁ%&@# 8l8ment in one day
(mS/P@y). % grﬁllg’c%g &}'% F\l)g ﬂ]a(l)i\é%l. R?’%&Qg%%&%&éﬁgo &@gg{f]ee 1Itl(1ac I t)rtHdrocT & feed water,

3 S Hehoval rat
permeate ‘and concentrate were examine ectric’conductivity; and thé salt removal ratio was

determinegomggggg&tgggq{@g@g@gg@ﬂg@n@@_tdg&quval Ratio (TDS Removal Ratio) (%) 2_0=
{1-(2 x TDS concentration in permeate)/(TDS concentration in feed water + TDS concentration in
concentrafe)jog1100 (Chemical-Resistant Stability)
Formation of the separation function layer having an organic-inorganic hybrid
structure with an Si element and the like is described.  As mentioned above, the
15  separation function layer having an organic-inorganic hybrid structure may be formed
through at least one reaction of condensation of the compound (A) or polymerization of
the compound (A) and the compound (B).
[0106]
First described is the compound (A).
20 [0107]
The ethylenic unsaturated group-having reactive group directly bonds to the
silicon atom. The reactive group of the type includes a vinyl group, an allyl group, a
methacryloxymethyl group, a methacryloxypropyl group, an acryloxyethyl group, an
acryloxypropyl group, a styryl group.  From the viewpoint of the polymerizability
25  thereof, preferred are a methacryloxypropyl group, an acryloxypropyl group and a styryl

group.
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The separation membrane or the separation membrane element was immersed in an aqueous sulfuric
acid solution conditioned at 25C and pH of 3, for 1 hour, and 25then washed with pure water, followed
by immersing in an aqueous sodium hydroxide adjusted to the pH of 11, for 1 hour. Then, an operation
of washing with pure water was repeated for a total of 20 times. Subsequently, from the amount of
permeate as separated from the feed water through the separation membrane or the separation
membrane element, the amount of water production after the chemical treatment was computed; and
from the eleatyig conductivity of the feed water, the permeate and the Sconcentrate, the salt removal
ratio was computed. Regarding the chemical-resistant stability, those through which the change in the
amount of water prodadtieprancsshehsadt tterhpiedt] patblésgsrnalldirdeeio he adid aftethths lelvamical
treatment are influenced less by the chemical, or that is, the chemical-resistant stability thereof is
higher. [0FSOTIBERSHE BitredEntd Lunus dbaraiarmeib) ivcs amabayer thrugizg a high-precision
configuration analysis system. Keyence's KS-1100 surface of a.sample of 5.cm x 5 cm was
analyret S L T o VAR S A P obACOAES S height ifference
between ttp@lla'@Jhest part of a convex part and the lowest part of the concave part adjacent to the
convex part was 15measured. From the found data, the average height difference was computed. The
height differences simallgrdidansdilagroesemiitedantbitg panisharingsaheigbkdifiergnce of 10 m or
more were measured. The found height values were summed up, and divided by the number of the
analyzed sited{aQ0csitegioThreeasamplesonere ketakizeddrotipaemanimeipaliddherdataavere averaged
to obtain the height difference of 20 the analyzed membrane. [0200] (Average value dl of Minimum

Thickness' 8BV Y SIAREIIEBIHSSAIM THRKAKSEYEtuRdavseErRdY P fagving Using an

ulwahigh-resglufion feld emission- e scanaing election 28 miciascope (JHR:E-SEWD the cross
section of the separation membrarnée was examined. ound data'were analyzed for the average

valugl of ey, Nckass AN HSAVERSE NS 1 ol the Masmumickassain the

concavoconvex parts. Within the horizontal distance between the highest part of one high part and the

highest pafitoai anetheshighparisadirceniiathe préchighy part ip thessepasadiaon. membrane surface
having a height difference of 10 m or more, the minimum thickness 5and the maximum thickness were
measureddar beadigeetip is peefeablicize heving tiiickicss! dirsetion a00scomeaveesmidy pagts having
height differences were measured, and the found height values were summedﬁ%g%and divided by the

number of YRERETE AL T 0 i TBES 1D ebasrIRe SR Rge MR bt KM% thickness and

the average yalue d20f the maximum ickness, 1010204}, (hegrec, of rientation of Fibers of
Substrate% P PEn Shia sa%p e were collecteds at random Trom a nonwoven Eftabric, and using a

scannjng %h%ﬁ&g@n@@omkﬁ@gw%e, 1AQ-ROWRIHRIAAQ0RAWEE mgw%@iglﬂiﬁw%& fybese samples
e sele 0

were taken. 20 fibers wer cted at random from each 15sample, totaling 100 fibers. The

lengthwisedikeciiboofengitudingleditegiion) ehthe Tienwove bifdlr igwadsdetiyad to as 0 and the cross
direction (lateral direction of the nonwoven fabric was referred to as 90C; and under the condition, the
angle of edhdibgeminehydewur et éifshinduaahidieneseaneddand the average value was

rounded from the first decimal place to the closest whole number tg be the fiber 20orientation degree
of the anawg@glﬁﬁﬁl&mmohydroxyl group. As the halogen atom, preferably used is a chlorine

atom,.
20 [0110]

In forming the separation function layer, also usable is a silicon compound in
which the above-mentioned hydrolysable group has hydrolyzed to give a silanol
structure.  Also usable is a polymer of two or more silicon compounds, in which a part
of the hydrolysable group has hydrolyzed, condensed and polymerized to such a degree

25  that the resulting polymer does not form a crosslinked structure.

[0111]
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[0202] (Surface defect ratio of Separation Membrane) After formed, the separation membrane
was cut into a size of 5 cm x 5 cm, and using an aqueous 500-ppm methyl violet solution, the sample
was stained from the 25surface side of the separation membrane, for 10 minutes. Subsequently, this
was washed with running water for 10 minutes, and then dried to obtain a stained sample. The
stained separation membrane was scanned with a digital scanner (Canon's CanoScan N676U), and
the obtained digital image was analyzed with an image analyzer (Image J). The surface defect ratio of
the separation mem@wswas%@@waﬂda@'\ﬁgﬁ@%ﬁ&ﬁiﬁ@tﬁ@é&é%b%%@@sﬁﬂeﬁm@mﬁgane =100 x
(area of stained part of 5separation membrane/cut area). The data of the surface defect ratio of the
separationfomemibri@ie were rounded at the third decimal place thereof. [0203] (Example 1) On a
nonwoven fabric of polyester long fibers (ff'ber gize:31 decitex, thickness: 10about 90 am, air
permeability: 1 cc/cm2/sec, fiber orientéfiormtRgnéR:)46-in the surface layer on the gérous supporting

layer side; 20 in the surface layer opposite to the porqus supporting layer), a solution of 15.0 wt.%
polysulfo ngﬁi naRATEEVIS ﬁ?ﬁfﬁ% eg?g‘%l ﬁ?%y@g& ﬁ%ﬁ?f&%‘é‘?&%%@% &Rt rBom temperature
1

(25C)<sIm I thi ;’RBS,CE' r I erein.for. inutes,to, produce a roll of a
porou§s 15%%8?0%%@%%%%%&%55% 0 %)‘é{?#%{ #é&ngein%?ge%ré%fig?%uﬂjé %la(stp%r%% film. [0204]
Subsequegiuphepesges Supportingsttyarlvasinroltéde ac-an aneausBeluion,of 15 wt.%
m-PDA and 4.0 wt.% e-caprolactam was applied onto the polysulfone surface. Via an air nozzle,
nitrogen wasl spragledrontoiitiegahsredyiremoven20th eekeesdiviegauebasdsottion froRl tRé surface of
the supporting fjlm, and then an n- decane solution containing 0.05% by weight of trimesic acid
chloride a??%% wHEHhpR TtHErS E 6 inma kB Yptherddeuhe sBiconRirate ovenear beithahe solution.
Subsequentrlpi1 thred ces?ve solution was removed by air blowing from the film, and then the film was

washed with éo Water at 80C to give a separation film roll. The 250btained separation film was driven

with fged water Wit®5%0aq&{&_i§§'%%‘/£;¢S&?sa‘i’ﬁii‘ﬁggrpéﬂ%ﬁé’ﬁ?c%Qa?uM@éer%%ﬁta% flving temperature of

25C at pH of 6.5 (recovery ratio whereupon the ‘separation mem performance was: salt
removal raliieceiba9 déand water production amount of 0.80 m3/m2/day (the separation membrane
performance is shown in Table 2). [0205] 5Next, the separation film continuous sheet roll was unrolled
and cut int81d dFedetermined size. The net-like forming component shown in Table 1 was arranged on
the back (permeated,fluid side) of the separation membrane, and hot water at 95C was applied to the

surface (fed fluid sitfej ot tRESEpRRIE SRR At dhasulsaeibep rdusisre dihe.ceRbpa 18D RlUtes,

thereby fogmi eight differepees on.the sugface,of the 10separation membrane. The forming
componer %v%%ypogr%ga Bof%eog/p}fso%ﬁgeﬁ&éﬁ?ls% RIS 18 Elst’clﬁ%rfbtﬂlée%ﬁ%lmée 85%1ponent in the Table

indigates rizontal distance from the highest point of one high part to the highest point of the other
adjacent high part on the surface of the forming component. 200 points were analyzed, and the found

data were average@héAtiedfolymibg: ghe.peparatigabigen bliane, RestarnanceWasction liquid
can be viscous in forming the separation function layer,
[0114]
Examples of the silicon compound include vinyltrimethoxysilane,

20 vinyltriethoxysilane, styryltrimethoxysilane,
methacryloxypropylmethyldimethoxysilane, methacryloxypropyltrimethoxysilane,
methacryloxypropylmethyldiethoxysilane, methacryloxypropyltriethoxysilane and
acryloxypropyltrimethoxysilane.

[0115]
25 In addition to the compound (A), also usable as combined is a silicon

compound (C) not having a reactive group with an ethylenic unsaturated group but
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15salt removal ratio of 99,2% and water production amount of 0.84 m3/m2/day. As compared with the
date before working for concavoconvex shape formation, the water production amount increased to a
certain degree. After chemical treatment of the separation membrane with an acid or alkali aqueous
solution, the separation membrane performance was: salt removal ratio of 99.1% and water production
amount of 0.85 20m3/m2/day. No performance change was found before and after the chemical

treatment. [0206] In the Table, PA means polyamide, PSf means polysulfone, and PET means
polyethyleng,tgrephiialaieaiA2 ﬁ%&%ﬁqf@%)/%%dﬂh%ﬁﬁd AntyiunsTh %@é&%ﬁﬁ Q17/- 06/017/-
06/0t7/- 06/0t/- 06/017/- 06/0t7/- 06/017/- 58/0E/- ~_S8/0191- 06/55/- 06/0t7/- Configuration

PA/PS{/PES) nonviaviae taroRAl PSERET renwaliedabrit RARSHBRET Examples of the
compound (C) include tetramethoxysilane, tetramethoxysilane, methyltrimethoxysilane
and methyltriethoxysilane.

5 [0116]
Next described is the compound (B) having an ethylenic unsaturated group,
except the compound (A).
[0117]
Thé ethylenic unsaturated group has the ability of addition polymerization.
10 Examples of such a compound include ethylene, propylene, methacrylic acid, acrylic
acid, styrene and their derivatives.
[0118}
Preferably, the compound is an alkali-soluble compound having an acid group
80 as to increase the selective permeability for water of the separation membrane and to
15 increase the salt blocking ratio thereof when the separation membrane is used for
separation of aqueous solutions.
[0119]
Preferred structures of the acid include a carboxylic acid, a phosphonic acid, a
phosphoric acid and a sulfonic acid; and regarding the structures of those acids, the acid
20 may exist in any state of a free acid, an ester compound or a metal salt. The compound
having at least one ethylenic unsaturated group may contain two or more acids, but
especially preferred is a compound having one or two acid groups.
[0120]
Of the above-mentioned compounds having at least one ethylenic unsaturated
25 group, those having a carboxylic acid group include maleic acid, maleic anhydride,

acrylic acid, methacrylic acid, 2-(hydroxymethyi)acrylic acid, 4-

39



nonwoven fabric PA/PSf/PET nonwoven fabric PA/PSf/PET nonwoven fabric PA/PSf/PET nonwoven
fabric PA/PSf/PET nonwoven fabric Jotted Igd/Bd/vVd PA/PSf/PET paper | PA/PSf/PET nonwoven
fabric PA/PSf/PET nonwoven fabric Forming Condition Temperature (C) 56 08 OS 56 56 co 56 56 56

56 SZ

10

15

20

25

(meth)acryloyloxyethyltrimellitic acid and its corresponding anhydride, 10-
methacryloyloxydecylmalonic acid, N-(2-hydroxy-3-methacryloyloxypropyl)-N-
phenylglycine and 4-vinylbenzoic acid.

[0121]

Of the above-mentioned compounds having at least one ethylenic unsaturated
group, examples of those having a phosphonic acid group include vinylphosphonic acid,
4-vinylphenylphosphonic acid, 4-vinylbenzylphosphonic acid, 2-
methacryloyloxyethylphosphonic acid, 2-methacrylamidoethylphosphonic acid, 4-
methacrylamide-4-methylphenylphosphonic acid, 2-[4-(dihydroxyphosphoryl)-2-
oxabutyljacrylic acid and 2,4,6-trimethylpheny! 2-[2-
dihydroxyphosphorylethoxymethyl]acrylate.

[0122]

Of the above-mentioned compounds having at least one ethylenic unsaturated
group, examples of phosphate ester compounds include 2-methacryloyloxypropyl
monohydrogenphosphate and 2-methacryloyloxypropyl dihydrogenphosphate, 2-
methacryloyloxyethyl monohydrogenphosphate and 2-methacryloyloxyethyl
dihydrogenphosphate, 2-methacryloyloxyethylphenyl monohydrogenphosphate,
dipentaerythritol pentamethacryloyloxyphosphate, 10-methacryloyloxydecyl
dihydrogenphosphate, dipentaerythritol pentamethacryloyloxyphosphate, mono(1-
acryloyl-piperidin-4-yl) phosphate, 6-(methacrylamide)hexy! dihydrogenphosphate as
well as 1,3-bis(N-acryloyl-N-propylamino)propan-2-y1 dihydrogenphosphate.

[0123]

Of the above-mentioned compounds having at least one ethylenic unsaturated
group, examples of those having a sulfonic acid group include vinylsulfonic acid, 4-
vinylphenylsulfonic acid or 3-(methacrylanmde)propylsulfonic acid.

[0124]
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Pressure (MPa) NCV CVCVN N POTH water water water water water water water water water
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In forming the separation function layer having an organic-inorganic hybrid
structure, a reaction liquid containing the compound (A), the compound (B) and a
polymerization initiator is used. The reaction liquid is applied onto the porous
supporting layer, and the hydrolysable group is condeﬁsed and the ethylenic unsaturated

5  group is polymerized thereon, whereby the compounds are converted into a polymer.
[0125]

In case where the compound (A) is condensed alone, the crosslinking chain
bonding centers at the silicon atom, and therefore the density difference between the part
around the silicon atom and the part spaced from the silicon atom would increase, As

10 aresult, the pore size in the separation function layer tends to be uneven. On the other
hand, when the compound (B) and the compound (A} are copolymerized in addition to
the polymerization and the crosslinking of the compound (A) itself, the crosslinking
point derived from the condensation of the hydrolysable group and the crosslinking
point derived from the polymerization of the ethylenic unsaturated group could be

15  suitably dispersed. When the crosslinking points are dispersed in that manner, then the
pore size in the separation membrane could be uniform. As a result, a good balance of
permeation and removal through the separation membrane can be realized. The low-
molecular compound having at least one ethylenic unsaturated group may dissolve out
during use and may worsen the separation membrane; however, since the compound is

20 converted into a polymer having a high molecular weight in the separation function
layer, the separation membrane can be prevented from being worsened by the
compound.

[0126]

I the production method, preferably, the content of the compound (A) is 10

25  parts by weight or more relative to 100 parts by weight of the solid content in the

reaction liguid, more preferably from 20 parts by weight to 50 parts by weight. The
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solid content in the reaction liquid includes, of all the components contained in the
reaction liquid, the components to be finally contained as the separation function layer
in the obtained composite semipermeable membrane, except for the solvent and other
volatile components such as water, alcohol and the like formed in condensation. When
the amount of the compound (A) is énough, a sufficient crosslinking degree can be
obtained and the risk of dissolution of the components of the separation function layer
during filtration through the membrane to worsen the separation performance of the
membrane can be reduced.

[0127]

Preferably, the content of the compound (B) is 90 parts by weight or less
relative to 100 parts by weight of the solid content contained in the reaction liquid, more
preferably from 50 parts by weight to 80 parts by weight. When the content of the
compound (B} falls within the range, the crosslinking degree of the obtained separation
function layer could be high, and the membrane secures stable filtration therethrough
with no risk of dissolution of the separation function layer.

[0128]

Next described is a method of forming the separation function layer having an
organic-inorganic hybrid structure as mentioned above, on a porous supporting layer.
[0129]

One example of the method for forming the separation function layer
comprises a step of applying a reaction liquid containing the compound (A) and the
compound (B) onto a substrate, a step of removing the solvent, a step of polymerizing
the ethylenic unsaturated group and a step of condensing the hydrolysable group that are
to be carried out in that order. During the step of polymerizing the ethylenic
unsaturated group, the hydrolysable group may be condensed at the same time.

[0130]
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First, a reaction liquid containing the compound (A) and the compound (B) is
brought into contact with the porous supporting layer to be mentioned below. The
reaction liquid is generally a solution containing a solvent. Not specifically defined,
the solvent may be any one capable of dissolving the compound (A), the compound (B)
and an optional component, polymerization initiator, not damaging the porous
supporting layer. Water may be added to the reaction liquid in an amount of from 1 to
10 molar times the molar number of the compound (A), preferably from 1 to 5 molar
times, along with an inorganic acid or an organic acid added thereto to thereby promote
the hydrolysis of the compound (A).

[0131]

The solvent of the reaction liquid is preferably water, an alcohol-type organic
solvent, an ether-type organic solvent, a ketone-type organic solvent or their mixture.
For example, as the alcohol-type solvent, there are mentioned methanol,
ethoxymethanol, ethanol, propanol, butanol, amyl alcohol, cyclohexanol,
methylcyclohexanol, ethylene glycol monomethyl ether (2-methoxyethanol), ethylene
glycol monoaceto ester, diethylene glycol monomethyl ether, diethylene glycol
monoacetate, propylene glycol monoethyl ether, propylene glycol monoacetate,
dipropylene glycol monoethyl ether, methoxybutanol, etc.  As the ether-type organic
solvent, there are mentioned methylal, diethyl ether, dipropyl ether, dibutyl ether, diamyl
ether, dimethylacetal, dihexyl ether, trioxane, dioxane, etc.  As the ketone-type organic
solvent, there are mentioned acetone, methyl ethyl ketone, methyl propyl ketone, methyl
isobutyl ketone, methyl amyl ketone, methyl cyclohexyl ketone, diethy! ketone, ethyl
butyl ketone, trimethylnonanone, acetonitrileacetone, dimethyl oxide, phorone,
cyclohexanone, diacetone alcohol, ete,

[0132]
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PAJPSUPET nonwoven fabric ; Condition -- Temperature (C) OZI 56 56 OZI 06 Pressure

The amount of the solvent to be added to the reaction liquid is preferably from
50 to 99% by weight, more preferably from 80 to 99% by weight. When the amount of
the solvent is 99% by weight or less, then the advantage is that there hardly occur
delfects in the membrane; and when the amount is 50% by weight or more, a separation

5  membrane having high water permeability can be obtained.

[0133] |

Preferably, the porous supporting layer and the reaction liquid are kept in
contact Wiﬂl each other by uniformly and continuously applying the reaction liquid onto
the porous supporting layer. Specifically, for example, there is mentioned a method

10 where the reaction liquid is applied onto the porous supporting layer by using a coating
apparatus such as a spin coater, a wire war, a flow coater, a die coater, a roll coater, a
spray, etc.  Also mentioned is a method of immersing the porous supporting layer in
the reaction liquid.

[0134]

15 In the case of immersion, the contact time between the porous supporting
layer and the reaction liquid is preferably within a range of from 0.5 to 10 minutes, more
preferably within a range of from 1 to 3 minutes. After the reaction liquid has been
brought into contact with the porous supporting layer, preferably, the porous supporting
layer is processed for complete liquid removal therefrom so that no liquid drop may

20 remain on the layer. Sufficient liquid removal prevents surface defects to be caused by
some liquid drops remaining on the surface, thereby preventing the membrane
performance from worsening.  For liquid removal, there may be employed a method
where the porous supporting layer after kept in contact with the reaction liquid is hung
vertically to thereby make the excessive reaction liquid spontaneously drop down, or a

25  method of spraying a nitrogen flow or the like onto the layer via an air nozzle to thereby

forcedly remove the excessive liquid (that is, air-knife method).  After the liquid
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removal, the membrane surface may be dried to further remove a part of the solvent in
the reaction liquid.
[0135]

The step of condensing the hydrolysable group of the silicon is carried out
through heat treatment after bringing the reaction liquid into contact with the porous
supporting layer. The heating temperature in this case is required to be lower than the
temperature at which the porous supporting layer is melted to decrease the performance
thereof as a separation membrane. In order o progress the condensation reaction
rapidly, the heating is preferably carried out typically at 0°C or higher, and more
preferably at 20°C or higher. In addition, the reaction temperature mentioned above is
preferably 150°C or lower, and more preferably 100°C or lower. A reaction
temperature of 0°C or higher progresses the hydrolysis and the condensation reaction
rapidly, whereas a reaction temperature of 150°C or lower makes it casier to control the
hydrolysis and the condensation reaction. In addition, the addition of a catalyst for
promoting the hydrolysis or the condensation allows the reaction to be progressed at
Jower temperatures. Furthermore, in the invention, the heating condition and the
humidity condition are selected to provide the separation function layer with pores, in
such a way that the condensation reaction can be carried out appropriately.

[0136]

As the method for the polymerization of the ethylenic unsaturated group of the
compound having an ethylenic unsaturated group, the compound (A) and the compound
(B), the polymerization can be carried out by heat treatment, electromagnetic wave
irradiation, electron beam irradiation, or plasma irradiation. The electromagnetic wave
herein includes infrared rays, uitraviolet rays, X rays, and y rays. While an optimum
selection of the polymerization method may be made appropriately, polymerization by

electromagnetic wave irradiation is preferable in terms of the running cost, the

45



(emboss depth) 500 (emboss depth) 1000 (sheet concavoconvex hei:ht) Shape net-like net-like
rhombic convex shapes rhombic convex sha.es square convex shapes Comparative Example |
Comparative Example 2 Comparative Example 3 Comparative

10

15

20

25

productivity, etc. Polymerization by infrared ray irradiation or ultraviolet ray
irradiation is more preferable among the electromagnetic waves in terms of
convenience. In the case of actually carrying out polymerization with the use of
infrared rays or ultraviolet rays, these light sources do not have to selectively generate
only light rays in these wavelength ranges, and it is enough for the light sources to
generate light rays including electromagnetic rays in these wavelength ranges.
However, the strength of these electromagnetic waves is preferably higher as compared
with electromagnetic waves in other wavelength ranges, in terms of the ability to reduce
the polymerization time and control the polymerization conditions.
[G137]

The electromagnetic waves can be generated from a halogen lamp, a xenon
lamp, a UV lamp, an excimer lamp, a metal halide lamp, a rare gas fluorescent lamp, a
mercury lamp, etc.  While the energy of the electromagnetic waves is not particularly
limited as long as polymerization can be carried out, above all, short-wavelength
ultraviolet rays with a high degree of efficiency have high thin film forming properties.
Such ultraviolet rays can be generated by low pressure mercury lamps and excimer laser
lamps.  The thickness and the configuration of the separation function layer may vary
significantly depending also on the respective polymerization conditions, and may vary
significantly depending on the wavelength and the intensity of the electromagnetic
waves, the distance to the object to be irradiated, and the processing time, in the case of
polymerization with electromagnetic waves. Therefore, these conductions need to be
appropriately optimized.
[0138]

It is preferable to add a polymerization initiator, a polymerization promoter,
etc., in the formation of the separation function layer for the purpose of increasing the

polymerization rate.  The polymerization initiator and the polymerization promoter
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herein are not particularly limited, and are appropriately selected according to the
structures of the compounds used, the polymerization approach, etc.
[0139]

Examples of the polymerization initiator are given below. Examples of the
initiator for the polymerization with electromagnetic waves include benzoin ether,
dialkyl benzil ketal, dialkoxyacetophenone, acylphosphine oxide or bisacylphosphine
oxide, a-diketones (for example, 9,10-phenanthrene quinone), diacetyl quinone,
furylquinone, anisylquinone, 4,4'-dichlorobenzylquinone and 4,4'-
dialkoxybenzylquinone, and camphor quinone, Examples of the initiator for the
polymerization with heat include azo compounds (for example, 2,2'-
azobis(isobutyronitrile) (AIBN) or azobis-(4-cyanovalerianic acid)), or peroxides (for
example, dibenzoyl peroxide, dilauroyl peroxide, tert-butyl octaneperoxoate, tert-butyl
perbenzoate, or di-(tert-butyl)peroxide), further aromatic diazonium salts, bis-sulfonium
salts, aromatic iodonium salts, aromatic sulfonium salts, potassium persulfate,
ammonium persulfate, alkyl lithium, cumyl potassium, sodium naphthalene, and distyryl
dianion. Above all, benzopinacol and 2,2"-dialkylbenzopinacol are particularly
preferable as initiators for radical polymerization.

[0140]

The peroxides and o-diketones are preferably used in combination with an
aromatic amine in order to accelerate the initiation. These combinations are also
referred to as redox series. An example of these series is a combination of benzoyl
peroxide or camphor quinine with an amine (for example, N,N-dimethyl-p-toluidine,
N,N-dihydroxyethyl-p-toluidine, ethyl p-dimethylaminobenzoate, or their derivatives).
Furthermore, another series are also preferable which contain a peroxide in combination
with ascorbic acid, barbiturate, or sulfinic acid as a reducing agent.

[0141]
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Then, heat treatment at about 100 to 200°C produces a condensation reaction,
thereby forming a silane coupling agent-derived separation function layer on the surface
of the porous supporting layer. While the heating temperature depends on the material
of the porous supporting layer, too high a heating temperature causes dissolution to

5  block pores of the porous supporting layer, thus decreasing the water desalination
amount to be finally achieved by the separation membrane. On the other hand, too low
a heating temperature produces an insufficient condensation reaction to dissolve the
separation function layer, thereby decreasing the removal ratio.
[0142}

10 In the above-mentioned production method, the step of polymerizing the
compound having at least one ethylenic unsaturated compound with a silane coupling
agent may be carried out before or after or during the polycondensation step with the
silane coupling agent.

[0143]

15 The separation membrane having an organic-inorganic hybrid structure thus
obtained in the manner as above can be used directly as it is, but before use, it is
desirable that the surface of the membrane is hydrophilized, for example, with an
alcohol-containing aqueous solution or an alkaline aqueous solution.

[0144]

20 In any of the separation membranes of the above 1) and ii), the separation
function layer may be processed for chemical treatment with a chlorine-containing
compound, nitrous acid, a coupling agent or the like for the purpose of enhancing the
basic performance such as the permeation performance and the removal performance
thereof. |

25 {0145]

<Formation of Concavoconvex Parts>
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A forming component is arranged on one surface of a work-in-process
separation membrane and, while the forming component is thus kept arranged thereon,
the work-in-process separation membrane is pressed from the other surface thereof by a
liquid or vapor applied thereto, thereby forming height differences on the surface of the

5 separation membrane.
[0146]

Forming by a fluid such as a liquid or vapor provides uniform concavoconvex
parts in accordance with the shape of the forming component used, and therefore it is
possible to obtain a separation membrane in which the average value d1 of the

10 minimum thickness and the average value d2 of the maximum thickness in the
concavoconvex parts satisfy the above-mentioned relational expression [1],
[0147]
The temperature of the liquid or the vapor during forming is specifically from
50°C to 100°C. Forming by the liquid or vapor at a temperature of from 30°C to
15 100°C enhances the formability of the separation function layer, the porous supporting
layer and the substrate.  As a result, not only the structure of the separation membrane
can be prevented from being broken during forming but also the retentiveness of the
shape of the concavoconvex parts can be enhanced. The heat treatment temperature
during forming can be identified according to a known method of measuring the heat
20 treatment temperature of polyester fibers by peeling the separation membrane alone
from the substrate followed by measuring DSC of the substrate.
[0148]

The pressure during forming is not specifically defined so far as a plurality of

convex parts having height differences of from 100 um to 2000 um can be formed on at
25 least one surface of the separation membrane; however, the pressure is preferably from

0.5 to 5 MPa for forming stable passages not worsening the membrane performance,

49



621971 (4,=0E'E'.0'H901 EIl 111 86 56 46 1701101 96 66 t01l. Z6 Z6t099ts C) C-)
bn2E--10.C.45t OEt L O9E

[0149]

The height differences, the pitch and the shape of the forming component and
the concave area on the feed side are reflected on the height differences, the pitch and
the shape of the above-mentioned separation membrane and also on the concave area on

5  the feed side, and consequently, these are suitably selected in accordance with the shape
of the intended concavoconvex parts.
[0150]
The material of the forming component is not specifically defined so far as it
has a sufficient strength resistant to the pressure forming of the separation membrane;
10 however, in view of the handleability and the workability, preferred are thermoplastic
resin, thermosetting resin and metal.  The forming component may also function as the
feed-side passage member or the permeate-side passage member.
[0151]
The "work-in-process separation membrane” may be a membrane provided
15 with all the constituents of the separation membrane other than concavoconvex parts, or
may be a membrane not provided with a part of the constituents. In other words, the
work-in-process includes a substrate, a porous supporting film (a film to be a porous
supporting layer after laminated with a substrate or the like), a separation function film
(a film to be a separation function layer after laminated with a substrate or the like), a
20 laminate of a substrate and a porous supporting layer, a laminate of a substrate and a
separation function layer, a laminate of a substrate, a porous supporting layer and a
separation function layer, etc. The work-in-process includes half-finished products.
[0152]
In other words, the step of forming concavoconvex parts in the separation
25  membrane may be attained in any stage of separation membrane production.

Specifically, examples of the step of forming concavoconvex parts in the separation
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membrane include, for example, a step of processing the porous supporting layer for
formation of concavoconvex parts therein before forming the separation function layer;
a step of processing the substrate alone for forming concavoconvex parts therein; a step
of laminating the porous supporting layer and the substrate followed by processing the
resulting laminate for forming concavoconvex parts therein; and a step of processing the
separation membrane already having the separation function layer formed, for forming
concavoconvex parts therein.  An element produced by changing the permeate passage
member with the forming component may be processed for applying water under
pressure thereto, thereby forming concavoconvex parts in the element.

[0153]

One specific method is described. A continuous sheet is cut into a suitable
size, a polypropylene-made net (height 800 microns, pitch 5 mm) is arranged as the
forming component on the back side of the separation membrane, and hot water at 80°C
is applied to the surface of the separation membrane under a pressure of 1.0 MPa for 5
minutes, thereby forming concavoconvex parts in the separation membrane.

[0154]

As the pressure transmission medium, a fluid such as liquid or vapor is used,
with which, therefore, concavoconvex parts can be formed not damaging the surface of
the separation function layer. As a result, the surface defect ratio of the separation
membrane can be reduced to 1% or less.

[0155]

Here, the surface defect ratio of the separation membrane can be obtained as
follows: After pressure forming, the separation membrane is cuf into a size of 5 cm x
5 cm, the surface on the side of the separation function layer of the separation
membrane is stained using a dye not absorbed by the separation function layer.

Subsequently, the separation membrane is washed with running water, and the value
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obtained by dividing the area of the stained part by the total area of the separation

membrane piece (that is, 25 cm?) is.referred to as the surface defect ratio. The area of

the stained part of the separation membrane can be determined through image analysis

of the digital image obtained by scanning the stained separation membrane with a digital
5 scanner.

{0156]

The type of the dye, the concentration of the dye, the dyeing time and the
image analysis software to be used are described in detail in the section of Examples
given below,

10 [0157]
HI. Separation Membrane Element

The above-mentioned separation membrane is applicable to a separation
membrane element. With reference to the drawings attached hereto, embodiments of
the separation membrane element of the invention are described below.

15 [0158]
1. First Embodiment

As shown in Fig. 1, the spiral-type separation membrane element 1a separates
the raw fluid 101 into a permeated fluid 102 and a concentrated fluid 103. The
separation membrane element la comprises a perforated water-collecting tube 6, a

20 separation membrane 3b, a first end plate 71, a second end plate 80 and a filament
winding 70.
[0159]

The perforated water-collecting tube 6 is a tube that is hollow inside it, and its

surface has a large number of pores each communicating with the inside. As the
25 material of the tube, usable are various materials including hard plastics such as PVC,

ABS, etc., or metals such as stainless, etc.  The number of the perforated water-
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collecting tube to be arranged in one separation membrane element is basically 1 (one).
As described below, the permeated fluid 102 that has passed through the separation
membrane is collected by the perforated water-collecting tube 6.

[0160]

5 The separation membrane 3b is arranged to surround the perforated water-
collecting tube 6 to form the wound body 3. In other words, the separation membrane
element 1a is a so-called spiral-type separation membrane element.  As the separation
membrane 3a, applicable here is the above-mentioned, concavoconvex parts-having
separation membrane,

16 [0161]

In this embodiment, as the feed-side passage member to form the passages on
the feed side, a polymer-made net 2 is used.  As the permeate-side passage member, a
woven fabric member that is referred to as a tricot 4 and has finer meshes than those of
the feed-side passage member is used, for the purpose of forming the passages on the

15 permeate side while preventing the separation membrane 3 from falling.
[0162]

The separation membrane 3a that is put on both surfaces of the permeate-side
passage member and is envelope-like adhered thereto forms the envelope-like
membrane 5a.  The inside of the envelope-like membrane Sa constitutes the permeated

20 flud passages, and the envelope-like membrane 5a laminated alternately with the net 2
is arranged to spirally surround the perforated water-collecting tube while a
predetermined part on the opening side is adhered to the outer peripheral part of the
tube.

[0163]
25 In this embodiment, the separation membrane 3a is stuck to form the

rectangular envelope-like membrane 5a. At one side of the rectangular envelope-like
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membrane 5a is open, and the opening side is stuck to the perforated water-collecting
tube 6 in such a manner that the opening could face the outer periphery the perforated
water-collecting tube 6. The envelope-like membrane 5a adhered to the perforated
water-collecting tube 6 is arranged to surround the perforated water-collecting tube 6 to
form the wound body 3.

[0164]

The wound body 3 is columnar as its outward appearance. In this
embodiment, the two end faces of the wound body 3 in the lengthwise direction of the
perforated water-collecting tube 6, or that is, the left end face and the right end face in
Fig. 1 are referred to as the first end face and the second end face, respectively.

[0165]

The filament winding 70 is constituted by so arranging adhesive-impregnated
glass fibers as to surround the outermost surface of the separation membrane 3b in the
wound body 3. In other words, the filament winding is so arranged as to surround the
outer periphery of the wound body 3, or that is, the surface corresponding to the side
surface of the columnar shape of the wound body 3.  The filament winding 70 thus
arranged in that manner prevents the raw fluid 101 from running into the separation
membrane element la through the outer periphery thereof and enhances the mechanical
strength of the separation membrane element. The "outer periphery" may be said to
indicate especially the part except the above-mentioned first end face and the second
end face of the entire outer periphery of the separation membrane element 1a and the
wound body 3. In this embodiment, the filament winding 70 is so érranged as to cover
nearly the whole of the outer periphery of the wound body 3.

{0166]
The first end plate 71 is a porous member having a nearly circular outer edge

and is mounted on the first end face of the wound body 3. Via the holes of the first end
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plate 71, the raw fluid 101 is supplied onto the feed-side surface of the separation
membrane 3b in the wound body 3.
[0167]

The second end plate 80 is provided with the permeated fluid outlet port 81
and the concentrated fluid outlet port 82, and its outer edge is nearly circular. The
second end plate 80 is thus mounted on the second end face of the wound body 3, and
the permeated fluid outlet port 81 and the concentrated fluid outlet port 82 are arranged
at the end part of the wound body 3.

[0168]

Fluid separation with the separation membrane element 1a is described. In
this embodiment, the raw fluid 101 is fed to the first end face while the separation
membrane element la is arranged inside a pressure container (not shown).

[0169]

The fed raw fluid 101 is separated into the permeated fluid 102 that has
passed through the separation membrane 3b and the concentrated fluid 103 containing
the impermeable substances, as shown in Fig. I. The permeated fluid 102 has passed
through the pores 61 and reaches inside the perforated water-collecting tube 6.  The
permeated fluid 102 having passed through inside the perforated water-collecting tube 6
further runs through the permeated fluid outlet port 81 and is dis‘charged out of the
separation membrane element 1a. On the other hand, the concentrated fluid 103 runs
through the separation membrane and moves inside the wound body 3, and is finally
discharged out of the separation membrane element 1a via the concentrated fluid outlet
port 82.

[0170}

2. Second Embodiment
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5 production amount was 0.89 m3/m2/day. As compared with that with the separation membrane
obtained in Example 1, the water production amount increased to a certain degree. The chemical
treatment provided no performance change. [0210] Example 3 was under the same condition as in
Example 1 except that the 10forming temperature was 50C. The salt removal ratio was 98.8%, and the
water production amount was 0.93 m3/m2/day. As compared with those with the separation
membrane obtained in Example 1, the salt removal ratio lowered to a certain degree but the water
production amount iﬂ%%@@wfﬁg ARemiRACA AR PERVIARI N RRIIOANGH FARAS L S0211]
(Examples 4 and 5) Example 4 was under the same condition as in Example 1 except that the
thickness af Fig forreinty epnipcaentrefas300mmand theipishiberenf weasigtms Uaeigalt removal
ratio was 98.9%, and the water production amount was 0.83 m3/m2/day. 20As compared with that with
the separdiféhh membrane obtained in Example 1, the salt removal ratio lowered to a certain degree.
The chemical treatment provided no performance change. [0212] Example 5 was under the
same conditidilas in Example 1 except that the 25thickness of the forming component was 2000 pm
and t@e pitch theregf was 12 mm. T@qh?alt remtoval ratiq was 8.9%,g ﬁ?g e Watg{)&)ﬂgg%ction amount

S SHOWn 111 I'19, scparation. Tdne elemen 1S €1
was 0.87 m3/m2/day. As compa%“ed‘ with those with the separation membrane obtained in Example |,

the salt remQvat KaHieIByyRTESHA G S HRIN AR /e p AULINE RS RIOLURTION AMRURL iActeased to a

certain degree. The chemical treatment lowered the salt removal ratio in some degree, but increased

the water proshditientanamiinshinadegider 38218} Exdcople B passaddigsndstnder the same
condition as in Example 1 except that the shape of the forming component was columnar, the

thickness Hsraiafallas Boovarahdathe Pitehthisaenst sties mambraieeckaterdrhovaprativledas 98.4%, and
the water duction %'_(l)%amount was 0.88 m3/m2/day.. As compared with those with the separation

membran rB ATHBE P e REhe L DB SO N RTI &l ToBFEASEURRAHTINEARE but the water

prodwtio%g;%% nglm rea drtg asgertain degree. The chemical treatment lowered the salt removal
ratio in some e%eree,gbut ?r?gr%aesed the water production amount in some degree. 15[0214] (Example

7) Thig ygas under the same condition as in Example 1 except that the forming fluid was air. The
salt removal ratio was 99.1%, and the water production amount was 0.91 m3/m2/day. As compared
with that \Bith Fierddpatatibmenembrane obtained in 20Example 1, the water production amount
increased. The chemical treatment provided no performance change. [0215] (Example 8) This
was under the samicEdraitisingshin Eteadasiscpanbeptisatrras alsstente thewersnshtadged from the

long-fiber nonwoven f%bric t%a nonwoven fabric produced
passage member 1s changed to a forming component to produce the element, and the

15 separation membrane element is given running water under pressure to thereby prepare
the membrane have concavoconvex parts. A specific configuration is described with
reference to Fig. 3.

[0173]
As shown in Fig. 3, the separation membrane element 1¢ of this embodiment

20 has the same configuration as that of the conventional spirai-type separation element 1a
shown in Fig. 1, except that it has a forming component 4a in place of the tricot 4.
[0174]

Specifically, in the wound body 31 of the separation membrane element lc,
concavoconvex parts need not to be formed in the separation membrane 3¢ before fluid

25  application. The forming component 4a is arranged on the permeate-side surface of

the separation membrane 3¢ in the wound body 31.
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according to a papermaking method. The separation membrane performance before working for
concavoconvex formation was: salt removal ratio of 99.0% and water production amount of 0.79
m3/m2/day, and was on the same level as that of the separation membrane before working for
concavoconvex formation in Example 1. However, in this, the formability in giving the concavoconvex
shapes to the surface of 5 the separation membrane was low, and therefore the salt removal ratio
after working for concavoconvex formation lowered to 98.0%. The chemical treatment lowered the salt
removal rat'tg@ﬁ 97.3%. [0216] (Example 9) 10This was under the same condition as in Example 8
except that the Tiber orientation degree of the substrate was 20 in the surface layer on the porous
supporting layer sideranglwas490n thepplidaca day preanresiane e Reiaisskppaiting layer. [0217]
As a result, the separation membrane performance before working for 15concavoconvex formation
was: salt réemesrl ratishot € 96 sapdratatemprodiuatiobedmoustcdf (78smBintafaayg and was on the
same level as that of the separation membrane before working for concavoconvex formation in
Example CHRRWEHRT Hmbnigetravdithoiityoadingly, Entererefotctndsfhmaingvampeiesaliter working
for copcavpconvex formation lowered to 97.4%., The chgmical é;é%rga%nt lowered the salt 20removal

ratio ©© 96,495, OB (EXGRTBELO) MM RaRG IS B AR T §LG1848 iliketate (CTA)
were used.as (R AGAIANEANL AIRKAnA HEraisRA A RONEHL i 3R, Metanol, maleic

acid 25(MA) and butanetetracarboxylic acid (BTC) were added t0 these an Iciently stirred at 45C

to prepareewhadiéicpneentratedeomposadehRAIA e Sypiyailhtnieiddfe By, weight, acetone 25%
by weight, dioxane 45% by weight, methanol 10% by weight, MA 1% by weight and BTC 2% by

weight. [02q8jaNexm ke figaickoofmeniaib gt coodigumdbC pAtic Applieg oatopamanwoven 5fabric of
polyester Ion{g&fibers (fiber size: 1 decitex, thickness: about 90 m, air permeability; 1 cc/cm2/sec, fiber

orientatio?HEtrERY Hgith tHE Spkisdandramsrsine borbadist spodiag thykr gipiaeno inlibe surface layer

opposite to the porous orting layer).in a thickness of 200 ., ancgj while air was applied thereto at a
Wing 6speesﬁpé%fF ?Snml?gglsc&%% égIé&leuﬁt%agl%@}éep%?g%ﬁ%\%&vww %%ﬁ%é%ﬁi@ﬁ ftly, this was
10immersgehin:g lasipnshagh &’ftﬁéQ_OK&%@QCHH%&I%%H-%%ﬂx%%@&&%ﬁ%ﬁﬁ%{% rther
heat-treated in a hot bath at 75C for 5 minutes thereby obtaining a separation membrane with a
porous redisddyed (thakisbsepasation function layer) formed on the substrate. The obtained separation
film was driven with feed water with 500 mg/L salt, under a driving pressure of 0.5 MPa and at a
driving tef®défdture of 25C at pH of 6.5 15(recovery ratio 15%), whereupon the separation membrane

performance was: salt .
4.  Fourth Embodiment

15 As shown in Fig. 4, the separation membrane element 1d of this embodiment
has the same configuration as that of the separation membrane element 1a of the first
embodiment, except that it has the wound body 32 in place of the wound body 3. The
wound body 32 may have nearly the same constitution as that of the wound body 3
except that it has the net 2 arranged in the envelope-like membrane 5b but does not have

20 the tricot 4.

[0177]
5. Fifth Embodiment

The above-mentioned embodiments may be combined. For example, as
shown in Fig. 5, the separation membrane element ie of this embodiment has the same

25  configuration as that of the separation membrane element 1a of the first embodiment,

except that it has the wound body 33 in place of the wound body 3.  The wound body
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removal ratio of 98.1% and water production amount of 0.54 m3/m2/day. Under the same
condition as in Example 1, the separation membrane was worked for concavoconvex formation. After
forming, the separation membrane performance was: salt removal ratio of 98.1% and water production
amount of 0.57 20 m3/m2/day. As compared with the date before working for concavoconvex shape
formation, the water production amount increased to a certain degree. The chemical treatment
provided no performance change. [0220] (Example 11) 25This was under the same condition as in

Example L exeanhvahiin fuid tmpetAiE N (U0 AR 296urdd BUEYS'e Aage A ormability of the

separation function layer, the porous supporting layer and the substrate was low, the salt removal
ratio lowered ta28naeihe chemical treatment lowered the salt removal ratio to 97.4%. [0221] 5
(Comparative Example 1) Air was used as the fluid in forming, and the fluid temperature during
forming wd$! 78DC. As a result, the average value dlI of the minimum thickness and the average value
d2 of the maximum thickness in the concavoconvex parts fell outside the scope of the present
invention, andtHESHRR0E 88t ratio of the separation membrane 10 was 24.70% and was high. The

separsaltion membralthee cou %(ét be evaluated for th% salt removal re}ti% rfnd the water production
S

d
amount. [0222] (Compara Ve )Paa’ﬁ%% Ba?hlgrv%ag under e $& acla) Jrronag eExampIe 1 except

that the thigkpess AzqhthadormingcPRPEASELWAS SRR WRLARIINS it thgieof was 18 mm. The

height differences in the surface of the separation membrane were more than 2000 um, and as
comparedcwithdkigbwithdbehsapatationdaiembranas ghtafiedniss Exaniestis <1 Qs the gall-removal ratio
lowered. Further, the chemical treatment further lowered the salt removal ratio, but increased the water
productionidénenistin sembedegreacL0F020RT ¢Coploacdtivei@miplesd@gntildhere.  Using an emboss
roll having rhombic convex shapes on the surface thereof, the surface of the separation membrane
was emb%@%ga}. As a result, the ratio of the average value dl of the minimum thickness to the average

valugd2 of the maximum 25thickness in the concavoconvex parts was I%W?Sth%p 0.80; and as
compared with that with the separa%ign Membranes obtamedin xarﬁ’pi)es fio™ 11! {8 €51t removal ratio

greatly lowesed lnraddition.tha-chemigal freaiment funibendowersdh g Ralbranawal riio, but
increased the water production amount in some degree. [0224] In Comparative Example 4, the
forming pressisfenads) alviBpealfit theekoll For example, as the permeate-side passage member,

tricot heretofore employed in the art is employable here.

[0180]

15 Embodiments to be obtained by combining the configurations and the
embodiments described in different sections are also within the technical scope of the
present invention,

[0181]
IV. Production Method for Separation Membrane Element

20 Next described is one example of the production method for the separation
membrane element.

[0182]
The production method for the separation membrane element is not
specifically defined.  One typical method for producing the separation membrane

25  element is described, in which a polyamide separation function layer is laminated on a

porous supporting film and a substrate to obtain a separation membrane and then the
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Stemperature was 120C; and in this, the salt removal ratio further lowered. [0225] (Comparative
Example 5) A separation membrane was laminated with a PP-made square convex parts-having
sheet and calendered (90C, 2 MPa). As a result, the ratio of the average value 10dl of the minimum
thickness to the average value d2 of the maximum thickness in the concavoconvex parts was lower
than 0.8; and as compared with that with the separation membranes obtained in Examples 1 to 11, the
salt removal ratio greatly lowered. In addition, the chemical treatment further lowered the salt removal
ratio, but ingreased MEWAIRE R QKRN IRSQMEARI REIHMIRAELLR@MPIGL2, Comparative
Example 6) On a nonwoven fabric of polyester long fibers (fiber size: 1 decitex, thickness: about
90 m, air dermieghilitthall éefdmpiseng leartodeftationsdegreacAtrin tharsifacadaygs Bo the porous
supporting layer side; 20 in the surface layer opposite to the porous 20supporting layer), a solution of
15.0 wt. % g8lps s ietiordidiatnglforaiignicesEEIVIE prodsctagtthe scthickivasmonb8®ersat room
temperature 2%%1 Immediately, this was dipped in pure water and left therein for 5 minutes to
produce a¥oiots¢ BBYSEs supporting layer (thickness 130 m) of a fiber-reinforced polysulfone
supp%rtinglgiﬂg} [0227] 25Subsequently, the porous supporting film roll was unrolled, and an aqueous
solution of 1.5 wt.% m-PDA and 4.0 wt.% s-caprolactam was applied onto the polysulfone surface. Via
an air nozzle, nitrogenwas SRIA¥EEVeNR ¥ 1 the ehy s8IoNR AD8 £XCRRSIVErAgHEUS solution from the
surface of the supporting film, and then an n- decane solution containing 0.05% by weight of trimesic
acid chlorigpat@aCwabappliedytheriidsd thay theaghiefadeccaidd bagompletely wetted with the
solution. 5Subsequently, the excessive solution was removed by air blowing from the film, and then
the film wésl#Akhed with hot water at 80C to obtain a separation film roll. [0228] Next, the

separation film cor%i uous sheet roll waifnr%ged‘and cut into a predetermined size. The net-like
forming component SAEHHF T T 4B RS 3554 U PARGRAMIO SFEtRE DY Qo iBich HANHISSRIS) of the

sepggation, @Semg{glnga% Qp{; t 9 %m%a lied to.the surface fluid.sidg) of the
separationamembranerun%ger a%gr{gis%%?;sﬁg. M h%g r%tperlg)f/e%rr%irﬁré) Iﬁelght dliﬁe(ﬂr%qu‘s on the surface

of the sepry 3l WhaBIAPRJINRAPEPEEssdHR IR RIS wRpdhg RadIenas inExamaled). With that, the
leaflike separation membrane was folded to have an effective area of 37 m2 in a separation

15membramekiperént n261those leakdikantod fntirabe s eacin Kadindg.an widthoh930#rin were prepared.
These 26 leaf-like membranes were laminated in such a manner that the folded side could step out in

the laminatidifettishtimpetier sk iees digedng S eharrd et Sitethreper Buntaga o it adjacent

leaf-like membranes. DSC of the substrate gave an expthermic peak at around 95C. 20[0229] In
this, the p?fitﬂ?rgflﬂ{’e“fs*}ﬁs?ﬁ?ﬂecgwgﬁjfﬁr#&%Eoﬁsﬁﬁfe in %é@qﬁgmﬁoﬁm%%‘??&@ﬁ%m the peak of

one gonval LS RIaNaRLROIeL00 . ROVSH RRFPABR Rl PhNE. Afiel. adiggent convex part on

the surface of the forming component. 200 points were analyzed, an data were averaged.

25[0230] envelopEhektaathitigdaminate was sPirRlbuweunehaspung s SRAIRIIURRJAsMEN a manner that
the folded side of the separation membrane could be inside relative to the radial direction of the tube to

thereby coinstradharise paratommenssagnpaciémentsa fhmpedsnmanod dntiend theduter periphery and
fixed with a tape, and thereafter the
memorane element. In addition, since the adhesive is prevented from flowing away,
the number of the step for removing the adhesive flow is reduced and the working
20 efficiency is thereby enhanced.
[0185]
Preferably, the amount of the adhesive to be applied is such that the coating
width could be from 10 mm to 100 mm after the envelope-like membrane is wound

around the perforated water-collecting tube. Within the range, a part of the raw fluid

25  does not flow into the permeate side via the adhesion failed part, and therefore the
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5edges were cut, end plates were fixed and a filament winding was arranged to produce an 8-inch
element. [0231] The element was put into a pressure container, driven with feed water with 500
mg/L salt under a driving pressure of 0.5 MPa and at a driving temperature of 25C 10at pH of 6.5
(recovery ratio 15%). The performance under the condition is shown in Table 4. [0232] In
Comparative Example 6, net (thickness: 900 pm, fiber diameter: about 550 pm, pitch: 3 mm) was used
as the feed-side passage member and tricot (thickness: 300 15pm, groove width: 200 pm, ridge width:

300 gm, graavE AR OB RMI VEapHeed As eI %jﬁfé@%iBﬁ‘%ﬁﬁQﬁéE%Fﬁi%%o‘?{ithOUt using

pressurized water at 95C for fooning concavoconvex parts. [0233] In the following Examples
and Compsfativeckxanaples wiereriticehand petv2owe reousesiasitpe passage members, the same
ones as in Comparative Example 6 were used. [0234] In Example 12, the water production
amount lol#8f&d in some degree as compared with that in Comparative Example 6, but the chemical
resistance was good, 25and even though the feed-side passage member and the permeate-side

passage member WerdnBtAISES; MSEE5L Ao HRERANRCa e tt Sader st el performance.
N eSS L 8 PR BRSO SRl e
isocyanate and the curing agent polyol are blended in a ratio by weight of
1socyanate/polyol of from 1/1 to 1/5.  The viscosity of the adhesive is measured with a
B-type viscometer (JIS K 6833). Briefly, the main ingredient and the curing agent are
measured separately, and a mixture of the two in a predetermined ratio is measured.
16 [0187]

A specific production method for the element is described below, A sheet-
like separation membrane having height differences formed on the surface thereof is
prepared. Using a conventional separation membrane element production apparatus,
an urethane adhesive (isocyanate/polyol = 1/3) is applied to the edge of the sheet-like

15 separation membrane, and then the membrane is folded so that one side of the folded
membrane could be kept open.  In that manner, 26 envelope-type membranes each
having a width of 930 mm are prepared in such a manner that the effective area thereof
in the separation membrane element to be produced could be 37 m*. A predetermined
part of the opening side is adhered to the outer periphery of a perforated water-collecting

20 tube, as spirally Wouné therearound to prepare a separation membrane element. For
the production method for the separation membrane element, referred to are the methods
described in references (JP-B-44-14216, JP-B-4-11928, JP-A-11-226366).

[0188]
V. Use of Separation Membrane Element
25 The separation membrane elements are, as connected in series or in parallel,

cased in a pressure container {o construct a separation membrane module.

60



06/0b/- 06/017/- S8/0b/- Configuration PA/PSUPET nonwoven fabric PA/PSf/PET nonwoven fabric
PA/PSf/PET nonwoven fabric PA/PSf/PET nonwoven fabric PA/PSf/PET nonwoven fabric PA/PSH/PET
nonwoven fabric PA/PSf/PET nonwoven fabric PA/PSf/PET paper Forming Condition

[0189]

Further as combined with a pump to supply a fluid thereto and an apparatus
for pretreating the fluid or the like, the separation membrane element and the module
can construct a fluid separation apparatus. Using the separation apparatus, for

5 example, feed water can be separated into permeate such as drinkable water and
concentrate not having passed through the membrane, thereby obtaining water that
satisfies the intended purpose.

[0190]
When the operation pressure for the fluid separation apparatus is higher, then
10 the salt removal ratio could be higher. However, in consideration of the increase in the
energy necessary for driving and of the maintenance of the feed passages and the
permeate passages, the operation pressure in applying water to be processed to the
separation membrane module is preferably from 0.2 MPa to § MPa. When the
temperature of the feed water is higher, then the salt removal ratio may lower, but when
15  the temperature is lower, then the permeate flux to run through the membrane also
decreased. Therefore, the temperature is preferably from 5°C to 45°C.  When the pH
of the raw fluid is higher and in case where the feed water has a high salt concentration
such as seawater, scale of magnesium or the like may form and the membrane may be
deteriorated during operation at such a high pH.  Accordingly, it is desirable that the
20 apparatus is driven in a neutral region.
[0191]

The fluid to be treated by the separation membrane element is not specifically
defined. When the element is used for treatment of water, the feed water includes a
liquid mixture having TDS (total dissolved solids) of from 500 mg/L. to 100 g/I., such as

25  seawater, brine water, wastewater, etc. In general, TDS indicates total dissolved solids

and is represented by "mass/volume" or "weight ratio”. According to the definition,
P Y g
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TDS may be computed from the weight of the residues of a solution having passed
through a 0.45mmicron filter and vaporized at a temperature of from 39.5 to 40.5°C, but
in a more simplified manner, TDS can be converted from the practical salinity (S).
10192}

VI. Summary

As obvious from the description given hereinabove, this document includes
the following technical matters.

(1) A separation membrane having a plurality of concavoconvex parts which
have a height difference of from 100 pm to 2000 um and are formed on at least one
surface of the separation membrane,

wherein an average value d1 of a minimum thickness and an average value d2
of a maximum thickness in the concavoconvex parts satisfy the following relational
expression [1]:

0.8<dl/d2<1.0 [1]
[0193]

(2) A separation membrane having a surface defect ratio of 1% or less.

(3) The separation membrane of the above (1), wherein the surface defect ratio
is 1% or less.

{(4) The separation membrane of any of the above (1) to (3), which comprises
a substrate and a separation function layer provided on the substrate.

(5) The separation membrane of any of the above (1) to (4), which comprises
a substrate, a porous supporting layer provided on the substrate and a separation
function layer provided on the porous supporting layer.

(6) The separation membrane of the above (4) or (5), wherein the substrate is

a long-fiber nonwoven fabric.
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(7) The separation membrane of the above (6) wherein the fibers in the surface
layer of the long-fiber nonwoven fabric on the side opposite to the porous supporting
layer have a higher longitudinal orientation than the fibers in the surface layer of the
long-fiber nonwoven fabric on the porous supporting layer side.

5 (8) A separation membrane element comprising the separation membrane
according to any of the above (1) to (7).

(9) A method for producing a separation membrane, the method comprising:

arranging a forming component on one surface of a work-in-process
separation membrane; and

10 while the forming component is thus kept arranged thereon, pressing the
work-in-process separation membrane from the other surface thereof by a liquid or
vapor applied thereto, having a temperature of from 50°C to 100°C, thereby forming
height differences on the surface of the work-in-process separation membrane,
[0194]

15 The techniques of (1) to (7) may be combined in any desired manner, and may
be combined with any known technique. The production method of (9) is applicable to

production of the separation membrane of any of (1) to (7).

EXAMPLES
20 [0195]
The invention is described in more detail with reference to the following
Examples, however, the invention is not limited at all by these Examples.
[0196]
(Amount of Water Production by Separation Membrane)
25 The amount of permeate that had been obtained in separation of feed water

into permeate and concentrate through a separation membrane was represented as the
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amount of water production by the separation membrane in terms of the amount of the
permeate (cubic meter) per square meter of the membrane surface per day (m’ /m*/day).
[0197]
(Salt Removal Ratio by Separation Membrane)
5 The feed water and permeate were examined for the electric conductivity, and

the salt removal ratio was determined according to the following equation.

Salt Removal Ratio (TDS Removal Ratio) (%)

= {1-(TDS concentration in permeate)/(TDS concentration in feed Waterj} x 100
{Amount of Water Production by Separation Membrane Element)

10 The amount of permeate that had been obtained in separation of feed water
into permeate and concentrate through a separation membrane element was represented
as the amount of water production by the separation membrane element in terms of the
amount of the permeate (cubic meter) through one element in one day (m*/day).

[0198]

15 (Salt Removal Ratio by Separation Membrane Element)

The feed water, permeate and concentrate were examined for the electric
conductivity, and the salt removal ratio was determined according to the following
equation.

Salt Removal Ratio (TDS Removal Ratio) (%)
20 = {1-(2 x TDS concentration in permeate)/{ TDS concentration in feed water + TDS
concentration in concentrate)} x 100
(Chemical-Resistant Stability)

The separation membrane or the separation membrane element was immersed
in an aqueous sulfuric acid solution conditioned at 25°C and pH of 3, for 1 hour, and

25 then washed with pure water, followed by immersing in an agueous sodium hydroxide

adjusted to the pH of 11, for I hour. Then, an operation of washing with pure water
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was repeated for a total of 20 times.  Subsequently, from the amount of permeate as
separated from the feed water through the separation membrane or the separation
membrane element, the amount of water production after the chemical treatment was
computed; and from the electric conductivity of the feed water, the permeate  and the
concentrate, the salt removal ratio was computed. Regarding the chemical-resistant
stability, those through which the change in the amount of water production and the salt
removal ratio is smaller before and after the chemical treatment are influenced less by
the chemical, or that is, the chemical-resistant stability thereof is higher.

[0199]

(Height Differences on Separation Membrane Surface)

Using a high-precision configuration analysis system, Keyence's KS-1100, the
surface of a sample of 5 cm x 5 cm was analyzed and the average height difference was
computed from the found data. The height difference between the highest part of a
convex part and the lowest part of the concave part adjacent to the convex part was
measured. From the found data, the average height difference was computed. The
height differences smaller than 10 pm were omitted, and the parts having a height
difference of 10 pm or more were measured. The found height values were summed
up, and divided by the number of the analyzed sites (100 sites). Three samples were
analyzed in that manner, and the data were averaged to obtain the height difference of
the analyzed membrane.

[0200]
(Average value d1 of Minimum Thickness and Average value d2 of Maximum
Thickness in Concavoconvex Parts)

Using an ultrahigh-resolution field emission-type scanning electron

microscope (UHR-FE-SEM), the cross section of the separation membrane was

examined. The found data were analyzed for the average value d1 of the minimum
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thickness and the average value d2 of the maximum thickness in the concavoconvex
parts.  Within the horizontal distance between the highest part of one high part and the
highest part of another high part adjacent to the one high part in the separation
membrane surface having a height difference of 10 pm or more, the minimum thickness
5 and the maximum thickness were measured in the direction perpendicular to the

thickness direction. 100 concavoconvex parts having height differences were
measured, and the found height values were summed up and divided by the number of
the analyzed sites (100 sites) to obtain the average value d1 of the minimum thickness
and the average value d2 of the maximum thickness.

10 [0201]
(Degree of Orientation of Fibers of Substrate)

Ten small samples were collected at random from a nonwoven fabric, and
using a scanning electronic microscope, 100-power to 1000-power photographic
pictures of those samples were taken. 20 fibers were selected at random from each

15 sample, totaling 100 fibers. The lengthwise direction (longitudinal direction) of the
nonwoven fabric was referred to as 0° and the cross direction (lateral direction of the
nonwoven fabric was referred to as 90°C; and under the condition, the angle of each
fiber was measured. The found data were averaged, and the average value was
rounded from the first decimal place to the closest whole number to be the fiber

20 orientation degree of the analyzed fabric.

[0202]
(Surface defect ratio of Separation Membrane)

After formed, the separation membrane was cut into a size of 5 cm x 5 cm,
and using an aqueous 500-ppm methyl violet solution, the sample was stained from the

25  surface side of the separation membrane, for 10 minutes.  Subsequently, this was

washed with running water for 10 minutes, and then dried to obtain a stained sample.
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PA/PSI/PET paper PA/PSf/PET nonwoven fabric PA/PSf/PET nonwoven fabric PA/PSf/IPET
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The stained separation membrane was scanned with a digital scanner (Canon's
CanoScan N676U), and the obtained digital image was analyzed with an image analyzer
(Image J). The surface defect ratio of the separation membrane was computed as:
surface defect ratio (%) of separation membrane = 100 x (area of stained part of
5  separation membrane/cut area). The data of the surface defect ratio of the separation
membrane were rounded at the third decimal place thereof.
[0203]
(Example 1)
On a nonwoven fabric of polyester long fibers (fiber size: 1 decitex, thickness:
10 about 90 wm, air permeability: 1 ce/em?/sec, fiber orientation degree: 40° in the surface
Tayer on the porous supporting layer side; 20° in the surface layer opposite to the porous
supporting laver), a solution of 15.0 wt.% polysulfone in dimethylformamide (DMF)
was cast in a thickness of 180 um, at room temperature (25°C). Immediately, this was
dipped in pure water and left therein for 5 minutes to produce a roll of a porous
15  supporting layer (thickness [30 um) of a fiber-reinforced polysulfone supporting film.
[0204]

Subsequently, the porous supporting film roll was unrolled, and an aqueous
solution of 1.5 wt.% m-PDA and 4.0 wt.% e-caprolactam was applied onto the
polysulfone surface. Via an air nozzle, nitrogen was sprayed onto it to thereby remove

20 the excessive aqueous solution from the surface of the supporting film, and then an n-
decane solution containing 0.05% by weight of trimesic acid chloride at 25°C was
applied thereto so that the surface could be completely wetted with the solution.
Subsequently, the excessive solution was removed by air blowing from the film, and
then the film was washed with hot water at 80°C to give a separation film roll. The

25  obtained separation film was driven with feed water with 500 mg/L salt, under a driving

pressure of 0.5 MPa and at a driving temperature of 25°C at pH of 6.5 (recovery ratio
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15%), whereupon the separation membrane performance was: salt removal ratio of
99.1% and water production amount of 0.80 m* /m*/day (the separation membrane
performance is shown in Table 2).

[0205]

Next, the separation film continuous sheet roll was unrolled and cut into a
predetermined size. The net-like forming component shown in Tablé 1 was arranged
on the back (permeated fluid side) of the separation membrane, and hot water at 95°C
was applied to the surface (fed fluid side) of the separation membrane under a pressure
of 2.0 MPa for 5 minutes, thereby forming height differences on the surface of the
separation membrane. The forming component was formed of polypropylene. In
this, the pitch of the forming component in the Table indicates the horizontal distance
from the highest point of one high part to the highest point of the other adjacent high
part on the surface of the forming component. 200 points were analyzed, and the
found data were averaged. After forming, the separation membrane performance was:
salt removal ratio of 99.2% and water production amount of 0.84 m*>/m*/day. As
compared with the date before working for concavoconvex shape formation, the water
production amount increased to a certain degree. After chemical treatment of the
separation membrane with an acid or alkali aqueous solution, the separation membrane
performance was: salt removal ratio of 99.1% and water production amount of .85
m’/m*/day. No performance change was found before and after the chemical
treatment.

[0206]
In the Table, PA means polyamide, PSf means polysulfone, and PET means

polyethylene terephthalate.
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[0209]
(Examples 2 and 3)

Example 2 was under the same condition as in Example 1 except that the
forming temperature was 80°C. The salt removal ratio was 99.2%, and the water

5 production amount was 0.89 m*/m*/day. As compared with that with the separation
membrane obtained in Example 1, the water production amount increased to a certain
degree, The chemical treatment provided no performance change.
[0210]
Example 3 was under the same condition as in Example 1 except that the
10 forming temperature was 50°C. The salt removal ratio was 98.8%, and the water
production amount was 0.93 m*/m*day. As compared with those with the separation
membrane obtained in Example 1, the salt removal ratio lowered to a certain degree but
the water production amount increased. The chemical freatment provided no
performance change.
15 [0211]
(Examples 4 and 5)

Example 4 was under the same condition as in Example 1 except that the
thickness of the forming component was 300 pum and the pitch thereof was 3 mm. The
salt removal ratio was 98.9%, and the water production amount was 0.83 m*/m?*/day.

20 As compared with that with the separation membrane obtained in Example 1, the salt
removal ratio lowered to a certain degree. The chemical treatment provided no
performance change.

[0212]

Example 5 was under the same condition as in Example 1 except that the

25  thickness of the forming component was 2000 pum and the pitch thereof was 12 mm.

The salt removal ratio was 98.9%, and the water production amount was 0,87
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m*/m*/day. As compared with those with the separation membrane obtained in
Example 1, the salt removal ratio lowered to a certain degree, but the water production
amount increased to a certain degree. The chemical treatment lowered the salt removal
ratio in some degree, but increased the water production amount in some degree.

5 {0213]
(Example 6)

This was under the same condition as in Example 1 except that the shape of
the forming component was columnar, the thickness thereof was 600 pm and the pitch
thereof was 4 mm. The salt removal ratio was 98.4%, and the water production

10 amount was 0.88 m*/m*day. As compared with those with the separation membrane
obtained in Example 1, the salt removal ratio lowered to a certain degree, but the water
production amount increased to a certain degree. The chemical treatment lowered the
salt removal ratio in some degree, but increased the water production amount in some
degree.

15 [0214]

(Example 7)

'This was under the same condition as in Example 1 except that the forming
fluid was air. The salt removal ratio was 99.1%, and the water production amount was
0.91 m*/m*/day. As compared with that with the separation membrane obtained in

20 Example 1, the water production amount increased. The chemical treatment provided
no performance change.

[0215]
(Example 8)

This was under the same condition as in Example 1 except that the substrate

25  was changed from the long-fiber nonwoven fabric to a nonwoven fabric produced

according to a papermaking method. The separation membrane performance before
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working for concavoconvex formation was: salt remowval ratio of 99.0% and water
production amount of .79 m*/m?/day, and was on the same level as that of the
separation membrane before working for concavoconvex formation in Example 1.
However, in this, the formability in giving the concavoconvex shapes to the surface of
the separation membrane was low, and therefore the salt removal ratio after working for
concavoconvex formation lowered to 98.0%. The chemical treatment lowered the salt
removal ratio to 97.3%.

[0216]

(Example 9)

This was under the same condition as in Example 8 except that the fiber
orientation degree of the substrate was 20° in the surface layer on the porous supporting
layer side and was 40° in the surface layer opposite to the porous supporting layer.
[0217]

As aresult, the separation membrane performance before working for
concavoconvex formation was: salt removal ratio of 98.9% and water production
amount of 0,78 m’/m?*/day, and was on the same level as that of the separation
membrane before working for concavoconvex formation in Example 1.  However, in
this, the formability was low, and therefore the salt removal ratio after working for
concavoconvex formation lowered to 97.4%. The chemical treatment lowered the salt
removal ratio to 96.3%.

[0218]
(Example 10)

Cellulose diacetate (CDA) and cellulose triacetate (CTA) were used as resin;
and acetone and dioxane were used as solvent.  As additives, methanol, maleic acid
(MA} and butanetetracarboxylic acid (BTC) were added to these and sufficiently stirred

at 45°C to prepare a liquid concentrate composed of CDA 10% by weight, CTA 7% by
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weight, acetone 25% by weight, dioxane 45% by weight, methanol 10% by weight, MA
1% by weight and BTC 2% by weight.
[0219]

Next, the liquid concentrate was cooled to 25°C, and applied onto a nonwoven
fabric of polyester long fibers (fiber size: 1 decitex, thickness: about 90 um, air
permeability: 1 ce/ecm?™/sec, fiber orientation degree: 40° in the surface layer on the
porous supporting layer side; 20° in the surface layer opposite to the porous supporting
layer) in a thickness of 200 1, and while air was applied thereto at a wind speed of 0.2
m/sec, the solvent was evaporated away for 60 seconds. Subsequently, this was
immersed in a coagulation bath at 15°C for 30 minutes to coagulate the resin, and
further heat-treated in a hot bath at 75°C for 5 minutes thereby obtaining a separation
membrane with a porous resin layer (that is, separation function layer) formed on the
substrate. The obtained separation film was driven with feed water with 500 mg/L salt,
under a driving pressure of 0.5 MPa and at a driving temperature of 25°C at pH of 6.5
(recovery ratio 15%), whereupon the separation membrane performance was: salt
removal ratio of 98.1% and water production amount of 0.54 m’/m?*/day.

Under the same condition as in Example 1, the separation membrane was
worked for concavoconvex formation.  After forming, the separation membrane
performance was: salt removal ratio of 98.1% and water production amount of 0.57
m3/m2/day. As compared with the date before working for concavoconvex shape
formation, the water production amount increased to a certain degree. The chemical
treatment provided no performance change.

[0220]
{Example 11}
This was under the same condition as in Example 1 except that the fluid

temperature in forming was 25°C.  However, since the formability of the separation
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function layer, the porous supporting layer and the substrate was low, the salt removal
ratio lowered to 98.4%. The chemical treatment lowered the salt removal ratio to
97.4%.

[0221]

(Comparative Example 1)

Air was used as the fluid in forming, and the fluid temperature during forming
was 120°C.  As a result, the average value d1 of the minimum thickness and the
average value d2 of the maximum thickness in the concavoconvex parts fell outside the
scope of the present invention, and the surface defect ratio of the separation membrane
was 24.70% and was high. The separation membrane could not be evaluated for the
salt removal ratio and the water production amount.

[0222]
{Comparative Example 2)

This was under the same condition as in Example 1 except that the thickness
of the forming component was 3000 pm and the pitch thereof was 18 mm. The height
differences in the surface of the separation membrane were more than 2000 pm, and as
compared with that with the separation membranes obtained in Examples 1 to 10, the
salt removal ratio lowered. Further, the chemical treatment further lowered the salt
removal ratio, but increased the water production amount in some degree.

[0223]
{Comparative Examples 3 and 4)

Using an emboss roll having rhombic convex shapes on the surface thereof,
the surface of the separation membrane was embossed.  As a result, the ratio of the
average value d1 of the minimum thickness to the average value d2 of the maximum
thickness in the concavoconvex parts was lower than 0.80; and as compared with that

with the separation membranes obtained in Examples 1 to 11, the salt removal ratio
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greatly lowered. In addition, the chemical treatment further lowered the salt removal
ratio, but increased the water production amount in some degree.
[0224]
In Comparative Example 4, the forming pressure was 5 MPa and the roll
5  temperature was 120°C, and in this, the salt removal ratio further lowered.
[0225]
(Comparative Example 5)
A separation membrane was laminated with a PP-made square convex parts-
having sheet and calendered (90°C, 2 MPa). As a result, the ratio of the average value
10 dl of the minimum thickness to the average value d2 of the maximum thickness in the
concavoconvex parts was lower than 0.8; and as compared with that with the separation
membranes obtained in Examples 1 to 11, the salt removal ratio greatly lowered. In
addition, the chemical treatment further lowered the salt removal ratio, but increased the
water production amount in some degree,
15 {0226]
(Example 12, Comparative Example 6)

On a nonwoven fabric of polyester long fibers (fiber size: 1 decitex, thickness:
about 90 pm, air permeability: 1 ce/cm®/sec, fiber orientation degree: 40° in the surface
layer on the porous supporting layer side; 20° in the surface layer opposite to the porous

20  supporting layer), a solution of 15.0 wt.% polysulfone in dimethylformamide (DMF)
was cast in a thickness of 180 pm, at room temperature (25°C).  Immediately, this was
dipped in pure water and left therein for 5 minutes to produce a roll of a porous
supporting layer (thickness 130 um) of a fiber-reinforced polysulfone supporting film.
[0227]

25 Subsequently, the porous supporting film roll was unroiled, and an aqueous

solution of 1.5 wt.% m-PDA and 4.0 wt.% e-caprolactam was applied onto the
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polysulfone surface. Via an air nozzle, nitrogen was sprayed onto it to thereby remove
the excessive aqueous solution from the surface of the supporting film, and then an n-
decane solution containing 0.05% by weight of trimesic acid chloride at 25°C was
applied thereto so that the surface could be completely wetted with the solution.

5 Subsequently, the excessive solution was removed by air blowing from the film, and
then the film was washed with hot water at 80°C to obtain a separation film roll,
[0228]

Next, the separation film continuous sheet roll was unrolled and cut into a
predetermined size. The net-like forming component shown in Table 3 was arranged

10 on the back (permeated fluid side) of the separation membrane, and hot water at 95°C
was applied to the surface (fed fluid side) of the separation membrane under a pressure
of 2.0 MPa, thereby forming height differences on the surface of the separation
membrane (the process up to this was the same as in Example 1).  With that, the leaf-
like separation membrane was folded to have an effective area of 37 m” in a separation

15  membrane element. 26 those leaf-like membranes each having a width of 930 mm
were prepared. These 26 leaf-like membranes were laminated in such a manner that
the folded side could step out in the lamination direction and the other three sides than
the folded side were bonded to the adjacent leaf-like membranes. DSC of the substrate
gave an exothermic peak at around 95°C.

20 [0229]

In this, the pitch of the forming component in the Table indicates the
horizontal distance from the peak of one convex part (the highest point of one convex
part) to the peak of the other adjacent convex part on the surface of the forming
component. 200 points were analyzed, and the found data were averaged.

25 [0230]
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The leaf-like laminate was spirally wound around a center tube in such a
manner that the folded side of the separation membrane could be inside relative to the
radial direction of the tube to thereby construct a separation membrane element. A
film was wound around the outer periphery and fixed with a tape, and thereafter the

5  edges were cut, end plates were fixed and a filament winding was arranged to produce
an 8-inch element.
[0231]

The element was put into a pressure container, driven with feed water with

500 mg/L salt under a driving pressure of 0.5 MPa and at a driving temperature of 25°C
10 at pH of 6.5 (recovery ratio 15%). The performance under the condition is shown in

Table 4.

[0232]

In Comparative Example 6, net (thickness: 900 um, fiber diameter: about 550

um, pitch: 3 mm) was used as the feed-side passage member and tricot (thickness: 300
15 pm, groove width: 200 um, ridge width: 300 um, groove depth: 105 um) was used as

the permeate-side passage member, without using pressurized water at 95°C for forming

concavoconvex parts.

[0233]

In the following Examples and Comparative Examples where tricot and net

20 were used as the passage members, the same ones as in Comparative Example 6 were

used.

[0234]

In Example 12, the water production amount lowered in some degree as
compared with that in Comparative Example 6, but the chemical resistance was good,

25  and even though the feed-side passage member and the permeate-side passage member
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were not used, the separation membrane element secured sufficient performance. Not

using the passage members provides a cost advantage,
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[0237]
(Examples 13 and 14)

Example 13 was under the same condition as in Example 12 except that the
forming temperature was 80°C. The salt removal ratio was 99.2%, and the water

5  production amount was 28.9 m*/day. As compared with that with the separation
membrane element obtained in Example 12, the water production amount increased to a
certain degree. The chemical treatment provided no performance change.
{0238]
Example 14 was under the same condition as in Example 12 except that the

10 forming temperature was 50°C. The salt removal ratio was 98.9%, and the water
production amount was 30.9 m*/day. As compared with those with the separation
membrane element obtained in Example 12, the salt removal ratio lowered to a certain
degree but the water production amount increased. The chemical treatment provided
no performance change.

15 [0239]
(Examples 15 and 16)

Example 15 was under the same condition as in Example 12 except that the
thickness of the forming component was 300 um and the pitch thereof was 3 mm. The
salt removal ratio was 99.0%, and the water production amount was 26.8 m*/day. As

20 compared with that with the separation membrane element obtained in Example 12, the
salt removal ratio lowered to a certain degree. The chemical treatment lowered the salt
removal ratio in some degree.

[0240}

Example 16 was under the same condition as in Example 12 except that the

25  thickness of the forming component was 2000 um and the pitch thereof was 12 mm.

The salt removal ratio was 98.8%, and the water production amount was 28.8 m*/day.
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Comparative Example 8 Comparative Example 9 [0237] (Examples 13 and 14) Example 13 was
under the same condition as in Example 12 except that the forming temperature was 80C. The salt
removal ratio was 99.2%, and the water Sproduction amount was 28.9 m3/day. As compared with that
with the separation membrane element obtained in Example 12, the water production amount
increased to a certain degree. The chemical treatment provided no performance change. [0238]

Example J4.Wa5 uacet e SAT sandion. asin Bl iGen: ek s A%ioumiod temperature

was 50C. The salt removal ratio was 98.9%, and the water production amount was 30.9 m3/day. As

comparediidtinthesewithdhe sepacdtion nenibrans «lameniobianpe i Exampied2, the salt removal
ratio lowered to a certain degree but the water production amount increased. The chemical treatment

provided nocpefetivamcereiiadge et 5[0PB9themical treatment lowered the salt removal ratio in

some degree.
5 [0241]
(Example 17)

This was under the same condition as in Example 12 except that the shape of
the forming component was columnar, the thickness thereof was 600 pm and the pitch
thereof was 4 mm. The salt removal ratic was 98.6%, and the water production

10 amount was 28.6 m*/day. As compared with those with the separation membrane
element obtained in Example 12, the salt removal ratio lowered to a certain degree, but
the water production amount increased to a certain degree. The chemical treatment
lowered the salt removal ratio in some degree, but increased the water production
amount in some degree.

15 [0242]

(Example 18)

This was under the same condition as in Example 12 except that the forming
flutd was air.  The salt removal ratio was 98.9%, and the water production amount was
30.0 m’/day. As compared with that with the separation membrane element obtained

20 in Example 12, the water production amount increased. The chemical treatment
provided no performance change.

[0243]
{Example 19)

This was under the same condition as in Example 12 except that the substrate

25  was changed from the long-fiber nonwoven fabric to a nonwoven fabric produced

according to a papermaking method. However, in this, the formability in giving the
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(Examples 15 and 16) Example 15 was under the same condition as in Example 12 except that
the thickness of the forming component was 300 m and the pitch thereof was 3 mm. The salt removal
ratio was 99.0%, and the water production amount was 26.8 m3/day. As 20 compared with that with
the separation membrane element obtained in Example 12, the salt removal ratio lowered to a certain
degree. The chemical treatment lowered the salt removal ratio in some degree. [0240] Example
16 was under the same condition as in Example 12 except that the 25thickness of the forming
componeniyas, 00N & Thanc BRRIGHNLTEPYAS IR MM nTe SAILremaKal rallpias:9a 8% and
the water production amount was 28.8 m3/day. As compared with those with the separation
membraneheleihesiobidingd i Examped22he shldemoval frtiedemarrd-taiaicesain degree, but the
water production amount increased to a certain degree. The chemical treatment lowered the salt
removal rag@dnaante teliet’d5[0241] (Example 17) This was under the same condition as in
Example 12 except that the shape of the forming component was columnar, the thickness thereof was
600 m ané%‘é%itch thereof was 4 mm. The salt removal ratio was 98.6%, and the water production 10
amount w XZS.%T%day. As compared with those with the separation membrane element obtained in
Example the sa r)emoval ratio lowered to a certain degree, but the water production amount
increased to a certaif dpgtafdthmCRemical isaimanhiavsrad o sallgmayalatiin some degree,
but increased the water production amount in some degree. 15[0242] (Example 18) This was
under the samebendiipecas thdsmple 12ex0em thasiradonmiaghult wasaly sdfsalk removal ratio
was 98.9%, and the water production amount was 30.0 m3/day. As compared with that with the
separatiofeifemdeand sleniéitiobhginedaroinExamoitd ; the praters prgghactiog lapeount increased.
The chemical treatment provided no_performance change. [0243] (Example 19) This was under

the same ‘C8RGiTRSN AhITERS opTReb P isy das oa ik aens st st meyabedisr b ersd long-fiber

nonyioven fari Jo aanyeven [abrig,praduced according (o3 hanermaljpg ethod. However, in this
the formability in giving the concavoconvex shapes to the surtace of the $eparfation membrane was
low, and tfierefpre the salt removal ratio lowered to 98.2%. The chemical treatment lowered the salt
removal ratio to 97.4%. [0244]

(Example 21}
Celiulose diacetate (CDA) and cellulose triacetate (CTA) were used as resin,;
and acetone and dioxane were used as solvent.  As additives, methanol, maleic acid

15 (MA) and butanetetracarboxylic acid (BTC) were added to these and fully stirred at
45°C to prepare a liquid concentrate composed of CDA 10% by weight, CTA 7% by
weight, acetone 25% by weight, dioxane 45% by weight, methanol 10% by weight, MA
1% by weight and BTC 2% by weight.

[0246]

20 Next, the liquid concentrate was cooled at 25°C, and applied onto a nonwoven
fabric of polyester long fibers (fiber size: | decitex, thickness: about 90 um, air
permeability: | cc/cm?/sec, fiber orientation degree: 40° in the surface layer on the
porous supporting layer side; 20° in the surface layer opposite to the porous supporting
layer) in a thickness of 200 p, and while air was applied thereto at a wind speed of 0.2

25 m/sec, the solvent was evaporated away for 60 seconds.  Subsequently, this was

immersed in a coagulation bath at 15°C for 30 minutes to coagulate the resin, and
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5 (Example 20) This was under the same condition as in Example 19 except that the fiber
orientation degree of the substrate was 20 in the surface layer on the porous supporting layer side and
was 40 in the surface layer opposite to the porous supporting layer. However, in this, the formability
was low, and therefore the salt removal ratio lowered 10to 97.2%. The chemical treatment lowered the
salt removal ratio to 96.1%. [0245] (Example 21) Cellulose diacetate (CDA) and cellulose
triacetate (CTA) were used as resin; and acetone and dioxane were used as solvent. As additives,

methanol smpaleihanitk IR ARd BrtiRretetacsrboxyliciacil (BTCIwaIgAdded fo. these and fully
stirred at 45C to prepare a liquid concentrate composed of CDA 10% by weight, C'TA 7% by weight,

acetone 2&mbyaneight dimranerd&ivol hyeweiahis eeshaniohle ynigightidAci%nbyaveight and BTC
2% by weight. [0246] 20Next, the liquid concentrate was cooled at 25C, and applied onto a nonwoven

fabric of pBipeisas lodddibarar¢ibarsizebiirdesieyatick hes S abogtc00qaimeaivpe ragability: 1
cc/cm/sec, fiber orientation degree: 40 in the surface layer on the porous supporting layer side; 20 in

the surfac%“?é% Yistso e SR EPSHIGE &t BpbriPISy er)anddhAi ¥ BFROUNRNER Y While air was
applied thereto at a wind speed of 0.2 25m/sgg, the solvent was.evaporated gway for 60 seconds.
Subs%equé%‘tﬁg?ﬁ‘ls v%se Fraﬁ %glrggv %%tlgo“éeésu agfiég% %%%hwg efé)éofiolfcggnrrﬁlﬁlﬁfgg fg%(@g late the resin,

and furthephagt-tregtecinadokbalhat 5asiiRkG.aiRMesheeRyAbtaining a separation membrane

with a porous resin layer (that is, separation function layer) formed on the substrate. The separation
membrang@tg worked for forming concavoconvex parts thereon under the same condition as in
Example 12, and the element performance was 5checked. The salt removal ratio was 98.4% and
water protiéstivalagdunt was 20.4 m3/day. The chemical treatment provided no performance change.
[0247] (Example 22) This was under the same_condition as in Example 12 except that net was used

10as the feed-side PHS SR ERBESHFCOBRI S AY T PRt s S5 sorp At wakerasistiction amount

was§7.9 3y, Assemearedinat with (g separarion membyans element gbtained in Example
12, the water production’amount increased in some degree. The chericartreatment provided no

performanesaelanganl0eAB] Ao1EXaRmIR23) As confiR VAR AR RE 8R96,5pNHILoN as in Example

12 except that tricot was used as the permeate-side passage member. The salt removal ratio was
99.2%, amakwhtenpedanetiosbaimedih Was2ily InJldaywas sedpaied aitihaswitdbenseparation
membrane element obtained in Example 12, the water production amount increased in 20some
degree. THanerlagieal réberpbemiperégebactiovvaideproditiomanse shairtsome degree.

[0248]
15 (Example 23)

This was under the same condition as in Example 12 except that tricot was
used as the permeate-side passage member. The salt removal ratio was 99.2%, and
water production amount was 28.7 m*/day.  As compared with that with the separation
membrane element obtained in Example 12, the water production amount increased in

20 somedegree. The chemical treatment increased the water production amount in some
degree.
(02491
(Example 24)
This was under the same condition as in Example 12 except that net was used
25  as the feed-side passage member and tricot was used as the permeate-side passage

member. The salt removal ratio was 99.2%, and water production amount was 28.1
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[0249] (Example 24) This was under the same condition as in Example 12 except that net was
used 25as the feed-side passage member and tricot was used as the permeate-side passage
member. The salt removal ratio was 99.2%, and water production amount was 28.1 M3/day. As
compared with that with the separation membrane element obtained in Example 12, the water
production.amount increased in some degree. The chemical treatment increased the water production
amount in some degree. [0250] 5 (Example 25) On a nonwoven fabric of polyester long fibers
(fiber sizend /degitex dhiskpess: ahpuh A0k aipepaeabiliemhsaianisentitesiasentation degree: 40
in the surface layer on the porous supporting layer side; 20 in the surface layer opposite to the porous
supportind:karepje d soltivatof pH s polyslifonsdscdimethyifolezanide [DENLcsas cast in a
thickness of 180 nm, at room temperature (25C). Immediately, this was dipped in pure water and left
therein for SHNHEE HPISHEe A FOIPEIHHB 38 U iFig ffd tehickness 130 m) of a
fiber-reinfi(s%gg polysulfone supporting film. [0251] Subsequently, the porous supporting film roll was
unrolled, an alll agueous 15solution of 1.5 wt.% m-PDA and 4.0 wt.% a-caprolactam was applied onto
the pglysu.{im%gggf@ge. Via an air nozzle, nitrogen was sprayed onto it to thereby remove the
excessive agueous solution from the surface of the supporting film, and then an n- decane solution
containing 0.05% b@weighitvafisintesbitadigatitatidecab Zherwathapgiied thietetasehiblaidize surface
could be completely wetted with the solution. 20 Subsequently, the excessive solution was removed by
air blowingtpoirP thianfilmir andreabnilitye Tiles/ wals swadied witnioowdeeres: 30C itgphandaseparation film
roll. (The process up to this is the same as in Example 1.) [0252] Next, the separation film continuous

sheet roll {4 QRrBIfcBCLoHS SHRRIG 28 vetidie riinBd 2L Riet KerriRgRes e el e Passage
member, and net {thickness 800.0m, fibersize, 500, m, pitch2 %ﬁgﬁeﬁ”ﬁﬁfsﬁ faff(ﬁ(}fﬁ component in
P gag-' i &y )i |hﬁ1a(f, eeaef-le

place of the"perm side passage member werelaminated. eparation

memprang wasdpidediabag speliesivaamaobpaain psepgratignmembrang;element. 26 those

leaf-like membranes each having a width of 930 mm were prepared. These 26 leaf-like membranes
were lamidaigetimsueh aanannéidhahéhe ddisled midetScouidsie: aubih dhe famination direction and
the other three sides than the folded side were bonded to the adjacent leaf-like membranes. [0253]
The leaf-likraminatexenskiplratss Wotinehamuntbarcemérasdamsutione muamostingdilthe folded side
of the separation membrane could be inside relative to the 10radial direction of the tube to thereby
construct @%@Haration membrane element. A

Subsequently, the porous supporting film roll was unrolled, and an aqueous

15 solution of 1.5 wt.% m-PDA and 4.0 wt.% g-caprolactam was applied onto the
polysulfone surface. Via an air nozzle, nitrogen was sprayed onto it to thereby remove
the excessive aqueous solution from the surface of the supporting film, and then an n-
decane solution containing 0.05% by weight of trimesic acid chloride at 25°C was
applied thereto so that the surface could be completely wetted with the solution.

20 Subsequently, the excessive solution was removed by air blowing from the film, and
then the film was washed with hot water at 80°C to give a separation film roll. (The
process up to this is the same as in Example 1.)

[0252]
Next, the separation film continuous sheet roll was unrolled and cut into a
25  predetermined size. Net serving as a feed-side passage member, and net (thickness 800

um, fiber size 500 wm, pitch 5 mm) serving as a forming component in place of the
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film was wound around the outer periphery and fixed with a tape, and thereafter the edges were cut,
end plates were fixed and a filament winding was arranged to produce an 8-inch element. The element
was put into a pressure container, and hot water at 95C was applied to the surface of the separation
membrane under a pressure of 2.0 15 MPa, thereby foiming height differences on the surface of the
separation membrane inside the element. The performance of the separation membrane element thus
obtained in the manner as above was checked. The salt removal ratio was 99.0%, and the water

productior(z%a%eyaatgw@ép%ész SdaveThechemicalyreaimantrovided nqiRerigimange change.

20[0254] (Examples 26 and 27) Example 26 was under the same condition as in Example 25 except

that the foseingri@epaaiblie MashB0Canldresalld erapvab ratid was:9flMeaneHusater production
amount was 24.8 m3/day. In this, a separation membrane element having 25the same performance

level as thdtincExandpléos: eas-bltaireshThes chelmiosltgeatmdiht g ddedineepe fepmadce change.
[0255] Example 27 was under the same condition as in Example 25 except that the forming

temperatut8SiadSivel-ithe nambaney Wers de iad shinsch saiar A Hre dolksdsidsount was 25.9
m3/day. As ¢ ared with that with.the . separation, 5membrane element obtai I mple 25, the
e o R e R T e

production, amenkiy $0Me A§9Ees: KFIR(FXABRIE28) 10This was under the same condition as in

Example 12 except that the fluid temperature in forming was 25C. Since the formability of the
separatiofidfition layer, the porous supporting layer and the support was poor, the salt removal ratio
lowered. The chemical treatment lowered the salt removal ratio to 97.4%. [0257] 15(Comparative
Example 7) THibaneaftikddathiaatammies sphditio weinih ExaindpleciZee xaepirtivachive thickness of the
forming component was 3000 pm and the pitch thereof was 18 mm. The height differences in the
surface of #ABASE Saabs ks BidhatihsrechisE IR AnestIR caHd Bsdrsiftersribval s lowered.
Furthgr. the chemical reatmentioweled e sall remaval. 20ratio, bul increased dhe water production
é‘]‘?&omparaﬁ/ve xamp?e%ﬁ hﬁus was under the same condition

Cr101 O
as in Exampleda aRt shatiiethickaesshite AANIRGCAMPIRERt WRSRYRME @Rd the pitch

amount in some éegree. .
thereof was 3 mm, and the forming 25pressure was 0.3 MPa. The height differences in the surface of
the separatiges weanhrgradydacclessrthfinedQady, fikehastaviadiny the teechsidaapparmeate-side
passages formability was poor, and the water production ratio significantly lowered. [0259]
(Com pargm,&ig@gmh@p@@)t. The element was put into a pressure container, and hot water at
95°C was applied to the surface of the separation membrane under a pressure of 2.0
15 MPa, thereby forming height differences on the surface of the separation membrane
inside the element. The performance of the separation membrane element thus
obtained in the manner as above was checked. The salt removal ratio was 99.0%, and
the water production amount was 24.7 m°/day. The chemical treatment provided no
performance change.
20 [0254]
(Examples 26 and 27)
Example 26 was under the same condition as in Example 25 except that the
forming temperature was 80°C. The salt removal ratio was 99.1%, and the water
production amount was 24.8 m’/day. In this, a separation membrane element having

25  the same performance level as that in Example 25 was obtained. The chemical

treatment provided no performance change.
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5Using an emboss roll having rhombic convex shapes on the surface thereof, the surface of the
separation membrane was embossed. As a result, the ratio of the average value dl of the minimum
thickness to the average value d2 of the maximum thickness in the concavoconvex parts was lower
than 0.8, and the salt removal ratio greatly lowered. In addition, the chemical treatment further lowered
the salt removal 10ratio, but increased the water production amount in some degree. [0260] As
described above, the separation membrane and the separation membrane element obtained
according[t@ggq present invention have excellent water production performance, safe drivability and
excellent removal performance. 15 INDUSTRIAL APPLICABILITY [0261] The separation
membrane and thelbepaphtidh wismibdané:clemenrt ol thennvenitaaptefayenalyt dsadifer salt removal
especially from brine water or seawater. 20 DESCRIPTION OF REFERENCE NUMERALS AND
SIGNS [05E7)iRe IBecigurs: B8pabafion Menpliaemevahiatie vet{ftod asidehpasaiage member) 253a,
3b, 3c:Separation Membrane 3, 30, 31, 32, 33:Wound Baody. 4:Tricot (permeate-side passage
member) BY) F%’é:%ﬂ?/%ﬁ@?il%é'ﬁ/l’é’]rsﬁ &ne‘ﬁﬁgﬁgﬁ?gﬂ%féﬁﬁfﬁé%ﬁemg%, 80:First End

Plate:-S P 1 lui tlet Port 82:C trated Fluid Qutlet Port
st KR R e I Bl 9 B B AR e SRS Nvs

some degree. The chemical treatment increased the water production amount in some

degree.
[0256]
(Example 28)
10 This was under the same condition as in Example 12 except that the fluid

temperature in forming was 25°C.  Since the formability of the separation function
layer, the porous supporting layer and the support was poor, the salt removal ratio
lowered. The chemical treatment lowered the salt removal ratio to 97.4%.
[0257]

15 (Comparative Example 7)

This was under the same condition as in Example 12 except that the thickness
of the forming component was 3000 pm and the pitch thereof was 18 mm. The height
differences in the surface of the separation membrane were more than 2000 pum, and the
salt removal ratio lowered. Further, the chemical treatment lowered the salt removal

20 ratio, but increased the water production amount in some degree,
[0258]
(Comparative Example 8)

This was under the same condition as in Example 12 except that the thickness

of the forming component was 300 pum and the pitch thereof was 3 mm, and the forming

25  pressure was 0.3 MPa. The height differences in the surface of the separation
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[Claim 1] A separation membrane having a plurality of concavoconvex parts which have a height
difference of from 100 m to 2000 um and are formed on at least one surface of the separation
membrane, wherein an average value dl of a minimum thickness and an average value d2 of a
maximum thickness in the concavoconvex parts satisfy the following relational expression [I]: 0.8
dli/d21.0 [Claim 2] The separation membrane according to claim 1, which has a surface defect
ratio of 1% or less. [Claim 3] The separation membrane according to claim 1 or 2, which
comprises,sibsiEateandse SeRaAiiam ungtian Ryek Pirvided Qi thrusihalate-d&laim 4] The
separation membrane according to claim 1 or 2, which comprises a substrate, a porous supporting
layer provideshgss thensitbEtratexaipcoa, sepakationdunciiontiayatpsosigedanthepieys supporting
layer. [Claim 5] The separation membrane according to claim 3 or 4, wherein the substrate is a
long-fiber [§8AWoven fabric. [Claim 6] The separation membrane according to claim 5, wherein
fibers in a surface layer of the long-fiber nonwoven fabric on a side opposite to the porous supporting
layer ha\fe(%glﬂfﬁ’ﬁfé‘fWSﬁ@‘i?ﬁfﬂ?}%%rientation than fibers in a surface layer of the long-fiber nonwoven
fabric.on a porous orti er si Claim 7],.. A separation membrane element comprising
the s%paration membra éggc%&%isnbgitgoﬁg%l%f% é%l%lg I8 [CAIR %’f ‘Er"nselJt]i?"'il)ac?1%?3 rr?rof})frt]}lucing a
separatiofh@amREaNe (HaQ dPARah GReRRKSINGas emBHABYINGA IOFRING SRARRNGHTHEN one surface of
a work-in-process separation membrane; and while the forming component is thus kept arranged
thereon, pressirgtiecworéfithprotessisehiviation mdmnlranectreahibdbiiehsuriacaethereof by a liquid
or vapor applied thereto, having a temperature of from 50C to 100C, thereby forming height
differencéglshw KL g co e oo iPRpfotes iouesp shati OnSrieth Brandt removal ratio

greatly lowered. In addition, the chemical treatment further lowered the salt removal
10 ratio, but increased the water production amount in some degree.
[0260]
As described above, the separation membrane and the separation membrane
element obtained according to the present invention have excellent water production

performance, safe drivability and excellent removal performance.

15

INDUSTRIAL APPLICABILITY

[0261]

The separation membrane and the separation membrane element of the

invention are favorably used for salt removal especially from brine water or seawater.
20

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS

[0262]

1a, Ib, 1c, 1d, le: Separation Membrane Element

2: Net (feed-side passage member)
25 3a,3b, 3¢ Separation Membrane

3,30, 31,32, 33: Wound Body
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10

5a, 5b, Sc:

71, 80:
81:
82:
70:
101
102:
103:

Tricot (permeate-side passage member)
Envelope-like Membrane

Perforated Water-Collecting Tube

First End Plate, Second End Plate
Permeated Fluid Outlet Port
Concentrated Fluid Outlet Port
Filament Winding

Raw Fluid

Permeated Fluid

Concentrated Fluid
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CLAIMS

[Claim 1]

A separation membrane having a plurality of concavoconvex parts which have
a height difference of from 100 pum to 2000 wm and are formed on at least one surface of
the separation membrane,

wherein an average value d1 of a minimum thickness and an average value d2
of a maximum thickness in the concavoconvex parts satisfy the following relational
expression {1]:

0.8=<d1/d2<1.0 f1]
[Claim 2]

The separation membrane according to claim 1, which has a surface defect
ratio of 1% or less.
[Claim 3]

The separation membrane according to claim 1 or 2, which comprises a
substrate and a separation function layer provided on the substrate.
[Claim 4]

The separation membrane according to claim 1 or 2, which comprises a
substrate, a porous supporting layer provided on the substrate and a separation function
layer provided on the porous supporting layer.

[Claim 5]

The separation membrane according to claim 3 or 4, wherein the substrate is a

long-fiber nonwoven fabric.
[Claim 6]
The separation membrane according to claim 5, wherein fibers in a surface

layer of the long-fiber nonwoven fabric on a side opposite to the porous supporting layer
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have a higher longitudinal orientation than fibers in a surface layer of the long-fiber
nonwoven fabric on a porous supporting layer side.
[Claim 7]

A separation membrane element comprising the separation membrane
according to any of claims 1 to 6.
{Claim 8]

A method for producing a separation membrane, the method comprising:

arranging a forming component on one surface of a work-in-process
separation membrane; and

while the forming component is thus kept arranged thereon, pressing the
work-in-process separation membrane from the other surface thereof by a liquid or
vapor applied thereto, having a temperature of from 50°C to 100°C, thereby forming

height differences on the surface of the work-in-process separation membrane.
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