DESCRIPTION TITLE OF THE INVENTION: SEPARATION MEMBRANE, SEPARATION
MEMBRANE ELEMENT AND 5 SEPARATION MEMBRANE PRODUCTION METHOD 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.
BACKGROUND ART [0002] 15Various methods are known for separating components contained in
fluid such as liquid or vapor. For example, araserofpgrieghnique 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 ThEhibfdind B2 MEVNENEIREs microfiltration membranes, ultrafiltration membranes,
nanofiltration membranes, reverse osmosis membranes, forward osmosis membranes and others in

point of th&EBr%%%EQ%MMEB&%ﬁ?M IRV RIEMRRASYE PhENERTeA MR used, for
, f ini [ i Iso 25f t taini
P e T e TR S water for mastrial wse. 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 perfolmance
thereof. [0Q03R]IBepardtionEnEmMbranes are all alike in that a raw fluid is fed to one surface of 5the
separation membrane and a permeated fluid is obtained through the other surface thereof The
separation[féibrane element may be configured by binding up a large number of sheets of a
separation membrane element of various shapes to provide a large membrane area so that a large
amount of the permeBtad TSR BT BB RS d PR FIRT UiHPS %/ abibasWFES Of such elements

are produced, including those of spiral 10type, hollow-fiber type, plate-and-flame type, rotating
flat-r%gmb%%%ll[ﬁ/aﬁlee 5%1%%3%—%%% SFé?nf ' %/g%’?%tf%ci%gﬂﬁeg@c AHt ﬁtﬁi"‘tﬁ]esﬁ%%ﬁ%ed use
applicatiorlmgmiopt& ses. [0004] For example, a fluid separation membrane element for use for
reverse osmosis 15filtration is described as one example. As the separation membrane element
member in this, widely used is a spiral-type separation membrane element which comprises members
of a feed-side spacer for feeding a raw fluid to the surface the separation membrane, a separation
membrand3bEdpReAting tieRdomponents contained in the raw fluid, and a permeate-side spacer for
leading the petueated fluid that has passed 20through the separation membrane and has been
separated{%%]the fed fluid to the center tube, and in which those members are wound up around the

e 2 s TRl AR AR IR RATRRRIRE MG HET § RiSgoure applied 0

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 osmosis 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

25  from 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,



Regarding the members of the spiral-type reverse osmosis separation 25membrane element, a
polymer-made net is mainly used for fotuting the passages for the feed side fluid as the feed-side
spacer, and a separation membrane comprising: a separation function layer which includes a
crosslinked polymer such as polyamide; a porous resin layer which includes a polymer such as
polysulfone; and nonwoven fabric which includes polymer such as polyethylene terephthalate as

laminated 9 his,ardler Gomdnedesdside dmnat heetmaale Sl 5.1sedfd s fbe permeate-side

spacer, a 5 woven-fabric member that is called tricot and has finer meshes t ose of the feed side

spacer is ueehfiet thebpuapase«f dorreiniththeipassrgesen ihe Rermeale sidlewdiile preventing the

membrane from falling into the center tube. [0006] Recently, with the increasing demand for reducing
the cost in W8#81 10production with a separation membrane element, there has increased the demand
for enhancing the performance of membrane elements. For enhancing the separation performance of

a separation membrimatatienaneahtns medheliks indisemneaiduithisdad perunrufes ithas
heretofore been proposed to, enhance the performance of the constitutive spacers and separation
elemeglt m@%ﬁ%’?%ﬁ%é’%%ﬁ%?&%& eht oc‘ﬁﬁéﬁf‘&éf&%ﬁ%gs%%%%} t&?n@i%é‘br {&-embossed
sheets as HheBmaae S RACRI AR ARG ARL APOR%ES

-gldﬂ embrane having
concavoconvex shapes formed on the feed side surface thereo an%ii%\%rllg h%lgév%ggé%ges inside it,

with no usewshbesubshals tferetpalRaianiioptyine alanpHo RIS ALk SlemantbtpakcampPrses a
sheet-like separation membrane provided with a porous support having concavoconvex shapes arid

20a separationbavtiverkaer thritaloes nohuvofitiegdrsidetsp duid samhastnehed fhe filke and a
permeate-side spacer such as tricot or the like. Patent Documents 4 and 5 disclose incorporation of

sugar and WHhEENEsi oV Ao arRe sl s s lvaeats ale redursdrdashedinadtint afsepatation
memlane_in order that.the separation membrane can still exerts the separation fupction thereof even
e s D S A RN B AT D R B s BORGOR ERFrB{4667) Patent
Document.d Ratat BB P sio RaeHesaiBRapOLRINmENL A gtk pocument 5
JP-A-2006-247453 JP-A-11-114381 JP-A-2010-99590 JP-A-2000-117074 JP-A-2008-93543
SUMMARYu@bsEHE INVENTION 10 PROBLEMS THAT THE INVENTION IS TO SOLVE [0008]
However, the above-mentioned separation membrane elements could not be said to be sufficient in
point of thélge#formance increase, especially in point of the stability performance in long-term use.
15[0009
[ ] 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
in this, widely used is a spiral-type separation membrane element which comprises
members of a feed-side spacer for feeding a raw fluid to the surface the separation
membrane, a separation membrane for separating the components contained in the raw
fluid, and a permeate-side spacer for leading the permeated fluid that has passed
20 through the separation membrane and has been separated from the fed fluid to the center
tube, and in which those members are wound up around the center tube, as capable of
taking out a large amount of the permeated fluid under pressure applied to the raw fluid.
[0005]
Regarding the members of the spiral-type reverse osmosis separation

25  membrane element, a polymer-made net is mainly used for forming the passages for the

feed side fluid as the feed-side spacer, and a separation membrane comprising: a



Accordingly, it is an object of the present invention to provide a separation membrane and a
separation membrane element effective for enhancing the separation and removal performance of a
separation membrane element, for enhancing the separation membrane element performance of
increasing the amount of permeated fluid 20per unit time, and for enhancing the stable perfoimance of
the membrane. MEANS FOR SOLVING THE PROBLEMS [0010] For attaining the

above-menfignad abigstdbieip@niicepiyites he2Siolewind HAPSUIEOR polyamidl) £ separation

membrane containing hydrophilic molecules and having, as formed on at least one surface of a feed
side and apemeatdrsige:theheaf iachelght diffenanceddf from8Sutonto 2QDoviwismwitieh a weight of
the hydrophilic molecules in a bone-dry separation membrane is from 0.1% to 40% based on a weight
of the boné¥Bekyinbpdaatiolymersiehre paystiiiste theephtlghtofthieijaroghilithinoldenles has been
subtracted, (2) A method for producing a separation membrane, the method comprising: a

step of impEPHhES ResghteivsreddoPaarrts e i spb andiidha nersediss serfarecsia feed side

and a permeate side.of a separation m ane; and 10a step of bringing,the separation membrane
into co%tac‘?]%ﬁ%lmh%(frlgﬁﬂﬁ% r%ro‘?é%dlse%%{g héf(g 3vne|g glflt reg}%:} %gﬁﬁ?gﬂ%?e%ﬁlé%%?i] bone-dry
separationgme RS ISP Ol is _698/%}%?%%% Efé‘g%ge%%g il SERALGHGD membrane
from which the weight of the hydrophilic molecules has been subtracted. 15 BRIEF DESCRIPTION OF

THE DRAWINGS{Q@HA hEighrkhE iGorh iBldhgiassr sectional viga, showing one example of a separation
membrane having a height difference, which is one embodiment of the present invention. 20[Fig. 2]
Fig. 2 is a g6l sectional view showing another example of a separation membrane having a height
difference. [Fig{.ﬁSl Fig. 3 is a cross-sectional view showing still another example of a separation

membrane having a\ReSGHY dfithehednsmsiesing ergandsiarsrsisiagdhsrartiBwatsbwing still another
le of a 25 j havyi ight diff . ig,5] FigQ. 5 i
S o L A A S s RS S

Cross-sectional view snowin another example of a sepa

difference epnandifiguRlEith:fhis e.spagspripnakuiewshawipg.sill anothersexamplg of a separation

membrane having a height difference. 5[Fig. 7] Fig. 7 is a cross-sectional view showing still another

example ofafsepanation membasoa hrvibgadightdifieleoeticreasifpithBldrigeBdsaGross-sectional
view showing still another example of a separation membrane having a height difference. 10 MODE
FOR CARFEY MG ¢ TiThE hrieEroTedREf000RPsed to enhance the performance of the

constitutive spacers and separation element members. For example, Patent Document
15 1 proposes use of concavoconvex-embossed sheets as the permeate-side spacer.  Patent
Document 2 proposes use of a flat membrane having concavoconvex shapes formed on
the feed side surface thereof and having hollow passages inside it, with no use of a
substrate therein. Patent Document 3 proposes an element that comprises a sheet-like
separation membrane provided with a porous support having concavoconvex shapes and
20 a separation active layer, but does not have a feed side spacer such as net or the like and
a permeate-side spacer such as tricot or the like. Patent Documents 4 and 3 disclose
incorporation of sugar and a metal salt of an organic acid or a metal salt of an inorganic
acid into a separation membrane in order that the separation membrane can still exerts
the separation function thereof even when it is dried.
25
BACKGROUND ART DOCUMENT



Embodiments of the invention are described in detail hereinunder. [0013] I. Outline of Separation
Membrane 15The separation membrane is a membrane that can separate the components from the
fluid having been fed to the surface of the separation membrane, thereby obtaining a permeated fluid
that has passed through the separation membrane. The separation membrane may comprise, for
example, a separation function layer, a porous supporting layer and a substrate. As the separation
function layeq oK example,2@preferably used is a crosslinked polymer from the viewpoint of the pore
size control and the durability. From the viewpoint of the separation performance thereof for
componenisppi@ferably used is a separation function layer formed through polycondensation of a
polyfunctional amine and a polyfunctional acid halide, or an organic/inorganic hybrid function layer or
the like formed on afigt@uscsuppoitihg 185ek-28)614153 A layer comprising, as the main
ingredient thereof, cellulose, polyvinylidene fluoride, polyether sulfone or polysulfone and having both
a separation functio 2ol ¥ﬂn<:?dﬁ*'rhh§ B8 plovided. In other words, the separation function

and the porous supgortingfunction may he reglize single layer. The layer of the type 5falls within
the S(}}gpe of the ser?gggr}gr%f%lﬁ%ﬁé{ng;ayé% féﬁgﬁ??%garaﬂon function layer" indicates a layer having

at least a separatiopfunetan. J0Q10k. jpln Hhigeleserpiion, the wording "X contains Y as the main
ingredient thereof' means that the content of Y in X is 50% by weight or more, 70% by weight or more,

10 80% by weight oParard)&Qfnday Sveigit ArT008e08585% by weight or more. In case where the
composition contains multiple components corresponding to Y, it is only necessary that the total
amount of those multiple components satisfies the above-mentioned range. [0016] 15In this
description, "supply-side face" means the face on the side on which a raw fluid is applied of the two
surface of%ﬁg\@%ﬁim hERBERRHENB M eate-side face” means the face opposite thereto. In the

sepay tiorhtgglﬁgmg m&riﬂqg ?ﬂgmm?gl ﬁgl%%r?%on function layer, in general, the face on

the side of the separation function e supply- ace, and the face on the side of the
substrate 2gig e permeate-side face. [0017] 2. Separation Function Layer Not specifically
defined, the thickness of the separation function layer is preferably from 5 to 3000 nm from the

viewpoint of the sefsaiosrpgfebioancecatidithesepparineationtpartosanss thegafdrpparticular, in
the reverse osmosis membrane, the forward osmosis membrane or the nanotiltration membrane, the

thickness iigrefdaplyifesmi Sntpdo0ofithe performance increase, especially in point of the

stability performance in long-term use.
15 [0009]

Accordingly, it is an object of the present invention to provide a separation
membrane and a separation membrane element effective for enhancing the separation
and removal performance of a separation membrane element, for enhancing the
separation membrane element performance of increasing the amount of permeated fluid

20 per unit time, and for enhancing the stable performance of the membrane.

MEANS FOR SOLVING THE PROBLEMS
(0010}
For attaining the above-mentioned object, the invention provides the

25  following constitution.



[0018] The thickness of the separation function layer may be measured according to 5an
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

rim in the direction o&tﬂg élt%Qf&%}n%éﬁ?o&[ﬁ’é§&?§5§%@1&@%§@r§%‘?&%&%§r% Ht sitioned above the

. av a8
porous supporting layer, and 20 pleats are measure e manner, and the data are averaged.

[0019] <PojyatmideSepasstionFunaionLappsiRIir aeRanation fuectienlayghaay be a polyamide
membrane that contains polyamide as the main ingredient thereof The polyamide membrane may be
formed throligerénterfedciaip @y comde A8af omofa poigiunetiorialdritiagahdibelylohetidnal acid halide.
In this, preferably, at least one of the polyfunctional amine or the polyfunctional acid halide contains a

trifunctionalct PRBFedBY BADRIEt oA AN eBRIgBa OBl G to 4077 hesprbRunerighiiefihinddsean amine
having.at least two primar ino groups, and/or secqondary amino groups in one molecule, in which at
least ;%ne a?{r?ﬁ nsgpgairé)aﬂl}é% ﬁgﬂﬁ%? ﬂﬁ%‘ﬁ?bﬂjﬁ \ﬁgéﬁé&ﬁfé}‘f&?fmﬂ%‘ﬁf& MRRHIR A% RAatic
polyfunctiogalamines in which two amino groups bond to the benzene ring in any 25positional relation
of an ortho-position, meta-position or para-position, such as phenylenediamine, xylylenediamine,

1,3,5-triaminobenzey. Al Rdhbsipfinnbenaane. ssh-lisAinahenzRicrSdArsiningbsazgamine,

4-aminobenzylamine, etc.; aliphatic polyfunctional amines such as ethylenediamine,

propylenediamine, ete stepiojclicppulyfuadistrialdiffirmssotras $(Ppdiomm DRIy piohtexaneast
1,4-diaminocyclohexane, 4- aminopiperidine, 4-aminoethylpiperazine, etc. In consideration of the
selective 52epeiEBRP ek sistnrdiPrEneFssidanéa strpataamsmbengiapdlyfunctional amine is

preferably an aromatic polyfunctional amine having fram 2 to 4 primary amino groups and/or
secoé@ary amino gl%ﬁté)g ﬁ{gﬂg%&%&é&&%?%@t{ﬂg 'gﬁﬁﬁﬂﬁ%bﬁ&%ﬁfgﬁ@%ﬂ%mﬁé type, preferably
used here jspiierydenaciaming: PR Manssiay fggé%!u}e%é;g@g%a pOZeNG; ppove all, more

preferred is m- 10phenylenediamine (hereina to as m- om the viewpoint of the
availabilityrand Bhahangieability, he1eof Heg slone eipiveranamugdiffeteptivpgs of polyfunctional

amines may be used either singly or as combined. In case where two or more different types of
polyfunctionainkmiret arewisel therabgveientipdeddhimes coaly beas $edrasibaathided together, or
the above-mentioned amine may be combined 15with any other amine having at least two secondary
amino groups in one molecule. As the amine having at least two secondary amino groups in one

poly ot N A A L S08 HETAE RV G Jeast two Z0nalogenocarbonyl §roups inone.
molecule. ml@rample, as trifunctional acid halides,
[Fig. 1] Fig. 1 is a cross-sectional view showing one example of a
separation membrane having a height difference, which is one embodiment of the
present invention.
20 [Fig. 2] Fig. 2 is a cross-sectional view showing another example of a
separation membrane having a height difference.
[Fig. 3] Fig. 3 is a cross-sectional view showing still another example of a
separation membrane having a height difference.
[Fig. 4] Fig. 4 is a cross-sectional view showing still another example of a

25  separation membrane having a height difference.



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,
azobenzenedicarboxylic acid dichloride, 25terephthalic acid chloride, isophthalic acid chloride,
naphthalenedicarboxylic acid chloride, etc.; aliphatic bifunctional acid halides such as adipoyl chloride,
sebacoyl chloride, gtg,; alicyelic kifunctional act lj dé@ lopentanedicarboxylic acid
dichloride, cyclohex?air?gd?lcjargggy%éggb%ggﬁ:‘h?ﬁ%%iﬁ?&%y ro@éa%ﬁ?c%@%gf{/ﬁé %f(r:}%[ed?gr%oride, etc. In
consideratigpahile imasibritidneral wiliaogipfiregional amine, the polyfunctional acid halide is
preferably a polyfunctional acid chloride. In 5consideration of the selective separability and the heat
resistance of the mdinbrée, ipefeiablyrdirespolipiaictionallasidhiatideaisoshpobaimeliooph aromatic acid
chloride having from 2 to 4 chlorocarbonyl groups in one molecule thereof. In particular, more
preferred iSHPRTFEKIE B preribevingm siehiclisienerest the availability and the handleability thereof

One ajone or two or.more.different.types of these polyfunctional 10acid halides may be used here
either 'singly or as cgrrl\%ire%d i L?It’:iyr{’;?fﬁﬁif? view RIRMERBMH R RampiogEble for

interfacial BQAXPQIB%%%MH&“ﬁ?ﬁ%%ﬁ%%@%gdggéf%&%? and the polyfunctional acid halide. For

example, an aqueous solution o 0 amine is applied onto a porous supporting layer and
any 15excessive aquegus| arpige SRIutoRsissRmaVad With BvailkaifeaRHRSEAURR &N organic
solvent solution containing a polyfunctional acid halide is applied thereto to form a polyamide
separationsépactiom [eeenbfdne bagarya selybntiiffdrenicethe solution containing the polyfunctional acid
halide is preferably one immiscible with water and capable of dissolving the polyfunctional acid halide
not destroying the porous 20 supporting layer. The solvent may be any one inactive against
polyfimcti ' functional acid halide compounds. Preferred examples
inclu!j@ hﬂ@éﬁ%ﬁ%ﬁ%ﬁﬂ@@@ﬂﬁgfﬁ@%ﬂfg ane and n-decane. [0023]
<Organic-lmg|i@:]mic Hybrid Separation Function Layer> 25Further, the separation function layer may
have an organic-inorganic hybrid structure with an Si element or the like. The separation membrane
having the separationiuastiendayanofitehmnede wiarsddomasan aianicingrganic hybrid
membrane. The organic-inorganic hybrid membrane is excellent in formability and chemical
resistance[0Dh&]composition of the separation function layer having such an organic-inorganic hybrid
structure is not specifically defined. The separation function 5layer may contain, for example, a silicon
compoundl(A)%‘th“&ﬁ)EﬁﬁﬂWmPﬁéé group-having reactive group and a hydrolysable group
direcltg/ bonding to the silicon atom th%rein, as well as any other ethylenic unsaturated group-having

compound (B) than the SERIBETME ER PR S ARM BREPEh Ab SFRARIGIRA S0BMNAE Bontain a
condensate of the H@(f@rﬁ%ﬁglgegﬁ%? %fwiggﬁ&o&ﬂgé@u%%%% npolelrnber of t&l% rlég ethylenic

unsaturated group of the compound (A) and/or the compo } ﬁlarlﬁeff}?ﬁﬁe sepgration function

layer may giqnit@inpal jeaskand paivek ahihadellowidgsh the SpaMRaHRIMEhroggh condensation
and/or polymerization of the compound (A) alone; a polymer formed through polymerization of

the compouepat{8)rafoeabene b5y copgiyinee forfatmmyoen peepd (#yrafut dhercayyon pdriay. The
polymer includes a condensate. In the copolymer of the compound (A) and the compound (B), the

compound{PORIHEIE b ebArb AsEBsEahe AjdrsIjRisrilgrdupatierdayefofzaxample,

20 preferably used is a crosslinked polymer from the viewpoint of the pore size control and
the durability. From the viewpoint of the separation performance thereof for
components, preferably used is a separation function layer formed through
polycondensation of a polyfunctional amine and a polyfunctional acid halide, or an
organic/inorganic hybrid function layer or the like formed on a porous supporting layer.

25 [0014]



20In the separation function layer, the content of the compound (A) is preferably 10% by weight or
more, more preferably from 20% by weight to 50% by weight. In 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 weight of compound (A)/compound (B) may be from 1/9 to 1/1. Within
the range, the 25polycondensate contained in the separation function layer may secure a relatively

high crossiinking degreg anbuhersfore duing.fisannibicuat e MRMRENE s separeted

components could be prevented from being released from the separation funct yer and, as a

result, the Sepaiciiipnimenabsancas edliza siabiadiliaion nadarmanesoDRzlidhacompound (A),
the compound (B) and other compounds may form 5polymers (including condensates) and the like
compoundsuppsedfdirgion forekampieidad enithegleonteds.ohthee paratpoufinA)riratidelseparation
function layer" is discussed here, the compound (Aéyshall contain the amount of the components

derived froRPHPRS SBRRSSRE R IR dsAtiEsBYe YRe'e ke shdiha i AEHhed e compound (B)
and to_the pther compounds. 10[0026] The.separation function layer dges not.have any other ethylenic
unsatu5 rate%t{gsrcmgz na@%écroebfc%g%eg% Foﬁ%f%%%%“e"%%r%% thid ﬁ%&eiﬁ?"oﬂﬂ?ﬁ’ﬁﬁ%ﬁé’n the
componentg.derivee fram,a SilicancompeuRt{Shaaving & hwsiplysable group. Examples of the
compound (C) of the type will be described hereinunder. The 15 compound (C) may be contained as a
condensatgof fije compound (C) alone, or may be contained as a condensate with the polymer of the
compound (A) and the compound (B). [0027] First described is the compound (A). 20[0028] In the
compound (A), the ladbiivdegeoptidravirgranditgy i Enioniasatirasatgroup digectyrivdngsdd the silicon
atom. The reactive group of the t S{e includes a vinyl group, an all%/gl) roup, a methacryloxymethyl

h
Iggroup, a nfgfae! \ Sgﬁrﬁﬁv?th EPl H‘rr)%ﬁgrt;%@@fo H&{F%;%,faﬂréc trl:t.’f‘ﬁﬁhlb%@ﬁ?rﬁasltyryl group.
ro e\, oin e po rizabili ereof, preferred are a methacryloxypro roup, an
a‘cr%}j(qyprg%%\{/fipa?[ovﬁ%l Rn{d) 51%%%37/;%@6]’39’ "T fr moik P&%%PBC‘@%@%I%@? fe f{%ﬁj%%gble Fg);roup
directly bopging Egetb&ﬁﬂ&g@m@w&ﬁy%ﬁﬁ{p&%ﬁ%@sﬁ%ﬁ@%ﬁéﬁ%ﬁ&%%%k&%}aagthe molecules of

the compound (A) bond to each other via a siloxane bonding the en to provide€ a condensate of

5 the compecndaA)tHARAQRO Jthehyslielysakisearaitiph tengempeund(A)dnslugdes functional groups

such as an alkoxy group, an alkenyloxy group, a carboxyl group, a ketoxime group, an aminohydroxy
group, a halegféenadorangan isocyanate group, etc. The alkoxy group is 10 preferably one having from

Ito 10 carbon atoms, more preferably having | or 2 carbon atoms. The alkenyloxy group is preferably

one havinéOI%ﬁi 2 to 10 carbon atoms, more preferably from 2 to 4 carbon atoms, and even more

prefelrgtbly having BIC?B%?H atoms. hesuca boxyl ?roup IS re&glgatl‘%‘)l%é gg&%a\u g from.2 to 10 carbon

atoms, more prefera yong Cg\%ﬁ%nfvvo gli gln%g(r;r?s,r%er ot 1s X§} ﬁr%ﬁv ketoxime

15group ingludes A meiviatby ietaxime-arauns adimeiketaxime grour dighylketoxime group.

The aminohydroxy group is such that the amino group bonds to the silicon atom via the oxygen atom.
The groupfaidhaiype ieladesspoime thyerminahyHeaxy groin, mes srdne tiigihviaminohydroxyl group.

As the halogen atom, preferably used is a chlorine atom.
substrate and a separation function layer, in general, the face on the side of the
separation function layer is the supply-side face, and the face on the side of the substrate
20  1s the permeate-side face.
[0017]
2. Separation Function Layer
Not specifically defined, the thickness of the separation function layer is

preferably from 5 to 3000 nm from the viewpoint of the separation performance and the

25  permeation performance thereof. In particular, in the reverse osmosis membrane, the



20[0031] In forming the separation function layer, also usable is a silicon compound in which the
above-mentioned hydrolysable group has partly hydrolyzed to obtain 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 25that the resulting polymer does not form a crosslinked
structure. [0032] As the silicon compound (A), preferred are those represented by the following
formula (@RI DLEIEAARNEN L ERIRRIR RAGHE A P EaRAINNG g glylenic
unsaturated group. R2 5 represents any of an alkoxy group, an al enyfoxy group, a carboxy group, a
ketoxime graups aElogeR atom or an isocyanate group. R3 represents H or an alkyl group. m and n
each are an integer satisfying m + n 4, and satisfying m and n 1. In RL, R2 and R3, when two or more
functional {t6U§s bond to the silicon atom, they may be the same or different.) 10RI is a reactive group
containing an ethylenic unsaturated group, and is as described above. [0033] R2isa
hydrolysable group, [dsdhickaese et iscipiaten fupsiendarenammbde sleparsipcgrodipgdde R3 is

preferably from 1 to 10, more preferably | or 2. 15[0034] The hydrolysable group is preferably an
alkoxyggroﬁ%%ﬁéﬁ?ﬁgtﬁ%%%%%’ 8{5‘&%?53%%8?@3@?835’,%5%% 66n 15Ri¢ T8 Brepared in
forming theseRatplag.bagiPRiRY cheaheMinGRuR Rt aFRMRIER LR SHIERN gampound (A)
include vinyltrimethoxysilane, vinyltriethoxysilane, styry trlme%hoxysilane, ’

methacrylexyiaiagy inetinddiseethey silans « et asIPXBIRVIHHERSIORY/SIANEne typical
methacryloxypropylmethyldiethoxysilane, methacryloxypropyltriethoxysilane, and

acryloxypropgtmetnorysitedey 250086k paratiod fumdditiota yerthes copipaethshtAinalsteisable as
combined is a silicon compound (C) not having a reactive group with an ethylenic unsaturated group
but having & #hekpsap i grsuplcpios theaserepd atinterTalsthE A8 are ditidhedtitheofshapounds
repre@ent d b%g%t‘%e lg%Feneral fommlaﬁ Wpi#ere is zero. Examples of the 5compound include
tetramethdXaTaMe. Fe i RHOIRTSAHE MRERG M EHE RSN LR Yl RS Hoxysilane. [0037]

Next descyj ' ' ' turat rouR, except for the silicon
com poundg%%ﬂﬁgrgga é?]f,nB‘P&‘QI_ é%ﬁ%%%%%@%‘gt@g gér}é? p%%f?ﬁ%%‘giﬁh?/ oa?[%rcﬁtion
polymerizaiignglxamples of the compound include ethylene, propylene, methacrylic acid, acrylic acid,
styrene and their derivatives. [0039]

[0019]

<Polyamide Separation Function Layer>
15 The separation function layer may be a polyamide membrane that contains
polyamide as the main ingredient thereof. The polyamide membrane may be formed
through interfacial polycondensation of a polyfunctional amine and a polyfunctional
acid halide. In this, preferably, at least one of the polyfunctional amine or the
polyfunctional acid halide contains a trifunctional or more polyfunctional compound.
20 [0020]

The polyfunctional amine 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. For example, there are mentioned aromatic
polyfunctional amines in which two amino groups bond to the benzene ring in any

25 positional relation of an ortho-position, meta-position or para-position, such as

phenylenediamine, xylylenediamine, 1,3,5-triaminobenzene, 1,2,4-triaminobenzene,



15Preferably, the compound is an alkali-soluble compound having an acid group so as to increase the
selective permeability for water of the separation membrane and to increase the salt blocking ratio
thereof when the separation membrane is used for separation of aqueous solutions. [0040]
20Preferred 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 may exist in any state of a free

acid, an esier_aemARKAA At el sl IR ARGLIE IRBA-RLRARE Ane ElyigRig nsaturated

group may contain two or more acids, but esp y preferred 1s a‘compoun av?ng one or two acid

groups. 25{30dthctional @hihesahenavegnianecheamparshavingRkleast angyeifaylenic unsaturated

group, examples of those having a carboxylic acid group include the foﬂowings: maleic acid, maleic

anhydride adyylicctioih! methecsykh asitl 224 {inpdrooyrivdind)rciyheddmtinocyclohexane, 4-

4-(meth)acryloyloxyethyltrimellitie acid and its corresponding anhydride, 10-5
methacrylGIbsgRieeybT ofieraisiac iy pipgiaring- Somelhaematigmtioropyie Nppeivdglycine and
4-vinylbenzoic acid, [0042] . ... Of the above-mentioned compounds having at least one ethylenic
unsaté?atescf%zf'%bgt é’?é“#a@m’éyaaﬂla%@ﬁh’f?ﬁfétgﬁﬁ %frglw GGy frRIE tid, 4-
10vinylphenylp en Id, 4-vinyi honijc.acid, 2- methacryloyloxyethylphosphonic acid,
2-methacrylam?d?§§{%y%%bo%pp o%i%ﬁg%llg%%yrﬁ%%ﬁgg}ﬁgrlﬁﬁg- -}/ﬁ%‘%hfl?ﬁ%gr%lglgﬁ&%ﬁrgn%glgl&d,

244-(dihydsmomhesihiaisebndagXaluty! G261 anded i d-trimetvinanyladra
dihydroxyphosphoryl)ethoxymethyllacry a??%S[OMB] Of the above%ntioned compounds

having at leastareasting efiithe ngatupatéadiguped hesphatepdsier eordoundspinclude
2-methaeryloyloxypropyl monohydrogenphosphate and 2-methacryloyloxypropyl
dihydroge RBRbEshediaming it b siasRyemyreReno s ehghotspprstersedioimethacryloyloxyethyl

20dihydrogenphosphate, 2-methacryloylaxyethylphenyl monohydrogenphosphate, dipentaerythritol
pentéﬁ]et}?’%&%ﬂg%ﬁ%g SR NIHEFRSECR B RGN SiRFHRG ESmespHEtE dipentaerythritol

pentametrgaggngemz;%mm SNt AER OYGRIANANG ) BRI Bifferent types of

6-(methaerylamidejhexyl dihydrogenphosphate as well as

1,3-bis(N-gerylaxth-RomiapiRpIaPaiRh i bydi0geaphesthata: 290048 kvhere nf She

above-mentioned compounds having at least one ethylenic unsaturated group, those having a sulfonic
acid grouprinciutifferimylsyitenit pdidfude implphmeingksattoniedacig abS~¢mmathacnythaide)Xpropylsulfonic
acid. [0045] 5Next described is a method for forming the organic-inorganic hybrid separation function
layer on tHB3ytoUECE s ORI sl gehrs.qabeatioaraenbaned amine meehtcambinsdimited to the

production method gnd to the formation method for the layers described in this text. [0046] 10In
forming th‘é“nggﬁyao[} F AT er A Fasl A Rt %%fﬁiﬁ%éﬂ%dﬁbﬁ%ﬁ@ﬂﬁ%@ atéast one

ethylenic W%M%tﬁgvgﬁg% 1%9& %0é¥%ﬁﬁégllgrﬂ1%t§5q{ps in one molecule, for example,
there may be mentioned piperazine, 1,3-bispiperidylpropane, etc.
[0021]
The polyfunctional acid halide is an acid halide having at least two

20  halogenocarbonyl groups in one molecule. For example, as trifunctional 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, azobenzenedicarboxylic acid dichloride,

25  terephthalic acid chloride, isophthalic acid chloride, naphthalenedicarboxylic acid

chloride, etc.; aliphatic bifunctional acid halides such as adipoyl chloride, sebacoyl



in addition to the compound (A) therein can be used. Specifically, the separation function layer can be
formed by applying the reaction liquid on a porous membrane, then condensing the hydrolysable
group and polymerizing the ethylenic unsaturated 15group, whereby the compounds are convened
into a polymer. 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
atomand t spac iie Incre a result, t Qre size in the
separation%rcﬁg(i%ﬁ E"I%aély(;%rﬂ'[‘é%}gl‘{s% E;(}%%%gr%\%gé?%%%%%%% g‘gnﬁﬁ\ﬁﬁ%ﬁfaﬁeé %o%ﬁﬁ%ﬁﬁ%af B) and the
com pounddi%msﬁi@p@@wm@m@dm@@@iwamla%mm?E&@éﬁg@mm&mﬂwﬁf the
compound (A) itself, the crosslinking point derived from the condensation of the hydrolysable group
and the crassliloigiteg gpointldexustlfrotivthe’ folymaetizagidneefaheigthyferhidunsatrbiedrgroup could be
suitably dispersed. When the crosslinking points are dispersed in that manner, then the pore size in
the separatisrPobiastisHecdiiaise isnrsfaably ﬁm&%@@ig@@cﬁ@dlﬁh@idﬁpeimeation and removal

through the separation membrane.can be realized. The compound havipg at least one ethylenic
unsaturate?ﬁ?g%ﬁaféogo%é?té Sty & SSBRARE WA S RighRibiaeGRe WaSGHE R erefore hardly

dissolves qut o METARIERG I SE ANEH I SPRIa0R MRIANG I3 RIyenis ) M being

worsened. [0047] oritent of the compound (A) in"the separation fayer IS preferably 10

parts by waight @faiareteiativeAQ408:marisdapaight Alleeusoliskrantentiniig(eactiqndiquid, more
preferably from 20 pans by weight to 50 parts by weight. The solid content in the reaction liquid

includes, qgfrafkthel ¢ompoentsidahiaindd fimith eheedetipnitiquiththey sdabfidenis dezbe finally contained
as the separation function layer 10in the obtained separation membrane, from which the solvent and

other volati@ébisiitinemaalch Saqsifie arcororandihe ks ivess of dorrgardafiostireatemoved.
Whenp the am t of the compound (A).is small, the crosslinking degree would be low and there would
be a[:?sk o?cdfgﬁa '8ﬁna?’t%&é‘%sanqb‘ff%gﬁ‘i%%ﬁ%‘%gbﬁsrﬁ%}gmf%ﬁ%uﬂé%%‘ﬁ%g filtration through the
membranqtdgz\g rsen the separation performance of 15 the membrane. [0048] 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 inieciRaatianditsids Bese-pisferablyiamalinaits hyneight t 8Q parts by weight.
When the content of the 20compound (B) falls within the range, the crosslinking degree of the obtained

separatiorpfupttion daybarcowciobthigolafich thie makanidr Aalddse c Hesestahidd] ratigre e redu-ough with
no risk of dissolution of the separation function layer. [0049] Next described is the step of
forming thePb i A arPAlRMEHBFERREANY R BBtk 1 GrBow 8o By AN Bl psict anb By The

gmprising: a step of applying a

tion function | be f d di
omolon TG EOVRATIAG e HAP (R VK BB ot CORE A e o

ot e e B N B TR i of condrsin
ethylenic ypsatypiRe gresRhadudrolsrie.gepup TR a0 RERRS Lt Al NeRaRNALIRE -
containing the polyfunctional acid halide is preferably one immiscible with water and
capable of dissolving the polyfunctional acid halide not destroying the porous
20 supporting layer. The solvent may be any one inactive against polyfunctional amine
compounds and polyfunctional acid halide compounds. Preferred examples include
hydrocarbon compounds such as n-hexane, n-octane and n-decane.
[0023]
<Organic-Inorganic Hybrid Separation Function Layer>

25 Further, the separation function layer may have an organic-inorganic hybrid

structure with an Si element or the like. The separation membrane having the

10



[0051] First, a reaction liquid containing the compound (A) and the compound (B) is brought into
contact with the porous supporting layer. The reaction liquid is generally 10a 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 Ito 10 molar times

the molar ugHbaia HR.SRROUASHEAL DIRIRIANHLER LQCHAIRL Ymesslafiveip the molar number

150f the compound (A), along with an inorganic acid or an organic acid added thereto to thereby

promote thevdybiralysis Dhéhe caiopacnd(A)hjeekRhembrabd soteenéafitharaaciion lqyid is preferably
water, an alcohol-type organic solvent, an ether-type organic solvent, a ketone-type organic solvent or
their mixtueicRBrdresiatarsie, ashheayshiappd telveprratiendiaretinre htyenbdvingtharhody

ethoxymethanol, ethanol, propanol, butanol, amyl alcohol, %clohexanol, methylcyclohexanol, ethylene

glycol mond#tfaTEsn (S e siER S dRtsHE Yy inerhoad bosemsrtigiefipraing glycol
monoacetat o e T B R A Al e pe organic

monoacetat ropylerie glycol mohoéethyl ether, me

solvent, thgf@@tﬁﬁgﬁﬁt@a@t@v@gﬁwﬁn@sﬁlzsyal%ﬁ'}@ébféi R Ebaty %i&'rﬁ}ﬂ&em%ﬁe Sy ether

dimethylacetal, di ether, trioxane, dioxane, etc. As the ketone-type organic solvent, there are

mentionedaaeatinresimeiylttayhketoner apiiRropdketene supthylisghisvwaiangmethyl amyl
ketone, methyl cyclohexyl ketone, diethyl ketone, ethyl butyl ketone, trimethylnonanone,
acetonitrildheetbaeotipmmy dxideS B pifisadhye toy stphetanciesdacetenemnlgoholziate. The amount of

the solvent to be added to the reaction liquid is_preferably from 50 to 99 parts by weight, more

preferably PSR Yot iRebineremrilis sopnsand By iatmpebmesefitieontent contained

in the reaction;liquid. When the amounpt.of the solvent.is too, large, then there may qften occur defects
in thg%erﬁ@rgﬁ@;%ﬁsﬁ ué?ﬁ? i§0 3#1%1]1?, Hew ?H%%xé‘}i?‘f% %ﬁﬁg&g}}?{g}l the'se ]gn membrane
may tend {adQuet09 BlnctionTipieraRY AR ROIPHIS YRR YD IAYE  ADE, g action liquid are kept

in contact with each other by uniformly and continuously applying the reaction liquid onto the porous

supporting layer. Spesifically flemedamplgltoenrddssmrntionter panathegdmwhgradshe reaction liquid is
applied onto the porous supporting layer by the use of a coating apparatus such as a spin coater, a

wire war, &9isieabdtel) aldigcoater, a roll coater, a spray, etc. Also mentioned is a method of
immersing the porous supporting layer in the reaction liquid. [0054] 20In the case of immersion, the

contact time betwe@PHEHSHEREd SyoHHynalESiatiae et Saisrimeriadd BrelenshRndithin a range of

from,Q.5 to 10 minutes, more preferably within n f from Ito 3, minutes. After the reaction liquid
has é)%en brought irﬁ‘tSOé’é’rP(g‘c"th% ﬁﬁ%%&{ﬁl&%lﬁ%d&gp%géﬁ%ge %%R%Pé@ﬁbw, the porous supporting layer

s processed for compleieaiciemaxel RO, 0 IAIG BN 25010 KA SSIRAINN the ayer

Sufficient liquid removal prevents surface defects to be caused by some liquid dfops remaining on the
surface, thexkiiy: prenpotind (B the compound (A) may be condensed via the hydrolysable group

therein.
[0024]

20 In the separation function layer, the content of the compound (A) is preferably
10% by weight or more, more preferably from 20% by weight to 50% by weight. In
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
weight of compound (A)/compound (B) may be from 1/9 to 1/1.  Within the range, the

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

crosslinking degree and, therefore during filtration through the membrane, the separated

11



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 method of spraying a nitrogen flow
or the like onto the layer via an air 5 nozzle to thereby forcedly remove the excessive liquid. After the
liquid removal, the membrane surface may be dried to further remove a part of the solvent in the
reaction liquighdO dhasRmAleondensingdig hdleabls glounAfsilianisrarigdout
10through heat treatment after bringing the reaction liquid into contact with the porous Supporting
layer. The hehting tesuberhtusepinatiin casetimrequiiedaidrbetiief thatthpiespaiaiire at which the
porous supporting layer is melted to decrease the perfotmance thereof as a separation membrane. In
order to prBQﬁ?e%ls the condensation reaction rapidly, the heating is preferably carried out generally at
OC or higher, and more 15preferabllg at 20C or higher. In addition, the reaction temperature mentioned

above is preferably B3 EOBMRHC hdnerEpranst ABA 220 G g J8MEPURdRE IS TBmperature of OC
hi ) d1th g ‘ ) i h .
or |g@erup§§§§ﬁ§§§§%%§¥ rg&alfsng%ess le (ﬂ?e f-lngatlon rea&tlon Agg&é}{él#ée eas a rejacnon

temperat wer makes It easier 10 contfgﬁﬁglﬁlyg'rolyss an COngEhEfion reaction.
In additionythe asiditianiehasaalyshiosARRTRMANAY LR P kisisioh ths Sondensation allows the
reaction to be progressed at lower temperatures. Furthetinore, the heatirig condition and the humidity
condition drerselectechtopid\idp dhel sepaiatite funationfayecwitpoperes dirisugfava that the
condensation reaction can be carried out appropriately. [0056] 25As the method for the polymerization
of the ethyfeRipAmsHi(watethg mdprthdasaipountiqAgranshitibappiypdumtd (BY, aepolyd@)zation can
be carried out by heat treatment, electromagnetic wave irradiation, electron beam irradiation, or
plasma irrﬁatéi?ofili‘. eéfé’&ﬂ%‘?ﬁﬁgﬁetic wave herein includes infrared rays, ultraviolet rays, X rays,
and {gays; 'tle an optimum selection of the polymerization method may be made appropriately,
polymerization by electromagnetic wave irradiation is preferable in 5terms of the running cost, the
productivity, etc. Pojyesizationibiilisragayaiiadistion oumtiuiglehraviiadiationismore
preferable among the electromagnetic waves in terms of convenience. In the case of actually carrying
out polymeringtibawirthrthetiveegehipithas dreaysnasdiidayiolehsrys, theaelightsaunees do not have to
selectively generate only light rays in these wavelength ranges, and it is enough for the 10light sources
to generateORPRIAYS fseiveingoaee fibamaprntparays (0thesegvabpisnytabingesipHowever, the

strength oggéesﬂ elggromagnetic waves is preferablzhhi her as compared with electromagnetic waves

in other w. Ry EoTEnh SorthBabims 1!she desravedbrymmamsigion fiffe and to control the
polymerizafj H 5 .The electromagnetic.yyaves can b nerated from a halogen
|am£§ xe@ r%; c?rﬁj I%gn&g,@%g%pz,gﬁggfg r%se%r fgr%nﬁ;il%ar% é’?%ﬁ?a‘i%‘éﬂ%‘%ﬁ%% (g igr(éné: agrffﬁl8¥e€sece nt lamp, a

mercury lampagisa Whilsthr.enerev@fithe,slesienagpelicwaxesignelnadiciiatly.lipited as long as

polymerization can be carried out, above all, short-wavelength ultraviolet rays with a high degree of
efficiency f&ve high thin film forming properties. 20Such ultraviolet rays can be generated by low
pressure mercury lamps and excimer laser lamps. The thickness and the configuration of the
separationd¥#étion 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 w é‘?"’,%}ﬁ?’a REFSHRPOBRHAS be irradiated, and the processing time, in the case

of 20  [0028]
In the compound (A), the reactive group having an ethylenic unsaturated
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
25  of'the polymerizability thereof, preferred are a methacryloxypropyl group, an

acryloxypropyl group and a styryl group.
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25polymerization with electromagnetic waves. Therefore, these conductions need to be appropriately
optimized. [0058] 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 5herein are not particularly limited, and
are appropriately selected according to the structures of the compounds used, the polymerization
approach, m925?059] Examples of the polymerization initiator are given below. Examples of the
initiator for the polymerization with electromagnetic waves include benzoin ether, 10dialkyl benzil ketal,
dialkoxyacetophenovie aeyppbaseRinerexidea pabisasyipbesphinpaxids asdikelanes;(fasexample,
9,10-phenanthrene quinone), diacetyl quinone, furylquinone, anisylquinone,
4,4'-dichlordbmnizyiogimoneoand @) cbialkasxybenyzgioxihgneymnbecaniphdecptinbneompamples of the
initiator for the polymerization with heat include azo compounds (for example, 2,2'-

15azobis(i50bEEAG AR ATBKY B rmnedeydinehrspbeiivessi &y Pt exicdc fimtestmple,
dibenzoyl eroxidebdilg rayl peroxide, tert-butyl octaneperoxoate, tert-butyl perbenzoate, or
di-(tert-buty fpceor%%duela, #jﬁ%er aromatic diazonium salts, bis-sulfonium salts, aromatic iodonium salts,
aromatic swfgr@i}lm salts, potassium persulfate, ammonium persulfate, alkyl lithium, cumyl potassium,
sodium naphthalene, and 20distyryl dianion Above all, benzopinacol and 2,2'-dialkylbenzopinacol are

particularly preferabipasyiaiiaiossiios tagicaliRobsmpataadion) PRI he.peraxides.ard @ diketones are

preferably used in combination with an aromatic amine in order to accelerate the initiation. These
combinaticusuardkaisp 26rgfemedtongratorgeriesrboxekaropte ok thedemserie@sisa combination of
benzoyl peroxide or camphor quinine with an amine (for example, N,N-dimethyl-p-toluidine,

N, N-dihyd SR8 IRFai e 2SS Tt ABY RACARIRGISEH BxteD.Glieheill b AlketvezpUpuithermore,

anothsr ser}gﬁaraﬁﬁ also Erefera le which é‘ontﬁin a peroxide in combination, with ascorbijc acid,

e
A 02 AV IRE TR i d LEERPIGOETD BB SR BPHBR LR EHPL00 10 200C

barbi]turat ,Or'su

produces & spRJenSRIARARAION, 1 Bk BRAA. A SIANS. SRURIO AGeN dspived separation function

layer on the surface of the porous supporting layer. While t eating temperature depends on the
material ohibe pesustyFRARID G ayirbiaOiet 2 hesling HRPEIAIHEBIGaSASdisSRgIoN to block

pores of the porous supporting layer, thus decreasing the water desalination 10amount to be finally
achieved biothe seljarativrwomyé grommis. [Brictiabl ptiver Inamol foonid®va Heatibgriampatatisee produces an
insufficient condensation reaction to dissolve the separation function layer, thereby decreasing the
removal rdgterably one having two carbon atoms, or that is, an acetoxyl group. The ketoxime
15 group includes a methylethylketoxime group, a dimethylketoxime group, a
diethylketoxime group. The aminohydroxy group is such that the amino group bonds
to the silicon atom via the oxygen atom. The group of the type includes a
dimethylaminohydroxy group, and a methylethylaminohydroxyl group. As the
halogen atom, preferably used is a chlorine atom.
20 [0031]
In forming the separation function layer, also usable is a silicon compound in
which the above-mentioned hydrolysable group has partly hydrolyzed to obtain 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.

[0032]
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[0062] In the above-mentioned production method, the step of polymerizing the 15 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. [0063] The separation
membrane thus obtained in the manner as above can be used 20directly as it is, but before use, it is
desirable that the surface of the membrane is hydrophilized, for example, with an alcohol-containing
agueous solution or ' Lyt 64] 3..Porous Supporii ayer 25As the porous
supporting layer, heﬁ%@é@gﬁ%ﬁrﬁgﬁﬁgﬁﬁg\%Cfrlié%ptgﬁ?oerrrﬁ? ﬁ%seg)’ggda@féig‘%?ﬁ&‘?’ Hembrane
and having@:guprasting function. [0065] The material and the shape of the material for use as the
porous supporting layer are not specifically defined. For example, a layer of a porous resin may be
formed on a substrate. As thSim&uﬁ?s)uﬁﬁﬁlr_mg layer, usable is polysulfo®, cellulose 5 acetate,
polyvinyl chigride, epoxy resin, or a mixture or laminate thereof. Preferred is use of polysulfone having
high chem{SalTsRrEerRIAIR AP 261 ErisarR ceripimipestctayanle wisivinedgpore SiZe control. [0066]

Next described is a methqd for,forming the porous ?upporting layer. 10[0067] As described
below; therggl}%sﬁgtgﬁ%gg%q & rﬁ%%}‘?fea?o?ﬁ%%‘w PO SEIHED I CRAP REE EHRLE: SOFGHSABE polysulfone in

N, N-dimety 3 SIS S IR ETerTed 0.5 DM o0t the substate o be

mentione w, or that is, onto a densely-woven-polyest ric Or a NONWOV

predeterminadh thicknessriharaan dnioloned by, wef, %@&a{%@m'@;ﬁ@%&o@gﬁl In R'h€ porous

supporting layer may also be referred to as a porous resin layer. The porous supporting layer can be
formed ac8Sraiddkip Wemtethod esclibetiindiQfiop b Gal et afcddeseardhansdydelopment
Progress Report”, No. 359 (1968), 20in which the polymer concentration, the solvent temperature and
the poor sBI§eARE doREsmMEd so as to obtain the above-mentioned configurations. For example, a

predj ermined amqunt ofg)?glg/sulfone Is dissolved in DMF to prepare a polysulfone resin solution
havi é a predetetmingd SEREEN ATOMP RRESRIRRE S3ISERHERS HISHTUEBIEHSR R appfiéti®dnto a substrate

of a polyegter.fahric, 058 honwoven fabric nearly in a 25given thickness, then the solvent in the surface
is removed in air for a given period of time, and thereafter the polysulfone is coagulated in a coagulant

liquid to formo3bp

R?is a hydrolysable group, and is as described above. The carbon number
of the alkyl group to be R? is preferably from 1 to 10, more preferably 1 or 2.

15 [0034]

The hydrolysable group is preferably an alkoxy group. When the
hydrolysable group is an alkoxy group, the reaction liquid to be prepared in forming the
separation function layer can be viscous.

[0035]

20 Examples of the silicon compound (A) include vinyltrimethoxysilane,
vinyltriethoxysilane, styryltrimethoxysilane,
methacryloxypropylmethyldimethoxysilane, methacryloxypropyltrimethoxysilane,
methacryloxypropylmethyldiethoxysilane, methacryloxypropyltriethoxysilane, and
acryloxypropyltrimethoxysilane.

25 [0036]
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intended layer. 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 existed and which serves as a nucleus
after DMF removal. 5[0069] 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 thereforefp i N5 afea, BN 6745 i0.A90iERels o oo clel, and consequentl,

the open cells to be formed may grow ss-to-say, & nucieation condition may gradually
change depenging@raisdisisncefiemte swigcernd dherriareadaverbayngsmgntle pore size
distribution with no definite boundary can be formed. By controlling the temperature of the polysulfone
resin solutilrtoghehyded ysatiie foomatioRostée, @nthalsal Y ;onirehirgiibetpeksuitone concentration
and the relative humidity in the atmosphere where the coating operation is 15attained, as well as the
time to be QR AT TEBERRE e &DET BsRRpRifgMh b vdsutantiiqeie antthepempbtiature and the
comp%sition of the coagulant liquid, there, can be obtajned a desired polysulfone film of which the
mean poro%?@%ﬂ&ﬁgaﬁg%ﬁeHBPécg“?é{%ﬁléaE&Fﬁ%ﬁ@&tﬁPﬁéféliﬁ{’é’nHﬁﬂwgﬁﬁé@%@#ﬂ@o% porous
supporting i{;p&ﬁ%g,rmgﬁhanical strength to the separation membrane, but does not have
separation performance &e tﬁ'e separation membrane against components having a small molecular
size such agggys, etc. The pore size and the pore distribution in the porous supporting layer are not
specifically defined. For example, the porous supporting layer may have uniform and fine pores, or
may have 25fine pdrestafestidiedhe HintoeipogradBalyiinreasebyiam e aurkace @baide on which the
separation function layer is formed toward the surface of the other side. In any case where the pore
size is uniforeRRS e Huslipunhapmmesutse(pore size of the porous supporting layer may be such that the
diamleder cs)[f %}gﬁfircle corresponding to the projected area of the pore, as measured on the surface of
the parou % orting layer on which the separation function layer is foiHied by the use of an atomic

force microscope 56, 80,REHRNAGIRAEANS IS TOH: UBhIR 100 Fspecialy prgferably. the pores

in the surface of the porous supporting layer onthe side of on Whit Sep afion function layer

is formed e 318068 (52609 SRR 0158y IBerms 9idhe diametanel 1ba Gifslg;cqmgsponding to

the projected area of each pore, from the viewpoint of the interfacial polymerization reactivity and the
retentivenessanktivel sbpiardkiorafivestion 10performance of the layer. [0071] The thickness of the
porous surF(ﬁ%orting layer is not specifically defined. From the viewpoint of imparting the strength to the
separatiori #AéMbrane, from the viewpoint of forming the height differences in the separation

memphrane and from the 18viewpoint of the configuration stability of the feed-side passages, the
thicrlT<1r$ess is prefer?ﬁﬁ?%%ﬁiﬁ ﬁf%ﬁ?d@pé’fuﬂgﬁ? %%@UW%IWBWMWVWWQ A of from 30
to 300 um.JA0Ta} The,conflawrtinn e ReipnssHRRRIRG e may be denified fyuah
200bservation with a scanning electrdn microscope, a transmission electron microscope or an atomic

force micrpgsene. thosAKBINEIE: hataNBERIWIR PRRMALTIR A SEBRHE % SleLR microscope as

follows: The porous supporting layer is peeled from the substrate, and then this is cut according to a
freeze-frastpeeath@idcdoagive saisgimple for cross section observation. The sample is coated with
platinum or 8Iatinum-pa|ladium
[0040]
20 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
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.

25 [0041]
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250r 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, 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 the

pore size, Sin terms of e avasiRhAHHIA CFIR ACRAIRI O IBNG PLOISHIRE. AiRaGleach pore. i

the surface thereof are determined. Thus determined, the thickness and the pore size o

supporting g&yﬁﬁ,mmpﬁ@gﬁthaéueﬁviﬂg@bﬁ@m@ﬁ&%m%mfgﬁmgggmw%gs@@é@rage value
of the found data for 20 points taken at intervals of 20 vim in the direction perpendicular to the
thickness ditébtivalet tmhjayaleimobyderveido mothtiveytioss d,(s¢bjidivof iehiglyecnFeraoale size
determination, 200 pores are measured for the diameter of the circle corresponding to the projected

area of each(Pisih)usu avlemEctbyEaatitisraci arddiscres givenpiaperbyizrlef0d73] 4. Substrate

15Further, the, separation membrane may,c rise,a suhstrate from the viewpoint of the strength, the
dimeng:ion %lteggﬁﬁ%%)ﬁéo me{%cc r%rélaav%rggr%%;C %% T TR HEF Wé%‘??ﬁ‘@?éf@fs preferably a

fibrous su E%Bﬁéf%hé%é!@’é’ﬂﬁ#ﬂkﬁ%‘f@a%‘i@ngth’ the concavoconvex shape formability and the fluid
permeability thereof. As the substrate, preferred is use of any of a long-fiber nonwoven fabric or a
short-fiber @@rghwoven fabric. Especially preferred is a long-fiber nonwoven fabric having excellent
film formability. With a long-fiber nonwoven fabric, it is possible to prevent a high-molecular polymer
solution for forming @ishbstrate-fremtioxcd ssivglyunditiating an ik pessingtyenghubataubsirate when
cast on the substrate. Furthermore, when a long-fiber nonwoven fabric is used, the porous supporting
layer can IEEPHReVBAIEHHGRS 2 BhasmRpiTRaUZENG thewbubiryinheivaiassifuffing or the like causes

memprane unevenn or results in defect suchms inholes can be prevented. Use of a long-fiber
nonwoven Tabric &ng?}if?)os }??glel% ?ﬁ@rrﬁb‘ﬁfﬁiﬁﬁngé’ a}hogghgnﬁfa?ﬁ@m?s'makes it possible to prevent the

rouble thal e, 1oV PUoR A9RYSMNEN. & £hOR ES PRRMAYSR R Insed eauses uneven

distribution of the cast polymer solution or results in meimbrane cts. In continudus production of
the separatiethiogipianes eRtigipnay peoaphisk bthereiainthemashingshwstion, and therefore, it
is desirable that a long-fiber nonwoven fabric excellent in dimensional stability is used as the
substrate. ¢8@Fa}1jacryiictiedong-filded-tomatbygrhéaplie: [Preferably, fibers in a surface layer of the
long-fiber ngnwoven fabric on a side opposite to the porous supporting layer have a 10higher
IongitudinﬁW@ﬁ@fﬁ?%ﬂ&W%ﬁ?ﬁ@@bW&l@@ﬂ%r of the long-fiber nonwoven fabric on a porous
suppl%rtin (525% side, from the viewpoint of the formability and the strength of the fabric. Having the
configuratfon, e nonwoven fabric can more effectively secure the strength thereof and can be

therefore preventecfof helogL Bk HUTHRL A8 CORAMERYAN YD RS, FrViR0ss lhe formabilty

of the laminate 15that includes the porous supporting lay the substrate In giving concavoconvex

shapes to gheupeprsstiancreasivanpoants theicoscavetaorasHbapsspithe separation membrane can
be thereby stabilized. More specifically, the fiber orientation degree in the surface layer on the side

opposite toxtehohmgspimsphiteyany eroftthe tyhyliseprophditedraerptissplefierably from 00 to 25,
and preferably, the fiber orientation
methacryloyloxyethyl monohydrogenphosphate and 2-methacryloyloxyethyl

20 dihydrogenphosphate, 2-methacryloyloxyethylpheny! monohydrogenphosphate,
dipentaerythritol pentamethacryloyloxyphosphate, 10-methacryloyloxydecyl
dihydrogenphosphate, dipentaerythritol pentamethacryloyloxyphosphate, mono(1-
acryloyl-piperidin-4-yl) phosphate, 6-(methacrylamide)hexyl dihydrogenphosphate as
well as 1,3-bis(N-acryloyl-N-propylamino)propan-2-yl dihydrogenphosphate.

25 [0044]
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20degree difference between the surface layer on the side opposite to the porous supporting layer and
the surface layer on the porous supporting layer side is from 10 to 90. [0075] The process of producing
the separation membrane and the process of 25producing the separation membrane element include
a heating 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 production, the

shrinkage Is noticeableq thg A RKagsTRY K dnRRlen el gimensigial stabligibe ke, and

therefore, the substrate is desired to have a small thermal dimensional change. In the nonwoven
fabric, whegrshp, diigecnserpetwaemibediikesgsipniationdoaraaindhsiswiace layer on the side
opposite to the porous supporting layer and the fiber orientation degree in the surface layer on the
porous supfioriipleefayerl Side iscicorn 1-(nethayemitiemopnyeltheatdteral direction of the fabric by
heat can be retarded, and therefore, the fabric of the type is preferred. [0076] 10The fiber orientation
degree as F2P4rtkd to herein is an index of indicating the direction of the fibers of the nonwoven fabric
to congtitute the porgus, supporting layer anz means the mean angle of the fibers constituting the
nonwo§ven fabric in a&%}étscéé%gﬁ?é%? ?ﬁea mslnd donirmbig %%8}"&%%&%%8% Fidn is referred to as 0
and the dirgction:per ' | irecti ati I | direction of the
Bnomove ] e D R B P T e gree i
nearer to GhiieRdhedibiersoditindeseHepeiticineh anientation Bubwhamhe degesdsaearer to 90,
then the fibers are in more lateral orientation. [0077] The fiber orientation degree is determined as
follows: Tethssinpdrsdesptib@Dipitdeseare randomly sampled from the nonwoven fabric, and the surface
of each piece is photographed at 100 to 1000-power with a scanning electron microscope. Ten fibers
from each k le, therefore 100 fibers in total are analyzed in point of the angle thereof, based on the

angle of the lengthwise directign (longitudinal direction, machine direction) of the nonwoven fabric
refeﬁré% toas 0 an(\gly onihE Ehglé gp?ﬁgt?&énfgaﬂéﬂﬁha(f&f’é?é‘i‘ﬁhﬂ%ﬁ%ﬁ?%?‘fﬂ@%%nwoven fabric

eferred ooan0u AR OB dele: 8k Acraged LG ABRS YA SEaRdRA oM e st decimal

place to the closest whole number to be the fiber orientation z ric. [0078] 5.

HydrophilimMadgguies Slhessgranation)miembiang soatains Rydepkilis ralecylasdeat least one of the
surface and the inside thereof. [0079] The hydrophilic molecules may be applied only onto the

surface of ftrecepdratiocemesrfbrard, mr apply ng ithél s thintothbdn sigetine sepataticr) membrane.
10The surface of the separation membrane indicates one surface or both surfaces thereof when the

membrandl&LCABATHERMS R BY Srolardiect oHaad ol e rinmiheretvisaie ansatheatsdter surface

whquhe membrane |% ollow flberdygrrglgrane. |I‘é5]de mealns the part betwgen the two surfaces

whenthe ﬁwrg%rgn%r?sg BRSSP SESE 1RE B9 MBI e e MBS WEF S iSice and the inner
surface witgfh o APIERs AR %A THPE SARRIY R R ERRES A i URRD e part to be

brought into contact wi

atom, and therefore the density difference between the part around the silicon atom and
the part spaced from the silicon atom would increase.  As a result, the pore size in the
separation function layer tends to be uneven. On the other hand, when the compound

20 (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 suitably dispersed. When
the crosslinking points are dispersed in that manner, then the pore size in the separation

25  membrane could be uniform. As a result, a good balance of permeation and removal

through the separation membrane can be realized. The compound having at least one
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liquid such as water, etc. Inside may also be expressed as the part of wall in the separation membrane
structure. [0080] Preferably, the hydrophilic molecules are arranged at least on the surface of 20the
feed side of the separation membrane. Namely, the hydrophilic molecules are preferably contained in
at least one of the separation function layer or the layer provided nearer to the feed side than the
separation function layer. For example, the concept that the separation membrane "contains
hydrophilicsmglesidessimahidasan e mRefimient Whete g saRarANAN MEMAARaNAS R Rrotective
layer having a hydrophilic group, on 25the feed side thereof. The hydrophilic molecules may also be
contained imththgefoushantiyaiiisgayen o fhie:sepatationimesspsanenosspayhmin the substrate. The
protective layer may contain a crosslinked product of a water-soluble organic polymer having a
hydrophilicéBlsaas thetevarisddreaidninherest@bsl] In case where the separation membrane
contains h){ﬁ@g?ilic molecules, the Swater permeability and the solute removability of the separation
membrane-may{ower even when the separation membrane is dried at a high temperature. In this,
dryingqmeans that t n of the separation.membrane is reduced to 20% ar less. The water
contens'inof the sepa::ia?'[lle(\!)vré?g r%{g?rﬁggﬁé s I@)‘?B}Igsgs?e@ Er§/ &?/é‘%%atr%{g%%%g}% %ﬁelﬁ?(gmﬁﬁgﬁ%e %?Sre bone-dry

treatment -1W§mw SRPaTEEPMSERRIARS I bORe-Ar KL DRI UEVRION, Rf SERATATICH membrane

before bone-dry treatment) x 100 (%). The hydrophilic molecule means a substance soluble in water,
and is specfictiby Hqibistancepeafoadiily dicis30ving by waighincasmpa-Rbweighhef 113420 or more. The
separation membrane in a bone-dry state can be obtained by drying the separation membrane at a
possibly higHikeearapeiathes echigndintie isebitereobfithds eparaniomimembniané idabs not 15change or
does not deform, far a sufficient period of time. Specifically, bone-dry means dry treatment of the

u
separationt FRENr ﬂ'é“i’t@@@é%%‘?ﬂ@&?sb%‘ contapped paidsrssP iRy disstine \istecules in the
sepafgtionig}ﬁ@%%ﬁgegfg%ﬁ%%&%d% Itlggraafrrlneprto gl)r“m%achi énso ‘PG%EE- ro%ﬁt%%:]‘?%ﬁ ttilEreferably 0.1% or

more based on e weight o one oﬁy separation membra 2 weight of the

hydrophiliesgleseles fias heansHbiamethANadgiReefsrabl A% QLless,F L SXAIig, highly-volatile

hydrophilic molecules may evaporate away from the separation membrane by drying and the
remaining “fheutittherecofidduteasespitiad (A protectiyatayeswfithedpydierbiliometecules could not be
formed and further, the 25membrane performance degradation owing to drying could not be
prevented 2@hiRE StHEIHhe P ehdiseolvéieh pidim sranprine 0% thesetheasiepdiaitnmembrane may

be swoller[: bg/ %e.hy&ﬁ)phjlic r%c:)flecules and could not express the separation function intrinsic
thereto. THY FARYSREHL CARUGRETPH MrapRRiaRs Sletarsenihnec Bt pedpamanehahembrane to

the vygighttg{)m&ﬁ%?g-dry separation membrane from which the weight of the hydrophilic molecules

has been subtracte rﬁay be expressed as (X- 5 Y)/Y x 100 (%) in which X indicates the weight of the

bone-dry ggpagation membrane containing hydrophilic molecules and Y indicates the weight of the
 bone-dry separation membrane not containing hydrophilic molecules, [0083] The production
method for the sep&rafionbiyerthbranseaoniphisesyas ihe GBRsofILPARGIFPOVELngdhdeophilic molecules

in a separation membrane, a step of bringing a

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

20 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.
[0049]

Next described is the step of forming the separation function layer having on

25  the porous supporting layer.

[0050]
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separation membrane into contact with hydrophilic molecules. [0084] In this description, both the
finished membrane and the work-in-process membrane (this is a membrane in the course of
production but may have a separation 15function, and for example, includes a membrane in which
concavoconvex parts are not formed and a membrane not containing hydrophilic molecules) are
referred to as "separation membrane” for convenience of explanation. [0085] The step of bringing

hydrophili lecules, | tawvith: i b include, f le,
Do oo GO SR SR ARSI P i o o

cules in water or’in a mixture of water and-a olil)(g?%ersﬁetone and bringing
the resulting.sehition.intagrataghwiha s@&@@{igam%ﬁﬁﬁrg%ﬁed&?ﬁ{m@d@?%&@ﬁestep of
bringing hydrophilic molecules into contact with a separation membrane may include coating the
separationdemptiond e owithaauhsatate:so ke drgaoidpptimes havingse:pydrashiiegroighand 25then
crosslinking the water-soluble organic polymer to Mini a water-insoluble protective layer having a
hydrophilicCHRGpia p Fetisd BTg v duba Tirreré aprdansingrdpstotmlseihty lsyovpphiticmblecules with

a separation memhrane, are.discyiminated from each other, the step of bringing hydrophilic molecules
into ¢ ntagfwlggsgﬁﬁf‘éﬁ%ﬁ ?ﬁé‘?ﬁbr 18%%%%%%8@&&3}696%§§n fiyiehigamaiwsiad contact

treatment, gnd 1he SieRRf %Ifg m’?ﬁ -én luble pratactive layer is referred to as Sprotective layer
formation tgr’qégarélent.i%%S %{s \gﬁ%ﬁ&roﬁl |gr%n%§es(l}:l%‘§ss?cr)ng§1ﬁ§éd in the contact treatment,

especially peferred is a moisturizer. The moisturizer is a substance capable of preventing water vapor
evaporation from the separation membrane. 10[0087] Not specifically defined, the hydrophilic
molecules to be usdtirfs theactinteldyié abnentimeghbecanyoané s Apisteihaciingpiond {w gffect of the
invention. For example, there are mentioned sugar-chain compounds and polyalcohols. The
sugar-chalf G&hpiingsnifealtéybe pssown swpotiva ey, ddleirsarbmalosedgalzatosdlyl Sxylitol,
Iactogg, hyalﬁgl)nan, chondroitin Sﬁ{lfate, c. From_the viewpoint that the performance degradation

t

owing to diyiRg ST IHE SEBUPS R ROMENbr Fé"’e%%ﬁ%?ﬂélgﬁﬁ%ﬁ‘h facRadierimayharahRFophilic

molecules; g;;[‘l!ﬁg %%@g%ﬂ,ﬂ%%ﬁ%&%i%}fﬁé ?é

cﬁg I;r e s, hioses and trioses. Of those, more
preferred is at least one sugar group selecte e%"rom g?%%)se,ﬁsilﬁ rghslg,ar%g %%lé?ltlgg%g%??%’halose and

raffinose. pbg ReRehyrisohmiaRclid aaheenin il yeRln sy ihs1Rutyleng glycahpplyethylene glycol,
etc.; polyvinyl alcohol; diglycerin derivatives; polyglyeerin fatty acid esters; polyglycerin, etc. From the
viewpoint tddtthie ferfeacined gdediadationcwing fadnfing bf thel sepacatiba mepbianbes extremely
low, preferred is at least one polyalcohol selected from polyvinyl alcohol, glycols, glycerin and
polyglyceri. ot mBpedrichyradirdty fiempdlinyfyerinr titey oisktéedos nayaber anyberes soluble in
watei and ; ex%’?ﬁnﬁples’;&se re meﬂga?en.ed stearic agid, oleic acid, caprylic acid, lauric acid,
myristic adH AR MRS W RN WRAR ORI ARIAShFRSRIIE Fhleedrebthassouable in

addition tQﬁQx%@b&Vcﬁ‘rﬂ)r@ ﬁ{g‘ﬁ}ﬁrolysis of the compound (A).
[0052]
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.

20 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 monomethy! ether, diethylene glycol
monoacetate, propylene glycol monoethyl ether, propylene glycol monoacetate,

25  dipropylene glycol monoethyl ether, methoxybutanol, etc.  As the ether-type organic

solvent, there are mentioned methylal, diethyl ether, dipropyl ether, dibutyl ether,
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Shydrolyzates such as soluble collagen, elastin, keratin, etc.; carboxylic acids and their salts such as
polyglutamic acid, sodium pyrrolidonecarboxylate, etc.; various types of animal and plant extracts
having a moisturizing effect, such as aloe extract, brown sugar extract, marine alga extract, yeast
extract, rice bran extract, soybean extract, rose fruit extract, sophora angustifolia root extract, gardenia
extract, ginseng extract, capillary 10artemisia extract, rosemary extract, bifidus fermentation extract,

human oligaReRlidese: ClfmtNeI MR RKIICIRN AlRESAELRRE giher sgyalan sopbined

[0089] In"bringing the séparation membraneé with a Solution 6f hydrophilic' mo s in the

contact treatgaant stheeaQntRet ieatmanbitnadsnel, shasifically defined. ASRelamRly, the time is from
5 seconds to 5 minutes at around room temperature, more preferably from 10 seconds to 3 minutes.

When the &eoiastmeshyhsnbttykkisteinmedahehahy domopenertsditpddemnid dtetertrdatitfiquid could
not reach inside the membrane and the re-flowing capability may lower. On the contrary, when the

contact treSERBFRYE RetYHe men e AR RSRCB i eRseYi Hilgpsstvae. dorstudoritemethod of
bringing the, separation membrane, with a sojution of hydrophilic molecules in the cqntact treatment
includ%%, fgep %&%1515%??8%5%’90 e_é%%%%?gﬁc?f'wcﬂbéqhStrcaneji%etﬁgl%mt?grﬂ,‘%ﬁ?ﬂ‘f_ﬁﬁbt?n%solution to the
separationmempy %erreﬁt%iéﬂ?&fﬂ&%%@fér%%g?&g’%b%eé@%%#gﬁéfﬁg%‘?”&%?%?@f@% od of using

an 25apparatus such as a spin coater, a wire flow coa tér, a rofl coatel),{a spray, etc.
[0091] frdhescanoeisatiasy afheiukanphitic: pmolReulss Indbaisaiution mayoyasy: depending on the
effect to be obtained and the combination of the membrane, the solvent and the solute, but is
preferably seittimed rarthe whfroon 0idige by Wheghthtas0un oo theightet imare angiableiconcentration
range can be determined with ease in a pretest. For example, for polyglycerin or trehalose, the
concentrafifiaieteofenncworels Grerstbmamiino sy wWesgit i tsosmslavksgrtheitoter preferably
from 5% by wei Etlto 120{ b%weiaght. Alcohol, surfactant, antioxidant or the like may be in the solution
of hydrophi Tokaito égﬁé’ }I%ﬁ RAEEEE! th E%ﬁ(fﬁ%g’g Ff&&?&ﬁ'the 10antioxidant or the like is not

specificallyfgfimed, falling within a range not overstepping the intended performance range. [0092]
Not specifically defined, the contact treatment temperature may be within a range not deteriorating the

membrane. For examgigabinth@dreaisns st sidamenifan.baQke HaMeMQiana-8Rpba broken owing to
the freezing of water contained in the membrane; but when the temperature is too high, the membrane

may be deterieratedhagrgivothdrint furfotiolyssid cepmratichy mprhdrande TetigppBgtehyesature limit
may vary depending on the separation membrane material to be treated. In case where the separation

membrandie RIRCHEEVTRD BNy lePRs ralbnin stempleckup dementoredsoneilitdne-made
porous supparting layer.and.a crosslinked po ide-made separatjon function layeyr, the contact
treat&rln§enltJ er%rpeletraettrjraéclté{“'f}re1 ur]"éiblﬁaii}’gﬁe%gn %@gl@o Fﬂ%?&‘b‘%%?&%%%‘#ﬁé}é 11‘8‘%6[@. [0093]

Prior to the coniaekieARRAENLIS Assirabledhatihe SaPArHIon MEUPIANE Baeiulyoyashed. When

the separation membrane is insufficiently washed, then the
coater, a spray, etc.  Also mentioned is a method of immersing the porous supporting

layer in the reaction liquid.
[0054]

20 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

25 drop may remain on the layer. Sufficient liquid removal prevents surface defects to be

caused by some liquid drops remaining on the surface, thereby preventing the

20



unreacted substances and additives may remain as impurities in the solution of hydrophilic molecules
in the separation membrane forming step, and these impurities may cause reduction in the efficiency
of the immersion treatment. The washing method is not specifically defined, and as one example,
there is mentioned a case of immersing the separation membrane in pure water or in an aqueous acid
solution, an 5aqueous alkali solution, an aqueous reducing agent solution, an aqueous oxidizing agent

solution anagHBRLs pleaNRl R AN ALINE i, OTAPRYIAG WAINANAEIIES LS I, geparation

membrane. A most preferred case comprises bringing the separation membrane with analcohol
having from higibéarhas siopsaiswitbpariaguertisseiuian thesael(brnwas Ringigmpgrature is not
specifically defined but is preferably higher 10within a range within which the temperature does not
have any neduatigeimflcahce chethbynerkbtha expesiorenanceomsi @ridbipogthigbwaificlescy washing.
[0094] The contact treatment step may be carried out in any stage of before or after the step of
imparting HEGR: BifRsited 96 Wreseparaifsrerndianranthodike s atetBeds st viimpaiting height
differeg‘ncesngo the separ [ brane is carried out ntact treatment step, then the

) aes Aharatan el er,;ﬂ‘e it g

moistarizer ¢ould TUNCLON A% & protective I8 eShd the the LB AP HBHMEMBran Ean be thereby
prevented fiabaiod AEleRIAIe Brauaidna I RIRR RLIMPAFINOORION fifRrencas o the
separation membrane can be Carried out by embossing orpby arrangement of a dlﬁeren?materlal, as
described Hglaw. 20[0095] After the contact treatment, the separation membrane may be dried. Any
conventional known method is employable for the drying method after the contact treatment. Preferred
examples 89@h&]drying method include a method of keeping the separation membrane in an air current
at room temperature or under heat, a method of 25keeping the separation membrane in a dry air
current, a method of §athiBfssedsnrnaile bydetnedlsiarpamatsiinnminverdohows, a method of
bringing the se tion _membrape into contact with,a hot roller, etc. Different drying methods may be

Aot RiER e e e ey sl bﬂ%ﬁ%laf?iﬁ?@.@gh&ﬂbmwggﬂﬁ mode.

pﬁr
carriéd out Simattaneousty e’ﬁ)ta

Regarding, e sraigndrbe digddisenlinsepsationqisibians mav bedliisd . ouany he adnered

and sealed part and therearound may be dried. Prior to drying, the contact Streatment solution may be

roughly reragieeiaseardingtotbenatons whspamanseussawied s aetifdgaliopidremayal or the like,
and this is effective for reducing the load in the drying step. [0096] Regarding the time for drying the

separatioriimseiraascpadtion shaperaithe hOmEmtorpngtesb ¢hd doddtheatepatatiGonmembrane may
be dried in the form near to the form of the final separation membrane element, and for example, in

case wherdRittYolh bratieeds pardiishl mewiind Autiscadatiyme Atfraridiighsspandiorrunction layer may
be farmed on.the surface of the separation,membrane, and after the separation membrane is fully
was%ég, it r‘ﬁé@rﬁ’e@ﬁ@ %)%ras@\l/vep'ereI}ﬁgdéggg’r5@%???’%%%?%6@31}36?8@5“1 A %effbrane or a
tubular ey 1 0SPRIANE MRYRRAHRAIRL NRTe: hundles havs Beendoimgd.or after the

fiber bundles have been inserted into a case of a separation membrane element, or as the case may
be, the meshbtang Mgyealso hewsedPHoniol R FITNHEOndesSIion :QIcksH iapths membrane may be

dried while in the form of spin-off balls or bobbin-wound strips.

whereas a reaction temperature of 150°C or lower makes it easier to control the
hydrolysis and the condensation reaction. In addition, the addition of a catalyst for

20 promoting the hydrolysis or the condensation allows the reaction to be progressed at
lower temperatures.  Furthermore, 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.
[0056]

25 As the method for the polymerization of the ethylenic unsaturated group the

compound (A) and the compound (B), the polymerization can be carried out by heat
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20[0097] The range of the separation membrane to be dried is not specifically defined. In case
where the membrane performance is desired to be enhanced through the drying treatment, naturally it
is desirable that the entire membrane is dried. [0098] 25The temperature and the time for drying must
be determined in consideration of the heat resistance of the membrane. For example, in case where
the separation membrane is composed of a polyethylene terephthalate-made substrate, a
polysulfonapaadie-ROALS SHRRAKINOAYE! A0 Gl osslnisRd paly A iads: separation function
layer, the drying temperature may be from 5 é to 1 , and even when thie dlpylng ?emperature IS

higher tharirfigidhe driedeperoianecowdhexhikitaxerllentinaier PRENNeRRNIY angysolkte
removability. However, when the drying temperature is higher than 180C, the separation membrane
could hardip¥eepduaters \Withie theréimgemst] eetractingioshy theriobjent afthednuention, the drying
time may be suitably controlled. [0099] In the following, a case of treatment for protective layer
formation 182671 BRRTIRER R Xy RRAHISE S sar R e AtemBeaREcorsrisedatiubitreitaliotous

suppotting layer a separation function layer. However, the treatment for protective layer formation

is appﬁcab fe:réssé)ﬂgg ‘%1%‘5&%&8%% @eep}gé’aﬁ}t?ﬁ/ﬂ%&ﬁﬁan U5 2P LB IRL MBrane in which the

- separation; falRRI3Y i ANA AP RO BHBRAING SRR, ANG VL, TRIAAR 5 The Mmethod
for producing the composite semlpermealb e membrarie may compriseé a s?ep of pofycondensation of a

polyfunctiopal.eliphaiic:anfisenceniaund haning At eastWe IR QUPS N ARG MQlscule thereof

and a polyfunctional acid halide having at least two acid halide groups in one molecule thereof to form
a 20polyarwidk entsinihip Sepdr eticrofurittien layey grilesedighsssuppertiogsnambrane. The production
method for the composite semipermeable membrane may also comprise a step of forming a
separationSflfheIN &gaer %F?e?PEbHﬁhbfﬂYé Hepharstivey elingibnanges, with ibinenergofablborganic

polymer having a hydrophilic group, and thereafter crosslinking the water-soluble organic polymer to
formrggwa?éggﬁ LY ,%%gagﬂ}g%awmefn e RAEGHSSY O DO PSR SHNRIEREIR protective

layer thro%ﬁg‘é@?@g%@,%é@%%ﬁﬁrém%%eeﬁé&%% %&@%%Qasvigg%ﬁ%%preh%% group on the

separation function layer increases the philicity of'the membran $ Hhe water

permeabiliggrifirieanaind ftthan aruanicaotg anisusubsieaRes Momadhening R Higmurface of the

membrane and 5therefore prevents fouling on the membrane surface. [0102] The hydrophilic
group mayrbidie @t deasentie fudgtionsdagirourselectead doaohtequenasisting obadagaendary amine,
a hydroxyl group and an ether group. Arranging a water-soluble organic polymer on the surface of the
separation[ggﬁgﬁon 10layer and crosslinking the polymer to form a water-insoluble protective layer

crties nroducion g b RSP 15U Sl secencey v o gl o ot roup
hydrophilig,giBuUpUYQH RSP ERRINAE I6AS) WAL NSRS GRS AR08 tamp, o
mercury lamp, ete.  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.
20 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 fo the object to be irradiated, and the processing time, in the case of
25  polymerization with electromagnetic waves. Theréfore, these conductions need to be

appropriately optimized.
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As the water-soluble organic polymer, there are mentioned a vinylic polymer, a condensed polymer an
addition-polymerization polymer, etc. In particular, preferred are polymers having a nonionic
hydrophilic group. Preferably, the hydrophilic group has at least one functional group selected from a
group consisting of a secondary amine 20(-NMR), a hydroxyl group (-OH) and an ether group (-0-).
Specifically, for example, there can be used polyvinyl alcohol, partial hydrolyzates of polyvinyl acetate,
polyvinyl p&/@@'g:jone, polyacrylic acid, polyallylamine, polyethyleneimine, polyepiaminohydrin,
amine-modified polyepichlorohydrin, polyacrylamide, polyacrylic acid amide, polyethylene glycol,
cellulose derivatives @@ﬁﬁé@&ﬁdﬁ@%@ﬁ@%@ﬂﬂ&imwﬂaﬁ%ﬁm IgefPay Repisaid@s combined
with polyethyleneimine and polyvinyl alcohol. Preferred here is introduction of a secondary amine and
a hydroxyl graup.tHo fedjation dihberatactivn Byetitoragatiofo trbatmepisnay imakidtapplying an
aqueous solution of a water-soluble organic polymer to the separation function layer. As the coating
method, ePPIGRsERatRadtetheepebanex it dtitrses pubdwar tdy tvsicaitaqStredtment. The

conceptratjon of the agueous polymer, solution preferably falls within a range of from 0.01% by weight
to 30% by b&é?%?f%‘%%ﬁéﬁlé@ﬁm%m@% WD 95 B HAE %, B§ weight, even

more prefeiaply IO AIHE AL OGN BYNEANLIG S MNPIGN. When he concentaton is

Yo
lower than 0.01% by welg%%gt%e surface of the séparatlon Unction
uniformly; i@ixggwhen more than 30% by weight, the thickness of the obtained, water-insoluble
crosslinked polymer may increase so that the water production amount may decrease owing to the
resistance of the créssiividedgiohenpely i OatiBraterainly atearratéelive. grdiyarapidastaia hydrophilic
group of a carboxyl 15 group. Also preferably, the hydrophilic group concentration, as measured on

the feed sitetgfenEosdppalinerieipranih slasizenags b svprstcogiedmlerasitfecthereof through
electran spectroscopy. for chemical analysis (ESCA), falls within a range of from 0.2 to 0.6, and
prefe}r blyﬁéi(i(%ggﬁg%}l%%%é%ﬁw&@ﬁffgﬂ efﬁf?vﬁﬂ%’m@?aﬂﬁﬁ SXIH60F bistRy lc'Bth?%e
configuratign keeps.the salt (ﬁ;pgyﬁh%%l%qht%%é& %%%ﬁm%%igggpﬂhen increases the water

permeability of the membrane. [0106 e the hy p co centratich means the

proportionfaffhfime RRikG g LenthémRiI MRS Ao RiIRIAL GaskpRamount (molar number), as

expressed by the following numerical expression. The hydrophilic group includes a 25case of various
hydrophiliciiéopghas goquibined, ddydrappilie Growp<onbentdtoof théduhtheatiofiaydrophilic group
(molar number)/found data of total carbon amount (molar number). The hydrophilic group
includes altaRsHA oM BRhsA s Iyf6 W50 senemgsdin, xeameRgroup, a sulfonic acid group

d boxyl .and h I 5 functional selected f ] Isti f
Cecohtany AL AR BIJAL IR A Hr QT THEgfoplc GRS CoHes iiation can be
determi di ' lysis (ESCA lified i
Sournal of Dae SRt ol e AL S8 CLGE e B TR, Gt Japare

Vol. 27, Ngerbéa 29k, 3PI01@A1-buty JPRRRAMEOFGHOLP £eReeR R RhPSNAriaMINgARs secondary
amine, as well as the hydroxyl group concentration and the carboxyl group concentration can be

deteunineskHscandingitdedvapon pi&serohemicallfoodificstion pretisadnitrsalifieling reagent. As the
labeling reagent, pentafluorobenzaldehyde may be used for primary
ammonium persulfate, alkyl lithium, cumyl potassium, sodium naphthalene, and
20 distyryl dianion. Above all, benzopinacol and 2,2'-dialkylbenzopinacol are
particularly preferable as initiators for radical polymerization.
[0060]
The peroxides and «-diketones are preferably used in combination with an
aromatic amine in order to accelerate the initiation. These combinations are also

25 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,
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15amine; trifluoroacetic anhydride may be used for hydroxyl group and amino group; and
trifluoroethanol and dicyclohexylcarbodiimide may be used for carboxyl group. By changing the
labeling reagent in accordance with the hydrophilic group, the same measurement method may be
used. [0108] 20As one example, the measurement method for carboxyl group concentration is
described below. The sample is chemically modified in a vapor phase with a labeling agent, and from

he ESCA SRS RN AN aSier s sl ppdeain < v

. €Sy .
phase in the’sam reaction ratr e'labeling réagerit and the teaction’tesidue (m)

are obtainggyhegaiRakINeRsIE 8kofl eptherd dntRRaickl Sk Rea Af AL afingh Fesiifing from the

reaction between the sample and the labeling reagent is determined. Through elementary analysis,
the areal intéthsity ¢€lik] afith eLhstpask fissaibifipesl of aaddaniis getermined. [0109] The
measurement conditions are, for example, as follows: 5Apparatus: SSX-100 (by US SSI) Excited
X-ray: alunifiehh Ka 1, 2 rays (1486.6 eV) X-ray output: 10 kV 20 mV Photoelectron ejection angle: 35

For data processing, the C Is peak position of neutral carbon (CHx) is adjusted 10to 284.6 eV. [0110]
The areal intensity %H‘aﬁ]nahaaf EIHREY AEAEATIAQY 1R 800 aRdress aseudearsadentragtienihe following

numerical gxpression shown in "Journal of Polymer Science”, Vol. 26, 559-572 (1988) thereby
Cetorminno LN o SO e e s R 8 0% e oo

carboxyl geguRGaREaRYRNIa ARy Hyereakinianaity Rbimonaipeak oL Elegéﬁzﬁ Rl HaRG g vity
correction of Is orbit peak of fluorine [Cis]: areal intensity of IS orbit peak of carbon m: residual
percentagefhegemiion sespduting layer, too high a heating temperature causes dissolution to
block pores of the porous supporting layer, thus decreasing the water desalination
16 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.
[0062]
In the above-mentioned production method, the step of polymerizing the
15 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.
[0063]
The separation membrane thus obtained in the manner as above can be used
20 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.
[0064]
3. Porous Supporting Layer

25 As the porous supporting layer, herein usable is a membrane having the

performance as a separation membrane and having a supporting function.
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r: reaction ratio of labeling reagent [0112] The carbonyl group and sulfonic acid group
concentration is determined as follows: As in "Journal of Adhesion Society of Japan", Vol. 27, No. 4
(1991), the sample is wide-scanned or narrow-scanned. From the chemical shift in the narrow
scanning, the chemical condition of the element is calculated. Next, the narrow scan 5spectrum is
analyzed for peak division, from which the concentration is determined. [0113] The ether group
concentrat'[%éga}n be determined by subtracting the hydroxyl group concentration obtained in a vapor
phase chemical modification method from the C-0 bond concentration obtained in Cl s peak division
(the C-0 bond concemisatieiaiklRasedRpdae sumiatabofihgethergrodecongastiation and the
hydroxyl group concentration). [0114] When the hydrophilic group concentration is high, then the
membraneigdraefnonsfeolitg bn ddfiscdatdtopernepkiitydheredhrpayinatsasedyiidhe salt removal
ratio 15through the membrane tends to lower. On the contrary, when the hydrophilic group
concentratieATsd oW atRebsiéem efroimpopEGVRROHRE dairbisaind impyl yailfonbediblpfouling and

therefgre the water permeahility of the membrane lowers. Accordingly, the hydrophilic group
conce%trat%ﬁtgg’rﬂ%qggﬂﬁﬁﬁ%?ﬂ FERY i HE'0f thé %%m?ﬁéﬁ%%@‘?@%re}@?%ﬁ%ﬁhin a range

of from 0.2.{q fré mererRieielaRly wiihin a 801nae. ALITOM 0.2 f.0.2) Alsa prefeiabiy, the protective
group contains a carboxyl group, and the carboxyl group concentration"as measured on fhe feed side
of the sepaiatienimeniyarefallsonitgin a range of from 0.001 to 0.03, more preferably within a range
of from 0.001 to 0.02. When the hydrophilic group concentration and the carboxyl group concentration
each fall wiiBisbihe above range, then the separation 25membrane can keep a high salt removal ratio
and can attain a high water permeability. Further, even when the raw fluid to be treated contains
cationic organic sub¥tshdescrisediiictanedyothordelueinarilst seecwasappriting ity of the membrane
can li prm@ d. On the contrary, when the carboxyl group concentration is more than 0.03, then the
water per ity of the membrane may tend to lower. [0115] 5Regarding the hydrophilic group
concentration as meas QN,t [ eparation membrane, the primary amine
concentration relati?/\g %{J t%%ﬁ%iﬁ%ﬁ%ﬂ?&% %&ﬁr&o@gﬁﬁoﬁﬁﬁ refors bFf ?a%‘én\?v?llﬂ%{)ﬁ ?r%’rjlggbf from 0.05
to 0.5, Mok prefRiaR IR S¢ aRIhHOm Q. R04EHRLSYAINAY erreie/ablydtin 3, kange of from
0.10 to 0.4. The primary amine is an ionic hydrophilic group, and therefore, 10 when the concentration
thereof is Iefeercthena® D {Ehentotingibsithtioribsurtaciants belokd, lve pra\ieniad huldhelwater
production amount through the membrane tends to lower; but when the concentration is more than
0.5, then thEXFRIRPIBeSHE daPHCHRdIRNHRNEIn ks e PR sieTminedehitinessabefeuting. [0116]
15I?§§ardi %he{gl;gdroghilic T%’(O concentration as measured on the feed side of the separation
rane’ the tStal of ﬁgqqggg BYOR JPatiFoncentration and the secondary amine concentration
preferably fglig within a range of from 0.008 to 0.8, more preferably within a range of from 0.01 to 0.6,
even mor:;Ii preferably within a range of from 0.05 to 0.6. The hydroxyl group and the secondary amine

are poorly-ionic  The porous supporting layer may also be referred to as a porous resin layer.

The porous supporting layer can be formed according to the method described in
"Office of Saline Water Research and Development Progress Report", No. 359 (1968),

20 in which the polymer concentration, the solvent temperature and the poor solvent are
controlled so as to obtain the above-mentioned configurations. For example, a
predetermined amount of polysulfone is dissolved in DMF to prepare a polysulfone
resin solution having a predetermined concentration. Next, the polysulfone resin
solution is applied onto a substrate of a polyester fabric or a nonwoven fabric nearly in a

25  given thickness, then the solvent in the surface is removed in air for a given period of

time, and thereafter the polysulfone is coagulated in a coagulant liquid to form the
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20hydrophilic groups, and therefore, when the total of these concentrations is lower than 0.008, then
fouling could be hardly prevented and the water production amount through the membrane could
hardly increase; but on the other hand, when more than 0.8, then the membrane could hardly folio.
[0117] 25Regarding the hydrophilic group concentration as measured on the feed side of the
separation membrane, the ratio of the number of chlorine atoms to the total number of carbon atoms
s preferably003,0f 55, TOGR PLEPTAPHCO0%,8L 55y TSR Of e pymbr pf chiorine atoms s the
index that indicates the remaining aci aﬁée coné)en ration in- the separation membrane; and when
the ratio is ¢payeishanQR3bepsuiliciant srprminkincreactomsud Mot aliainedhangthe
membrane 5 performance may worsen. The ratio of the number of chlorine atoms may bé determined
by wide scerminigttsrobghltheavtliegnizrtigred @S EAlihpravidedhe canposijenahratilpf the
constitutive elements. [0118] As the method of crosslinking the water-soluble organic polymer, for
10exampld)MEreanfaystsl enthigyicl sethentiod srsssinkiiey Piethoehinthe presence of an acid or alkali

catalyst us @Q@ polyfunctional aldehyde having at least two functional groups in one molecule thereof
such as gI;t ,]glutaraldehyde or the like. The additive concentration is preferably within a range of

from 0.01% by weight.jo iﬁgf{f’eb% e%?é%?mt’t}%%{ﬁf% :{%;%QI w ﬂﬂsﬁ%@%&% é";iféo &91% by weight to

it
1.0% by weight, 15even more pre y within a range of from y welegh 10 0.5% by weight.

When the gonsanieationisdionestian ARG msigbbhandbsicrossipkina Sensity gy be low and

the insolubility in water of the crosslinked polymer may be therefore low; but when more than 5.0% by

weight, themutfacecrnsstinkidgecidositinmryihédbighaMMiTa sudten pradugiienafiseyithyough the

membrane may lower and, if so, in addition, 20the crosslinking reaction would go on rapidly to cause

gelling at rBdHekeinpepaise endivsftieveauisty in bifftudsdimanigoem bisatinye¢0lks9lo-say. The acid to

be ui(gd may be %n lnorganjc acid or an organic acid, and for examtﬁ‘lge iIn case where hydrochloric acid
, i

is used, th&*eSHEEAt SR P8R ratK co8RaR RS R 8t HistrageEem ths 1.0 mol/L, more
ferably withi . .preferably withi ff
preferably Wi 2kanAe ALIOM R AL Mallk 1.0, POl BueR I B R e & e e

0.01 mol/L to 0.3 concentration Is lTower mo e acid could hardly

express theofifuetipaa%8 £ataluet 1y when ighefthand Qmolk e ssramtiendynction layer would

tend to hydrolyze. [0120] 5For the heating method for thermal crosslinking, for example, employable is
a method eflhtvaitctiowird. il iscHeatingote suge ratd rdsin ihe aasel s pratepablyatvithin a range of from
30C to I150C, more preferably within a range of from 30C to 130C,
concentration and the relative humidity in the atmosphere where the coating operation is
15 attained, as well as the time to be taken after coating and before dipping in the coagulant
liquid and the temperature and the composition of the coagulant liquid, there can be
obtained a desired polysulfone film of which the mean porosity and the mean pore size
are controlled in the intended manner.
[0070]
20 The porous supporting layer imparts mechanical strength to the separation
membrane, but does not have separation performance like the separation membrane
against components having a small molecular size such as ions, etc. The pore size and
the pore distribution in the porous supporting layer are not specifically defined. For
example, the porous supporting layer may have uniform and fine pores, or may have

25  fine pores of which the diameter gradually increases from the surface of side on which

the separation function layer is formed toward the surface of the other side. In any
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even more preferably within a range of from 60C to 130C. When the heating temperature is lower than
30C, sufficient heating could not be attained and the 10crosslinking reaction speed may lower; but
when higher than 150C, then side reaction may often occur. [0121] The composite membrane
obtained through the thermal crosslinking is washed with water and preferably further washed with
water at a temperature falling 15within a range of from 30C to 70C to thereby remove the excessive
water-solu ' 0 ext, it is desirable that the water-insoluble
crosslinkedg %‘So%ir%%?gﬁg oug rﬁ%ﬁg ggﬁ%% [%?é%lléﬁur a%ﬁaarrll%?%’ mgr%(gs?ewtﬁ%%y ?&ﬁﬂ%ty of the
membranesdfir2ezuriactantie prefatknanautal seHacai sushasRlMetylene octyl phenyl
ether, or an anionic surfactant such as sodium normal dodecylbenzenesulfonate, etc. In case where
the surfactpmjisiedededndhithéqroncoha isohstioni thetkofutfe cofidenfiaioas shppeedis prefecably within a
range of from 0.1 mg/L to 1,000 mg/L, more preferably within a range of from 1 mg/L to 100 mg/L.
25[0123] Whiclrthe spparapemibisrapmayeeinbrand hahalsecd imcrsassdigbrivgiessthe membrane

into contact Witr:?%compound of whjch the surface tension fall within a range of from 17 dyn/cm to 27

dyn/crh. THE 83 gﬂ%%ﬁﬁ?ﬁ’@?fd? %b@?é?cb@\%lg?hym%Pé%ﬁ%r?skilﬁﬁﬁé’f)k@ghes, etc.
Specificallyy (NG AEANOIHINGlAR S AlRRe s lkghel BeRIPRY 15N I2opropy! alcohol

. 0 .
isobutyl alcohol; the rocarbons inc exane, octane, honane, decane: esters include,

for exampleyeifivh agRiatessethv fprraleorihyl PERRIgRNA., eI GRRIOALS; AR dhenkpioges include

diethyl ketone. One alone or two or more of these may be used either singly or as combined. Of the
above, prefesreictis cseespaidoipts; thrgsenjoratelr nech isfHavispatrathytialcobohathyralcohol or
isopropyl alcohol; and even more preferred is isopropyl alcohol. The concentration of the compound to
be added Bistéteidbg mprize e iomnd. t isienibiemmstoos 00e tnpavelight funotiempreferably within
a range of from 0.5% by weight to 15% by weight. When the concentration is higher than 50% by
weight, théif &E&?ﬁf?&% Bse; but when lower than 0.1% by weight, 15the effect of enhancing the
water per 'r!:'ty of the membrane may be poor. [0124] The time for which the surfactant or the
compound of which the surface tension falls within a range of from 17 dyn/cm to 27 dyn/cm is kept in

contact with the meTHarafiekis: 5y eferRbi Ak leasi R arcRpEs; BT §pugiaralhyatigast 1 minute.

20[0125] For the same reason as that in the contact treatment, preferably, the step of forming the
water-insofirbfe firotéetipeitayeiiainga thy dtoplilictg thu pdsaeaite dnetitphiey, dheristep of imparting
height differences to the separation membrane by embossing the membrane or by arranging a
different midayRAiBhohomérsthsde gudifaprreeipibasetvntine tieth boaherst faratibn membrane

mayir clude both, contact treagtment and &ﬂr Iec(téi%/ Iaf/er formation treatment. In other words, the
separation MEMBPARS =S BESFSAaR SR ﬁiﬁj Bk RaRsaetestyR/ir kY ffdScontact treatment

and the pfﬂf@&@X&Wﬁﬁiﬁa&’P&Hg% H¥(}{&Fﬁrﬂlﬁg %rg,[%grypreferably within a range of from
30 to 300 pm.
[0072]
The configuration of the porous supporting layer may be identified through
20 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 layer is peeled from the
substrate, and then this is cut according to a freeze-fracture method to give a sample for
cross section observation.  The sample is coated with platinum or platinum-palladium
25 or with ruthenium tetrachloride, preferably coated thinly with ruthenium tetrachloride,

and observed with an ultrahigh-resolution field emission-type scanning electron
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Like in the case of carrying out the step of bringing the separation membrane into contact with
hydrophilic molecules, a step of drying the separation membrane may be carried out after the
protective layer forming step. The separation membrane of the present invention that contains
hydrophilic molecules enables water treatment even 10though any other pretreatment such as
hydrophilization treatment or the like is given thereto after drying. However, the dried separation
membrane m [ ct with an alcohol having from.1 to 4 ¢ atpms or with an
eous ST T RS S R Vit
IOeffOfmanQ@t-rﬁ@i@ﬁ}éséﬂ%ﬁ%Eﬁ[%ﬁﬂ@s!ﬁﬁﬂi%@%ﬁiﬁé%i@&!ﬁ&ﬂ%éﬁ%%}%,%@x‘é‘?ﬁ'ﬁf‘s%@@ being
worsened in point of the water permeability thereof by drying. The matter as to whether or not the
water permeatlectperfoitnancgeos thitaokis 36108 islidviereobhening-6awddbsseysuated by
calculation of the amount of the permeate through the membrane and the blocking performance of the
membranebisieesfibufyalee. sepHrighopse 0fHemmorane seppoaiiugtby ersatol whethermrasizehe amount of

the peymeate therethrough may lower by drying by which the membrane is hydrophobized or the pore
size ingthe MBS IS Pinesy Pg\/ﬂﬁ§fff%ﬁ8fﬁ%?p8F4iBgﬁ?et%‘éB’é)d§ﬁB?ﬁi AiERr & ROERakked by

dryi hegeb ft t Id.i byt t locki f f th
b B R e IR e S A Reliebvane e, as
(bulled on at sastepsadheyisesside-apdhedermeate side tosrant ahsigugifistgpce of from 80

um to 2000 um. "Having a height difference" may be reworded to "having concavoconvex shapes".
The sequeigeraf thevstegeofdimpafting heightdfferencamncites atheesiersi0qthspagifically
defined. When the step of bringing the separation membrane into contact with a solution of hydrophilic
molecules $& et ponetiditukieci the thickophilientraceiekeddparingptsdhaseparationrnsembrane
coul(iéunction_ as a protective layer, and therefore the damage to the membrane can be reduced in the

embo¥sing FESMERROIaYcThe HIfIRS HASETISIAaTaRgRMBRPEER St AR ¥b &iIH§%0 be mentioned
bel in: ' i | t windi If so, It | ratio of th ti
membranc Ui Bt e e R MR SR P o S B entea from

lowering. g alementrRaquesy catie ﬁ)@é@ﬁgg_ed to herein is as follows. The separation membrane
element is tested in an air leak test in water The number of leaves with leakage is counted, and the

element rd@6Vaty ratio is 15represented by (number of leaves with air leakage)/(number of tested
leaves). [0130] The method for imparting height differences is not specifically defined. By embossing,
hydrostati¢ melghig#ecalendering, the separation membrane may be worked to have height
differences by itself;.or a discontinuoys membrane formed of a 20different material excellent in

passayes formability e AGSEPAFF S FIEER Riake AR SPTRRFSE A iuBRY iR EOMLHE separation

membranq,- ég’ﬁ)ﬂt fthgg?rfq{ I%Iﬁy haft r formatign thﬁyeof e separation membrane is heat-treated at
40 to 150C1to eretg)y enhar‘%cg1 t ef gocﬁc%e\?gcl:%l}]eggﬂsi a%nedr%e eh f\lf)%zaﬁ’é)scg?ﬁgr{'eso .pfSRegarding the heat

treatment fernpeiaiypatiss. thedermaiionokthe sepaatianmenitana. theheat gateat temperature

for polyester fibers can be identified according to a known method in which the substrate alone is
peeled offdfohe themghatiationnmeminars ahsh SEhobitiey smdstiatiuki peasusdyAdgiseantinuous
different material may be arranged on the feed side and/or the permeate side of the separation
membranesfolig iRy i efiefaedriz ssae thesneé sz bs0v3joxeie ightiDifferehes-BYeEmbossing>

20 nonwoven fabric. Especially preferred is a long-fiber nonwoven fabric having
excellent film formability. With a long-fiber nonwoven fabric, it is possible to prevent
a high-molecular polymer solution for forming a substrate from excessively infiltrating
and passing through the substrate when cast on the substrate. Furthermore, when a
long-fiber nonwoven fabric is used, the porous supporting layer can be prevented from
25  peeling off and also the trouble that substrate fluffing or the like causes membrane

unevenness or results in defects such as pinholes can be prevented. Use of a long-fiber
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The embossing method includes, for example, roll embossing. In this case where pressurization
treatment and heat treatment are carried out simultaneously, the affinity between the separation
function layer and the protective layer can be enhanced 10and therefore the two may be fixed firmly. In
particular, in a case where the temperature of the feed water (or that is, raw fluid) is high, the
protective layer tends to dissolve in water and may be therefore hardly held by the separation function
layer. In su ase.the protective layer may be stably held by the separatjon function layer by heat
trgatment 15%1 g'ggsgs%l?%é‘?p oL b sp%%%?ilciﬁ‘%}%%us 3 %}rgerq dﬂ#ﬁﬁéﬁ@ﬂ%@%‘% givgn to

the surface,afiliR SRPAAIRIEMOIRN DY, AMBRSSIN IR SSRABIERJVRSHIAR IRYSLimay e often

damaged by the embossing roll to have defects. However, the presence of the protective fayer on the
surface of thedepaatior veedibraheipravents die formation RiadefestadQd 3dhampsoducing a
high-efficiency separation membrane element without causing deterioration of the membrane
performandeldets ddsirabléntiatsthe durtacec 8ie ot rativioh tmersbpars tiens e mbyanreajspliéd or less.
25[0135] Here, the surface defect ratio of the separation membrane as defined in the present
invention rHEIsE e rRRehus (Hrsstionannrd oo mnd it ieablsdiaba lasadiibeis: After pressure
forming, thgoﬁcva\p%%ti%%r%emberﬁgn j151 Ilfrtlént%% Eaizte Q .%hcm X 5§ cm, using a dﬁ/e not adsorbed by the
separation membrane, and the Surface on the o eq\]% leséléﬁ ?3618?1 i) ' layer of the separation
membrang @@ gfained. Subsequently, the separation membrane is washed with running water, and the
value obtained by dividing the area of the stained part of the separation membrane by the total area of

the separation menlardwdqigdtbthabis.RR:cmaBiis pedasianiorms i suiiacedriestyatie. The area of
the stained part of the separation membrane can be determined through 10image analysis of the

digital imaémgtithasedbyseanainic e stidaegmeparatite memisrampavithglafgitahseanner. [0136]
The iyéae of the dye, the concentration of the dye, the dyeing time and the image analysis software to

be usdd atd&iEL ?@Wﬂ%ﬂﬁ%?ﬂ@f’s@@ﬁ(ﬁpﬁﬁﬁﬁﬁﬁé@q . ﬂ%ﬂd?\ﬂaﬂ@?]@ﬁ@w@ssure and the
veatmen epperguie I o cbessng mex be utably deernodn accordatce i th meing

point of the material tontai n aratioh memibrane. Fore a porous

resin of anapR E1SAiARALSCH A8 INRAMESSUR IS AIEIRIARL, PR bejom.jg 60 kalcm and the

heating temperature is preferably from 40C to 150C, more preferably from 50C to I30C. In case where

a porous refnidhertresistantrgtinituesf asdolyssifioreairthadikaisaisesh tamlinear pressure is
preferably from 10 kg/cm to 70 kg/cm and the roll heating temperature is preferably from 70C to 160C.
In roll-emBu8kiny, tHertbierlihg epefeeirsismeétbeabiyefrohaicns/Seciiondbitityed thamynoase. [0138]
When_the ??(% aration membrane is heat-treated under pressure under the condition as above, the

separatiorf PeRS e RRTBRGURBA T B veRnsk B sibateste dp SiNtReferetaveepRvaickness of the

porous Su?l?é)prélsn% 't%%%%%é‘r%ﬁ%ﬁ %%pn%lr‘%%,lgnd the concavoconvex shapes of the separation

membrane can be thereby stabilized. More specifically, the fiber orientation degree in
the surface layer on the side opposite to the porous supporting layer of the long-fiber
nonwoven fabric is preferably from 0° to 25°, and preferably, the fiber orientation

20 degree difference between the surface layer on the side opposite to the porous
supporting layer and the surface layer on the porous supporting layer side is from 10° to
90°,
[6075]

The process of producing the separation membrane and the process of
25  producing the separation membrane element include a heating step. When heated in

this, the porous supporting layer or the separation function layer may shrink.
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thinner than that in the concave parts of the membrane. After the pressure heat 5Streatment, when the
ratio of the thickness of the porous supporting layer in the convex parts of the surface of the separation
membrane to the thickness of the porous supporting layer in the concave parts of the surface of the
separation membrane is from 0.1 to 0.95 and when the ratio of the thickness of the support in the
convex parts of the surface of the separation membrane to the thickness of the substrate in the
concave p%rgse%oq t@g %r{a ce chtlté%usoe arat '?&@e@graneis from.0.1 t0.0.95, t &%réthe physical
affinity between the prottec Ive layer and the separation %ﬁ)r?c{?ogﬁg%? O BREIEY the ability of the
separation fuaRReRAIR! IHELR RERGHNE 12YRE MRS RIS STRIOY Bl dRkPS) In embossing,
the shape of the roll pattern is not specifically defined. It is 15important that the flow resistance through
the passagéimissaritedisiticytbethastagasiatestabilizedwhena fliddsdedtarunatbrouoh the
separation membrane element. From these viewpoints, the shape of the pattern as observed from the
top of the shetawe dinisasionahelabgeovdh diccutaryoblofghiapdraidat differguterbeestengidar, square,
parallelogrﬁgjﬁérhombiq or amorphous. In steric aspect, the shape from the top of the 20surface is

directly trafbfEregHetior drerss dLikscudirsdauer op thariderraposiiatnbemeigshape, or transferred

asa narrowm%()?ﬁg%?)#omo the fib OJ;&Q& agatmb%ssed me brage, the convefé part on the feed side

correspondsht CAGES LI SR Th eSO AT OB ETETES Bhir ey R el & S ARG Yaed side

corresponds2a19i#ae SeRvRICRaEON Toe Repreaisside ke thaseofibe seRaralpn Mpgmbrane 1 and

the separation membrane 11 shown in Fig. 1 and Fig. 2, respectively. In the drawings, the height

difference fatexpsednad din thersigridd ol thiterbiejght Rifiesamaady fitfeppatiiaterial> SNext
described in detall is the separation membrane with height differences given by a discontinuous

member fdffiél of a different material. The discontinuous member is one of the constituent elements
of the separation membrane, and therefore, the part of the separation membrane from which the
discorftinuous memb8f EUEMBsR O Retesres abralenskiodation inanintan o badicaiing the

configurati&rl]eggntairy 10 aration membrane bodgla %In{ge discontinuous mfmber may be

gt SRS SRR TS SYERRERRLE B which the

referred to as a separa jon mem raen}{({:?n[‘aff2!’5‘]l

chermical s e koDl of herEkesakin sERPHUGE: Suags.1 g ggpration

membrane body on 15which the discontinuous member is provided. [014 The composition of
the discontiheeuheneanthardsineitipesifiicalindaiingin Fremuthe viewpant f ihechamical resistance
thereof, dot or linear substances including urethane, epoxy polymer, or preferably polyolefins such as
polyethylefigetBpopgapopyievier imtheopshivkefitsisarsed tiels4the lateTileltistamtiofidas member can
stablil form permeate-side passages when the separation membrane is incorporated in an element

and 4 preSSREqERN I SRR s TEHaIBhARE Towhrssrsbingte BihgnethidiiBer is smaller than that

of conventignal net . . s . .
or1en{at10n degree is nearer to 0°, then the fibers are in more longitudinal orientation;

but when the degree is nearer to 90°, then the fibers are in more lateral orientation.
[0077]
The fiber orientation degree is determined as follows: Ten small sample

20 pieces are randomly sampled from the nonwoven fabric, and the surface of each piece is
photographed at 100 to 1000-power with a scanning electron microscope. Ten fibers
from each sample, therefore 100 fibers in total are analyzed in point of the angle
thereof, based 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

25  direction (lateral direction) of the nonwoven fabric referred to as 90°.  The found data
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25and therefore the member can form high-efficiency passages. [0145] Preferably, the discontinuous
member adheres to the separation membrane. As kept adhering to the separation membrane, the
discontinuous member hardly damages the surface of the function member and is excellent in
durability even when there occurs rapid pressure change or flow change, different from conventional
5continuous members such as net not adhering to the separation membrane. [0146]
‘Discontinypugyapeans takie.pigieind [01ags fLths ML & discontioys shape relative
to the surface of the separation membrane. In other words, the discontintious members divided in
plural portiamsl@ndhdsidibe AR HiIRHM MARRE LB RLAMRINAIGN @f multiple members, in which
the individual members are separable from each other. "Discontinuous” may be reworded to such that
the adjacet®Bistitutive members are spaced from each other in such a degree that a fluid could run
between those adjacent members. [0147] 15The shape of the individual discontinuous members may
be, for exa?nplg,y i@[bﬁé\ff@éﬂ%@ﬁical (including circular conical, pyramidal), columnar (including

circulag columnar, pﬁj matic columnar), or wall-like. Specifically, the surface form of the discontinuous
t

member (of which tHe SR AR RivRs G ERRDLHG Mot RY SIBALiGEs Msrbrane body)
specificallxﬂggmgg& GlrGUar iﬂ@‘fié’%@ gval and true 20circular) and linear ones. The cross-section

form of the discontinuous member in thethickness direction of the separation membrane includes
semispherjgalyand rectangular ones. Multiple linear or wall-like spacers provided on one separation
membrane are so arranged that they do not intersect with each other, and for example, they are
arranged in paralleltbedachaqthiic 26{@t4di8} may bExppipibsskecshovie indfige 3tenEig. 5, in which the
separation membranes 12 to 14 are all provided with a flat separation membrane body 121 but in
which the 87B¥SlsatiRsIdHae of ey dissoliratelisindhabesidiffbessPpetifivatiymbrasross section of
the ':acongﬁuouz men?ébPﬁr 22 1in Fig. 3 has a round top and a rectangular bottom. The 5cross section

of theé HiscORiRtHE HEMB EFRAR0R e RIIp JBdtsRisH MfeStrEss SEERBhsBFitreTiesAfinuous
member 24P ik MiGSRRYAIAANINE SPRARIRD METPLANesARANIAS shown i Fig. 6 and

Fig. 7 each have, as the discontinuous member therein, a circular dot-like member 25 and a wall-like

10membetRGuldieerRes seRioRdmigbRie Kig haimayheaprliasinany ondigiraliondn Fig. 6 and
Fig. 7. [0150] The method of arranging the discontinuous different material on the feed side

and/or thepperhetatersitie ofdhrusegaration trembrinanisinat fepenifinbiyndefidede merbexample,
employable is a method of coating, printing or spraying with a hot-melt resin. [0151]
part between the outer surface and the inner surface when the membrane is a hollow
15 fiber membrane. Inside may especially mean the part to be brought into contact with
liquid such as water, etc. Inside may also be expressed as the part of wall in the
separation membrane structure.
[0080]
Preferably, the hydrophilic molecules are arranged at least on the surface of
20  the feed side of the separation membrane. Namely, the hydrophilic molecules are
preferably contained in at least one of the separation function layer or the layer provided
nearer to the feed side than the separation function layer. For example, the concept
that the separation membrane "contains hydrophilic molecules" includes an embodiment
where the separation membrane has a - protective layer having a hydrophilic group, on

25 the feed side thereof. The hydrophilic molecules may also be contained in the porous

supporting layer of the separation membrane, or may be in the substrate. The
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Arranging the discontinuous different material on the feed side and/or the permeate side of the
separation membrane makes it possible to plan a membrane element excellent in pressure resistance
and flow stability. Further, when a high- 20temperature fluid is treated, the passage material moves
little on the surface of the membrane as compared with the combination with a conventional passage
material such as net, tricot or the like, and therefore the passage material can prevent the membrane
from being ?% ii nd the salt removal ratio of the membrane is dramatically stabilized. 25[0152]
<Effect of I—I%%%tl g|f g%ng}ea Gonttamr?ﬁgr% grvl\/lgl)ﬁggpdfgsgﬁtp%% ‘gﬁ?a “%%@r@? J %ﬁ%‘fﬁ@ﬁ?ﬁ of separation
membraneghayingheigphiifferenpes Wespertivaalithedermation method for the height differences
and of the shape of the height differences. [0153] 5The height differences (difference in height
between cgf0&k| part and concave part) on the feed side and/or the permeate side of the separation
membrane can be varied so as to satisfy the necessary separation characteristics and water
permeation performbnesse e eibh seltfesitercesnbnbe wonwoldy dfopelamplgcbleshhaging the
pressure heat treatment condition in embossing, but in a case of arranging a 10discontinuous different
material in g%%t%?%&f%ﬁ?%%%?&ﬁ? S Gy ofihseemaineas TBRBHYNGG the

treatment tgmperature. 0154].. However, when the hejght differences on,the feed side of the
soparation e e on R e PR RS B W the

15 membraggssiGRMewaiRt SoAn Al Ment s MImbRLAl e emtRA%JeRvescapable of being

filled in the vessel would reduce. When the height differences are small, the flow resistance of the

passages ifinteesescancibefios edpaatparaioh aicroetpriaies BRGWbRNalesparmiaation
performance of the membrane would lower. As a result, the water producing capability of the element

may lower asia trae befiig kosr-tby inerbasing Potble witepgsrtiductiombiareuint woeddrincrease.

Conseguently, in consideration of the balance of the above-mentioned performances and of the
A

runni]n% co%tﬁ &

Ve O4FROYEALRY Bt Febriiue mrdsdpeasi B ide afdpreferably 80 um
or more, 3 urn or more. The height differences pn the feed side are also preferably
2000 um A ALl B R, o T SR8 B 5 bk s, fonse)
The height.giffsreprenfithe.senasatian Mmampryneeaaydre deteningd by the éé?%%aq

commercially-available configuration analysis system. For example, using a laser microscope, the

cross sectinendrtine sepaatiodrinambranomaydie-analizee anpeasae thaheighidiierences therein;
or using a high-precision configuration analysis 5system, Keyence's KS-1100, the surface of the

separatiorPRfsInlrhishasidgrppearalpAl iy th desshwahechi gt difforscesthdrein: As:sampled

randomly, ifferen%/?ges ha\ﬂgf different hejght differences are analyzed, and the total heights are
sumimed (REHE GRAFENS BROREmISE ASHIHS SrRed Siti®ifo greetiBalierdgavdive of the "height

differencersr'l' mtg i{} g%io ,tf height differences ma isfy the.above-mentioned 10 range, as
& t

measured accor ﬁ/g 1¥o an?lqo? he measurement r mreat%%%tjggsg#ggﬁ}%%sﬁA concrete measurement
method is @eggribed in the section of Examples given hereinunder.

The weight of the hydrophilic molecules in the separation membrane after
bone-dry treatment (or that is, in a bone-dry state) is preferably 0.1% or more based on
20 the weight of the bone-dry separation membrane from which the weight of the
hydrophilic molecules has been subtracted, and is preferably 40% or less. For
example, highly-volatile hydrophilic molecules may evaporate away from the
separation membrane by drying and the remaining amount thereof decreases. Ifso, a
protective layer of the hydrophilic molecules could not be formed and further, the
25  membrane performance degradation owing to drying could not be prevented. On the

other hand, when the weight is more than 40%, then the separation membrane may be
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[0156] For the same reason as that for the height differences, preferably, the pitch of 15the height
differences in the separation membrane is 0.2 mm or more, more preferably 0.5 mm or more. Also
preferably, the pitch is 10 mm or less, more preferably 3 mm or less. Also for the same reason as
above, preferably, the pitch is 1/10 times or more the groove width, more preferably 50 times or more.
The pitch means the horizontal distance from the highest point of one high part to the highest point of
the other adjagent ZO@i ?] ;ﬁrt .at least one syrface, of the separation membrane having the height
differences%?ggﬁy[ ? ] e8 {r}é i0 OF 1 u((ei)egraena(% cl%é%ocgr%&eg%{ ar %aﬁ‘r‘ll&ﬁlé 544680 in the upper
and/or lowggdlinetingabthersiviags drantheicanigriivg ol dhaeighiidifferences sogxiging on the
feed side and/or the permeate side of the separation meémbrane, relative to the area thereof seen from

the upper papeenidionihetowerpdrt ofaatpembtane-dsusiipaea(fworebmensioTairarerLmay be
controlled freely in order to satisfy the necessary separation characteristics and water permeation
performanées Wght tHehatipdwmvlisignitselshasiosnresisranicd may beaqudareasit if so, even
when the membprane is incorporated in an element, the water production amount therethrough would
increase. 59Nt Sthe hinalifhen ihcatebthe e e tHam here i FestneaslierBR low but the

flow homogenization,would, be difficult and a result, there may ocgcur.concentration polarization to
g5 WA bhc oFecul%s hgsx’ 1 1ca%es hé wegg%oef Egﬁé)?gl%- e;g%z}g)a 19 5% to 95%

N{GInm
worsen the pe?florn’(f;a ce e element. From these viewpoin

relative to fhgnaseAdRRIcAhERMR I ATUIBSHHRPEILRRL) &S the membrane surface (two-dimensional area),
and more preferably 10from 35% to 85% from the viewpoint of the flow resistance and the passage

stability. Theogsjo is defined as a convex area ratio. [0158] As obvious from the above
explanation, the contents disclosed in this document include the following techniques: 15(1) A
separation membrahbeqeivintivg hyethoghitic theoleparispamehiving, @snforsnedothastgast one surface
of the feed side and,the permeate side thereof, a height difference of from 80 ktm to 2000 p.m, in

which® weRGRTRAT S A YHIEHMIHACHBIRSES 1A 2 BBHALNY BEpFRRSn S M BEAREENEGM 0.1% to 40%

based on t% ight of the bane-dry separation membrane from, which the weight of the hydrophilic
molecules Eg\‘/]\[%eté een %%5%?53 eta.%“t%%fiﬂ ihgys@gf)‘r}e}}lafl?onﬁor%&%gsrane according to (1), wherein the
hydrophiliqgng}gcules are a sugar chain compound or polyalcohols. (3) The separation
membrane according to (2), wherein the sugar chain compound is at least one sugar group selected

from monoses, biodestanddsiegaion, both tié)fichee paiatinmeemiliaReACERIAEGE® (2), wherein the
sugar chain compound is at least one compound selected from glucose, sucrose, maltose, lactose,
trehalose &tintefeddlis is a membrane in the course of production but may have a separation
15 function, and for example, includes a membrane in which concavoconvex parts are not
formed and a membrane not containing hydrophilic molecules) are referred to as
"separation membrane” for convenience of explanation,
[0085]
The step of bringing hydrophilic molecules into contact with a separation
20  membrane may include, for example, dissolving hydrophilic molecules in water or in a
mixture of water and alcohol or ketone and bringing the resulting solution into contact
with a separation membrane. As described below, the step of bringing hydrophilic
molecules into contact with a separation membrane may include coating the separation
function layer with a -water-soluble organic polymer having a hydrophilic group and

25  then crosslinking the water-soluble organic polymer to form a water-insoluble

protective layer having a hydrophilic group. In the following, in case where the two
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(5) The separation membrane according to (2), wherein the polyalcohol is at 5least one compound
selected from polyvinyl alcohol, glycols, glycerin and polyglycerin. (6) The separation membrane
according to any of (1) to (5), wherein a protective layer having at least one hydrophilic group selected
from the group consisting of a secondary amine, a hydroxyl group and an ether group is provided on
the surface of the feed side of the separation membrane, and, as measured on the feed side 10 of the

separation membrane through electron spectroscopy for chemical analysis, a hydroxyl group
concentrati%rpe |s%ri e Cg?ﬂ?ﬁ:léwg%}%?é’vgﬁ&ﬁ?@%ﬁ?%@?ﬁ%ﬁ%ﬁ%@ﬁ%&ﬂ%@within a

range of frqmnq.ggil Eﬁh%l?ﬁqe steg] 8%%%%%%%@&%%@%@%%@&%hsai\ﬁi%gcoa})? f&r‘r%%% on at least one

surface of a feed side and a per erence of from ap.m to 2000 um,
15which hagpendbe suifasereithedtaadRdedbpraiaslivelayarbayieg at leashenre hydrophilic group
selected from the group consisting of a secondary amine, a hydroxyl group and an ether group, in
which, as rreasurad onl the feadositteroirih éhsepaeatioso e braretihcdugh elecfordpegiroscopy for
chemical analysis, a hydroxyl group concentration is within a 20range of from 0.2 to 0.6 and the
carboxyl giSGE e FRiigmAiRRHRRENGHge of from 0.001 to 0.03. (8) The separation
membrane Sfﬁg ding to (6) or (7), wherein the protective layer contains, as a main ingredient thereof,
a crosslink{e product of a water-soluble organic polymer having a hydrophilic group. 25(9) The

separation membrane afecggagz;gﬂﬁi&%%%ﬁ@mg%% @é\%ﬁ

5 luble.organic polymer is. at least one
compound selected from t up consisting o ylﬁa?fgo ng,a %%%?gﬁf)g?srgb%sﬁﬁ% I|Xroduct of

polyvinyl ageiriePalyiRyisRMiERION e RRNAGKYHS @scws@@{xgﬂyl@ép&% bejrethyiensimipe,
polyepiaminohydrin, amine-modified polyepichlorohydrin, polyacrylamide, polyacrylic acid amide,
polyethylenengiycoiamditallioseldestpatates: G(d@pEhe separation membrane according to any of (1)
to (9), which comprises a substrate and a porous resin layer. (11) The separation membrane
accoilging EQ%@ of (1) to (10), wherein the separation membrane comprises a substrate, a porous

supporting layer ang.a separation fungction layer. 10(12) The separation membrane according to (11),
wherein the separatioh ?Bg%lﬁ%ﬁ?&%?&%ﬁfﬂéh‘%/sgéfdg@iﬁPcft?é’éef)‘bﬁ)ﬁfaﬁ Rieusedipsdls stathient thereof.
(13) The sgparatignm W@éﬁi%ﬁé‘sﬁf%@m{&&?@fﬁ% Bideleral giratio gf,a thickness of the
porous resin layer in a’convex parts of the surface of the separation membrane 10 a thickness of the

porous resiRdaye¥, itharencavamaa shdhe s susaserlithaseparationdnempiangds,from 0.1 to
0.95, and a ratio of a thickness of the substrate in the convex parts of the surface of the separation

membraneiein thivkoesdsohtheds distate nainetobroabitohafts whthesalfacazafthesseparation
membrane is from 0.1 to 0.95. The porous resin layer may be reworded to a porous supporting layer.
(14) The s’éﬂgfgti%tﬁﬁmﬁﬁ@%dhﬁﬁé%twg%@@ﬂo (Izymyherapmprimtobabbrate is a long-fiber
nonwoven fabric. nce 1&'1) 3’ e se%?ration mem%rfglgle according to (14), wherein fibers in a surface

layer of thBTRGHBSF SSRWOUAPEBIRESR 4Eiag s StRAGHAR WML FISHRREFR ¥ have a higher
longitudingl qrigaiaiien dhanibers iR surRse laverl dhg 'rg iQQ@E@%}ﬁgg%”%%g L erein the

ric
supporting layer side. 25(16) The separation membrane according to 1 )
height diffgrencadsdrepasiestbyriapiol@atmeniisIdanbresatered is af(lehkIR S8PAgHRR membrane

according to (16), wherein the heat treatment under pressure is carried out at a temperature of from
50C to 166¢eated Enodeebhipres surecst froaltd® KgitnsdpugBdtgdenmd raffinose.  The
20 polyalcohols include glycerin; glycols such as 1,3-butylene glycol, polyethylene glycol,
etc.; polyvinyl alcohol; diglycerin derivatives; polyglycerin fatty acid esters;
polyglycerin, etc, From the viewpoint that the performance degradation owing to
drying of the separation membrane is extremely low, preferred is at least one

polyalcohol selected from polyvinyl alcohol, glycols, glycerin and polyglycerin. Not

25 specifically defined, the polyglycerin fatty acid esters may be any ones soluble in water,
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[0159] 5As obvious from the above explanation, the technical scope of the invention includes a method
for producing a separation membrane mentioned below. (a) A method for producing a separation
membrane, the method comprising: a step of imparting a height difference of from 80 )tm to 2000
)tm to at least one surface of a feed side and a permeate side of a separation membrane, and 10a
step of bringing the separation membrane into contact with hydrophilic molecules so that a weight of
the hydrophili lecules in a bone-dry sepgration membrane is from 0.1% t0 40% based on a weight
of the bone- (rfya@s]gﬁ%t?ﬁ%?ﬁ hembrans trI(S)rrrl}f)3 @v aﬁ%ehn aé%vé?é%‘tcﬁc { ecﬁ%%@&ﬁﬁfeh BEGRBS has been
subtracted n(B); ie.mgtBerkiar RERAUCIRG 3 g8patation membrane according to (a), 15wherein the step
of imparting a height difference to the separation membrane is carried out after the step of bringing the
separation fli@Rprane into contact with hydrophilic molecules. (c) The method for producing a
separation membrane according to (a), wherein the step of imparting a height difference to the
separation membrare igehpideephlvunbforsshe stepabidinngldigi tna s éparhtion argmircane into
conta? with hydrophilic molecules. (d) The method for producing a separation membrane

according (5 SFRPERIED TBLSS WERs aie SR B BRI &S sarhasK imarids-ané b contact with
hydrophilic molecules comprises.applying an aqueous solution cqntaining hydrophilic 25molecules to
tr?e sepa:rla%ﬁl% r%ltf:ﬁf#%srgr? ing{ ﬁam@f%ﬁ‘@%n%%%%?%ﬁ%ﬁ%%goﬁy %tﬁé?gﬁ%ﬁ%h%qgﬁié?@gccordiﬂlg to
any of (a) TQ}@))@IWH@@H%%)!%@E%%Q%% AIaLEDAIR cRmBPURd zgmqo%ogmg&beﬂé&% %§§ﬂ as the

hydrophilic molecules. (f) The method for producing a separation membrane according to any of
(a) 5to (c),entreceimthinstegaahiriogingaihexsepanatiobramembrrieWiR aoBkAckwithbYHrephilic
molecules comprises applying an aqueous solution of a water-soluble organic polymer to the
separationerisinh rapbaadiressiniingotex e svdebiecstyanigipstpmex tadorapilamter-insoluble
protective layer. . (9) The method for producing a separation membrane according to any of (a)

10to {F), wREFSHSIA BRI OSPBRRy Mg iRe SElRElsmenEiprareintovemactivrachydesphilic

molecules qu the step of im %tin a height difference to the separation membrane, a composite
. ElC. e O . .
separation membrane gjoor%epcr’mn%segrga%slga%fl a{‘Er&Blﬁse%BB}%%r{gafa%?éP%%RS separation function

layer is useghgo (h) The method for producing a separation membrane according to any of (a)
15to (g), which includes a step of imparting the height differences by heat treatment under pressure.

(i) The method for drobirisjfigeatisepgratidonnesnidiane aaer ding:ien(bl whersinithadealiteatment
under pressure is carried out at a temperature of from 50C to 160C and under a pressure of from 10
kg/cm to 7@ Keg@entRo[0EeoRentShpartiant WheinbrrigrElemenspecifically defined.
15 Preferably, the time is from 5 seconds to 5 minutes at around room temperature, more
preferably from 10 seconds to 3 minutes. When the contact treatment time is short,
then the components of the contact treatment liquid could not reach inside the
membrane and the re-flowing capability may lower. On the contrary, when the contact
treatment time is long, then the treatment efficiency may lower.
20 [0090]
The method of bringing the separation membrane with a solution of
hydrophilic molecules in the contact treatment includes, for example, dipping the
separation membrane in the solution, applying the solution to the separation membrane,
etc. Specifically, as the coating method, there is mentioned a method of using an
25  apparatus such as a spin coater, a wire bar, a flow coater, a die coater, a roll coater, a

spray, etc.
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The separation membrane element may comprise any of the above-mentioned separation membrane.
With reference to Fig. 8, one example of the configuration of the separation membrane element is
described. 25[0161] As show t in Fig. 8, the separation membrane element 100 comprises a
separation membrane 2, a net 3, a tricot 4, a water-collecting tube 6, a first end plate 7 and a second
end plate 8. [0162] Any of the above-mentioned separation membranes is applicable to the separation
membrane[goéxﬁ stuck together, the separation membrane 2 forms an envelope-like membrane 20.
The envelope membrane 20 is spirally wound around the water-collecting tube 6 to form the wound

body 28. Any other mﬁé%%&{tfﬂﬂbﬁroméiﬁgdm@mh@ werediaran ek e RieERG RRery of the wound
body 28 for protecting the 10 wound body 28. [0163] The net 3 is arranged"so as to face the feed

side surfacdepéitiingepatatieffontemiy abeiRahshis troundidravod dehwaiembeliesting tube 6 along with
the separation membrane 2. 15[0164] The tricot 4 is arranged so as to face the permeate side
surface of f#e&v§Bhard b selsisbbahis Prafk) Wit macangeths freenel- Ly lbrting giible 6Qdong with the
separation membrﬁme . [0165] 200ne or both of the net 3 and the tricot 4 may be omitted. [0166]

The water-SoNEeaRY wBdTE SHah BARRFAEAP AR ERh Re FriermipRe A1 6R¥504 in the side
thereof [0 The first.end plate 7.4 isk-like member having a plurality of feed ports. The first
end plate ﬁélg%r?a:gﬁgé%ﬁﬂ@ﬁrfﬁ Oc;%?sfgeenvr\i/c{))ﬁnﬁ % §/82 © f(ﬂ%@]"gauonﬁyheéeg &Bnd end plate 8 has

a dischargeosingist fopraaeamratad Suidandgidischesge sRautfer i second end
plate 8 is arranged aEt)the second end of%he %ound bodyyz& ﬁoiggm@f%%qygﬁg%son through

the separatiipwengintrdiesigmeitht 00 Adcdstrivefichngwiiiisigidat &s fReivdhewesnd:hody 28 via
the feed port of the first end plate 7. The raw fluid 101 moves inside the feed-side passages formed of
the net 3 oWiécreebibsidewphitiemelsartion dhibease therheotinldthavimGrpastebicthrough the
sepaization 1Qmembrane 2 EH#:: is shown, as a permeated fluid 101 in the drawing) moves inside the

permeate-SR¥e Y4485 G folitely B?ttﬁ%eﬁ‘igfﬁw THLAperiAlmE AvHikiG 2 BRI NSAT RRRItEE

water-collegting t ?g jag&g]ﬁ? '!Q 0 water-collecting tube 6 via the pores of the water-collecting tube
6. The permeétec}i{ |UCI1 102 thus %15%} 8' run inside the water-collecting tube 6 is discharged outside

through thmgegpnd end plate 8. On the 150ther hand, the fluid not having permeated through the
separation membrane (this is shown as a concentrated fluid 103 in the drawing) moves through the

feed side passageshandisdisctibrdefinedt theaughthesesrnd ergaiatedmly thatvaaaner, the raw fluid
101 is separated into the permeated fluid 102 and the concentrated fluid 103. [0170]
range not deteriorating the membrane. For example, in the treatment at lower than
15 0°C, the membrane may be broken owing to the freezing of water contained in the
membrane; but when the temperature is too high, the membrane may be deteriorated
and could not function as a separation membrane. The upper temperature limit may
vary depending on the separation membrane material to be treated. In case where the
separation membrane is composed of a polyethylene terephthalate-made substrate, a
20 polysulfone-made porous supporting layer and a crosslinked polyamide-made
separation function layer, the contact treatment temperature is preferably from 5°C to
95°C, more preferably from 15°C to 40°C,
[0093]
Prior to the contact treatment, it is desirable that the separation membrane is

25  fully washed. When the separation membrane is insufficiently washed, then the

unreacted substances and additives may remain as impurities in the solution of
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20Next described is a method for producing a separation membrane element. [0171] The
spiral-type separation membrane element comprises a separation membrane and optionally one or
more laminates of a feed-side spacer and/or a permeate-side spacer wound around a perforated
hollow water-collecting tube. The 25method for producing a separation membrane element of the
invention is not specifically defined. Herein described is one typical method for producing the element,
which comﬂy&%ﬂﬂ%l%@&%?m@gg%ﬁﬁa R;%r%{'%l%}}gﬂg&*g” Iﬁ}/egtgn a pojous su 1Jprti')trigng layer and a
substrate to'give a separation membrane, then sﬁaplng it and a%ranﬁmg a pérme e-Side spacer.
[0172] 5A resindausisealvarbinia gRedmRabientsAnd s esdilingesinsolytiRnissast on a substrate
and then immersed in pure water thereby forming a porous supporting layer on the Substrate.
Subsequemtigthas Wesdripeci fitrdiedtiackpadatioméunctiop dayesrisi farmeatbarithepersius supporting
layer. Further if desired, for enhancing the separation performance and the permeation performance,
this is chedERHPBEEEsESPErEoRR eRmBbIBAe Impiere AR, Mitwar 2widos thadikelpging, frther the
monorper and otherfézﬁre \/¥ashed away to pr%()jduce a continuous sheet of a separation membrane.

y
173]  *4RRUHLE I BIST M ARASLE R LT NRIP R faFSh PR ARG LRy b ROTiEPE &hration
membrane inj ili | 1Ie . Before or after lication of,15the hydrophilic molecules
thereto, thggggﬁ)%gﬁgrﬁ%%%ﬁé%g V’g Ig%g%esglgg’gf gpﬁﬁglfgnvf%ee{tlé?%efrr%ef’soyeéﬁégeged thereon,

thereby Impaiiagohalah iissencemin e rerar el e 0L 4hUsipgAganventional clement

production apparatus, for example, an 8-inch 20element having 26 leaves and having a leaf effective
area of 37 menisrprostidedn Bt kieing fitoaadectioaroathrd s eiewel 40 ajecths satieds described
in references (JP-B-44-14216, JP-B-4-11928, JP-A-11-226366). [0175] In one embodiment of the
element oftB§Efve fthsrivishing leasABYMG PoigirsiBendi dediteddidentecdfiysghse so arranged

that grooyes of one leaf and.th I%é‘ooves of the other leaf could form the feed-side passages,
[0173']%? WD & &8 0GH T A e JF RS TR o5 R BANS A RERHbREPLUSARE (iR refore the

adhesive t&@g{%%gr%%E@y&&g@g@@g&%@g@?%@@@ ( ﬁ@e segﬁairﬁation membrane is free from

foaming by moisture absorption by the a hen the Sadhesive foams, the porosity per the unit
volume of thgpagihesive may increase and the strength thereof lowers. If so, fluid may leak out through
the foamed part in operation under pressure of the element, and the separation membrane element
could no more fulfillixecturtetionditerect sxintiae becavésy atidnofthetseparatidsnamentsane element
lowers. the step of imparting height differences to the separation membrane. When the step of
15 imparting height differences to the separation membrane is carried out after the contact
treatment step, then the moisturizer could function as a protective layer and therefore
the separation membrane can be thereby prevented from being deteriorated by working.
The step of imparting height differences to the separation membrane can be carried out
by embossing or by arrangement of a different material, as described below.
20 [0095]
After the contact treatment, the separation membrane may be dried. Any
conventional known method is employable for the drying method after the contact
treatment. Preferred examples of the drying method include a method of keeping the
separation membrane in an air current at room temperature or under heat, a method of

25 keeping the separation membrane in a dry air current, a method of irradiation with IR

rays, a method of irradiation with microwaves, a method of bringing the separation
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10[0177] 8. Use of Separation Membrane Element Thus produced, the separation membrane
elements are, as connected in series or in parallel, cased in a pressure container to construct a
separation membrane module. [0178] 15Further as combined with a pump to feed 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 example, fed water can
be separated | i ter and- concentrated water not having. passed
ParsLIARCIMS A5 AUEN B dpkARE Aater BAfconPERSR IR et heving

through the membrane, t y obtaining watér sfies en 9]

When the QpesationReessw enarihefludseparaticnanraraiysishighes thradhgsalt gemoval ratio

could be higher. However, in consideration of the increase in the energy necessary for operation and
of the mairtepadéepahthedeed passhpds thaditie 2apeaientacpaasng asofbbhdrseharalion membrane
element, the operation pressure in applying water to be processed to the separation membrane

module is Prefstiasid refhs@liodrrd tobthraraytbmatidectnipdratBreooftdeviogdtrateniachigher, then

the 53% removal ratio g;ay lower, but w an the temperature is lower, then the permeate flux to run

through th& FAERTBF SRR PeASHANFHERMSPE Hprelimist amerhe RERIABIRPROM 5C to 45C.
When the f water is higher. inc where. the feed Swater has.a high.sal
concentrat%%% ’i?g%?s%ﬁ%aigﬁgclgfgog m%g{?rl]%ggjgmag?egﬁéslfﬁée ?rfr%g%%?r%r 5%@%%@5%%9;% may be
deterioratgg gwﬂ]gigggf@i_on at such a high pH. Accordingly, it is desirable that the apparatus is
operated in a neutral region. [0180] The fluid to be treated by the separation membrane element is not
specifically&Ba#éfined. 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/L, such as seawater, brine
water, wastewater, Bf&afdigenibedinTD iddieatts wseatdisyo et brslivsand dhis femeséited by
"mass/volume" or "rati%b weight". According to the definition, TDS may be computed from the weight

of the tesidhiERBP2 BIRfidH i PRISSHAPIBEMOTN H0!42 fHiEbH fltefArurFap sk at a
oractioal im0 B e S R G YR eterence to
the following & xamelesp eV alariny antinn isaablinited @b@é&é&ﬂ@&&&ﬁ%ﬂg@ﬁ%{ fie results in
Examples and Comparative Examples are shown in Table 1 to Table 5. [0182] (Element Recovery
Ratio) 25Tienaié metlicerendfueryofatio sspasifaitowsnibhesepatatien tesvhiane eleameitne is
fully washed, it may be dried. In case where the separation membrane is a hollow
15 fiber membrane or a tubular membrane, the membrane may be dried after the fiber
bundles have been formed or after the fiber bundles have been inserted into a case of a
separation membrane element, or as the case may be, the membrane may also be dried
prior to the forming or insertion, or that is, the membrane may be dried while in the
form of spin-off balls or bobbin-wound strips.
20 [0097]
The range of the separation membrane to be dried is not specifically defined.
In case where the membrane performance is desired to be enhanced through the drying
treatment, naturally it is desirable that the entire membrane is dried.
[0098]

25 The temperature and the time for drying must be determined in consideration

of the heat resistance of the membrane. For example, in case where the separation
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is tested in an air leak test in water (1.0 MPa). The number of leaves with leakage is counted, and the
element recovery ratio is represented by (1 - number of leaves with air leakage)/(number of tested
leaves) x 100 (%). [0183] (Amount of Water Production before Chemical Treatment) 5The amount of
the separation membrane element penetrated water from feed water (brine water at 25C) is expressed
as the amount of water production by the separation membrane element before chemical treatment, in
terms of the amount of the erme te (cubic meter) through one separation membrane element in one

day (m3/days The data are SHowh hér Xﬁi%ﬁrze%%ggé%tg afﬁé%%%%%%@ﬁ%lﬁé’%lﬁ@ﬁ@ﬁﬁur and the
LomeasuradalleGllet RS G- RIS eldeasiddaidandlal(sal Ramoxal Rago (TDS
emica e fated a

Removal Ratio) before C Treatment) The TDS oval ratio was caiculated as tollows: TDS

Removal Rafier hfoiieyGaesnigat Fiteaimantd 50100 X §b°0DS consenraliaRinparmeate/ TDS

concentration in feed water) [0185] The results are shown here in the case where the measured
value aftert¢rhiprretandisHeghedabare 03 alaftbid hombreachquidwdbiba ebaigetaffet% or less.
[0186] 20(Water Content) The weight of the separation membrane after drying treatment under the

condition shFMRaRamRdsebrismeyabiifered ey astnahsritiscdying sapmpamton mbighvane. The

e in SR dAler: S B AL SR FOLA AT SN o o AR PRR A Araton

diluted in puré wa

membrane s iRiStied i a5 e eigNt ot e, PRNeHdr SERARIOR IS LANE, The water content of

the separation membrane is calculated as follows: Wat ontent = (welight of"separatiori membrane
before borf@ahyjng treatment - weight of Sseparation membrane in bone-dry state)/weight of
separation membrane before bone- drying treatment x 100 (%) [0187] (Weight Ratio of Hydrophilic
Molecules to Bone-Brths éphratiog Mearsbodteptment for protective layer formation is

10 described in which the separation membrane comprises a substrate, a porous supporting
layer and a separation function layer. However, the treatment for protective layer
formation is applicable also to a single-layer separation membrane and to a separation
membrane in which the separation function layer and the porous supporting layer form
one layer.
15  [0100]
The method for producing the composite semipermeable membrane may
comprise a step of polycondensation of a polyfunctional aliphatic amine compound
having at least two amino groups in one molecule thereof and a polyfunctional acid
halide having at least two acid halide groups in one molecule thereof to form a
20 polyamide-containing separation function layer on a porous supporting membrane.
The production method for the composite semipermeable membrane may also comprise
a step of forming a separation function layer, then coating the separation function layer
with a water-soluble organic polymer having a hydrophilic group, and thereafter
crosslinking the water-soluble organic polymer to form a water-insoluble protective

25  layer having a hydrophilic group.
[0101]
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The separation membrane containing hydrophilic molecules was dried at 10105C for 2 hours
(bone-drying treatment), and the weight of the thus-dried separation membrane is referred to as X.
The separation membrane not containing hydrophilic molecules was dried at 105C for 2 hours
(bone-drying treatment), and the weight of the thus-dried separation membrane is referred to as Y.
The weight ratio is represented by (X - Y)/ Y>< 100 (%). 15[0188] (Concentration of Functional Group
Measured on the Feed Side of Separation Membrang) .Usin SSI's SSX-100, the,
concentration was f@gg&l}gﬁ&%ﬁeﬁﬁg ?(r)ﬂﬁ%%irt:héocunﬁdcl %%E.‘%ﬁ@‘ﬁ%‘& 3??1159":88 URFnitEAal, 2 rays
(1486.6 eVioforas RHIRKE 4%}63@1%%@9?{3@@%%&&%@ﬂ%@éﬂﬂﬁ@é&g@ﬁgnctlona,' groups:
carboxyl group, secondary amine, hydroxyl group, primary amine, ethér group 25Concentration of
hydrophilichgrauphilizitampibietraé mteastirad Mseaphittegraurgtiaishbiliydieredigsaup, primary amine
and ether group) (molar number)/total number of measured carbon atoms (molar number) In
case wherdHihees ppruentio nngrmebdrtiisen dasurethfromn théhfesd sidefitbrontSlnaler dhd
above-mentioned conditions, the peak position of the acid group is extremely near to the peak position
of the Prim&i§F Hfﬁlﬁfeé{ﬁﬁtﬂf@%%é”ihﬂ?ﬁénﬁfﬂmfgsﬁﬁ%B, the total of the acid group and the primary
amine is STBWE. [0189] (Water Repermeability) 10The separation membrane was brought into contact
with a solution o]f hydrophilic molecules, and then dried under the condition shown in Table 1 to Table

5. Regarding the am@%m}ﬂafr@&{m@gfe&p&gggh%ﬁ@@&%%%ﬁ%%%%&?%}&%aﬁ&g fhe thus-dried

separation membrane, the amount of perméate (cubic meter) in one day Is referred to as the water

productiongaspuninafiendofngseatmentning/day)drbhel waiep Ahiepesineadilitis the change in the
water production amount before and after drying treatment, and is expressed as (water production
amount aftdrranging & setiviesnlilatceprodudiiornendhesdtoreod thinge parative fighxttA0 (%). Samples
of which the water repermeability is nearer to 100% are membranes that are less influenced by the

dryintftreaffertisha tssie teadienalsrade e Bingesops et Mie CrRsixs RysisartStability) An
aqueous soluti f sodiym hydroxide conditigned to have pH of 11 at 90C was applied to the
o RIS A R R B AR

separation membrane elem unt rou #Ht was washed

with pure waler TG AmPHR} N ERAARRZS TR SlrRenL eeneliRisdupler fom feed vater
(brine water at 25C) is expressed as the amount of water production by the separation membrane
element aftentahamidahst one such hydrophilic group, more preferably at least two such
hydrophilic groups.
15 [0103]
As the water-soluble organic polymer, there are mentioned a vinylic polymer,
a condensed polymer an addition-polymerization polymer, etc. In particular, preferred
are polymers having a nonionic hydrophilic group. Preferably, the hydrophilic group
has at least one functional group selected from a group consisting of a secondary amine
20 (-NMR), a hydroxyl group (-OH) and an ether group (-O-). Specifically, for example,
there can be used polyvinyl alcohol, partial hydrolyzates of polyvinyl acetate, polyvinyl
pyrrolidone, polyacrylic acid, polyallylamine, polyethyleneimine, polyepiaminohydrin,
amine-modified polyepichlorohydrin, polyacrylamide, polyacrylic acid amide,
polyethylene glycol, cellulose derivatives, etc. These may be used alone, but for

25  example, may be used as combined with polyethyleneimine and polyvinyl alcohol.

Preferred here is introduction of a secondary amine and a hydroxyl group.
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treatment, in terms of the amount of the permeate (cubic meter) through one separation membrane
element in one day (m3/day). The chemical-resistant stability is the change in the water production
amount before and after chemical treatment, and is expressed as (water production amount after
chemical treatment)/(water production amount before 5chemical treatment) x 100- 100 (%). Samples
of which the change is nearer to 0% are membranes that are less influenced by the chemical
treatment a@?d%age higher chemical-resistant stability. [0191] (Height Difference on the Feed Side of
Separation"Membrane) 10Using a high-precision configuration analysis system, Keyence's KS-1000,

the surface of a sepaRIEREERVIANS RARAIR PLSARLKDAD HERA ARAGANNIE fiean height

difference was computed from the found data 100 sites withheight ected at

random onstiietanyfle surdasslbiddherlepilehaashisiiepasineaswesh Thesumiqil of the found
data was divided by the number of the total sites 15to provide the height difference. [0192] (Surface

Defect Ratio¢taiirectheid,) aonplhzablecheSidetiod Befmditivenivibirhae)nabovafiar farmethcdhe
separ;:ion membrane was cut into a size of 5 cm x 5 cm, and using an aqueous 500-ppm methyl violet

solutioh, tHE@Rfe whReSKEAGAT MBI eaYs BrlE TRl WigsnpatisrEfbsarihior 10 minutes.
Subsequenily, this was with runni ter for,10 minutes, and then dried to give a stained
MNP R AR Werlﬁgmo LN Ey SRR B %ﬁ?g?%gﬁﬂﬂ’éra(’@%%ﬂfs CanoScanTM

sample. The stained separatioir merbraneé was-s

NO7EL). anciie obtaied igichmaac s eebaat i ALIALD ATANCPLINAYA), The surface

defect ratio of the separation membrane was 25computed as: surface defect ratio of separation

membraned=0180by (aeitholosiaiiedwearhof separadien sesmbene/iothaeas! 6aTRle), The data of
the surface defect ratio of the separation membrane were rounded at the third decimal place thereof.

[0193] (ReferahéciRxaripie ¢f SiveaprrBiou feticioAapemtaand iBafl Remoutd RatiboafiBtement before
Drying On_a nonwoven fabric of polyester long fibers (fiber size: 1 decitex, thickness: about 90 tun, air

permehbili MES RSl San kb Gt Bohirkpersitbpeltsinsdntvelrminnglimamide

(N,N-dimethylfor ide)) was cast in a thickness of 180 vun, at.room temperatyre (25C).
Immediategf?/%{ét}Sgifé[pkv%1n 8?3 el meree S0 tlgﬁ f@t%épé?r%?gpg%fﬁﬁf'@é WP rohEES roll of a

[+
pedin pure water an

porous SUBRAAING feTRRIaRcEDickR.SSIBKEM) @l A diber-reinforced polysulfone supporting

membrane. [0194] Subsequently, the porous supporting membrane roll was unrolled, and an
aqueous salu@idn of 1.8 wt.% m-PDA and 4.5 wt.% s-caprolactam was applied onto the 15polysulfone
surface. Via an air nozzle, nitrogen was sprayed onto it to thereby remove the excessive aqueous
solution from the sutfatssadl thee ppprocting gnewpenteiranchihieophilin-grecand sekiborydontaining
0.06% by weight of trimesic acid chloride at 25C was applied thereto so that the surface could be

comptetelFRBRed Wik B LaRltohe Syfraiibingo e encassiens srimsasies rnibu&edy air blowing

from the fiLri]aea(.)qc[Ihe separation membrane, or that is, on the protective layer side thereof through
electron spectroscopy for chemical analysis (ESCA), falls within a range of from 0.2 to
0.6, and preferably, the carboxyl group concentration falls within a range of from 0.001
to 0.03.  The configuration keeps the salt removal ratio of the membrane high and
20 further increases the water permeability of the membrane.
[0106]

Here the hydrophilic group concentration means the proportion of the
hydrophilic group (molar number) to the total carbon amount (molar number), as
expressed by the following numerical expression.  The hydrophilic group includes a

25  case of various hydrophilic groups as combined.

Hydrophilic Group Concentration
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20then the film was washed with hot water at 80C. Further, air blow was applied thereto for water
removal to give a separation film roll. [0195] With that, the separation membrane was folded to have
an effective area of 37 2 m in a separation membrane element comprising it, and cut, and a net
(thickness: 900 25 pm, pitch 3 mm x 3 mm) was arranged as the feed-side spacer. In that manner, 26
leaf-like membranes were produced each having a width of 930 mm. [0196] These 26 leaf-like
laminates were.spiral d.around a water-collecting t while the end of a permeate-side spacer,
tricot (thicknes%:(?lg%cg%l rtr%'v 89%:%%(%5 I\’N%&gr%B %O??lr g%mv%%?#sﬁ}g cli:‘ar%a’ %fr%%%(:% 5t :%ftlm) was
wound arounghittherghkes)obtaining a wound body. A film was wound around the outer periphery of
the wound body, and fixed with a tape, and thereafter the edges were cut, end plates were fixed and a
filament winding wa3lasiantyephitippociucmend-snchyatemenidd, 7] abaelemg)twagaut into a
pressure vessel, and raw water of 500 mg/L brine 10solution was applied thereto under an operating
pressure oEPTPMF B0 ErEEeratigieampeidenapPr8a eapbkyl @eoyvendixtioal 5%}, whereupon
the water prodyction amount an? the_salt removal ratio were 41.7 m3/day and 98.0%, respectively.

[0198](ExSRTBRE| 9B SR SHER T &SN SRAE SRRk adesondraninema Bxdeethod as in
Reference le 1 the separation membrane roll was immersed in a ueous solution of 7%
polygcheriﬁgwﬁgrﬁg@%ﬁ%ﬂr&mi?&ﬁ?ﬂ%’ﬂ%ﬁn%@ﬁ%ﬁ%%ﬁ%@ Tor2 %iﬁﬁ?@?}lgﬁg the dried at
80C for 5 minsies:NE¥icbsingspehnmbisyPRIte R arbh ation.pemprane was
embossed at 110Cg2!1nd ?mder y 0 kg/cm,ﬁygg’thereby ir%%%{%a%ﬁ%{fferences to t%g feed side of

the separationmmembPaigr{bySeiehessing). Fariliers an @Usteasivityhace e gapabamer resin (trade
name; 703A) was hot-melted to the permeate side of the membrane, thereby imparting dots having a
height of 280rigty gieleran or\nhids, Mee $GHY¥He- of the membrane was imparted height differences of a
differf(gt m@tﬁgﬁl (by dot formation). 25[0199] Here, 200 dots were analyzed for the horizontal
distance from the highest point of one convex part to the highest point of the other adjacent convex

part on the feed sid%)ef separati rane.and the found data were averaged to obtain the
pitch of the emboss pattgtenr%?%%%&]ggn&gg#é?%ﬁ 5%%% ,attﬁéngﬁirrf%aggcggf%g A0 Was 0.69%, and

the water canteRief thassRarmtiop Mambransd Akl druing reapentand.the weighj.ratio of the

hydrophilic molecules to the bone-dry separation membrane were 5.0% and 6.3%, respectively.

10[0201] deterAdneddiogtditiietsamepmegthng elsciniRéferatiGedisampiddd Wiehsepation membrane
roll of Example 1 was incorporated into an 8-inch element, and the element was operated under the

same condiiéfas inRER IAPRIENE sergpie nenthidupteerddelsibnnzay bansewh dotherisedtyemoval ratio
were 37.9 m3/day .and 97.0%, respectively. 15The water repermeability was 90.2%, or that is, the
mentbrané'8&&ur 8%@9%8@*&.%&5&% Jg%‘bgﬁﬂtf@wﬁdéﬂ’&}(ﬂﬁﬂﬂ% iRy SEY Rt was 99.0%,

and the waig BIOGHEHEN A AL FIRNYRABIAAE-AIE AlFHENRIIGE! USRIRENLWES 4-Ble- Thus, the

changing the labeling reagent in accordance with the hydrophilic group, the same
measurement method may be used.
[0108]

20 As one example, the measurement method for carboxyl group concentration is
described below. The sample is chemically modified in a vapor phase with a labeling
agent, and from the ESCA spectrum of the standard sample of polyacrylic acid also
chemically modified in a vapor phase in the same manner, the reaction ratio (r) of the
labeling reagent and the reaction residue (m) are obtained. The areal intensity [F1s] of

25 the Fis peak (1s orbit peak of fluorine) resulting from the reaction between the sample
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separation membrane secured good water repermeability after forming and drying. [0202] 20 (Example
2) A separation membrane roll was produced according to the same method as in Example 1, except
that the separation membrane was brought into contact with a moisturizer and then dried after
embossing and dot formation. As a result, the surface defect ratio of the obtained separation
membrane was 1.39%. The water content of the 25separation membrane roll after drying treatment
and the Weéﬁﬁ&ﬁ%qgo%ii%@/g%qui 'cwmo}gcg{le 0 5ﬂehbgge-gg%%e&q{lati%n ; cemel:{ﬁane were 5.0% a_nd
6.2%, respectively. An 8-mch element W pro iced acco?’tflng § fhé'same method as in
Reference jkxagglechsand @eeraied ander g same condition agdrBgierence Example 1. The water
production amount and the salt removal ratio were 40.1 m3/day and 5 94.5%, respectively. The water
repermeabjiliiydyNas 95.5%, or that is, the membrane secured a high water production amount even
after drying. The recovery ratio was 96.5%, and the water production amount change before and after
chemical treatment Wasti@poermmisotbitsep aration enemplane Sdbused good water repermeability
after farming and drying, 10[0204] (Example 3) A separation membrane roll was produced according
to the%ame MBRRTIYSS %33{991&5’ P %%p@pt that the feed-side surface of the separation membrane
was not emb d.hut, as the spacer,-net (thick - 90Q ptm, pitch: 3 mm x 3 mm) was used. 15
The water co%%gﬁ?% ﬁgys'gp%%ll ion | rrliieargbéarﬁgsr%ﬁ%ﬁ%reg@ing treatment and the weight ratio of the
hydrophilic n;@]%gﬁ,;g:tm@ pongrdryyseparation membrane were 5.0% and 6.4%, respectively. [0205]
An 8-inch element was produced according to the same method as in 20 Reference Example 1, and
operated und@nthelgaroe gendiiomat:irt Reference Example 1. The water production amount and the
salt removal ratio were 37.0 m3/day and 97.8%, respectively. The water repelmeability was 88.1%, or
that is, the membrakier sesupsacassigh Wsteil prsalkctvitiamelmeusiad eartien (kg isTaBusedvery ratio
was 99.3%, and the water production amount change before and after chemical treatment 25was
2.0%1.Ol'hu§’, @ﬁé'géﬁ(aration membrane secured good water repermeability after forming and drying.
[0206] (Exg@péi 4) A separation membrane roll was produced according to the same method as
in Example 1, except that the permeate-side surface of the separation membrane was not 5processed
for dot foilllation th@ﬁ@%r@b!lt,iﬁéﬂﬁey?;ﬁQFénHiR@fs%}@%%%&ﬁ%dJﬁ‘i‘ JH MG WIRLREZ00;um, ridge
width: 300 um, groove depth: 105 um) was used. The water content of the separation membrane roll
after dryingstigatahenthandlibe/ingightkatialaithe oidr ohdiic imojeatias dORbE henscitycseparation
membrane were 5.0% and 6.3%, respectively. 10[0207]

Vol. 26, 559-572 (1988), thereby determining the carboxyl group concentration,

15 [0111]
[Math. 1]

[F1,]
3 p, [CL, |- (24 13m [ FL b

Rcocw =

Reoon: carboxyl group concentration
[F1s]: areal intensity of 1s orbit peak of fluorine
20 kr1s: sensitivity correction of 1s orbit peak of fluorine
[Cls]: areal intensity of 1s orbit peak of carbon
m: residual percentage of reaction residue
r: reaction ratio of labeling reagent

[0112]

43



An 8-inch element was produced according to the same method as in Reference Example 1, and
operated under the same condition as in Reference Example 1. The water production amount and the
salt removal ratio were 37.6 m3/day and 97.2%, respectively. The water repermeability was 89.5%, or
that is, the membrane 15 secured a high water production amount even after drying. The recovery
ratio was 99.1%, and the water production amount change before and after chemical treatment was

3.7%. Thus, the se r%t(i:%_rbmerl'nIc%roa‘tjnea?1 cslljlll'%d %oa%ddwater re ermteatbility ?S%er forming and drying.
[0208] 20 (Examplep% %{lge‘gpar ion membrane Toil WRs PR FUERCEdE ?ﬁﬂ“t%e & same method

as in Examplodsexcephing herbinatempeialis WRRLOCVHIOWaEr §9igR) gfhe separation
membrane roll after drying treatment and the weight ratio of the hydrophilic moleciiles to the bone-dry
separationsmepibianédsatam@Voansbr%cdasvectively, #2[0RO8]cal shifiA Gdntareiement was
produced according to the same method as in Reference Example I, and operated under the same
condition a¥#1RedetendecMieahpiaditiTheitkteigmontistiaicatednt MNekthboadimemsnal ratio were
35.3 m3/day and 98.0%, respectively. The water repermeability was 84.0%, or that is, the membrane
5 secrL%ed PRI AP phasdes Rt divitiete A omariirlity amevataienitaatswiacdo 29, and the
water prod t'i le amount change before and after chemical treatment was 2.2%. Thus, the separation
membrane secured good water repermeability after drying. [0210] 10(Example 6) A separation

membrane roll was-pradued ARROLING R " BReton AR FUAMIIR A, SXGRRKING) the dving

temperature was 140C. The water content of the separation membrane roll after drying treatment and

the weightgatip obteennytipbiieind eculespta haseanemsivabaeRdEanherBENS Werg:5.0% and
3.0%, respectively. 15[0211] An 8-inch element was produced according to the same method as in

Reference(Ekhbapibcbnasnirepjeratbthinedén this geakedtdriditi¢tha s 10 RefdremceExainpls |. The water
production amqunt and the salt removal ratio were 33.6 m3/day and 98.2%, respectively. The water

repefheatiity hstBo 98 eiatnfithe sehrambreonseopaliceLrad RalyiiwaréepmBRluction amount even
after dryingog'&%tgg&&\l/ ry ratio was 99.1%, and the water production amount change before and after
chemical treatment' was 2.2%. Thus, the separation membrane secured good water repenneability
after dryingy {92{12] 25 (Example 7) A separation membrane roll was produced according to the
same method as in Example 1, except that glycerin was used as the moisturizer. The water content of

the separation membtrneholinftepsilyingdtpaioneaitantbthie wieighkéatineahihe-ydraphilic molecules
to the bone-dry separation membrane were 4.7% and 6.3%, respectively. 5[0213] An 8-inch

element wHSprogisadad tes dintp 1o ehassiliey HisteolimsyimRefsre hoe tExsaltplerbvahcioperated under

the sgme condigtl??g)as in Refer(-:éﬁrzlycg Example 1. The water production amount and the salt removal
ratio Were P BEh DA BLANES 5o thvelPrribe GostEte pdindhBiAWaLiES Z9airor that is, the

membran red a high,water prodyction.amount.even after dryi .T?}e recovery ratio was
99.0%, an% ghgggv%g#eornp}‘rs?}g lh%ﬂgﬁna%neoﬁﬁfn (Lér%%eg%egé oerseha/ (?do g?}%%lc aexré;l %gprt gé[f%%m?%s 4.3%. Thus,

¥

n

the separatignJpembiRIersRauEH S0P WRIEHIRD SMRARULRIIR Tarming and sadngs,
the hydrophilic group concentration as measured on the feed side of the separation
membrane is preferably within a range of from 0.2 to 0.6, more preferably within a

20 range of from 0.2 10 0.5.  Also preferably, the protective group contains a carboxyl

group, and the carboxyl group concentration as measured on the feed side of the
separation membrane falls within a range of from 0.001 to 0.03, more preferably within
a range of from 0.001 to 0.02. When the hydrophilic group concentration and the
carboxyl group concentration each fall within the above range, then the separation

25 membrane can keep a high salt removal ratio and can attain a high water permeability.

Further, even when the raw fluid to be treated contains cationic organic substances
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[0214] 15(Example 8) A separation membrane roll was produced according to the same method as in
Example 7, except that the feed-side surface of the separation membrane was not embossed but, as
the spacer, net (thickness: 900 um, pitch: 3 mm x 3 mm) was used. The water content of the
separation membrane roll after drying treatment and the weight 20ratio of the hydrophilic molecules to
the bone-dry separation membrane were 4.7% and 6.3%, respectively. [0215] An 8-inch element was

produced aceareig o (he same melfag s AelGiense Fample. and onerated under the same

.- 3 TEVENLC .
condition as in Referénce Example 25I. The water pro on amount and the salt removal ratio were

36.9 m3/dayand &h6%y resRactvelrbbhel Walsh (eResmARbIt: Was8R:0%.(3 that igethe membrane
secured a high water production amount even after drying. The recovery ratio was 99.4%, and the

water prodwetiorpameuaintich afi te beforerandnadtetcoteniioabireatment was 2.5%. Thus, the separation
membrane secured good water repenneability after drying. 5[0216] (Example 9) A separation
membrane P8l Vas produced according to the same method as in Example I, except that trehalose
was u§ed as them 'sturiéer. Th Wﬁ?ﬁtgr cantent of the separation membrane roll after drying treatment
and the weight ratioilt?'ﬁﬂ’ﬁ 1%&}?8%% POMG EOTR SYS tRE SRt espiad 68 &rbrifie were 4.9%
and 6.3%, ectively. -jnch el nt.w roduced according 1o the same method
asin Refeéegnﬁc'% %\?ﬁ% e %?egrll%r%ngéartg{ta d} %%naégl’% ﬁ%g%l%%épc[)rﬁdﬁ |%Fl%ﬁ%li‘ﬁelgoe&égf§%tg2 Example 1. The

water prociGties: ameiud.andihfsSat ey A NSNAWEre 34 ge BI3daY A J9 96, respectively.

The water repermeability was 89.3%, or that is, the membrane secured a high water production
amount evierfaftéd dryithin Thengeool/Bontatid was. 99, &96n and-dhpeaiatd produationageoednt change
before and after chemical treatment was 5.0%. Thus, the separation membrane secured good water
repermeatiiiiin Skl o fhding Brrinaiyiag, Zojoe g Eswismpidrephilic grausepadatiordierembrane roll was
proda: ed %cor ing to the same methg,d s in Example 9, except that the feed side surface of the

separation HEMBFARE AN o RE S BYEr e Cpdhen el withdsai osianamttch: 3 mm x 3
mm) was wsefh BeTe kL eaeqLAL R SRARUAN MPMRTANG fal Ak diving fregiment and the

weight ratio of the hydrophilic molecules one-dry separation membrane weré 4.9% and 6.4%,
respectivelywi9268] AhcB-ihel Glesnantivas Riedused ascaidingdois 70w metad.asdn SReference

Example 1, and operated under the same condition as in Reference Example
may increase but there may readily occur fouling.

[0116]

15 Regarding the hydrophilic group concentration as measured on the feed side
of the separation membrane, the total of the hydroxyl group concentration and the
secondary amine concentration preferably falls within a range of from 0.008 to 0.8,
more preferably within a range of from 0.01 to 0.6, even more preferably within a range
of from 0.05 to 0.6.  The hydroxy! group and the secondary amine are poorly-ionic

20 hydrophilic groups, and therefore, when the total of these concentrations is lower than
0.008, then fouling could be hardly prevented and the water production amount through
the membrane could hardly increase; but on the other hand, when more than 0.8, then
the membrane could hardly form.

{0117]
25 Regarding the hydrophilic group concentration as measured on the feed side

of the separation membrane, the ratio of the number of chlorine atoms to the total
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|. The water production amount and the salt removal ratio were 37.1 m3/day and 97.1%, respectively.
The water repermeability was 88.3%, or that is, the membrane secured a high water production
amount even after drying. The recovery ratio was 99.3%, and the water production amount change
before and after chemical treatment 10was 2.4%. Thus, the separation membrane secured good water
repermeability after drying. [0220] (Example 11) A separation membrane roll was produced according

to the samemehc aa i alkArmpledeexiont Saahnobiipyl Alenoles ysed g the fgisturizer. The

water content of the separation membrane roll after drying tre the weight ratio of the
hydrophilicrmiole¢ulesitribe boveshysaparationdmadeRianeimeead 286 At akgspectively. [0221]
20An 8-inch element was produced according to the same method as in Reference Example 1, and
operated uhdletethensantaiconditiba epinReferende dExamplevieTthe weteisprede dianieddount and the
salt removal ratio were 35.2 m3/day and 97.1%, respectively. The water repermeability was 83.8%, or

that is, the FEBIARS S EEarEiNKIREIS W ERSY P Rids afvdast wvkthamemidnging. The recovery ratio
was 2599.1%.. and the Watercg)roduct'ﬁn arpou t change befgre,and after chemical treatment was
4.5%. Thu&® fﬁ%nggrﬁ%?éﬁ%%ésr%%rane esé%ﬁ%jg @3&8’&’1%?5??§§m’§£5ﬂ@ﬁ%%rming and drying.
10222 (Exgripleed 39 seppcelinn B emAAN (b uas RLAdlces Accardig Lo i pame method as i

Example 10, except that the feed-side surface of the separation membrane was not embossed but, as

the spacercamapédiithkng 356900 R opichtd dnmanea®Im) was used. The water content of the
separation membrane roll after drying treatment and the weight ratio of the hydrophilic molecules to
the bone-dyid¢8paration membrane were 4.2% and 106.4%, respectively. [0223] An 8-inch element
was produced according to the same method as in Reference Example 1, and operated under the
same condition as iff Badetmasdinkingethisararsarepiubliopr sanisuprlangn@salt removal ratio

rm i SERETE TS R ek UGG BN SeLA A A TREOERS 1o was 99,596,
and the wajgy ef%mie@tamu%%@%%&%&ﬁg&&@%ﬁﬁg%ﬁ&e%iéﬂ%l%- Thus, the

separation membrane secured good water repermeability a xample 13) A
separationgroepslirane: roblasdreduces aeeerdngio, tesamenneiedasinExample 1, except that
galactose was used as the moisturizer. The water content of the separation membrane roll after drying
treatment additive waightratimos treftmpbipprific2smotead o to B tobedejche pagadidrbmembrane

were 4.2% and 6.2%, respectively,
weight, more preferably within a range of from 0.01% by weight to 1.0% by weight,

15 even more preferably within a range of from 0.01% by weight to 0.5% by weight.
When the concentration is lower than 0.01% by weight, then the crosslinking density
may be low and the insolubility in water of the crosslinked polymer may be therefore
low; but when more than 5.0% by weight, then the crosslinking density may be high and
the water production amount through the membrane may lower and, if so, in addition,

20 the crosslinking reaction would go on rapidly to cause gelling at room temperature
therefore resulting in difficulty in uniform coating.

[0119]
The acid to be used may be an inorganic acid or an organic acid, and for
example, in case where hydrochloric acid is used, the concentration thereof is preferably

25  within a range of from 0.01 mol/L to 1.0 mol/L, more preferably within a range of from

0.01 mol/L to 0.5 mol/L, even more preferably within a range of from 0.01 mol/L to0 0.3
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[0225] An 8-inch element was produced according to the same method as in Reference
Example 1, and operated under the same condition as in Reference Example 1. The water production
amount and the salt removal ratio were 37.0 m3/day and 96.7%, respectively. The water
repermeability was 88.1%, or that is, the membrane 5 secured a high water production amount even
after drying. The recovery ratio was 98.9%, and the water production amount change before and after

chemical tggiggent e s 96, T 15 SCARUNMGPIANA e ol ool ueiel epermeaily

after forming and drying. [0226] 10(Example separation membrane roll was pro (ted according

to the samexfetRaH:AG i foraumnle.ddyaxsaphinal thafeedsside swfacarf hssgraration membrane

was not embossed but, as the spacer, net (thickness: 900 jim, pitch: 3 mm x 3 mm) was used. The
water contémadiothéageparatidnemitmbyainel yodl. after drying treatment and the weight 15ratio of the
hydrophilic molecules to the bone-dry separation membrane were 4.2% and 6.3%, respectively. [0227]
An 8-inch éfdr#fdht was produced according to the same method as in Reference Example 1, and

operated under the same condition as in, Reference Exa pke 201. The water production amount and
the saﬁ removal rati %éﬁ‘éﬁg‘é‘%’%@/ﬁ%&aﬁ?& %@@%ﬁ ?&Sﬁrg?, sy foF S ARGy FORRIAYRRIB AT was 80.0%,
or that is, thememprane sesyiada hi r. production amount even after drying.. The recovery ratio
was 99.1%, and the water prgﬁjc ionlﬁapr%\ggi?%lgngr% é% Ebe oeféna%g %??grl%ﬁree‘rafnr%%l rgjégr;ﬁréﬁt was 4.0%.

Thus, the sepayifgrMeTiTane SPCRG.0Reiwale) (gaaHmsakiity AfeH2ReHyINg: $0228] (Example

15) A separation membrane roll was produced according to the same method as in Example 1, except
that diethytere giysopwisaidedvabithe rmaistofiforn theCivates ahteWhithResepaigtion membrane roll
after drying treatment and the wei%?%t ratio of 5the hydrophilic molecules to the bone-dry separation

r

membrand e 4 ursdalsvsrdben réife cnfERieny 2eatingcguliorot nattaingd eipt diiced according to
the same methpd. as in Reference Example 1 n%rlld perlsted under the same caondition as in Reference
mi il

Example 1095 RSP THO SREh I JOHES 8 TR ap i rettensigeiratiftand 96.9%,

respectivema)'[gﬁé%agg&ﬁe_permeability was 86.2%, or that is, the membrane secured a high water ‘
production armount even after drying. The recovery ratio was 99.0%, and the water production amount
change befipreignd after chemical treatment was 4.8%. Thus, the separation membrane secured good
water repermeability after 15forming and drying.

The composite membrane obtained through the thermal crosslinking is

washed with water and preferably further washed with water at a temperature falling
15 within a range of from 30°C to 70°C to thereby remove the excessive water-soluble
substance and acid catalyst.
[0122]
Next, it is desirable that the water-insoluble crosslinked polymer is brought
into contact with a surfactant to increase the hydrophilicity of the membrane. The
20 surfactant is preferably a neutral surfactant such as polyoxyethylene octyl phenyl ether,
or an anionic surfactant such as sodium normal dodecylbenzenesulfonate, etc. In case
where the surfactant is used in the form of a solution thereof, the concentration thereof
is preferably within a range of from 0.1 mg/L to 1,000 mg/L, more preferably within a
range of from 1 mg/L to 100 mg/1..
25 [0123]
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[0230] (Example 16) A separation membrane roll was produced according to the same method as in
Example 15, except that the feed-side surface of the separation membrane was not 20embossed but,
as the spacer, net (thickness: 900 vim, pitch: 3 mm x 3 mm) was used. The water content of the
separation membrane roll after drying treatment and the weight ratio of the hydrophilic molecules to
the bone-dry separation membrane were 4.1% and 6.2%, respectively. [0231] 25An 8-inch element

was produced accorgding to, the same method as in Reference Example 1, and operated under the
same condition as irrﬂ??e% %éﬂ@éﬁé%’rﬁrg%e ?eﬂ?}é’avr\l/ea e%%%%éﬁb%%g%éﬁyg?{%@%‘iﬁ removal ratio
were 34.9 m3/dayand @ t3aciesRRSINERLLIE YIS FRRITNE iéi%ﬂx?%% 85i\Vu0f fhat is, the

membrane secured a high water production amount even after drying. The recovery ratio was 99.1%,

and the watergeretifictionadvatvik ehandebeiore ahed @figscherealdegatmnerhmwas 3.7%. Thus, the
separation membrane secured good water repenneability after drying. [0232] (Example 17) A
separationaehobraedrofatas producetherscbetingstethe Speafimatliyothas!mwigE karhdle 1, except
that thg polyglycerin concentration was 3% and the contact time was 8 seconds. The water content of

the separatity ?ﬂé‘?ﬁB“Qh&ﬂ@fﬂQW&%@WAM&HW@W&@H@%@@PW ﬁy&fbﬂhﬂﬁﬁmolecules
to the bon%gc:lyga%pc%r%%%n {pfﬁglrpé%r Qfax\{\éeh% tghgﬁ;/?? F?I%d@ $e eg/ﬁéé%ﬁ%%@ Q‘ﬁ%g%] %%5 n 8-inch element

was produced according to the Same metno d under the

same condiianae 1eleiasee FATAIS . TR VAISS R ONATINOL A0 i sal removal ratio

were 34.6 m3/day and 97.3%, respectively. The water reperme as 82.4%, or that is, the

membraneksecwraddudigHivaie kpragductionealunirave bakies e vimBesE iREEROVSsY satierwas 20
98.8%, and the water production amount change before and after chemical treatment was 2.0%. Thus,

the separatisglisrabrandsestre@Hbodwate prefiersdaabiity Affephotm imy@ndadeying i{0234]
(Example 18) 25A separation membrane roll was produced according to the same method as in

Example 1S&dpeiiditiceitiyaivd alrrbelricsoriosssobelsath avenrearsartiarmesd is

isopropyl alcohol.  The concentration of the compound to be added is preferably

within a range of from 0.1% by weight to 50% by weight, more preferably within a

range of from 0.5% by weight to 15% by weight. When the concentration is higher

than 50% by weight, then the cost may increase; but when lower than 0.1% by weight,
15 the effect of enhancing the water permeability of the membrane may be poor.

[0124]

The time for which the surfactant or the compound of which the surface
tension falls within a range of from 17 dyn/cm to 27 dyn/cm is kept in contact with the
membrane is preferably at least 10 seconds, more preferably at least 1 minute.

20 [6125]

For the same reason as that in the contact treatment, preferably, the step of
forming the water-insoluble protective layer having a hydrophilic group is carried out
prior to the step of imparting height differences to the separation membrane by
embossing the membrane or by arranging a different material on the membrane.

25 [0126]
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was 180 seconds. The water content of the separation membrane roll after drying treatment and the
weight ratio of the hydrophilic molecules to the bone-dry separation membrane were 5.0% and 39.6%,
respectively. [0235] 5An 8-inch element was produced according to the same method as in Reference
Example 1, and operated under the same condition as in Reference Example 1. The water production
amount and the salt removal ratio were 36.6 m3/day and 97.4%, respectively. The water
repermeability was 87.1%, or that is, t%g: embrane secured a high water production amount even
Hirrodids e 5?9:[%?5%%%&?&%86’&%18%‘6‘%}?‘&1}%% before and

after drying. The recove?y ratio' w

atterchemicahyeaamenl aad Pot:HRus, e SeRRrRIORMGY=nt seryed gogd vater

repermeability after forming and drying. [023 An element was’produced according to

the same regihadasnmyamplad, kxprrideating sbsimaipIas shanged QRashaing a fiber

orientation degree of 20 in the surface layer on the porous supporting layer side and 40 in the surface
layer oppositataet theapoeotisrsihp antinertayperythbaniaten tgdtephidfcherapparation membrane roll after
drying treatment and the weight ratio of the hydrophilic molecules 20to the bone-dry separation
membranelWer8 4.9% and 6.3%, respectively. [0237] An 8-inch element was produced according
to the same metho%qg in Reference. Example 1,6%2d gﬁe{%ted und%%the same condition as in
Reference Example 1 The Watar production Srhathtan g tRE SR T AR TR BRI2 m3/day and

2597.3% rERpESe AINER IDRSHTARTARIRCts 4n 1 JmatRe deduged, (e sall emoyal ratio

increased. The water reperimeability was 89.8%, or that Is; rane secured a R?SFI water

productionbaragsiet @veafafiend prngeThadpaoneryisatieopas B 1%aant ihanaiehemdyetion amount

change before and after chemical treatment was 4.0%. Thus, the separation membrane secured good

water repepragsabilitycafien tbaniogtaind biydinghBl0 2883¢Exampiel 20)ater tréauBdmnchvetement was

produced according to the same method as in Reference Example 1 except that the separation

membtandVotehaRiethes Rispermerhaidas Bxdumiization trraansniontheékepeeivsd under the

same con 'tior]magfg'g ]dORefere e Exa nﬁlecg_ﬂ.?@n a nonwoven fabric of polyester fibers (fiber size: 1
a

a & SRS AIIRILPrAPS AP SESBEBNRDs polysulfone in

decitex, thickness: about 6o um,OéYFB%F

dmethyfogamice N NAUIEHUORRAMIAS) 1as SRS AEKNGSS A1 480U, A) foom temperature

(25C) Immediately, this was dipped in pure water and lett therein for 5 minutes to pro%ce aroll of a

porous sugiResingemeeianectickrass dhl BRtHen Lok s Bhe el isac.nelypuliang sideporting

membrane. [0239] While the porous resin roll was unrolled (uncoiled), and an aqueous solution of 1.8
wt.% m-PIBRZHd 4.5 wt.% c-caprolactam was applied onto the polysulfone surface. Via an air nozzle,

nitrogen was sprayed onto it to thereby remove the 20excessive aqueous solution from the surface of
the porting meniBfaif@asiip e aprane of the invention may be prevented from being

worsened in point of the water permeability thereof by drying. The matter as to
whether or not the water permeation performance of the membrane is lowered by drying
could be evaluated by calculation of the amount of the permeate through the membrane
and the blocking performance of the membrane.  Specifically, the separation

20 membrane is evaluated as to whether or not the amount of the permeate therethrough
may lower by drying by which the membrane is hydrophobized or the pore size in the
membrane is reduced, or as to whether or not the separation membrane is cracked by
drying whereby the amount of the permeate could increase but the blocking
performance of the membrane may lower.

25 [0129]

6. Height Difference
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decane solution containing 0.06% by weight of trimesic acid chloride at 25C 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 a decane solution containing 0.06% by weight of

trimesic acid chloride and 0.048 % by 25weight of trimellitic acid anhydride chloride (molar ratio, 1)
was applied thereto in such a manner that the surface could be completely wetted with the solution.

Next, the excessive,sqluti s removed by keeping the membrane vertically, and then the
membrane was dipgjé? ?ﬁagﬁg\g%esg %I%\é%%}é%%% aﬁr%&rllsg aﬁ%e y %v%‘@h%%?%%&ﬁﬁﬁ%%%ﬁ te and 0.3%
by weight afcosium i shifatae [RRAQ)ENGLIR Aydrepbilisroledive film ys faymed. Specifically,

an aqueous solution containing 0.1% by weight of polyethyleneimine (weight-average molecular

weight 600)Huamapiidghtioditiesudece of thedinirdedad Membsanaanddhendirghai"60C for 30
second with a hot air drier. Next, for coating the separation membrane with a hydrophilic protective
layer, an adhbesesusohstiviihsrejsaretimpartiding haigbirdiffideni® eaththstothydsoghdsicoacid to be 0.1
mol/L jéo an aqueous solution containing 1.0% by weight of polyvinyl alcohol (weight-average molecular

weight' 2,080°Hher BY19eivety Wit Bigitsariiiengae thasasprien s ambstifdeéosomacembrane.
Subsequently, this.was thermally crosslinked with a hot.air drer at 80C, thereby forming a
water-insom%ypeapsrooi%lenc({ﬁlgﬁfé g%o)é}gﬂbcz St eéelaﬁ%rﬁ]t?f}, %F ﬁéﬁﬁ’ot\bﬁ{b%‘?éﬂﬁﬁf@réggﬁnked substance
and the acidfatalyshding: Mem prane, was wasbasd with hatatenah/RG heLehy.ahtaining

separation membrane roll. Using the separation membrane roll and in the same mahner as in

Referencetitafopieht, cam8gin ahikiemeanbas @iobkieaiicddus wbtanedsthe @einshn2d-element was
operated under the same condition as in Reference Example 1. The water production amount and the

salt removalerdifeeivatendBdansdageanch DBy o -redieg koeljng0a4R] mentidtestheherseparation
memprane roll was dried at 80C for 3 minutes and embossed with a rhombic pattern embossing roll at

110C!8nd drdePasebing SrEnS slegrent THaruey, infhariths albrrremralandie stdhte feed side of the

separatio ane (by embossing). An ethwvlene/vinyl acetate copolymer resin (trade name. 703A)
was hot-%g}l‘ltge on tlﬁggﬁ%rr%%g% Sid r8¥?ﬁ%%¥é?n e{%‘ﬁéi?ﬁer ;?lhgi\ﬁ}?ﬁg PR ARG A Reight of 230 pm

thereto, ang{he:swiarechibe membraampasthugiaven helghtJiferencesehy #n} fermation). Here,

200 dots were analyzed for the horizontal distance from the highést point of one convex part to the

highest paintofdievatheTadjsgamibanexeshbonritmieed sidephiheSepriatian maesbrane, and the
found data were averaged to obtain the pitch of the emboss pattern. [0243] After embossing, the
surface deféetranbanat leassssyitdisakagymineonatet. codthet détrmsmsaratipratienbrane roll after
drying treatment a% the weiggg ratio of the hydrophilic molecules to the bone-dry separation

membrandSRERS Y SRS g0t deyss e Aokt el B s sloaseddaasRsdunt and the salt

removal ret ' ﬁrﬁre 45.2 m3/day and 15 97.8%, respectively. The water repeimeability was 97.0%, or
that is, the-menibrane secured a high water production amount even after drying. The recovery ratio

was 97.5%, and the-yaieiRsaduetiapAmauishaneaeLriete Al afiieichamigakiigatment was 2.0%.

Thus, the separation membrane secured good water repermeability after fooning and drying. 20[0246]
embossing, hydrostatic molding or calendering, the separation membrane may be

worked to have height differences by itself; or a discontinuous membrane formed of a
20 different material excellent in passages formability is arranged on the feed side and/or
the permeate side of the separation membrane,
[0131]
Preferably, after formation thereof, the separation membrane is heat-treated at
40 to 150°C to thereby enhance the concavoconvex shape retentiveness thereof.
25 Regarding the heat treatment temperature after the formation of the separation

membrane, the heat treatment temperature for polyester fibers can be identified
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(Example 21) A separation membrane roll was produced according to the same method as in Example
20, except that the feed-side surface of the separation membrane was not embossed but, as the
spacer, net (thickness: 900 jim, pitch: 3 mm x 3 mm) was used. 25The water content of the separation
membrane roll after drying treatment and the weight ratio of the hydrophilic molecules to the bone-dry
separation membrane were 4.2% and 6.4%, respectively. [0247] An 8-inch element was produced

according tg.he same Meihod a8 SRe(BIECR FXAI 1 and operatedgindes the same condtion

as in Reference Example 1. The water production amount an femoval fatls were 43.0 m3/day

and 97.9%¢psRecHMabmIRANE DRPNMRARII WS W30, thal i MEMbIRAg Sfcured a

high water production amount even after drying. The recovery ratio was 98.2%, and the water
production mateuritreapbgeieiped andhafferdchidmiad!drebérpent dAwedclodthe Ebsiaatiin separation
membrane secured good water repermeability after drying. [0248] (Example 22) A separation
membraneASIAspIQ Hupad beiebtdlifitontss tathemeathumas in 15Example 20, except that an
aqueoys sﬂﬁﬁgi prepared by adding, as an acid catalyst, hydrochloric acid to be 0.2 mol/L to an

agueous s containing 2.0% by weight of polyvinyl alcohol (weight-average molecular weight
2,000) andg{gg%???qyféggggéyfﬁq%gg%lﬁie)hyde was applied to the surface of the membrane. After

embossing, the™surface de ratio was 8.55%. The water content of the separation membrane roll

20after drying treatnmaremgmg@amaqﬁaméaq&x@gha@?@&mpémgﬁﬁg.th% &eegsfe/ separation

membrane were 4.6% and 6.6%, respectively. [0249] A nch element was produced according to
the same méitroghassiniEadmptea2feanshaperaiechinderibe same aandiiomasinReference Example
1. The water 25production amount and the salt removal ratio were 46.1 m3/day and 97.0%,
respectiveRIIMHE bearercrehe sepapiignfarcdgrobaesptdeihis pthisetizenioy@n e seturetadidh water

prodyction agggéunt vetrilafter dryinf);. The recovery ratio was 97.7%, and the water production amount
chanlé bef8fe SHE SR RAYN LAY PE A RIEWLE. 1. 800 2Thdatng asseatbsretBenbrane secured good

wate repeimeaiy i (VgAY 40 25N S EARIa R3] o . A spplion membrane ol

k 5 .
was produced according to the same asin Exa Ss%olution

prepared bysaaing AaenAithe A ERIORNON A0S JQiRa 0,22 M0l kA8 IR agpoug, solution
containing 2.6% by weight of polyvinyl alcohol (weight-average molecular weight 2,000) and 0.196%
by weight eifich a case, the protective layer may be stably held by the separation function layer by
heat treatment under pressure.
15 [0133]
Especially in a case where height differences are given to the surface of the
separation membrane by embossing, the separation function layer may be often
damaged by the embossing roll to have defects. However, the presence of the
( protective layer on the surface of the separation membrane prevents the formation of
20 defects.
[0134]
For producing a high-efficiency separation membrane element without
causing deterioration of the membrane performance, it is desirable that the surface

defect ratio of the separation membrane is 1% or less.

25 [0135]
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10glutaraldehyde was applied to the surface of the membrane. After embossing, the surface defect
ratio was 0.50%. The water content of the separation membrane roll after drying treatment and the
weight ratio of the hydrophilic molecules to the bone-dry separation membrane were 5.1% and 6.9%,
respectively. [0251] 15An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example 1. The water

production amount 3gdiig gl EMBYRLEHAE G AMHIRNANE S0 LRRRESIVE. The water
a hig

repermeability was 99.6%, or that is, the membrane secure water production amount even

after dryingrdfeatreceuenn o WasQ8E2% «angine Watel i oslctianNR s change before and
after chemical treatment was 1.7%. Thus, the separation membrane secured good water

repermeabititioafser faftaingeanddfyingnf) 2E2j«Exanoplmeab2na sepaiation sirembane xoll was
produced according to the same method as in Example 20, except that an aqueous solution prepared

by adding, S Br'808 2dvsipet adsgehet Roihe sertdine naosbisrLarsdheasubsasrehstidde containing

0.63%by wejght of polyvinyl ajcohol (weight-average molecular weight 2,000) and 0.087% by weight
of bl A g KA G & S R AT B RPN Ao R boshF 8 liface defoc
ratio was Qﬂels‘)éoﬁalimow%%s%@m &E&H@d%ﬂﬁ%%ﬂlag‘%?g{,%% Bl 531‘15%%%%?19&%‘33“‘9“ and the

weight ratio of the hydrophilic molecules to the bone-dfy separation membrane Were' 4.9% and 5.5%,

respectiveliiv{aafdhe are T Sringhislapanbwas ppaiaed AcEOREINY 89 the Sams-methed as in
Reference Example 1, and operated under the same condition as in Reference Example 101. The

water prodisgtiortiamoenttamet thiesalthmisoRal aafipisveferdd foradtHayafit OdcTo6t reipectively. The
water repermeability was 93.3%, or that is, the membrane secured a high water production amount

even after Bi§iAGERdhes8iRad Ratieivhe raetiosaanbanterpRsdirdoniasdchrmughange before and

afterlcaﬁerr}ical treattl’nent \g}ﬁﬁ Zd..6%. Thus, '%Eése ation memg_lraneiagéured good water
repeiteabiEFaftnr 5ot ARELIIARS fovan %)Yaml% ¢ StUEKRERAMPGIEY, a porous resin roll
was immersedig,ae @gﬁ%qﬂgi@eglggmeg}pntaining 3.0% by weight of m-phenylenediamine for 1 minute,
and then the excessive 20 aqueous solution was removed from the surface of the membrane. Next, a
decane sojgtisg]containing containing 0.06% by weight of trimesic acid chloride was applied thereto so
that the surface could be completely wetted with the solution. According to the same method as in
Example 20 exceptToe tiypesté pheadseptirationcandrativané telldyestiprayanaritimeesdiiface defect ratio of
the membrane was 1.43%. The water content 250f the separation membrane roll after drying
treatment SARESRNNERGHIGANGISthRS HyRitephARS BRI &t?él e isorrsting ebparmidASmembrane

were 4.0% 1"{‘,%91 ﬁé?(%;)v‘ respectively. [0255] An 8-inch element was produced according to the same
method agin '

[0137]

The pressure and the treatment temperature in roll-embossing may be suitably
determined in accordance with the melting point of the material contained in the
separation membrane. For example, in case where a porous resin of an epoxy resin is

20 used, the linear pressure is preferably from 10 kg/cm to 60 kg/cm and the heating
temperature is preferably from 40°C to 150°C, more preferably from 50°C to 130°C.
In case where a porous resin of a heat-resistant resin such as polysulfone or the like is
used, the linear pressure is preferably from 10 kg/cm to 70 kg/em and the roll heating
temperature is preferably from 70°C to 160°C. In roll-embossing, the winding speed
25  is preferably from I m/sec to 20 m/sec in any case.
[0138]
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5 Reference Example 1, and operated under the same condition as in Reference Example 1. The
water production amount and the salt removal ratio were 44.8 m3/day and 94.6%, respectively. The
water repelmeability was 96.1%, or that is, the membrane secured a high water production amount
even after drying. The recovery ratio was 94.9%, and the water production amount change before and
after chemical treatment 10was 15.1%. Thus, the separation membrane secured good water

repermeability after f@rﬁgjpgkag%gl[%gg.n[l%%%?%glosr%%[%té\é%‘;@%?ler éL SAr Se géggon membrane roll
e tho ' e

was produced according to t ame me asin xample 1, éxceptthat the c Htact treatment

with aqueots 54O ISaN DG SIS ISAUEIRIAACIP LU T surface defect atio

was 1.51%. The water content of the separation membrane roll after drying treatment was 51.2%
[0257] An 8herehielenhdntrefasephedhitkdeasointingaotisssgorimndiied as ihORsiarese Example 1,
and operated under the same condition as in Reference Example 1. The water production amount and
the salt rerf§parratientlerein the ensrass ravts 981BesnresirentivelfEh thramwveme fatio was 94.2%, and

the Wa§er production‘%neogt change before and after chemical treatment was 15.8%. Namely, the
surface defSEH PRS-l ThE FeBo& Padbis of BoPHE S SESrEaE daYF dniBEIRPBRENge before
%am le 2 A separation

d 25aft i Sened.19258 !
and 25aitep, hegyaal URRIIe el ORANEd 028l (o mpaIalive FXary 9 %Sept that the contact

membrane roll was produced according to the same method as in

treatment WikB3AUOIS &% RRYGINEA el IPmYas QRN Eesh TR AlSH GRIEERL Y fhe sgparation

membrane roll after drying treatment 5 was 5.0% [0259] An 8-inch element was produced according to

the same idthotl.9S inRefereticerdtianiie thidod opsetaieduppdarithesamesondiion as in Reference
Example 1. The water production amount and the salt removal ratio were 11.8 m3/day and 1094.1%,

respectivepriase ol sepsanirmpittybires rethoshivknss it uaibstattin Wasont89%, tthesrecovery
ratio ¥:6:S 94 a%) thgacwat r.production amount change before and after chemical treatment was 15.1%,

and the watel S8R éﬁ&ﬁﬂ?@ﬂé_’&f?‘fﬂﬂ?ﬁéﬁ’éﬁ?s{ f)(tgh?p%éa’ih?é‘ Bigaphptica) afEaiEeparation
memana Al Y RSSPANS BT S LA UL RSBl gepU e conec
content of #fehsepsadiohMerpRsangy el Atan dry B e eV AR P L2 I03P Hhproved.
[0139]
In embossing, the shape of the roll pattern is not specifically defined. It is
15 important that the flow resistance through the passages is reduced and the passages are
stabilized when a fluid is fed to run through the separation membrane element. From
these viewpoints, the shape of the pattern as observed from the top of the surface of the
roll may be oval, circular, oblong, trapezoidal, triangular, rectangular, square,
parallelogram, rhombic or amorphous.  In steric aspect, the shape from the top of the
20 surface is directly transferred as it is in the surface direction, or transferred as a
widening shape, or transferred as a narrowing shape.
[0140]
Of the embossed membrane, the convex part on the feed side corresponds to

the concave part on the permeate side and the concave part on the feed side corresponds

25 tothe convex part on the permeate side, like those of the separation membrane 1 and the
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20An 8-inch element was produced according to the same method as in Reference Example 1, and
operated under the same condition as in Reference Example 1. The water production amount and the
salt removal ratio were 43.3 m3/day and 94.5%, respectively. The surface defect ratio was 1.40%, the
recovery ratio was 95.1%, and the water production amount change before and after chemical
treatment 25was 12.4%. Namely, the surface defect ratio was high, the recovery ratio and the water
production nt change before and after.chemical treatment were worse e%. %9262] Comparative
Example 4)&%&%%1153%51?3 %nner%lgrs‘n %gigﬁ%ﬁa%n%%%géﬁﬂg%%&ﬁﬁg toi?htges BRI as in
Example 1hgkeniibaiife; pelyalycesin,carceairation was 1% and the contact time was 52 seconds.
The water content of the separation membrane roll after drying treatment and the weight ratio of the
hydrophilic{fiidlEcules to the bone-dry separation membrane were 5.0% and 0.05%, respectively.
[0263] An 8-inch element was produced according to the same method as in 10 Reference Example 1,
and operateddiglhid? thersacndy Blifficiontadd4teidference Example 1. The water production amount and
the sa[PI removal ratio were 25.4 m3/day and 95.4%, respectively. The water repermeability was 60.5%,

the surface defect rAlf\dEscTipROAD grtebisghesrrats ignmon ooseaniibhaiohi @i srsaertion amount

change be qr‘ nfa r chemical treatment was 8.9%..Namely, the sur cedéiefect ratio was high, the
15recover r‘iagt?g? haegt\f\?g?en?%uﬁ)élrsmné%gl ity andt ayx ggﬁ%ﬁﬂ%ﬁ%rﬁagm tEASHGE Y dre and after

chemical tigaiBenis Wt e eordi (RPALAARIRANGLRIABRIA A sEp AR grmbrane roll was
ept that the polyg

produced according to the same method as in 20Example 1, excep ycerin concentration

was 42% aheltie cOmtastimaines00:aeconds wichsheane sefessuatinafihe srpasatipn membrane
was 1.30%. The water content of the separation membrane roll after drying treatment and the weight

ratio of thehirdeasRilie 476l ecriesito therbbrvedrydse padafiorconEmivedioe veartaibifgsland 48.9%,
resp(i(@tively. 25[0265] An 8-inch element was produced according to the same method as in

Referénce ERRARNSTE e mbirBH SR8 A1 EE iReCRERNS RO RERIbE 4891 earirarrstEsample 1. The water

productio%%gﬁ%hg,@g%gga glt removal ratio were 40.2 m3/day and 96.0%, respectively. The water
repermeability was 95.7%, the recovery ratio was 595.4%, and the water production amount change
before ange@fien chemical treatment was 5.5%. The surface defect ratio was high, the recovery ratio
and the water production amount change before and after chemical treatment were worsened. [0266]

As described aboveDtiitesapanatiomnihambidsaelerenispbiaingdarapidingia WHhesinvention have
high water production performance and excellent removal
from that of the material to constitute the surface of the separation membrane body on
15 which the discontinuous member is provided.
[0143]
The composition of the discontinuous member is not specifically defined.
From the viewpoint of the chemical resistance thereof, dot or linear substances
including urethane, epoxy polymer, or preferably polyolefins such as polyethylene,
20 polypropylene, and copolyolefins is used.
[0144]
The discontinuous member can stably form permeate-side passages when the
separation membrane is incorporated in an element and a pressure is given thereto, and

in addition, the flow resistance of the member is smaller than that of conventional net

25  and therefore the member can form high-efficiency passages.

[0145]
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Preferably, the discontinuous member adheres to the separation membrane.
As kept adhering to the separation membrane, the discontinuous member hardly
damages the surface of the function member and is excellent in durability even when
there occurs rapid pressure change or flow change, different from conventional

5 continuous members such as net not adhering to the separation membrane.
[0146]

"Discontinuous” means that the projected image of the member forms a
discontinuous shape relative to the surface of the separation membrane. In other
words, the discontinuous member is divided in plural portions, or that is, the

10 discontinuous member is a combination of multiple members, in which the individual
members are separable from each other. "Discontinuous" may be reworded to such
that the adjacent constitutive members are spaced from each other in such a degree that
a fluid could run between those adjacent members.

[0147]

15 The shape of the individual discontinuous members may be, for example,
semispherical, conical (including circular conical, pyramidal), columnar (including
circular columnar, prismatic columnar), or wall-like.  Specifically, the surface fbrm of
the discontinuous member (of which the surface is parallel to the surface direction of
the separation membrane body) specifically includes circular (including oval and true

20 circular) and linear ones,  The cross-section form of the discontinuous member in the
thickness direction of the separation membrane includes semispherical and rectangular
ones, Multiple linear or wall-like spacers provided on one separation membrane are so
arranged that they do not intersect with each other, and for example, they are arranged
in parallel to each other.

25 [0148]
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Examples are shown in Fig. 3 to Fig. 5, in which the separation membranes 12
to 14 are all provided with a flat separation membrane body 121 but in which the cross-
section shape of the discontinuous member differs.  Specifically, the cross section of
the discontinuous member 22 in Fig. 3 has a round top and a rectangular bottom. The

5 cross section of the discontinuous member 23 in Fig. 4 is trapezoidal. The cross
section of the discontinuous member 24 in Fig, 5 is rectangular.
[0149]

The separation membranes 15 and 16 shown in Fig. 6 and Fig. 7 each have, as
the discontinuous member therein, a circular dot-like member 25 and a wall-like

10 member 26. The cross section in Fig. 3 to Fig. 5 may be applied to any configuration
in Fig. 6 and Fig. 7.

[0150]

The method of arranging the discontinuous different material on the feed side
and/or the permeate side of tﬁe separation membrane is not specifically defined. For

15 example, employable is a method of coating, printing or spraying with a hot-melt resin.
[0151]

Arranging the discontinuous different material on the feed side and/or the
permeate side of the separation membrane makes it possible to plan a membrane
element excellent in pressure resistance and flow stability. Further, when a high-

20  temperature fluid is treated, the passage material moves little on the surface of the
membrane as compared with the combination with a conventional passage material such
as net, tricot or the like, and therefore the passage material can prevent the membrane
from being scratched and the salt removal ratio of the membrane is dramatically
stabilized.

25 [0152]
<Effect of Height Difference>
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The following description shall apply to various types of separation
membranes having height differences irrespective of the formation method for the
height differences and of the shape of the height differences.

{01531
5 The height differences (difference in height between convex part and concave

part) on the feed side and/or the permeate side of the separation membrane can be
varied so as to satisfy the necessary separation characteristics and water permeation
performance, The height differences can be controlled, for example, by changing the
pressure heat treatment condition in embossing, but in a case of arranging a

10 discontinuous different material in a hot-melt method, the height differences can be
controlled freely by changing the treatment temperature.
[0154]

However, when the height differences on the feed side of the separation

membrane are too great, then the flow resistance could be small, but when the

15 membrane is incorporated in an element, the number of the membrane leaves capable of
being filled in the vessel would reduce. When the height differences are small, the
flow resistance of the passages increases and therefore the separation characteristics and
the water permeation performance of the membrane would lower.  As a result, the
water producing capability of the element may lower and the running cost for increasing

20 the water production amount would increase. Consequently, in consideration of the
balance of the above-mentioned performances and of the running cost, the height
differences on the feed side of the separation membrane are preferably 80 pum or more,
more preferably 100 um or more. The height differences on the feed side are also
preferably 2000 um or less, more preferably 1000 um or less, even more preferably 500

25  pmor less.

[0155]
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The height differences of the separation men;brane may be determined by the
use of a commercially-available configuration analysis system. For example, using a
laser microscope, the cross section of the separation membrane may be analyzed to
measure the height differences therein; or using a high-precision configuration analysis
5 system, Keyence's KS-1100, the surface of the separation membrane may be analyzed
to measure the height differences therein.  As sampled randomly, different sites having
different height differences are analyzed, and the total heights are summed up and
divided by the number of the analyzed sites to give the average value of the "height
differences". In the invention, the height differences may satisfy the above-mentioned
10 range, as measured according to any of the measurement methods described here. A
concrete measurement method is described in the section of Examples given
hereinunder.
[0156]
For the same reason as that for the height differences, preferably, the pitch of
15 the height differences in the separation membrane is 0.2 mm or more, more preferably
0.5 mm or more. Also preferably, the pitch is 10 mm or less, more preferably 3 mm or
less.  Also for the same reason as above, preferably, the pitch is 1/10 times or more the
groove width, more preferably 50 times or more.  The pitch means the horizontal
distance from the highest point of one high part to the highest point of the other adjacent
20 high part on at least one surface of the separation membrane having the height
differences thereon.
[0157]
The ratio of the area of the convex parts at a higher position in the upper
and/or lower direction of the surface than the center line of the height differences
25  existing on the feed side and/or the permeate side of the separation membrane, relative

to the area thereof seen from the upper part and/or the lower part of the membrane
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surface (two-dimensional area) may be controlled freely in order to satisfy the necessary
separation characteristics and water permeation performance. When the ratio is too
high, then the flow resistance may be too large, and if so, even when the membrane is
incorporated in an element, the water production amount therethrough would increase.

53 On the other hand, when the ratio is too low, then the flow resistance could be low but
the flow homogenization would be difficult and, as a result, there may occur
concentration polarization to worsen the performance of the element. From these
viewpoints, the ratio is preferably from 5% to 95% relative to the area thereof seen from
the upper part of the membrane surface (two-dimensional area), and more preferably

10 from 35% to 85% from the viewpoint of the flow resistance and the passage stability.
The ratio is defined as a convex area ratio.

[0158]
As obvious from the above explanation, the contents disclosed in this
document include the following techniques:

5 (1) A separation membrane containing hydrophilic molecules and having, as
formed on at least one surface of the feed side and the permeate side thereof, a height
difference of from 80 um to 2000 um, in which a weight of the hydrophilic molecules
in a bone-dry separation membrane is from 0.1% to 40% based on the weight of the
bone-dry separation membrane from which the weight of the hydrophilic molecules has

20 been subtracted.

(2) The separation membrane according to (1), wherein the hydrophilic
molecules are a sugar chain compound or polyalcohols.
(3) The separation membrane according to (2), wherein the sugar chain

compound is at least one sugar group selected from monoses, bioses and trioses.
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(4) The separation membrane according to (2), wherein the sugar chain
compound is at least one compound selected from glucose, sucrose, maltose, lactose,
trehalose and raffinose.

(5) The separation membrane according to (2), wherein the polyalcohol is at

5 least one compound selected from polyvinyl alcohol, glycols, glycerin and polyglycerin.

(6) The separation membrane according to any of (1) to (5), wherein a
protective layer having at least one hydrophilic group selected from the group
consisting of a secondary amine, a hydroxyl group and an ether group is provided on the
surface of the feed side of the separation membrane, and, as measured on the feed side

10 of the separation membrane through electron spectroscopy for chemical analysis, a
hydroxyl group concentration is within a range of from 0.2 to 0.6 and the carboxyl
group concentration is within a range of from 0.001 to 0.03,

(7) A separation membrane having, as formed on at least one surface of a feed
side and a permeate side thereof, a height difference of from 80 um to 2000 pm,

15 which has, on the surface of the feed side, a protective layer having at least
one hydrophilic group selected from the group consisting of a secondary amine, a
hydroxyl group and an ether group,

in which, as measured on the feed side of the separation membrane through
electron spectroscopy for chemical analysis, a hydroxy! group concentration is within a

20 range of from 0.2 to 0.6 and the carboxyl group concentration is within a range of from
0.001 to 0.03.

(8) The separation membrane according to (6) or (7), wherein the protective
layer contains, as a main ingredient thereof, a crosslinked product of a water-soluble
organic polymer having a hydrophilic group.

25 (9) The separation membrane according to (8), wherein the water-soluble

organic polymer is at least one compound selected from the group consisting of
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polyvinyl alcohol, partially-saponified product of polyvinyl acetate, polyvinyl
pyrrolidone, polyacrylic acid, polyallylamine, polyethyleneimine, polyepiaminohydrin,
amine-modified polyepichlorohydrin, polyacrylamide, polyacrylic acid amide,
polyethylene glycol and cellulose derivatives.

(10} The separation membrane according to any of (1) to (9), which comprises
a substrate and a porous resin layer.

(11) The separation membrane according to any of (1) to (10), wherein the
separation membrane comprises a substrate, a porous supporting layer and a separation
function layer,

(12) The separation membrane according to (11), wherein the separation
function layer contains a crosslinked polyamide as a main ingredient thereof,

(13) The separation membrane according to any of (10) to (12), wherein a
ratio of a thickness of the porous resin layer in a convex parts of the surface of the
separation membrane to a thickness of the porous resin layer in a concave parts of the
surface of the separation membrane is from 0.1 to 0.95, and a ratio of a thickness of the
substrate in the convex parts of the surface of the separation membrane to a thickness of
the substrate in the concave parts of the surface of the separation membrane is from 0.1
to 0.95.  The porous resin layer may be reworded to a porous supporting layer.

(14) The separation membrane according to any of (10) to (13), wherein the
substrate is a long-fiber nonwoven fabric.

(15) The separation membrane according to (14), wherein fibers in a surface
layer of the long-fiber nonwoven fabric on a side opposite to the porous supporting
layer have a higher longitudinal orientation than fibers in a surface layer of the long-
fiber nonwoven fabric on a porous supporting layer side.

(16) The separation membrane according to any of (1) to (15), wherein the

height difference is imparted by heat treatment under pressure.
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(17) The separation membrane according to (16), wherein the heat treatment
under pressure is carried out at a temperature of from 50°C to 160°C and under a
pressure of from 10 kg/em to 70 kg/cm.

[0159]

As obvious from the above explanation, the technical scope of the invention
includes a method for producing a separation membrane mentioned below.

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

a step of imparting a height difference of from 80 pm to 2000 um to at least
one surface of a feed side and a permeate side of a separation membrane, and

a step of bringing the separation membrane into contact with hydrophilic
molecules so that a weight of the hydrophilic molecules in a bone-dry separation
membrane is from 0.1% to 40% based on a weight of the bone-dry separation
membrane from which the weight of the hydrophilic molecules has been subtracted.

(b) The method for producing a separation membrane according to (a),
wherein the step of imparting a height difference to the separation membrane is carried
out after the step of bringing the separation membrane into contact with hydrophilic
molecules.

(¢) The method for producing a separation membrane according to (a),
wherein the step of imparting a height difference to the separation membrane is carried
out before the step of bringing the separation membrane into contact with hydrophilic
molecules.

(d) The method for producing a separation membrane according to any of (a)
to (c), wherein the step of bringing the separation membrane into contact with
hydrophilic molecules comprises applying an agueous solution containing hydrophilic

molecules to the separation membrane,
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() The method for producing a separation membrane according to any of (a)
to (d), wherein at least one of a sugar chain compound and polyalcohols is used as the
hydrophilic molecules.

(f) The method for producing a separation membrane according to any of (a)
to (c), wherein the step of bringing the separation membrane into contact with
hydrophilic molecules comprises applying an aqueous solution of a water-soluble
organic polymer to the separation membrane and crosslinking the water-soluble organic
polymer to form a water-insoluble protective layer.

(g) The method for producing a separation membrane according to any of (a)
to (f), wherein in the step of bringing the separation membrane into contact with
hydrophilic molecules and the step of imparting a height difference to the separation
membrane, a composite separation membrane comprising a substrate, a porous
supporting layer and a separation function layer is used.

() The method for producing a separation membrane according to any of (a)
to (g), which includes a step of imparting the height differences by heat treatment under
pressure.

(1) The method for producing a separation membrane according to (h),
wherein the heat treatment under pressure is carried out at a temperature of from 50°C
to 160°C and under a pressure of from 10 kg/cm to 70 kg/em.

[0160]
7. Separation Membrane Element

The separation membrane element may comprise any of the above-mentioned
separation membrane. With reference to Fig. 8, one example of the configuration of
the separation membrane element is described,

[0161]
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As shown in Fig. 8, the separation membrane element 100 comprises a
separation membrane 2, a net 3, a tricot 4, a water-collecting tube 6, a first end plate 7
and a second end plate 8.

[0162]

5 Any of the above-mentioned separation membranes is applicable to the
separation membrane 2. As stuck together, the separation membrane 2 forms an
envelope-like membrane 20.  The envelope membrane 20 is spirally wound around the
water-collecting tube 6 to form the wound body 28.  Any other member of film or the
like may be wound around the outer periphery of the wound body 28 for protecting the

10 wound body 28.
[0163]

The net 3 is arranged so as to face the feed side surface of the separation
membrane 2 and is wound around the water-collecting tube 6 along with the separation
membrane 2,

15 [0164]

The tricot 4 is arranged so as to face the permeate side surface of the
separation membrane 2 and is would around the water-collecting tube 6 along with the
separation membrane 2.

[0165]
20 One or both of the net 3 and the tricot 4 may be omitted.

[0166]

The water-collecting tube 6 is a hollow cylindrical member and has a plurality
of pores in the side thereof.

[0167]
25 The first end plate 7 is a disk-like member having a plurality of feed ports.

The first end plate 7 is arranged at the first end of the wound body 28.
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[0168]
The second end plate 8 has a discharge spout for concentrated fluid and a
discharge spout for permeated fluid. The second end plate 8 is arranged at the second
end of the wound body 28.
5 [0169]
Fluid separation through the separation membrane element 100 is described.
A raw fluid 101 is fed to the wound body 28 via the feed port of the first end plate 7.
The raw fluid 101 moves inside the feed-side passages formed of the net 3 on the feed
side of the separation membrane 2.  The fluid having passed through the separation
10 membrane 2 (this is shown as a permeated fluid 101 in the drawing) moves inside the
permeate-side passages formed of the tricot 4. The permeated fluid 102 having
reached the water-collecting tube 6 comes into the water-collecting tube 6 via the pores
of the water-collecting tube 6. The permeated fluid 102 thus having run inside the
water-collecting tube 6 is discharged outside through the second end plate 8.  On the
15 other hand, the fluid not having permeated through the separation membrane (this is
shown as a concentrated fluid 103 in the drawing) moves through the feed side passages
and is discharged out through the second end plate 8.  In that manner, the raw fluid 101
is separated into the permeated fluid 102 and the concentrated fluid 103.
[0170]
20 Next described is a method for producing a separation membrane element.
[0171]
The spiral-type separation membrane element comprises a separation
membrane and optionally one or more laminates of a feed-side spacer and/or a
permeate~-side spacer wound around a perforated hollow water-collecting tube. The
25  method for producing a separation membrane element of the invention is not

specifically defined. Herein described is one typical method for producing the
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clement, which comprises laminating a polyamide separation function layer on a porous
supporting layer and a substrate to give a separation membrane, then shaping it and
arranging a permeate-side spacer.

[0172]

5 A resin is dissolved in a good solvent, and the resulting resin solution is cast
on a substrate and then immersed in pure water thereby forming a porous supporting
layer on the substrate.  Subsequently, as described above, the separation function layer
is formed on the porous supporting layer. Further if desired, for enhancing the
separation performance and the permeation performance, this is chemically processed

10 with chlorine, acid, alkali, nitrous acid or the like, and further the monomer and others
are washed away to produce a continuous sheet of a separation membrane.
[0173]
The sheet is brought into contact with hydrophilic molecules to produce a
separation membrane containing hydrophilic molecules.  Before or after application of
15 the hydrophilic molecules thereto, the separation membrane may be embossed or a
different material may be arranged thereon, thereby imparting height differences to the
separation membrane.
[0174]
Using a conventional element production apparatus, for example, an 8-inch
20 element having 26 leaves and having a leaf effective area of 37 m? is produced. For
the element production method, referred to are the methods described in references (JP-
B-44-14216, JP-B-4-11928, JP-A-11-226366).
[0175]
In one embodiment of the element of the invention, leaves each having
25 grooves on the feed side thereof may be so arranged that the grooves of one leaf and the

grooves of the other leaf could form the feed-side passages.
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[0176]

The separation membrane of the invention has a low water content, and
therefore the adhesive to adhere the leaves absorbs little moisture and the separation
membrane is free from foaming by moisture absorption by the adhesive. When the

5  adhesive foams, the porosity per the unit volume of the adhesive may increase and the
strength thereof lowers.  If so, fluid may leak out through the foamed part in operation
under pressure of the element, and the separation membrane element could no more
fulfill the function thereof and the recovery ratio of the separation membrane element
lowers.

10 [0177]

8. Use of Separation Membrane Element

Thus produced, the separation membrane elements are, as connected in series
or in parallel, cased in a pressure container to construct a separation membrane module.
[0178]

15 Further as combined with a pump to feed 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 example,
fed water can be separated into permeate such as drinkable water and concentrated
water not having passed through the membrane, thereby obtaining water that satisfies

20 the intended purpose.

[0179]

When the operation pressure for the fluid separation apparatus is higher, then
the salt removal ratio could be higher. However, in consideration of the increase in the
energy necessary for operation and of the maintenance of the feed passages and the

25  permeate passages of the separation membrane element, the operation pressure in

applying water to be processed to the separation membrane module is preferably from
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0.2 MPato 5 MPa. When the temperature of the feed water is higher, then the salt
removal ratio may lower, but when 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 feed water 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 apparatus is operated in a neutral region.
[0180]

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 inchudes a
liquid mixture having TDS (total dissolved solids) of from 500 mg/L to 100 g/L, such as
seawater, brine water, wastewater, etc.  In general, TDS indicates total dissolved solids
and is represented by "mass/volume" or "ratio by weight". According to the definition,
TDS may be computed from the weight of the residues of a solution having passed
through a 0.45-micron 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).

EXAMPLES
[0181]

The invention is described in more detail with reference to the following
Examples, however, the invention is not limited at all by these Examples. The results
in Examples and Comparative Examples are shown in Table 1 to Table 5.

[0182]
(Element Recovery Ratio)
The element recovery ratio is as follows. The separation membrane element

is tested in an air leak test in water (1.0 MPa). The number of leaves with leakage is
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counted, and the element recovery ratio is represented by (1 - number of leaves with air
leakage)/(number of tested leaves) x 100 (%).

[0183]

(Amount of Water Production before Chemical Treatment)

5 The amount of the separation membrane element penetrated water from feed
water (brine water at 25°C) is expressed as the amount of water production by the
separation membrane element before chemical treatment, in terms of the amount of the
permeate (cubic meter) through one separation membrane element in one day (m*/day).
The data are shown here in the case where the measured value after 1 hour and the

10 measured value after 8 hours each were at least 1 m® /day.
[0184]
(Salt Removal Ratio (TDS Removal Ratio) before Chemical Treatment)
The TDS removal ratio was calculated as follows:
TDS Removal Ratio before Chemical Treatment (%)
15 =100 x (1 - TDS concentration in permeate/TDS concentration in feed water)
[0185]

The results are shown here in the case where the measured value after | hour
and the measured value after 8 hours each provided a change of 0.1% or less.
[6186]

20 (Water Content)

The weight of the separation membrane after drying treatment under the
condition shown in Table 1 to Table 5 is referred to as the weight of the separation
membrane. The separation membrane was fully washed with a 50% solution of Wako
Pure Chemicals' isopropanol diluted in pure water, and dried at 105°C for 2 hours.

25 The weight of the thus-dried separation membrane is referred to as the weight of the

69



punodumo solvent concentration (%) stage (before/after treatment for formation of heitht differences
temperature (C) time (sec) weight ratio of hydrophilic molecules to bone- dry separation membrane
(%) Hydrophilic Molecules Contact Treatment O E |

bone-dry separation membrane. The water content of the separation membrane is
calculated as follows:
Water Content
= (weight of separation membrane before bone-drying treatment - weight of
5 separation membrane in bone-dry state)/weight of separation membrane before bone-
drying treatment x 100 (%)
[0187]
(Weight Ratio of Hydrophilic Molecules to Bone-Dry Separation Membrane)
The separation membrane containing hydrophilic molecules was dried at
10 105°C for 2 hours (bone-drying treatment), and the weight of the thus-dried separation
membrane is referred to as X, The separation membrane not containing hydrophilic
molecules was dried at 105°C for 2 hours (bone-drying treatment), and the weight of the
thus-dried separation membrane is referred to as Y.  The weight ratio is represented by
(X-Y)Y Y x 100 (%).
15 [0188]
(Concentration of Functional Group Measured on the Feed Side of Separation
Membrane)
Using US SSI's SSX-100, the concentration was measured under the
following conditions.
20 Excited X-ray: aluminium Kal, 2 rays (1486.6 eV)
X-ray output: 10kV 20 mV
Photoelectron ejection angle: 35°
Measured functional groups: carboxyl group, secondary amine, hydroxyl group,
primary amine, ether group

25 Concentration of hydrophilic groups
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= (amount of measured hydrophilic groups (total of hydroxyl group, primary amine
and ether group) (molar number)/total number of measured carbon atoms (molar
number)

In case where the separation membrane is measured from the feed side thereof

5 under the above-mentioned conditions, the peak position of the acid group is extremely
near to the peak position of the primary amine, and therefore in the following Table 5,
the total of the acid group and the primary amine is shown.

[0189]
(Water Repermeability)

10 The separation membrane was brought into contact with a solution of
hydrophilic molecules, and then dried under the condition shown in Table 1 to Table 5.
Regarding the amount of permeate through the separation membrane element having the
thus-dried separation membrane, the amount of permeate (cubic meter) in one day is
referred to as the water production amount after drying treatment (m’/day). The water

15 repermeability is the change in the water production amount before and after drying
treatment, and is expressed as (water production amount after drying treatment)/(water
production amount before drying treatment) x 100 (%). Samples of which the water
repermeability is nearer to 100% are membranes that are less influenced by the drying
treatment and have better water repermeability.

20 [0190]

(Chemical-Resistant Stability)

An aqueous solution of sodium hydroxide conditioned to have pH of 11 at
90°C was applied to the separation membrane element to run therethrough for 10 hours,
and then the element was washed with pure water. The amount of the separation

25  membrane element penetrated water from feed water (brine water at 25°C) is expressed

as the amount of water production by the separation membrane element after chemical
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treatment, in terms of the amount of the permeate (cubic meter) through one separation
membrane element in one day (m*/day). The chemical-resistant stability is the change
in the water production amount before and after chemical treatment, and is expressed as
(water production amount after chemical treatment)/(water production amount before
chemical treatment) x 100 - 100 (%). Samples of which the change is nearer to 0% are
membranes that are less influenced by the chemical treatment and have higher
chemical-resistant stability.

[0191]

(Height Difference on the Feed Side of Separation Membrane)

Using a high-precision configuration analysis system, Keyence's KS-1000, the
surface of a separation membrane sample of 5 cm x 5 ¢m was analyzed and the mean
height difference was computed from the found data. 100 sites with height differences
were selected at random on the sample surface, and the depth of each site was
measured. The sum total of the found data was divided by the number of the total sites
to provide the height difference.

[0192]
(Surface Defect Ratio (failure ratio) on the Feed Side 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 methy! violet solution, the sample was stained from the
surface side of the separation membrane, for 10 minutes. Subsequently, this was
washed with running water for 10 minutes, and then dried to give 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 membrane was

computed as: surface defect ratio (%) of separation membrane = 100 x (area of stained
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part of separation membrane/total area of sample). The data of the surface defect ratio
of the separation membrane were rounded at the third decimal place thereof.
[0193]
{Reference Example 1)
5 Water Production Amount and Salt Removal Ratio of Element before Drying
On a nonwoven fabric of polyester long fibers (fiber size: 1 decitex, thickness:
about 90 pm, air permeability: 1 ce/em?/sec), a solution of 15.0 wt.% polysulfone
(solvent: dimethylformamide (N,N-dimethylformamide)) was cast in a thickness of 180
um, at room temperature (25°C).  Immediately, this was dipped in pure water and left
10 therein for 5 minutes to produce a roll of a porous supporting membrane (thickness 130
um) of a fiber-reinforced polysulfone supporting membrane.
[0194]
Subsequently, the porous supporting membrane roll was unrolled, and an
aqueous solution of 1.8 wt.% m-PDA and 4.5 wt.% g-caprolactam was applied onto the
I5  polysulfone surface.  Via an air nozzle, nitrogen was sprayed onto it to thereby remove
the excessive aqueous solution from the surface of the supporting membrane, and then
an n-decane solution containing 0.06% 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
20 then the film was washed with hot water at 80°C. Further, air blow was applied
thereto for water removal to give a separation film roll.
[0195]
With that, the separation membrane was folded to have an effective area of 37
m’ina separation membrane element comprising it, and cut, and a net (thickness: 900
25 pm, pitch 3 mm x 3 mm) was arranged as the feed-side spacer. In that manner, 26

leaf-like membranes were produced each having a width of 930 mm.
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[0196]

These 26 leat-like laminates were spirally wound around a water-collecting
tube while the end of a permeate-side spacer, tricot (thickness: 300 pm, groove width:
200 pm, ridge width: 300 pm, groove depth: 105 um) was wound around it, thereby
obtaining a wound body. A film was wound around the outer periphery of the wound
body, 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.

[0197]

The element was put into a pressure vessel, and raw water of 500 mg/L brine
solution was applied thereto under an operating pressure of 0.7 MPa and an operating
temperature of 25°C at pH 7 (recovery ratio 15%), whereupon the water production
amount and the salt removal ratio were 41.7 m*/day and 98.0%, respectively.

[0198]
(Example 1)

A separation membrane roll was produced according to the same method as in
Reference Example 1, and the separation membrane roll was immersed in an aqueous
solution of 7% polyglycerin (20-mer) (Daicel Chemical's trade name: PGILX) at 25°C
for 2 minutes, and the dried at 80°C for 5 minutes. Next, using a rhombic pattern
emboss roll, the separation membrane was embossed at 110°C and under 40 kg/cm,
thereby imparting height differences to the feed side of the separation membrane (by
embossing). Further, an ethylene/vinyl acetate copolymer resin (trade name; 703A)
was hot-melted to the permeate side of the membrane, thereby imparting dots having a
height of 230 pm thereto, or that is, the surface of the membrane was imparted height
differences of a different material (by dot formation),

[0199]
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Here, 200 dots were analyzed for the horizontal distance from the highest
point of one convex part to the highest point of the other adjacent convex part on the
feed side of the separation membrane, and the found data were averaged to obtain the
pitch of the emboss pattern.

5 [0200]

After embossing, the surface defect ratio was 0.69%, and the water content of
the separation membrane rol] after drying treatment and the weight ratio of the
hydrophilic molecules to the bone-dry separation membrane were 5.0% and 6.3%,
respectively.

10 [0201]

According to the same method as in Reference Example 1, the separation
membrane roll of Example 1 was incorporated into an 8-inch element, and the element
was operated under the same condition as in Reference Example 1. The water
production amount and the salt removal ratio were 37.9 m*/day and 97.0%, respectively.

15 The water repermeability was 90.2%, or that is, the membrane secured a high water
production amount even after drying. The recovery ratio was 99.0%, and the water
production amount change before and after chemical treatment was 4.1%. Thus, the
separation membrane secured good water repermeability after forming and drying,
[0202]

20 (Example 2)

A separation membrane roll was produced according to the same method as in
Example 1, except that the separation membrane was brought into contact with a
moisturizer and then dried after embossing and dot formation.  As a result, the surface
defect ratio of the obtained separation membrane was 1.39%. The water content of the

25 separation membrane roll after drying treatment and the weight ratio of the hydrophilic

molecules to the bone-dry separation membrane were 5.0% and 6.2%, respectively.
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[0203]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 40.1 m3/day and
94.5%, respectively. The water repermeability was 95.5%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
96.5%, and the water production amount change before and after chemical treatment
was 13.2%. Thus, the separation membrane secured good water repermeability after
forming and drying.

[0204]
(Example 3)

A separation membrane roll was produced according to the same method as in
Example 1, except that the feed-side surface of the separation membrane was not
embossed but, as the spacer, net (thickness: 900 pm, pitch: 3 mm x 3 mm) was used.
The water content of the separation membrane roll after drying treatment and the weight
ratio of the hydrophilic molecules to the bone-dry separation membrane were 5.0% and
6.4%, respectively.

[0205]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 37.0 m*/day and
97.8%, respectively. The water repermeability was 88.1%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
99.3%, and the water production amount change before and after chemical treatment
was 2.0%. Thus, the separation membrane secured good water repermeability after

forming and drying.
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[0206]
(Example 4)
A separation membrane roll was produced according to the same method as in
Example 1, except that the permeate-side surface of the separation membrane was not
5 processed for dot formation thereon but, as the spacer, tricot (thickness: 300 pm, groove
width: 200 pm, ridge width: 300 pm, groove depth: 105 um) was used. The water
content of the separation membrane roll after drying treatment and the weight ratio of
the hydrophilic molecules to the bone-dry separation membrane were 5.0% and 6.3%,
respectively,
10 [0207]
An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 37.6 m’/day and
97.2%, respectively. The water repermeability was 89.5%, or that is, the membrane
15 secured a high water production amount even after drying. The recovery ratio was
99.1%, and the water production amount change before and after chemical treatment
was 3.7%. 'Thus, the separation membrane secured good water repermeability after
forming and drying.
[0208]
20 (Example 5)
A separation membrane roll was produced according to the same method as in
Example 3, except that the drying temperature was 110°C.  The water content of the
separation membrane roll after drying treatment and the weight ratio of the hydrophilic

molecules to the bone-dry separation membrane were 5.0% and 4.5%, respectively.

25 [0209]
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An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
L. The water production amount and the salt removal ratio were 35.3 m*/day and
98.0%, respectively.  The water repermeability was 84.0%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
99.2%, and the water production amount change before and after chemical treatment
was 2.2%. Thus, the separation membrane secured good water repermeability after
drying.

[6210]
(Example 6)

A separation membrane roll was produced according to the same method as in
Example 3, except that the drying temperature was 140°C.  The water content of the
separation membrane roll after drying treatment and the weight ratio of the hydrophilic
molecules to the bone-dry separation membrane were 5.0% and 3,0%, respectively.
[0211]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 33.6 m’/day and
98.2%, respectively. The water repermeability was 80.0%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
99.1%, and the water production amount change before and after chemical treatment
was 2.2%.  Thus, the separation membrane secured good water repermeability after
drying.

[0212]

(Example 7)
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A separation membrane roll was produced according to the same method as in
Example 1, except that glycerin was used as the moisturizer. The water content of the
separation membrane roll after drying treatment and the weight ratio of the hydrophilic
molecules to the bone-dry separation membrane were 4.7% and 6.3%, respectively.
[0213]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 37.5 m*/day and
97.0%, respectively. The water repermeability was 89.3%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
99.0%, and the water production amount change before and after chemical treatment
was 4.3%. Thus, the separation membrane secured good water repermeability after
forming and drying.

[0214]
(Example 8)

A separation membrane roll was produced according to the same method as in
Example 7, except that the feed-side surface of the separation membrane was not
embossed but, as the spacer, net (thickness: 900 pm, pitch: 3 mm x 3 mm) was used.
The water content of the separation membrane roll after drying treatment and the weight
ratio of the hydrophilic molecules to the bone-dry separation membrane were 4.7% and
6.3%, respectively.

[0215]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 36.9 m*/day and

97.6%, respectively. The water repermeability was 87.9%, or that is, the membrane
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secured a high water production amount even after drying.  The recovery ratio was
99.4%, and the water production amount change before and after chemical treatment
was 2,.5%. Thus, the separation membrane secured good water repermeability after
drying.
5 [0216]
(Examplie 9)
A separation membrane roll was produced according to the samé method as in
Example 1, except that trehalose was used as the moisturizer. The water content of the
separation membrane roll after drying treatment and the weight ratio of the hydrophilic
10 molecules to the bone-dry separation membrane were 4.9% and 6.3%, respectively.
[0217]
An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 37.5'm*/day and
15 96.7%, respectively. The water repermeability was 89.3%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
99.1%, and the water production amount change before and after chemical treatment
was 5.0%. Thus, the separation membrane secured good water repermeability after
forming and drying.
20 {0218]
(Example 10}
A separation membrane roll was produced according to the same method as in
Example 9, except that the feed side surface of the separation membrane was not
embossed but, as the spacer, net (thickness: 900 pm, pitch: 3 mm x 3 mm) was used.

25  The water content of the separation membrane roll after drying treatment and the weight
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ratio of the hydrophilic molecules to the bone-dry separation membrane were 4.9% and
6.4%, respectively.
[0219]
An 8-inch element was produced according to the same method as in
5 Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 37.1 m’/day and
97.1%, respectively. The water repermeability was 88.3%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratic was
99.3%, and the water production amount change before and after chemical treatment
10 was 2.4%. Thus, the separation membrane secured good water repermeability after
drying.
[0220]
(Example 11)
A separation membrane roll was produced according to the same method as in
15  Example I, except that polyvinyl alcohol was used as the moisturizer. The water
content of the separation membrane roll after drying treatment and the weight ratio of
the hydrophilic molecules to the bone-dry separation membrane were 4.2% and 6.4%,
respectively.
10221}
20 An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 35.2 m*/day and
97.1%, respectively. The water repermeability was 83.8%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was

25 99.1%, and the water production amount change before and after chemical treatment
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was 4.5%. Thus, the separation membrane secured good water repermeability after
forming and drying.

[0222]

(Example 12)

A separation membrane roll was produced according to the same method as in
Example 10, except that the feed-side surface of the separation membrane was not
embossed but, as the spacer, net (thickness: 900 pm, pitch: 3 mm x 3 mm) was used.
The water content of the separation membrane roll after drying treatment and the weight
ratio of the hydrophilic molecules to the bone-dry separation membrane were 4.2% and
6.4%, respectively.

[0223]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 33.7 m*/day and
97.3%, respectively. The water repermeability was 80.2%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
99.5%, and the water production amount change before and after chemical treatment
was 2.2%.  Thus, the separation membrane secured good water repermeability after
drying.

[0224]
(Example 13)

A separation membrane roll was produced according to the same method as in
Example 1, except that galactose was used as the moisturizer. The water content of the
separation membrane roll after drying treatment and the weight ratio of the hydrophilic
molecules to the bone-dry separation membrane were 4.2% and 6.2%, respectively.

[0225]
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An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 37.0 m*/day and
96.7%, respectively. The water repermeability was 88.1%, or that is, the membrane
5 secured a high water production amount even after drying. The recovery ratio was
98.9%, and the water production amount change before and after chemical treatment
was 5.5%. Thus, the separation membrane secured good water repermeability after
forming and drying.
[0226]
10 (Example 14)
A separation membrane roll was produced according to the same method as in
Example 13, except that the feed-side surface of the separation membrane was not
embossed but, as the spacer, net (thickness: 900 pm, pitch: 3 mm x 3 mm) was used,
The water content of the separation membrane roll after drying treatment and the weight
15 ratio of the hydrophilic molecules to the bone-dry separation membrane were 4.2% and
6.3%, respectively.
[0227]
An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
20 1. The water production amount and the salt removal ratio were 33.6 m>/day and
96.9%, respectively. The water repermeability was 80.0%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
99.1%, and the water production amount change before and after chemical treatment
was 4.0%. Thus, the separation membrane secured good water repermeability after
25  drying.
[0228]
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(Example 15)
A separation membrane roll was produced according to the same method as in
Example 1, except that diethylene glycol was used as the moisturizer. The water
content of the separation membrane roll after drying treatment and the weight ratio of
5 the hydrophilic molecules to the bone-dry separation membrane were 4.1% and 5.9%,
respectively.
[0229]
An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
10 1. The water production amount and the salt removal ratio were 36.2 m*/day and
96.9%, respectively. The water repermeability was 86.2%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
99.0%, and the water production amount change before and after chemical treatment
was 4.8%. Thus, the separation membrane secured good water repermeability after
15 forming and drying.
{0230]
(Example 16)
A separation membrane roll was produced according to the same method as in
Example 15, except that the feed-side surface of the separation membrane was not
20 embossed but, as the spacer, net (thickness: 900 um, pitch: 3 mm x 3 mm) was used.
The water content of the separation membrane roll after drying treatment and the weight
ratio of the hydrophilic molecules to the bone-dry separation membrane were 4.1% and
6.2%, respectively.
[0231]
25 An 8-inch element was produced according to the same method as in

Reference Example 1, and operated under the same condition as in Reference Example
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1. The water production amount and the salt removal ratio were 34.9 m’/day and
97.3%, respectively. The water repermeability was 83.1%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
99.1%, and the water production amount change before and after chemical treatment
was 3.7%.  Thus, the separation membrane secured good water repermeability after
drying.

[0232]

(Example 17)

A separation membrane roll was produced according to the same method as in
Example 1, except that the polyglycerin concentration was 3% and the contact time was
8 seconds.  The water content of the separation membrane roll after drying treatment
and the weight ratio of the hydrophilic molecules to the bone-dry separation membrane
were 5.0% and 0.3%, respectively.,

[0233]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 34.6 m*/day and
97.3%, respectively. The water repermeability was 82.4%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
98.8%, and the water production amount change before and after chemical treatment
was 2.0%.  Thus, the separation membrane secured good water repermeability after
forming and drying,

[0234]
(Example 18)
A separation membrane roll was produced according to the same method as in

Example 1, except that the polyglycerin concentration was 30% and the contact time
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was 180 seconds.  The water content of the separation membrane roll after drying
treatment and the weight ratio of the hydrophilic molecules to the bone-dry separation
membrane were 5.0% and 39.6%, respectively.

[0235]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 36.6 m*/day and
97.4%, respectively. The water repermeability was 87.1%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
99.1%, and the water production amount change before and after chemical treatment
was 1.8%. Thus, the separation membrane secured good water repermeability after
forming and drying.

[0236]
(Example 19)

An element was produced according to the same method as in Example 1,
except that the substrate was changed to one having a fiber orientation degree of 20° in
the surface layer on the porous supporting layer side and 40° in the surface layer
opposite to the porous supporting layer. The water content of the separation
membrane roll after drying treatment and the weight ratio of the hydrophilic molecules
to the bone-dry separation membrane were 4.9% and 6.3%, respectively.

[0237]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 37.7 m*/day and
97.3%, respectively.  Since the surface defects in film formation reduced, the salt

removal ratio increased. The water repermeability was 89.8%, or that is, the
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membrane secured a high water production amount even after drying. The recovery
ratio was 99.1%, and the water production amount change before and after chemical
treatment was 4.0%. Thus, the separation membrane secured good water
repermeability after forming and drying,

5 [0238]
(Example 20)

An 8-inch element was produced according to the same method as in
Reference Example 1 except that the separation membrane roll production step was
changed as follows, and the element was operated under the same condition as in

10 Reference Example 1. On a nonwoven fabric of polyester fibers (fiber size: 1 decitex,
thickness: about 90 pm, air permeability: 1 cc/em?/sec), a solution of 20.0 wt.%
polysulfone in dimethylformamide (N,N-dimethylformamide) was cast in a thickness of
180 pum, 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 membrane (thickness

15 130 um) of a fiber-reinforced polysulfone supporting membrane.

[0239]

While the porous resin roll was unrolled (uncoiled), and an aqueous solution
of 1.8 wt.% m-PDA and 4.5 wt.% e-caprolactam was applied onto the polysulfone
surface. Via an air nozzle, nitrogen was sprayed onto it to thereby remove the

20 excessive aqueous solution from the surface of the supporting membrane, and then an n-
decane solution containing 0.06% 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 a
decane solution containing 0.06% by weight of trimesic acid chloride and 0.048 % by

25 weight of trimellitic acid anhydride chloride (molar ratio, 1) was applied thereto in such

a manner that the surface could be completely wetted with the solution. Next, the
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excessive solution was removed by keeping the membrane vertically, and then the
membrane was dipped in an aqueous solution containing 1% by weight of sodium
carbonate and 0.3% by weight of sodium lauryl sulfate.

[0240]

5 Next, a hydrophilic protective film was formed. ~Specifically, an aqueous
solution containing 0.1% by weight of polyethyleneimine (weight-average molecular
weight 600) was applied to the surface of the untreated membrane and then dried at
60°C for 30 second with a hot air drier. Next, for coating the separation membrane
with a hydrophilic protective layer, an aqueous solution prepared by adding, as an acid

10 catalyst, hydrochloric acid to be 0.1 mol/L to an aqueous solution containing 1.0% by
weight of polyvinyl alcohol (weight-average molecular weight 2,000) and 0.114% by
weight of glutaraldehyde was applied to the surface of the membrane. Subsequently,
this was thermally crosslinked with a hot air drier at 80°C, thereby forming a water-
insoluble protective layer.

15 [0241}

Subsequently, for removing the uncrosslinked substance and the acid catalyst,
the membrane was washed with hot water at 70°C, thereby obtaining a separation
membrane roll.  Using the separation membrane roll and in the same manner as in
Reference Example 1, an 8-inch element was produced. Thus obtained, the 8-inch

20 element was operated under the same condition as in Reference Example 1.  The water
production amount and the salt removal ratio were 46.6 m*/day and 98.2%, respectively.
[0242]

Next, the separation membrane roll was dried at 80°C for 3 minutes and
embossed with a rhombic pattern embossing roll at 110°C and under a pressure of 40

25  kg/em thereby imparting height differences to the feed side of the separation membrane

(by embossing). An ethylene/vinyl acetate copolymer resin (trade name: 703A) was
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hot-melted on the permeate side of the membrane, thereby giving dots having a height
of 230 pum thereto, and the surface of the membrane was thus given height differences
(by dot formation). Here, 200 dots were analyzed for the horizontal distance from the
highest point of one convex part to the highest point of the other adjacent convex part
on the feed side of the separation membrane, and the found data were averaged to
obtain the pitch of the emboss pattern.
[0243]

After embossing, the surface defect ratio was 0.65%.
[0244]

The water content of the separation membrane roll after drying treatment and
the weight ratio of the hydrophilic molecules to the bone-dry separation membrane were
4.2% and 6.4%, respectively.

[0245]

The water production amount and the salt removal ratio were 45.2 m*/day and
97.8%, respectively. The water repermeability was 97.0%, or that is, the membrane
secured a high water production amount even after drying.  The recovery ratio was
97.5%, and the water production amount change before and after chemical treatment
was 2.0%. Thus, the separation membrane secured good water repermeability after
forming and drying.

[0246]
{Example 21)

A separation membrane roll was produced according to the same method as in
Example 20, except that the feed-side surface of the separation membrane was not
embossed but, as the spacer, net (thickness: 900 pum, pitch: 3 mm x 3 mm) was used.

The water content of the separation membrane roll after drying treatment and the weight
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ratio of the hydrophilic molecules to the bone-dry separation membrane were 4.2% and
6.4%, respectively.
[0247]
An 8-inch element was produced according to the same method as in
5  Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 43.0 m*/day and
97.9%, respectively. The water repermeability was 92.3%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
98.2%, and the water production amount change before and after chemical treatment
10 was 1.6%. Thus, the separation membrane secured good water repermeability after
drying.
[0248]
(Example 22)
A separation membrane roll was produced according to the same method as in
15 Example 20, except that an aqueous solution prepared by adding, as an acid catalyst,
hydrochloric acid to be 0.2 mol/L to an aqueous solution containing 2.0% by weight of
polyvinyl alcohol (weight-average molecular weight 2,000) and 0.173% by weight of
glutaraldehyde was applied to the surface of the membrane. After embossing, the
surface defect ratio was 0.55%. The water content of the separation membrane roll
20  after drying treatment and the weight ratio of the hydrophilic molecules to the bone-dry
separation membrane were 4.6% and 6.6%, respectively.
{0249]
An 8-inch element was produced according to the same method as in Example
20, and operated under the same condition as in Reference Example 1.  The water
25  production amount and the salt removal ratio were 46.1 m*/day and 97.0%, respectively.

The water repermeability was 98.9%, or that is, the membrane secured a high water
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production amount even after drying. The recovery ratio was 97.7%, and the water
production amount change before and after chemical treatment was 1.8%. Thus, the
separation membrane secured good water repermeability after forming and drying.
[0250]

(Example 23)

A separation membrane roll was produced according to the same method as in
Example 20, except that an aqueous solution prepared by adding, as an acid catalyst,
hydrochloric acid to be 0.22 mol/L to an aqueous solution containing 2.6% by weight of
polyvinyl alcohol (weight-average molecular weight 2,000) and 0.196% by weight of
glutaraldehyde was applied to the surface of the membrane.  After embossing, the
surface defect ratio was 0.50%. The water content of the separation membrane roll
after drying treatment and the weight ratio of the hydrophilic molecules to the bone-dry
separation membrane were 5.1% and 6.9%, respectively,

[0251]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 46.4 m’/day and
97.0%, respectively. The water repermeability was 99.6%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
97.9%, and the water production amount change before and after chemical treatment
was 1.7%.  Thus, the separation membrane secured good water repermeability after
forming and drying,

[0252]
(Example 24)
A separation membrane roll was produced according to the same method as in

Example 20, except that an aqueous solution prepared by adding, as an acid catalyst,
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hydrochloric acid to be 0.08 mol/L to an aqueous solution containing 0.63% by weight
of polyvinyl alcohol (weight-average molecular weight 2,000) and 0.087% by weight of
glutaraldehyde was applied to the surface of the membrane.  After embossing, the
surface defect ratio was 0.71%. The water content of the separation membrane roll
after drying treatment and the weight ratio of the hydrophilic molecules to the bone-dry
separation membrane were 4.9% and 5.5%, respectively.

[0253]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 43.5 m*/day and
97.7%, respectively. The water repermeability was 93.3%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
97.3%, and the water production amount change before and after chemical treatment
was 2.6%. Thus, the separation membrane secured good water repermeability after
forming and drying.

[0254]
(Example 25)

While unrolled, a porous resin roll was immersed in an aqueous solution
containing 3.0% by weight of m~-phenylenediamine for 1 minute, and then the excessive
aqueous solution was removed from the surface of the membrane. Next, a decane
solution containing containing 0.06% by weight of trimesic acid chloride was applied
thereto so that the surface could be completely wetted with the solution.  According to
the same method as in Example 20 except for the step, a separation membrane roll was
produced. The surface defect ratio of the membrane was 1.43%. The water content

of the separation membrane roll after drying treatment and the weight ratio of the
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hydrophilic molecules to the bone-dry separation membrane were 4.0% and 4.5%,
respectively.
[0255]
An 8-inch element was produced according to the same method as in
5  Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 44.8 m3/day and
94.6%, respectively. The water repermeability was 96.1%, or that is, the membrane
secured a high water production amount even after drying. The recovery ratio was
94.9%, and the water production amount change before and after chemical treatment
10 was 15.1%. Thus, the separation membrane secured good water repermeability after
forming and drying.
[0256]
(Comparative Example 1)
A separation membrane roll was produced according to the same method as in
15 Example 1, except that the contact treatment with aqueous 7% polyglycerin solution and
the drying treatment were omitted. The surface defect ratio was 1.51%. The water
content of the separation membrane roll after drying treatment was 51.2%
102571
An 8-inch element was produced according to the same method as in
20 Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 43.6 m*/day and
93.3%, respectively. The recovery ratio was 94.2%, and the water production amount
change before and after chemical treatment was 15.8%. Namely, the surface defect
ratio and the recovery ratio lowered and the water production amount change before and
25  after chemical treatment were worsened.

[0258]
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(Comparative Example 2)

A separation membrane roll was produced according to the same method as in
Example I, except that the contact treatment with aqueous 7% polyglycerin solution
was omitted. The water content of the separation membrane roll after drying treatment

5 was5.0%

[0259]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
I. The water production amount and the salt removal ratio were 11.8 m*/day and

10 94.1%, respectively. The water repermeability was 28.1%, the surface defect ratio was
1.49%, the recovery ratio was 94.9%, the water production amount change before and
after chemical treatment was 15.1%, and the water production amount greatly lowered.
[0260]

(Comparative Example 3)

15 A separation membrane roll was produced according to the same method as in
Example 3, except that the contact treatment with aqueous 7% polyglycerin solution and
the drying treatment were omitted. The water content of the separation membrane roll
after drying treatment was 51.2%

[0261]

20 An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 43.3 m*/day and
94.5%, respectively. The surface defect ratio was 1.40%, the recovery ratio was
95.1%, and the water production amount change before and after chemical treatment

25  was 12.4%. Namely, the surface defect ratio was high, the recovery ratio and the

water production amount change before and after chemical treatment were worsened.
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[0262]
(Comparative Example 4)

A separation membrane roll was produced according to the same method as in
Example 1, except that the polyglycerin concentration was 1% and the contact time was
2seconds. The water content of the separation membrane roll after drying treatment
and the weight ratio of the hydrophilic molecules to the bone-dry separation membrane
were 5.0% and 0.05%, respectively.

[0263]

An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1.~ The water production amount and the salt removal ratio were 25.4 m*/day and
95.4%, respectively. The water repermeability was 60.5%, the surface defect ratio was
1.03%, the recovery ratio was 95.0%, and the water production amount change before
and after chemical treatment was 8.9%. Namely, the surface defect ratio was high, the
recovery ratio, the water repermeability and the water production amount change before
and after chemical treatment were worsened.

[0264]
(Comparative Example 5)

A separation membrane roll was produced according to the same method as in
Example 1, except that the polyglycerin concentration was 42% and the contact time
was 200 seconds,  The surface defect ratio of the separation membrane was 1.30%.
The water content of the separation membrane roll after drying treatment and the wei ght
ratio of the hydrophilic molecules to the bone-dry separation membrane were 5.0% and
48.9%, respectively.

[0265]
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An 8-inch element was produced according to the same method as in
Reference Example 1, and operated under the same condition as in Reference Example
1. The water production amount and the salt removal ratio were 40.2 m*/day and
96.0%, respectively. The water repermeability was 95.7%, the recovery ratio was
95.4%, and the water production amount change before and after chemical treatment
was 5.5%. The surface defect ratio was high, the recovery ratio and the water
production amount change before and after chemical treatment were worsened.

[0266]

As described above, the separation membrane elements obtained according to

the invention have high water production performance and excellent removal

performance and water repermeability.

96



(mm) pitch (mm) convex surface ratio (%) spacer 101111a11011 at height differences height
difference (jun) groove width (mm) (unu) gond convex surface ratio (%) o -0 0 cncci a)o a) cn LI..?

embossing temperature (C) linear pressure (kg/cm) spacer height difference (pin) groove width

L6
(94) ourIqUIBUI
uoteiedas
9 oc oy . . . . A1p-duoq
£9 79 9 £9 01 seqnoajow
oydospAy
Jo oner jySram Surkiq
Iy 0'¢ . . . . . (%) sueiqusw
| 0¢ 0'¢ 0's 0'S 0'g 10 100100 17em
06 0 0§ 0’ 0'S 0's 0'¢ (uur) own)
08 ovl 011 08 08 08 08 (Do) dmieadus
09 09 09 09 09 09 09 (09s) ourny
|4 ST 5T 174 T 4 ¢T (Do) 2ameIadurs]
SOOURIINIP 1YSIaY
. Jo voneurIo] JuaITALL
a10j2q 81032¢ 2X0J2q 810J5q 210J8q Isye a10J2q I0] jusurean 1OEIU00
oYeRmI0feq)
oFe}s
L L L L L L L () uonenuaduos
J31EM A J3BM v I2IBM Jajem Jajem Jajem Jatem HEDN_/MOm mﬂﬂsouwog
ULIOALE ou-07 (ew-07) (1ew-07) (aw-H7) (3ow-07) (w-07) orydosp4
: ! uLeoASA 0d uLpoA EA0d uLedA|8Aj0d | uireo8Ajod uLoA18ATod | ureaA[84od punoduios HEORA
£ odwmexy ¢ ojdwexgy ¢ ajdurexy  opdurexy ¢ odurexyy 7 opduexy | 9]dwexy
[ 2[9E T,
[L920]




086 0t 096 L: 56 156 Comparative

86

59

<9

$9

£9

$9

9

(94) oner
oow%uzm HIAUOD

() gond

(wu)
Iptas 240013

0te

0Le

14

44

0¢T

0te

()
aousreyIp 1oy

1jeur-3o01]

Jjerr-1oy

jew-3oy

Jow-joy

ow-307

JJour-107

SOOURIBIID JYSIoY
JO uonRwLIo)
10} popaw

10011}

JIaoeds

20BLING

OPIS-0JBIULID]

S9

§9

<9

$9

(94} ones
SOBLINS XOAUOD

3

(w) youd

1

(o)
Ipis 9A00I13

0y

00y

00¥

00y

()
soualslIp Sy

jeu

au

Jjou

Iooeds

09

09

09

09

{mro/ay)

amssord Jeour]

ol

0tl

0tl

0el

(N, ) axmuradasy
urssoquio

CCC) 10 a)el o cn C) Comparative Example 5 OE |

Example 41 Oll L' 15Z 156 5'09 056

C)-o..

R

xIou

S0u

a1l

waped ssoquio

durssoqurs

Surssoquio

Furssoquo

Buissoqure

SOOUDIRYIIP JUSIoY
Jo uorpeioy
10] poyiaw

a0RLING
apIS pag,]

L ojdwexg

g ojdurexsy

¢ aydwexyg

t ojduiexy

¢ ojdurexy

7 opdurexg

[ opdwexsg

(panunuoo) | a[qe],




E'Et7 flit 1'56 Z 11 Comparative | Example 2 611, WII11t61'8Z Il

68 Comparative Example 3 Of' |

9EVEG

6176 1 .51 Comparative | Exam le |

66
(%)
JUSWITRAI} [ROIWSYD
£y T T L't 0'C Tel 'y 1ol pue 2I10Jaq
s3ueyd JUNoWR
| uononpold Iajem (Jusumean
0'66 1'66 T66 166 £66 $°96 066 (%) oupr £1940001 | Fuikip soye)
£68 0'08 b8 568 1'88 556 zos | 0 Miiaeamedar]  souelIojag
Ioem oAy
0'L6 . . . . : . (%)
7'86 086 L6 8'L6 Ve 0L6 OTIRI [BAOWIDI JES
] ) ) ] ] . Aep/ W) jJunowe
SLE gee ) (Rep
£ee 9°LE 0LE 1oy 6'LE mcﬁu.wcoa 1o7RM
086 (e4) (uowean
OlJel fRACWIDI [es | FurhIp ou yum)
[ (Aepy (T Junoure SOUBULINIIO]
. uoponposd Jojem JUSWIRL
L0 SE0 E0 09°0 9€'0 681 69°0 (%) one1 109Jap aoeyIng
L ddurexygy 9 apdwexyg ¢ odurexyy  opdwexy ¢ ordurexsy ¢ odwexy] [ sjdwexy

(panunuoo) 1 ojqe],




recovery ratio (%)

Example 25 E50.0 E171.01 LO1'0 -1000 801.0 08

rt/6 8'51 'ect ratio (%) water production amount (m3/day) salt removal ratio (%)

Element Performance (with no drying treatment)

0.E

001
(o) sueIqUIOU
. uoyeredes A1p
£9 9 9 v'9 7o £9 £9 -9U0q O Ss[nosou
orydorpAy
Jo oner yySrom Suwixg
$ ., . : _ . ) (%) otEIqius
[4 4 (4 6y o'y Ly JO U300 I57eM
0's 0's 0§ 0's 0¢ 0s 0'¢ (urw) own
08 01 011 08 08 08 08 (D) 1mpeaoduwioy
09 09 09 09 09 09 09 (008) oy
$T ST 5T T 5T ST ST (0.} emyeiadursy
S9OUBIIIP WYT13Y
JO uonRULIO) HMMMMMW@
210J0q a10J0q a10Joq 910J2q 210J0q 010J2q 210J9q 10] Juowyea) S
191J8/210]2q)
a8e;s
L L L L L L L (94) vonenuasuod
pEITEIY Io1EM mem 101BM 131BM FETEIVY orem JUSA[OS SO[TOROJAL
oyooye otoote
asojor[ed asojoeed TMEM Eﬁ_o d wmcﬂm ?ﬂ”o g asoreyan asoreyan) {RERYAF] punoduioo durqdoipAyy
1 oduexy | ¢ ofdwexy 71 opdurexy 11 9[dwexy | qf o[durexy 6 oduwrexy g ordurexyy
CRI9EL
[8920]




'1- 517 Example 24 1000 1751.0 LL1.0 EEWO OICO 08 WE 5.5 Example 23 5ZWO cbtO -1E5'0

950.0 L850 08 1'5 C9 Example 22 010.0 ZZZ.0 17E110 8EO0.0 ELVO 08

[01

59

£9

€9

c9

9

£9

59

(94) onel
Oum,w.ﬂﬂm. KIATOD

() yoyd

(o)
YIpim 240013

0ee

0tT

0

0tT

0£T

0LT

¢l

(3
USSP JYS1ay

jjou-j0y

ew-10y

Jjou-101

yeur-joy

yow-j0y

}om-10y

o0y

SAOUDISHIP Y10y
Jo uorjeuLIO)

10J popout

Iaoueds

ooRLING
IPIS-0TBOULIS ]

s9

¢9

<9

(%) ones
BOBJINS XIAUOD

(e yoyid

(o)
YIpim 240053

00y

00y

oov

(wrl)
souaryIp oy

10U

12U

12U

©u

1ooeds

09

09

09

(wo/8y)

smssaxd Jeou)

0cl

0el

0t

(0,) ameiadiug)
Suissoquua

iI-ou

oI

I[-1eu

wrened ssoquia

Buissoqura

Fuissoquia

Surssoquro

SBOUDIIIP YStoy
Jo uoyrewio]
10} poyew

S0BLING
apIs o9

1 sdwexyg

€1 ojduwexyg

71 ojduwrexyy

11 opdurexy

01 ojduexyy

6 o|durexyg

g ojdwexyg

(ponumuoo) 7 arqey,




O'E 9.17 9'9 Example 21 100.0 "CO 176C0 811.0 fl 10 08 0.E Cl, 17.9 Example 20 100.0 11TO ti6rO
811.0 ZTVO 08 CI'17.9 dno.48 pcxoyno secondary amine hydroxyl group + primary amine ether

group

01
(%)
JUOLITES} [EOTILAYD
0V 98 e 15 4 P'e Y T 1olje pue a105eq
afueyo JUmowe
nononpoid 1syem (yusmean
1'66 686 $°66 1'66 £'66 1'66 66 (%) ones Aa0oal | Suikip soye)
008 128 ] ] ) ) . (%) Anmiqeouedo Q0UBULIOLIS]
708 2E8 £'88 £'68 6L8 107EM Jusuorg
696 196 . . . . . (%)
£L6 ["L6 'L6 L96 L6 OITBI [2AOLIDI J[ES
) ) . . . . AEBp/ ) JUNouIe
9L 0L : (%ep/
£ L'EE se I'LE Lt 6'9¢ aotomﬁoa M
. () (ueunean
086
OBl [RAOUIDI 3[BS | TuIAIp OU YIIMm)
/1 (Aepy ar) Junowe SOUBULIONS ]
. . vononpoxd 1ojem JUIWO[Y
£70 080 070 1.0 9cQ 1L°0 LE0 (%) onel 10ajap aoeLINg
1 ojdmexy €1 odwexy 71 ordurexyy 11 ojduwexg 01 ojdarexyg 6 opdurexsy g ordurexsy
(penunuod) ¢ g,




total of hydrophilic groups temperature (C) (upu) um water content of membrane (%) weight ratio of
hydrophilic molecules to bone- dry separation membrane (%) Functional Group Concentration

Example 25 | embossing net-like 011 017 051 ,-" 59 tricot |

01
(o) sueIqUIDUI
uoneredos A1p
£9 96¢ £0 29 6% ~-3U0Q 0 SOOI
oydorpAy
Jo oner jyBram Surkig
0°c cc 6 - Iy (94 ) ourIiquUIaI
JO JU21U0D 1578M
0§ 0's 0'S 0’ 0§ (upw) swn
08 08 08 08 08 (D,) sameradums;
09 081 3 09 09 (o0s) owgy
4 ¥4 ST 6T St (D,) smeiaduy
SOdURISINP W19y JuouEaL]
aloyaq a1, mo_ ey BIOT)
Joq a10Jeq - e10J2q aI10Jog 103 Jusuiyean
IalyR/210J0q)
o3e;s
L 0¢ £ L L (24) UOIBIUAOUCD
FESEI Iojem oEMm Iatem ToTEMm JUSAJOS SO[NOs]OIN
(1pw-p7) (1ot-p7) (r2w-7) 100418 10048 srprgdoapAyy
uraA]Arod uL0043A10d uLaskAjod uajAyzalp ousjAylerp punodwod h
61 apdwexyg g1 apdmexy L1 ojdurexy 91 odwexy ¢1 opdmexy
IO LR




e embossing net-like 011017 051 5910391 1p iEtOldumx3 embossing net-like 011 Ot7 051 --.

59

01

¢

59

$o

£9

<9

(%% o
J0BLINS XAUOD

(o) yoyd

(wru)
qIpIA 940015

GeC

0¢£T

0€e

0Lc

0eC

()
SOURISIIIP I3y

Jjot-10Y

[P0y

J[aw-104

Jewi-10Y

How-joy

SOUAIRIpP YSIY
Jo uoneuLIoy
10} poieut

Iaoeds

ooryINg
OPIG-2JBIUIDJ

£9

£9

$9

59

() onel
QOBLINS X2AUOD

{wur) yond

()
IPIM 9A00I3

00F

00y

ooy

00y

(wrt)
OURILIP WY1y

PRu

I90eds

09

09

09

09

(wo/33)

omssoxd reour;

0¢cl

0¢l

oel

0el

(0. aaneraduisy
Burssoqura

NI-iou

Mij-lou

oy1jIeu

aHIj-1u

uwpped ssoquus

3uissoqure

Jurssoquuo

Furssoquin

uissoquus

S2OUSIBLIP YSIDY
Jo uoneuLIO]
10} poyjour

ooBLING
apIs pany

61 ojdurexyg

g1 opdwexy

L1 ddurexy

97 o[durexs

ST ajduexy

(panumioo) ¢ aqe]




IOU

IZ aithumeg

59 1001.1) |

tricott | I tt Example 22 embossing net-like - Oil 017 Ogl

SO
(%)
UST]BA] B
0y g1 0C L't 8y 1a)je pue 810J3q
sBuryd JUNowe
uononpoid Jayem (Jusureon
766 166 386 1°66 066 (v4) onjRI AToA000T Fuikip 1ope)
. i ] ] ) (o4) ANprqeswradar SOUBULIOND ]
8'68 L8 14 1"¢€8 798 Yorem Jswag
€16 vL6 £16 €16 696 G
Ol1e1 [BACIUSI j[ES
) ] ) ) . (Aep;_w) junowe
L'Le 9°9¢ 9pe 6vE T9¢ wonotposd JoTem
0'86 {¢4) (usunean
Oljel [BAOUID) J[BS | SwAIp ou ypim)
LT (Aep/ ) Junoure SOURULIONR]
uononpoid Iajem Juewa[g
590 vE0 L0 05°0 8L°0 {%) oner 19959p soLINg
61 2pdwexy g1 adwmexyy L1 spdwexy 91 sdwexyg ¢1 sdmexy

(penunuoo) ¢ [qe]




method for

| hot-melt OEZ ~. rel 59 Example 20 embossing net-like 011 017 051 Crl g9

formation of heitht differences

901
{04) ouRIqUIDII
uoneredas K1p
687 SO0 - - - -9U0q 0} $3[NIB[OW
oyrydoIpAy
Jo oner 3yTom Juihaqy
. . . . . (9%) sueiquaut
0'¢ 0's z'1s 0's [ O JUSIIOO Iajem
0 oS - 0°S - (upur) sy
08 08 - 08 - (Do) aameraduia)
007 [ - - - (00s) o
7 ¢z - - N (Do) dayeradwoy
$IOURISHIP WII19Y
. jouomeuey | MO
MEN] 21032 - - - 10} JasuEan
I2)ye/210J9q)
o3e1s
a4 z - - - (%) UonenUaOUOD
Ia1em Iajem - - - JUSA[OS SOINOS[O
(1oWw-g7) (BPw-g7) j onjrydoapAQy
uLeaAjdArod uL122A184]0d i i punoduwoo h
¢ odwexy p ojdurexy ¢ opdurexs 7 afdurexyy 1 oldwexy
aaneredwon) saneredwo) aAaneIRdWO,) aaneredwo) aanteredwo))
A CLAS

lo£20]



0-00 ?-?0

L01

59

59

§9

<9

(%) oner
B0RJINS XOAUOD

(ww) yoyd

()
§IpLas 240013

0te

0ec

0te

0tT

{wm)
aouatapIp 1Sy

ljew-jogq

Jsw-joy

ooy

w10y

SOOUDIOLIP 131y
JO uonEULIO)
10} poyjom

height difference 0-1111)

10010

Jooeds

a08LINg

OPIG-2JBAULIDY

59

9

<9

59

£9

(94) onex
moﬂ.tﬁm XIAUOD

() yoyd

{um)
YIPIM 940043

00v

oov

0oy

00v

0or

()
SOuUIAIIIP 1yB10y

1oouds

09

09

09

09

09

{(wro/8)

aamssaxd xeaur

0t

0tl

0€l

0€l

0¢l

(D,) armeraduwey
Suissoquie

IS Z019199x1

NI-leu

MNIeu

Y[-0u

iU

MNijjeu

wroped ssoquo

Buissoquie

Fuissoquro

Fuissoquus

Buissoquo

Surssoquio

seouaISIp W31y
JO UOIBULIOY
10] poysu

20BLING

9pIS Pasyg

¢ opdwexg
aapereduro))

y opdwexg
aaneredwor)

¢ opduexy
saneredwos

7 erdumrexy
aaneredwon)

1 9pdwexg
aaneredwo))

emboss pattern embossing temperature (C) linear pressure (kg/cm) laneds height difference 01m)
4-4 -06.,00Cl) cio

groove width (mm) pitch (mm) convex surface ratio (%)

tact

(PontTIN0) y oqe]




EV1 C86 817179176 1'96 6Th6 Us' Example 24 11CO 99j7 5.17 C L6 E 6 EL6 9'Z Example 23

O'L6 966 CL6 L. | Example 22 55.0

050

801
(%)
JUSWIRAI} [BOIULYD
$°¢ 68 Al 'St 8¢t 1AE pUE 21013q
23ueys Junowe
uononpord 1ojeam (juouneon
v's6 0'S6 1'56 676 Th6 (%) onpa Axsacoar | Surdip mye)
/c6 00 g I3z i (o4) bmﬁmoﬁhm%& 20UBULIOLIB]
orBM WA
: . . . : (%)
) P56 Sve I'v6 £'E6 orel [PAOWIAI ES
. . ) ; Aep; ) junoure
70 . (Aep/
¥'ST £y 811 9'Ey moﬁmwoa 1078M
0'86 (%) (qusunean
ofjer [eaowALYes | FulAIp ou ypm)
STy Q@ﬁ\mév Junowe OUBWIOLIOJ
zononpoxd jem fliclicie
0€'1 £0'1 0¥1 6v'1 161 (%4) ol 10918 aorfIng
¢ opdwrexy ¢ opdurexyy ¢ apdwrexg 7 spdwexyg [ ojdwexyg
aanereduon) aaneredwony sanemedwo) aaneredwon) sAneredwon)
(penunuoo) 4 3[qe];




0L6 686 C L6 81zaldwu OEM OEV 67,6 EZ6 Z.86 91 0z op:lung 590 Zti 8L 6 O'L6 57,6 0 Tect

ratio (%) water production amount (m3/day) salt removal ratio

601
(%) ouBsquIDW
uonerzdes L1p
[ ¢'¢ 6’9 9'9 e ¥9 ~2U0q O] SoNd9[out
o1iydoIpAy
Jo oner 3yBiom Fuilicq
. . . : . (%) surIqUISW
1 6 1Y 9y [y (A4 70 JUOYUOD JojEA
0¢ 0'¢ 0¢ 0¢ 0¢ 0°¢ (utw) owp
08 08 08 08 08 08 (D) 2meiaduidy
] ) ] ] . sdnoi3 onrydoipAy
801°0 0170 ’ Yo
L8570 ELY0 Ziv o [484Y 10 1810}
100°0 £L0°0 950'0 3L0°0 811°0 8II°0 dnoud toye
. ] auruwe Areunnid HORERURIUOT
LOT°0 LLT'O [€5°0 PEYQ 670 670 + dnoig %&@E dnoun feuonoun,
P10 PS1°0 SYT0 [(q\ 11770 110 duIwE AIepuodas
£50°0 100°0 520°0 0100 100°0 100°0 dnous [Axoqies
¢z ardurexs] $7 ojdwexy] ¢ ojdurexyg 77 ojduwex;y 17 ojduwexy 07 s[duwexy
SolqEL

[1270]




In

01l

Element Performance

S9

(%) ones
SDBLMNS XIAUCSH

() youd

CE
IPis 240048

0tT

(Ci))
SOUIDYIIP JYB10Y

w10y

SaouaIelIp WSy
Jo uoneuLIo]
10J poyjour

10011

10011

10011

10011

10010

J1o0eds

aorlINg
IPIG-DIEAUIS]

<9

59

g9

59

£9

(%) oner
ABLINS X2ATOD

£

£

£

£

£

(tuu) youd

[

I

I

1

I

(ww)
IpIM 340018

0s1

051

05l

051

081

(wl)
2OUBIBIIP 14Ty

Toouds

or

0¥

Ov

oy

oy

(two/3y)

aunssead resur]

011

011

011

0Ll

011

(Do) 2Imyuiaduiag
Furssoquia

SYI-u

S RE

I8

-1oU

NI[-u

ulojed ssoqui

urssoquos

Jurssoquio

Suissoquio

Buissoquis

Furssogquid

saduLIYIIp JyB1ay
Jo uorewIo)
10} poyjow

aoRLIng
apIs paay]

S ajdurexy

$z o1durexy

£z apdurexy

7z adwexy

[z sjduexyg

07 ojdwexyg

(%) water production amount (m3/day) salt removal ratio (%) water repenneability (%) recovery ratio
(with no drying treatment) C) 0 0 --'tr-? 4.11-.? 0 Pa INDUSTRIAL APPLICABILITY [0272]

particular, the separation membrane element of the invention is favorably used for desalting of brine
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1, 11 to 16, 2 Separation

5 DESCRIPTION OF REFERENCE NUMERALS AND SIGNS [0273]

Permeated Fluid 103

Membrane 100 Separation Membrane Element 10 101 Raw Fluid 102
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Concentrated Fluid 121 Separation Membrane Body 22 to 26 Discontinuous Member 15 28 Wound
Body 3 Net 4 Tricot 6 Water-Collecting Tube 7 First End Plate

INDUSTRIAL APPLICABILITY
[0272]

In particular, the separation membrane element of the invention is favorably

used for desalting of brine water and seawater.

5
DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0273]
,1lto 16,2 Separation Membrane
100 Separation Membrane Element
10 101 Raw Fluid
102 Permeated Fluid
103 Concentrated Fluid
121 Separation Membrane Body
22t0 26 Discontinuous Member
15 28 Wound Body
| 3 Net
4 Tricot
6 Water-Collecting Tube
7 First End Plate
20 8 Second End Plate
H Height Difference

112



20 8 Second End Plate Height Difference CLAIMS [Claim 1] A separation membrane
containing hydrophilic molecules and having, as formed on at least one surface of a feed side and a
permeate side thereof, a height difference of from 80 kim to 2000 vim, wherein a weight of the
hydrophilic molecules in a bone-dry separation membrane is from 0.1% to 40% based on a weight of
the bone-dry separation membrane from which the weight of the hydrophilic molecules has been
subtracted. [Claim 2] The separation membrane according to claim 1, wherein the hydrophilic
molecules are a sugar chain compound or ponQE&JM:S,. [Claim 3] The separation membrane
according to claim 2, wherein the sugar chain compound is at least one sugar group selected from
monoses, bioses and trioses. [Claim 4] The separation membrane according to claim 2, wherein
the sugar c lgig,pmpound is at least one compound selected from glucose, sucrose, maltose, lactose,
trehalose and raffinose. [Claim 5] The separation membrane according to claim 2, wherein the
polyalcohol is at least gagueABRMNET BRI IRILILMIPM! IRl GABROMCAlS 1lyRRIIg;and
polyglycerin. [Claim 6] The separation membrane according to any of claims 1to 5, wherein a
protective |&yendthoinyg bleastanehydodpHiizigide prselgrtenctremnidealgieuf £htiglgting of a
secondary amine, a hydroxyl group and an ether group is provided on the surface of the feed side of
the separat%?f%ﬁ?o?gﬁé’}raﬁa Hm toX0{iddtired on the feed side of the separation membrane

through electron spectroscopy far chemical apalysis, a hydroxy] groqup concentration is within a range
of from 0.2 to 0.6 and’ “’E%%%é&ﬁ‘%ﬁ&ﬂﬂ%@?é’éﬁ? ' Wpsor\ﬁﬁﬂ AT Ag8SHoMR8 8B40 0.03. [Claim 7]
The separati qﬂﬁ‘?lag Qrdi Gla j retective layer contains, as a main
ingredient?léllg?elgg‘%g%oss In gd} Stlr%%lg%tﬁé%ga V\?)a%\g&g%%%%%é%r%ep}iWﬁé}aﬁ%%ﬁg a hydrophilic

group. [Claifie@brane F618 S@RHALONHNSNBrARSIAOFHING kRN nRISIniBgvter-soluble
organic polymer is at least one compound selected from the group consisting of polyvinyl alcohol,

partially-sapQhified Joroduct of polyvinyl acetate, polyvinyl pyrrolidone, polyacrylic acid, polyallylamine,
polyethyleneimine, polyepiaminohydrin, amine-modified polyepichlorohydrin, polyacrylamide,
polyacrylic acid amiddiessRAHIAB AR ERN arsUdingoscBénvhtvberdgo dimhgtirophitithe separation
membrane aci:oriing%rto any of claims 1 to 8, E/here'}nége separation membrane is a composite
efbrane comprisifga sUBSrateS §7/dors @Hggorting layer and a separation function

separation e
layer.  [Claim 3

The separation membrane according to claim 2, wherein the sugar chain
compound is at least one sugar group selected from monoses, bioses and trioses.
[Claim 4]

The separation membrane according to claim 2, wherein the sugar chain
compound is at least one compound selected from glucose, sucrose, maltose, lactose,
trehalose and raffinose.

[Claim 5]

The separation membrane according to claim 2, wherein the polyalcohol is at
least one compound selected from polyvinyl alcohol, glycols, glycerin and polyglycerin.
[Claim 6]

The separation membrane according to any of claims 1 to 5, wherein a

protective layer having at least one hydrophilic group selected from the group
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[Claim 10] The separation membrane according to claim 9, wherein the separation function layer
contains a crossliniced polyamide as a main ingredient thereof. [Claim 11] The separation
membrane according to claim 9 or 10, wherein the substrate is a long-fiber nonwoven fabric. [Claim
12] The separation membrane according to claim 11, wherein fibers in a surface layer of the
long-fiber nonwoven fabric on a side opposite to the porous supporting layer have a higher longitudinal
orientation than fibers in a surface layer of the long-fiber nonwoven fabric on a porous supporting layer
side. [Clainfaayisting of dssepntion aimprahsdmpimaioupaistisinghbegepaiatoavidedrare according

to any of clai Itoiﬁ%&;laﬁré4kﬁ method for producing a separation membrane, the method
comprising®"2¢R% Tt TERIGRE AEREFAHRFEREICEABF A8k 80 um to 1000 tim to at least one

surface of a feed Sidgs%ga&pe?f ghe&t@f%é%ﬁ Pcfe%f_?lpeag ng{gr? r:%g rat%%ﬁg t d %%hfef esétc%gnOf bringing the

separation membrane into contact with hydrophilic mofecules so that a weig e hydrophilic

molecules igpacheBergfyrSeaRItiaN iﬁﬁm,a@ﬁ?}artrfaw g@olfﬁ) 10 Rased QneaWE @B%QBF“G bone-dry
I

separation membrane from which the weight of the hydrophilic molecules has been subtracted. [Claim
15] Thizomedtibth fo pretiucinbox gepraratiomesetnlians adttondingdgecdifrodd) wietein the step of
imparting a height difference to the separation membrane is carried out after the step of bringing the
separation fembrane into contact with hydrophilic molecules. [Claim 16] The method for
producing ic@fﬁgirzﬂon membrane according to claim 14, wherein the step of imparting a height
difference aration membrane is carried out before the step of bringing the separation

membrane into contﬁgwé%%(g@%%%w ea%%@afé%%ir%alﬂ 6 whe-lt;Qi% r gég}g)ggl‘cg{vgrpducing a

. a .
separation membrane according to any of claims 16, whérein the ste rlnglngyﬁ’{e separation

membrane ipigaaeNtach With hysranRBHGHBRISC W eR COMRKISERARRIYING PRAANIANS SAlYliQn containing
hydrophilic molecules to the separation membrane. [Claim 18] The method for producing a
separation eemisrdre ageohgitigabiRoyofiplaims 14 to 17, wherein at least one of a sugar chain
compound and polyalcohols is used as the hydrophilic molecules. [Claim 19] The method for
producing é@é}éﬁ ion membrane according to any of claims 14 to 16, wherein the step of bringing
the separation memlg ane into contact with r%%h%ghilic molecules comprises applying an aqueous

solution of a water-soIUbIP SRR EEIIREF D SO heMsrae bt 2rs i Rhg the
water-soluBle, Aiaagt RRIVIDE! foplpAuisrinPoiEprRecie vl [Cleim. 2 The method
[ t , whe

0
for producing a separation membrane according to any of claims réin in the step of

bringing_thgﬁmtm&mp@hmﬂy@@@ﬁm@@w@mw}s_zﬁp{liﬁw9&%@&&@%@%@%@ step of imparting a
height difference to the separation membrane, a composite separation membrane comprising a
substrate, pyporbdersupphringliayerdandlgafigpanatiopblyettipllaiains, ystekpiaminohydrin,
amine-modified polyepichlorohydrin, polyacrylamide, polyacrylic acid amide,
polyethylene glycel and cellulose derivatives.
[Claim 9]
The separation membrane according to any of claims 1 to 8, wherein the
separation membrane is a composite separation membrane comprising a substrate, a
porous supporting layer and a separation function layer.
[Claim 10]
The separation membrane according to claim 9, wherein the separation

function layer contains a crosslinked polyamide as a main ingredient thereof,

[Claim 11]
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The separation membrane according to claim 9 or 10, wherein the substrate is
a long-fiber nonwoven fabric,

[Claim 12]

The separation membrane according to claim 11, wherein fibers in a surface
layer of the long-fiber nonwoven fabric on a side opposite to the porous supporting
layer have a higher longitudinal orientation than fibers in a surface layer of the long-
fiber nonwoven fabric on a porous supporting layer side.

[Claim 13]

A separation membrane element comprising the separation membrane
according to any of claims 1 to 12.

{Cigjln i4]

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

a step of imparting a height difference of from 80 pm to 1000 pm to at least
one surface of a feed side and a permeate side of a separation membrane; and

a step of bringing the separation membrane into contact with hydrophilic
molecules so that a weight of the hydrophilic molecules in a bone-dry separation
membrane is from 0.1% to 40% based on a weight of the bone-dry separation
membrane from which the weight of the hydrophilic molecules has been subtracted.
[Claim 15]

The method for producing a separation membrane according to claim 14,
wherein the step of imparting a height difference to the separation membrane is carried
out atter the step of bringing the separation membrane into contact with hydrophilic
molecules.

[Claim 16]
The method for producing a separation membrane according to claim 14,

wherein the step of imparting a height difference to the separation membrane is carried
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out before the step of bringing the separation membrane into contact with hydrophilic
molecules.
[Claim 17}

The method for producing a separation membrane according to any of claims
14 to 16, wherein the step of bringing the separation membrane into contact with
hydrophilic molecules comprises applying an aqueous solution containing hydrophilic
molecules to the separation membrane.
fClaim 18]

The method for producing a separation membrane according to any of claims
14 10 17, wherein at least one of a sugar chain compound and polyalcohols is used as
the hydrophilic molecules.
[Claim 19]

The method for producing a separation membrane according to any of claims
14 to 16, wherein the step of bringing the separation membrane into contact with
hydrophilic molecules comprises applying an agqueous solution of a water-soluble
organic polymer to the separation membrane and crosslinking the water-soluble organic
polymer to form a water-insoluble protective layer.
[Claim 20]

The method for producing a separation membrane according to any of claims
14 to 19, wherein in the step of bringing the separation membrane into contact with
hydrophilic molecules and the step of imparting a height difference to the separation
membrane, a composite separation membrane comprising a substrate, a porous

supporting layer and a separation function layer is used.
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