DESCRIPTION SEPARATION MEMBRANE AND METHOD FOR PRODUCING THE SAME
TECHNICAL FIELD [0001] The present invention relates to a separation membrane suitable for
use in the fields of water treatment, manufacture of pharmaceuticals, food-stuff industry, membrane for
blood purification and the like, and a method for producing the same. More patrticularly, the present

- invention relates to a separation membrane suitable for the removal of microsubstances such as
viruses in a liquid, and a method for producirgihe samesOBACKGROUND ART [0002] Recently,
separation membranes have been utilized in various fields of water treatment, food-stuff industry and
the like. In theFREF6FAWaEr FethRAtSuchiEs METHERue Yt dﬁﬁl@@éj%ﬁrﬁ, WatBr ﬁﬁ?ﬂﬁng treatment
or waste water treatment, a separation membrane is nowadays employed for removing impurities in
water in place of a sand filtration process or a flocculation-sedimentation process in the prior process.
For the putjsiBot freveRtirgLdio-fouling of the membrane, a sterilizer such as sodium hypochlorite
may be added to the membrane module or the membrane itself is washed with an acid, an alkali,
chlorine a Qf&étant or the like, and thus the separation membrane used in a water purifying
treatment is also r%reﬁggggy&higgggg@@g@hst@ggk ggrttggmcpr%,égg§gg_a{gqpn membrane is
required to have high physical strength so as not to cause fracture during use. [0003] As
described abowe; dhre=sepatatoh eenibrane seretiairechto have lid addifiow a0 excellent pure water
permeability and separation performance, high chemical strength and high physical strength. For this

reason, sepafRibl FEmbrARELbAREG FEmML pAAFRARE S fudrRiefype et vt Thoth the
chemical sfrepgth,and the, pysical strength,liavs seeently been used, [0004] v, JAlSQ . the fields of

manufacture of drinking water, manufacture of pharmaceuticals and food-stuff industry, when
pathogensssuthasmvirusesiareé incoppasdted intg thehprocesss sincdhereds a tisk thbs patyonly a
manufacturing line is contaminated, but also multiple infections of consumers arise, various
sterilizatiof Bt hREIBFRE are B3RP The RiefifiZ&iof TndtRoRinEtiBeS FGriSAanpd atfsat treatment

and a cheieal Leatmepbyith ehlonng, o /g le: Dy exes g.Jlobtellact gg viuses having

thermoresistance and chemical resistance. Thus, membrane filtration using a separation membrane
has become: efusajer ihterest asaumeathod ofi physicatly: eeinduervinsest dhermgerabrane filtration has

many
same.

BACKGROUND ART
[0002]

Recently, separation membranes have been utilized
in variousg fields of water treatment, food-stuff
industry and the like. In the filed of water treatment
such as manufacture of drinking water, water purifying
treatment or waste water treatment, a separation
membrane is nowadays employed for removing impurities
in water in place of a sand filtration process or a
Flocculation-sedimentation process in the prior process.
For the purpose of preventing bio-fouling of the
membrane, a sterilizer such as sodium hypochlorite may
be added to the membrane module or the membrane itself

is washed with an acid, an alkali, chlorine a



advantages that enable complete removal of viruses, high separation rate, no need for mixing of
impurities and the like. [0005) Examples of the smallest actual virus include parvovirus, poliovirus
and the like, each having a diameter of 20 to 30 nm, and examples of the pathogenic virus in water
include norovirus having a diameter 25 to 35 nm, adenovirus having a diameter of 70 to 90 nm and the
like. Various membranes are disclosed as a separation membrane capable of removing such a virus

group. [00@6]r £ a Ft04 e¥ampler Ratent Racunagny 1daserinasa hallgw.fiber membrane for medical
use, made of a polyvinylidene fluoride resin, which exhibits high virus removal performance by

controllingEmaxiaiuen pore didimeter detseinathby & bublde poime hrethod withima sange from 10 to
100 nm and controlling gthigléness of a dense structure Iaéyer to 5095 or_more of the entire membrane

thickness. HOWGVET: Sincs e RGllow bar Fefibr &t is Torhiedsiom onk fdye AaliRg & continuous

structure ingludinga £earse stiuaidrganthalsa Bas-a sl sembyang thickpess, physical strength per
one hollow fiber membrane is low and the hollow fiber membrane cannot be applied for water ‘

treatment. PUSES Sité titd@rsetidyer is @0 thick; pure wates permesbilityrisecbmesrow regardless of
a small membrane thickness. [0007] Patent Document 2 discloses a porous membrane made of a
polwinylid%ﬁg fluoride-type resin which exhibits a porosity of 55 to 90%, a tensile strength of 5 MPa or
more and g fraetyre elongation of 5% or more by adding a high-molecular weight polyvinylidene _
fluoride-type resin. However, the same document neither describes nor suggests various parameters
and mechanisms fasthégmprovemeénedfcardnustremona perermantenknthe gase dfsusing the porous

membrane made of g polyvinylidene fluoride-type resin having the molecular weight recited in
Examples of the safi &ogc\llj%&ﬁf ’suffi%ieﬁfje\ﬂ%]glrgﬁlo%ﬂ peffofmarite oot B2 Bhkined. [0008]

Patent Doglunent3resetihes.a porous membrane made of-palyvylidgne fuqridesype resin,

including reinforcing fibers, and a support layer and a dense layer which exhibits a separation
characteristictte tie-$uppodt |&yerHaberet,thd sameanguhent alsa neithes deseribes nor suggests
various parameters and mechanisms for the improvement of a virus removal performance. In the case

of using the POFFLE MERbIREHAILSF a oAy lid&m I foriBe-ypetrekinh *8&#8 in Examples of the
same documentysifficientyirus remevay perfoimanee soyld gotbe ohtained. J0AY .

and the physical strength, have recently been used.
[0004]

Alsco in the fields of manufacture of drinking
water, manufacture of pharmaceuticalsg and food-stuff
industry, when pathogens sguch as viruses are
incorporated into the process, gince there is a risk
that not only a manufacturing line is contaminated, but
also multiple infections of consumers arise, various
sterilization technologies are used. The sterilization
method includes, for example, a heat treatment and a
chemical treatment with chlorine or the like, but
exerts.a slight effect on viruses having
thermoresistance and chemical resistance. Thusg,
membrane filtration using a separation membrane has
become of major interest as a method of physically

remove viruses. The membrane filtration has many



Patent Document 4 describes a polymeric porous hollow fiber membrane having a characteristic
structure, which contains a hydrophobic polymer and a hydrophilic polymer and includes a dense
layer on an inner surface and an outer surface, in which a porosity increases toward the outer surface
from the inner surface at first and, after passing at least one maximum portion, the porosity decreased
at the outer surface side and a pore diameter of the inner surface has a specific relationship with an

exclusion lipit,aaricls diameigr. Howewer. thesamedecument alse ngither degeribes nor suggests

various parameters and mechanisms for the improvement of a virus removal performance. Also, in
Example, thel%’fwmmdestmpnorrmam polyvinge@né duoridestype resin wae specifically used.
Patent Document 1: Pamphlet of International Publication WO 03/26779 Patent Document 2:
Pamphlet GFtftePifiond Bublication WO 04761109 Patent Document 3: JP-A-2002-166141 Patent
Document 44 dB-4-2007-269866 SUMMARY [0009a] In a first aspect of the present invention,
there is provided a separation membrane comprising a separation-functional layer, wherein the
separation-functioriat fayei centainstnpolprirylitlere flugrideayperesinshayinglaudelt viscosity of
3,300 Pas or more and also the separation-functional layer has a three-dimensional network structure.
[0009b] parvovirus, poliovirus and the like, each having a

diameter of 20 to 30 nm, and examples of the pathogenic

virus in water include norovirug having a diameter 25

tc 35 nm, adenovirus having a diameter of 70 to 90 nm

and the like. Various membraneg are disclosed as a

gseparation membrane capable of removing such a virus

group.

[0006]

For example, Patent Document 1 describeg a hollow

fiber membrane for medical use, made of a

polyvinylidene fluoride resin, which exhibits high

virus removal performance by contrclling a maximum pore

diameter determined by a bubble point method within a

range from 10 to 100 nm and controlling a thickness of

a dense structure layer to 50% or more of the entire

membrane thicknegs. However, since the hollow fiber

membrane is formed from one layer having a continuous

structure including a coarse sgtructure and also has a

small membrane thickness, physical strength per one

hollow fiber membrane is low and the hollow fiber

membrane cannot be applied for water treatment. Also,

since the dense layer is too thick, pure water

permeability becomes low regardless of a small membrane

thickness.



In a second aspect of the present invention, there is provided a method for producing the separation
membrane comprising bringing a polymer solution containing a polyvinylidene fluoride-type resin
having a melt viscosity 3,300 Pa.s or more into contact. DISCLOSURE OF THE INVENTION Problems
to be Solved by the Invention [0010] Conventionally, .a separation membrane to remove
contaminants containing viruses can satisfy high removal performance and high physical durability.
However, it[\tyg%»;(?ry difficult to also satisfy high permeability. The reason is as follows. First, in order
to obtain high removal performance, it is necessary to form a membrane having a dense structure
from a high-conceriratien tesim stesk salutiord Athdughephysicakstengthis impraved bysusing the
high-concentration resin stock solution, a void ratio inside the membrane becomes lower and thus

permeabilifyfdetrdaRed Vi BYdet ¥ Merebsd tHel s medBity Lt Bésbridsindeesadiy ko décrease the
thickness qof t?)%@(gg@@meo resulting In g@gcregsg ina gfiysicg}:%té%n 'h V\C/)i%ergthﬁgepargtion
membrane has a low physical strength, pore$ are eformedein case a%essure IS applfaedoto the
separationtmerabrane by an:operatios sadfvasgfiltratien erfwashing: Whenpaa pare gipmeter is enlarged

by the deformation of pores, trace components such as viruses in contaminants are leaked. In
contrast, wheR HEPGtE HRfeBris feduted, the pEimeabtiy88&eddescAk8eatiasien and damage

of the surf@&%{g cauged by suspepded ggljhigg i a ggl g%%tonb?%%%ﬁaéa}tgd anq: tths contaminants

SCY L s NoYy
such as viruses are leaked. Furthermore, when the thickness o m is (?ecreasea the membrane

may not samesimrestexhibitzai s removal pedesmance asdhe.grginal pumeserindhe case of using
for a water treatment, since particularly large external force is applied to the separation membrane, it is

indispensabB M GELIe . Piysical dtkatiyth RiF #iedgurpeseishpaaictfarly rémoting tegee
components;sugh Asyiruses. [9014), s 0IBNLOIING prpblems described above, an gbject of the
present invention Is to provide a separation membrane aving igah Virusrémova perfcl)&r?‘mance, high

pure waterflenmeakikity thigl physicat stiength gna highrebemical strength, yhich.can hesesed in a
water treatment. Means for Solving the Problems [0012] The present inventors have intensively
studied aboéth tReSEbBlRnfant icsstrd v sbtamiy a Selafativhefatictiohaligyer, which is

gxcellent iq_,gtggg_@'fal %r}df%%g:gl sétrecng{[ﬁ (I:loongp%gd C\/)\{LljtlgI gien %réo.r art, and also_exhibits high
virus removal performgnce even in the case of forming rito athin"membrane, by forming a

three-dimepgiooaljnetwork structure using a high concentration of a polyvinylidene fluoride-type resin
having a melt viscosity of 3,300 Pas or more which has never been used in the prior art. Furthermore,

the present inventdtd ha3 Suéteedas htdelebpRgrl SeparationTnamisrane nbtieinis exadkent in a

chemical ? ical sftr. t? nd also reconcile high pure water permeabhility and high virus
removal paégr] or é?i e%f 3bg;)}%eﬂmgp g%r?g g?n%ﬂfljéégrea rlicture of & se%%?aﬁi%%—zfa(ﬁctional layer which

reconciles aenafmeatliti and epdrds reraaval pedersianee ina pigh level andfsupport layer which
bears high physical strength.
layer which exhibits a separation characteristic to the
support layer. However, the same document also neither
describes nor suggests various parameters and
mechanisms for the improvement of a virus removal
performance. In the case of using the porous membrane
made of a polyvinylidene fluoride-type resin recited in
Examples of the same document, sufficient virus removal
performance could not be obtained.
[0009]
Patent Document 4 describes a polymeric porous

hollow fiber membrane having a characteristic structure,

which contains a hydrophobic polymer and a hydrophilic



[0013] That is, the present invention provides a separation membrane including a
separation-functional layer, wherein the separation-functional layer contains a polyvinylidene
fluoride-type resin having a melt viscosity of 3,300 Pas or more, and also the separation-functional
layer has a three-dimensional network structure. [0014] Also, the present invention includes a
method for producing a separation membrane, which includes coating a polymer solution containing a

polyvinylidsne fiyeridestype rasinons leaskenessurtase af-a supnodt ang-then impersing the coated
polyvinylidene fluoride-type resin in a solidifying liquid thereby solidifying the polymer solution to form a
separatiorefudctionabmieebrane havieg a tree-tinténstonabryaiwérk strictorss amssproducing a
separation membrane having a multi-laéered structure in which a separation-functional layer and a

support layét*e fanit&ted46 Backt Bie?, Whetdift the ptfyneroutiSi Eritains B9 by weight or
more and 3Q%.by wejght ardess of 2. palyvinylidene, fluoride-type resin having g melt Wscosity 3,300

Pa-s or more. [0013] Also, the present invention includes a method for producing a separation
membrane; mhighoineludey sitritanecusty ejéctinga polmer selutidr:tormingde sepatatton-functional
layer, a polymer solution forming a support layer and a hollow portion-forming solution through an

outer tubeP&T %té?‘ﬁ%‘él?dft@& arfd*&n iﬁﬁ@ﬁﬁb@,?ﬁﬁ%ﬁﬁvéﬁﬁ%siﬁg %\«ttﬁﬁléfcb?extrus_,ion head, and
then solidifying.the elegled,polymer sglufigns,in 2 sqlidifying;bath to produyce g hollow: figer membrane

in which the separation-tfunctional layer is disposed at an outer layer and the support layer is disposed
at an innerjayervEFFECT0k e BVENHEON [80K5) ne Actearding4e theipsesentdnvention, there
is provided a separation membrane made of a polyvinylidene fluoride-type resin, which is excellent in a
chemical a3y siesl Strehgfiiand alriecshcRe$Righ PereidatérFermeabilityhd high virus

removal perormane, 2 a pelodoLarodudg e e BRIEERESCRIPTION OF THE

Example, there was no description that a polyvinylidene
fluoride-type resin was specifically used.

Patent Document 1: Pamphlet of Intermnational
Publication WO 03/26778

Patent Document 2: Pamphlet of International
Publication WO 04/81109 -

Patent Document 3: JP-A-2002-166141

Patent Document 4: JP-A-2007-289886

SUMMARY

[0009%a]

In a first aspect of the present invention, there is
provided a separation membrane comprising a separation-

functional layer, wherein the separation-functional layer

contains a polyvinylidene fluoride-type resin having z melt
viscosity of 3,300 Pars or more, and also the separation-

functional layer has a three-dimensional network structurse.



Fig. 1 is a schematic configuration diagram of an evaluation module of the degree of increase in
filtration resistance used in Examples. BEST MODE FOR CARRYING OUT THE INVENTION [0018]
Specific embodiments of the present invention will be described below. The separation membrane
of the present invention is a separation membrane including a separation-functional layer, wherein the
separation-functional layer contains a polyvinylidene fluoride-type resin having a melt viscosity of
3,300 Pas or more, and also the separation-functional layer has a three-dimensional network
. structure. w1 The polyvinylidene fluoride-type resin means a resin containing a vinylidene
fluoride homopolymer and/or a vinylidene fluoride copolymer, and may also contain plural vinylidene
fluoride-type resifB. ¥héSARideheRtideicptly RERREREopdIVRTE: toRtaifirgrE nidghomer unit of
vinylidene fluoride. and typicaliy acapalymenef ayinyidene finodde snonamer-and afiiprinateddype
monomer other than the vinylidene fluoride monomer. Examples of such a copolymer include a
copolymet-afione: opmere kingssselectéd from vinyhftuariden ethylenel tetrafludride -propylene
pentafluoride and polychlorotrifluoroethylene, and vinylidene fluoride. Also, a monomer other than the
fluorinated-typeimeRomer FoF Bxample: A-mdnBniBF sucl as efiléne may e EGpdlymerizedas long
as the effects of the present invention are not adversely affected. It is preferred to use a resin made of
. . 1NEo . LaCTn . . . . .
a vinylidene fidoride omopolymer, among these resins, from the viewpoint of high chemical strength
and physical strength. [0020] It is necessary that the polyvinylidene fluoride-type resin has a melt
viscosity of13;30@Ras ar mpre- e polgaitylidene fluoride-type resin having high melt viscosity is
excellent in a chemical and physical strength as compared with the resin having a low melt viscosity,
but had pRBIEMSEBTCh™as pSor TRATESHitY And &EntldH 6ER EtrGEture with difficulty. Furthermore, even
in the cas (536 ﬁij‘ug the polyvinylidene fluoride-type resin having a low melt viscosity, it has a sufficient
strength as.compared with other resins which can be used in the separation membrane, and thus the
polyvinylidene flugridevtype fesia having high4nelt\dscosity waspeterapleyed-asna separation
membrane material. In the present invention, it is considered that, by using a polyvinylidene
fluoride-typenésin ha#RE & et Fi3desit) Bf 3300 Pas of Aidré Fot 8AlY thelpysical strength of the
resulting se aration-funcl;ignal Ig%ecreis int;péoved but also a dense net\évgr,klslt@cture capable of

exhibiting3{/ US Yéimovar peﬁgfpnance iS'formed glflld ggg?ﬁecaéhe%}%n of mactovoids capable of

lowering sepaation charactpsisticscap e suppressed,dhusoktaingwithe effects ghthe present
invention. Since the polyvinylidene fluoride-type resin used in the present invention is an ultra-high
moleculanvesighaaypelresin; thdweight aweagd mokeulapweighitexcddds Fite limit of analysis by
usual chromatography a§d therefore %annot be directly calculated. However, it is possible to roughly
estimate éﬁ) Imate W |§ﬁtlaﬁlelfla:L molecalarn v"'\7ei8 tffom the above :h%:elti \fiscosity or the viscosity
of the solutign developed i a specific splvepl-dn thegase ofa yinylidane flupdde hamepolymer, the
weight average molecular weight corresponding to a melt viscosity of 3,300 Pa.s is

5a



about 800,000. Examples of the vinylidene fluoride homopolymer having a melt viscosity of 3,300 Pa's
or more used in the present invention include Kynar(r) HSV900 manufactured by Arkema Inc.
(emulsion polymerization product). Herein, the melt viscosity of the polyvinylidene fluoride-type resin
can be measured under the conditions of a shear rate 100 seconds-1 in ASTM D3835/230C. [0021]

In order to controls the melt viscosity of the polyvinylidene fluoride-type resin to 3,300 Pa-s or more,

methods ot ingteasing e molscular weight by, inceasingdhe pplymerization degree of the
polyvinylidene fluoride-type resin or introducing a side chain is preterred from the viewpoint of
simplicity. Atfongukdsernethdds, the methogicf incseasingrthe enblecular weight iy dncreasing the
polymerizgj;ion de%ree is more preferred from the viewpoint of high chemical and physical strength.

Also, two 6t bt Kiits Tt poRvinGTtehs HLBridd-R/pE réSineédchhavihg 2 diffiefehtrhalt viscosity
may be mixed thezehy.controlling the.melt wisgasity of fhe,mixfire Eﬂﬁxé,o?%ggﬁggwﬂ% {Q022]
anly o,

The melt viscosity of the polyvinylidene fluoride-type resin is preter a-s or morg, and more

preferably d¢400eRas ©r mdre. Thedweightavenage=mslectilaeweighteoiespanding tora melt viscosity
of 3,800 Pa-s is bout 880,000, and the weight average molecular weight corresponding to a melt

viscosity oP% 480 Pa. &% ZhBHEE 500 806 ferEMStherdis nblphfitlf? SmRAtidien the upper limit of
the melt viscasity of the polyvinylidene flupride-type resip H% ever \g{hesnitgglmelt viscosity exceeds
7,000 Pas or the Weigﬁt average molecular weight exceegs , 08,08 ,Ywater permeability of the
separationsrhembgane may decreades, ang thereformit isanob prefierreds §0023] ow Also, by adding the
polyvinylidene fluoride-type resin to a separation-functional layer thereby further allowing a hydrophilic
polymer e Eorftdine§ P& dhter pRAt&hilRy Snd shrrTesidtahbe 6RME separation membrane are

improved, .apd therefore it isarEBrfipggfe{:’rgdtlggreénéé eﬁ%/d{%ohili{g ﬁoﬁ%lymer ereiigrs to a polymer

having high affinity with water and refers to a polymetr w Is disso vedri?“lz%/vaterzf'oraﬁlas a small

contact angiestoanaterasscoripased With thespalyrinydigenefuoride-typerresin. £referred examples of
the hydrophilic polymer include polyvinylpyrrolidone, polyethylene glycol, polyvinyl alcohol, acrylic
resin suchs3bhyaerylit Sckifot PoR/RTRR nidtitachiter seitloas eaterpyearesin Lpwycrylonitrile,

polysulfong apd dhe ke Itds,aiso possie.o use. g the ydigaiic polymer, a.fydrophilized
polyolefinic resin obtained by copolymerizing an olefinic Mmoromer such ag e?hy}e & é)l%pylene or
vinylidene fioridenwith ahydrapbitic graups disparticwamsprefesredde gortain atigast one kind
permeability decreases. Also, abrasion and damage of
the surface are caused by suspended solids in a
sclution to be separated and thus contaminants such as
viruses are leaked. Furthermore, when the thickness of
the film is decreased, the membrane may not sometimes
exhibit a virus removal performance as the original
purpose. In the case 0f using for a water treatment,
since particularly large external force is applied to
the separation membrane, it is indispensable to
increase a physical strength for the purpose of
particularly removing trace components such as viruses.
[0011]
In light of the problems described above, an

ocbject of the present invention is to provide a

separation membrane having high virus removal



selected from a polyvinylpyrrolidone resin, an acrylic resin and a cellulose ester-type resin from the
viewpoint of an improvement in stain resistance. [0024] The polyvinylpyrrolidone resin means a
vinylpyrrolidone homopolymer and/or a copolymer of vinylpyrrolidone and the other polymerizable vinyl
monomer. There is no particular limitation on the molecular weight of the polyvinylpyrrolidone resin.
However, from the viewpoint of water permeability, separability, moldability and the like of the
membran | rage.melecular.weight.is p 0 r mare.and 5,000,000 or less.
When thee\?vgg\gg\?e%tg%\frhﬁggglﬁar %v%?g%t %%(%Séthg?%@%%(%%%ogﬁwr%%lg%rolidone resin is likely
to flow outff: theimembranesasgidne formingiagent lnathe memhsane-fosming skages ane:ghus fouling
resistance_of the membrane deteriorates. In contrast, when the weight average molecular weight is
more than30085640, aRd Thutairé VisESS 'gf Bz Spolymer solution is too high, moldability decreases
and drawbacks are likely to arise. [0025] It is known that the polyvinylpyrrolidone resin is inferior in
compatibility with the polyvinylidene fluoride-type resin, and thus the polyvinylpyrrolidone resin may be
eluted out wetesmemibrape tutingy usé: ef the gasaditeed membrane in water and it may be impossible
to maintain low fouling property. However, in the present invention, by using a high-molecular weight
polyvinylidéfi€ fiddride-type resin having a melt viscosity of 3,300 Pas or more as the material of a

separation-function3a] @Wég%te'ﬂtk%‘gqg{ %QOI%VAQ;%W{Q%%%”S& res'T can tbue dsyggrressed. [0026]

. . 1
The acrylic resin is not particularly limited as long as it is synt &sized from a momnomer such as an

unsaturatestcanoxylie acid ransiancesieneransanide dweseof: anda palymen gf an acrylic ester, a
polymer of a methacrylic ester, and a copolymer thereof are used particularly preferably. [0027]
Examples 3f B0l of titcacrittesterdindiide & Rémbpdiymersfcanlasnyiciaster monomer such

as methyl agrylate, ethy. y -butyl acrylate, iso-butyl acrylate, tert-butyl. acrylate, 2-ethylhexyl
acrylate, glycidyl acrylat%ajﬁ%yﬁéiry%fﬁy >iacrsjl ats %F%}%rgx%pgo%épgﬁﬁéteﬁgja)éc%p ?r%er of these

monomers; and & copelymen of these moppaeis-and-ather cepelymerizakle yinyl monomers. [0028]
Examples of the polymer of the methacrylic ester include homopolymer of a methacrylic ester

monomer 8GchE&FheiyEmethasryidie, 'ty ratfacpiatB oab ity méetHaenydate Hsabutyl

N A O W T s R

these monemersand-etheting a high concentration of a
polyvinylidene fluoride-type resin having a melt
viscosity of 3,300 Pa-s or more which has never been
used iIn the pricr art. Furthermore, the present
inventors has succeeded in developing a separation
membrane, which is excellent in a chemical and physical
strength, and also reconcile high pure water
permeability and high virus removal performance, by
employing a multi-layered structure of a separation-
functional layer which reconciles a permeability and a
virus removal performance in a high level, and a
support layer which bears high physical strength.
10013}

That is, the present invention provides a

separation membrane including a separation-functional

layer, wherein the separation-functional layer contains



copolymerizable vinyl monomers. [0029] Also, the molecular weight of the acrylic resin used in the
present invention is preferably 100,000 or more and 5,000,000 or less, and more preferably 300,000 or
more and 4,000,000 or less, in terms of a weight average molecular weight from the viewpoint of the
mechanical and chemical strength. In case the weight average molecular weight is less than 100,000,
the mechanical strength is low. In contrast, in case the weight average molecular weight exceeds
5,000,000 meldabiltydeteriocates andiusiaubacks aslikelyloplise 00301, Ntisalso -
preferred to use a polyvinylpyrrolidone resin and an-acrylic resin in combination. For example, it is
known that'the aesdit yesii sdchdda pelymethacndic estesaria polyacrylicsester is hydrophilic and is
compatible with the polyvinylidene fluoride-type resin in a molecular level. Also, it is known that acrylic
resin also R&PAMfAity-f0™H pONATIVIRoliddrie fesint ¥ Rer@forE GEi8 TASIGaTad B7ed the acrylic resin
functions gs.a gempatibilizing.agent and enables the polyvinylpyrrolidone resin to easily compatible in
the membrane made of a polyvinylidene fluoride-type resin, and the polyvinylpyrrolidone resin is not
easily elutdd 6utsaf the membrane when the membrane is used in water, thus making it possible to

maintain stain resistance. [0031] The cellulose ester-type resin is not particularly limited as long
as it contains a ceftt6e est&C aB AFFGECUITURMTIRiPMainthartaR/cr asidderaid and the

molecularﬂgigagpggg@ngh% Q‘E)'M%?ieéﬁerﬂé%‘?%?{e Exavru;@ple%ofitrhl% 1(}L:)éeecglar unit other than the

cellulose ester include alkene such as ethylene or propylene, %1&yne suchas ace‘fycfé"’lntej,’@%yl halide,

vinylidene dafide], ynethy| seetbacrylate: methyl aciiateardbthe ke Bthyders, methyl methacrylate,
methyl acrylate are used particularly preferably since they are commercially available at low cost and
are easily ntrofacetfin BYmginchairarfeiforatside aifdin aris peysiblete usd; as the introduction

method, k polymetrizati C les such as radical polymerization, anionic polymerization
and cationic po ymerization.@ﬁ%%mhgg(!){&%gérl cgo%tfﬁ%%g Subs gr%{iaaﬁ? %H@%né@%ﬁ%gé?%ster asa

molecular anitis:raterably secksinee itis commarcially available at loyscast apd is easily handled.
Examples of such a homopolymer include cellulose acetate, cellulose acetate propionate, cellulose
acetate bufytatentlthe fke: 160327 1 v The eelluidsecastdray ferasieis asedtoefoim a-

separationg jonal layer, together with the palyvinylidene fluaride-type resin, and therefore it is
preferred toﬁyrr%%vx}itﬁ% g prgl%/%ilrl?cf(la%et!?lﬁgrllc?‘egty%e%élsﬂ? ﬁn(%e]r%%rh%b?orb?i%lten@oﬂﬁﬁiﬁﬁ

Furthermose, the: icase wheraihecelidose: esteiatype grsinand theqpolyvinylidene fluoride-type resin
are mixed and dissolved in a good solvent of the polyvinylidene fluoride-type resin is particularly

preferred $ind&it bécohigseadsly f-Karfial 16038 which a separation-

functional layer and a support layer are laminated to
each other, wherein the polymer solution contains 5% by
welght or more and 320% by weight or less of a
polyvinylidene fluoride-type resgsin having a melt
viscosity 3,300 Pa-s or more.

[0013]

Alsc, the present invention includes a method for
producing a separation membrane, which includes
simultaneously ejecting a polymer solution forming a
separation-functional layer, a polymer solution forming
& support layer and a hollow portion-forming solution
through an outer tube, an intermediate tube and an
inner tube, respectively, using a triple co-extrusiocon

head, and then solidifying the ejected polymer



When a portion of the ester of the cellulose ester-type resin is hydrolyzed, a hydroxyl group having
higher hydrophilicity than that of the ester is formed. When the proportion of the hydroxyl group
increases, miscibility with a hydrophobic polyvinylidene fluoride-type resin decreases. However,
hydrophilicity of the obtained separation membrane increases, and water permeability and stain
resistance are improved. Therefore, a technique of hydrolyzing an ester within a range of being mixed
with the palyvinylidene fluoride-typa fesin-canhe preferably employed from e viewpoint of improving
membrane performance [0034] In the case of enabling the separation-functional layer to contain a
hydrophilicpdigmen amieighteratia:ofithe pblyvinglidesp fluatidestypé& vesint tosthe hydrophitic polymer is
preferably from_60/40 to 99/1, more preferablé from 70/30_to 95/5, and still more preferably from 80/20

t0 90/10. It TaSe-RBRABFALD of fHe FONVRTYIIdENEHUCHAE-ty TR e SHRPRES tham 0% b§ weight, it is
impossiblestogxbibit high vitus remoyal performance and high physical durability as merits of the
present invention. In case the weight ratio of the hydrophilic polymer is less than 1% by weight, stain
resistance is slightly improved. [0035] The three-dimensional network structure of the
separation-functional layer refers to a structure in which solid part are three-dimensionally spread in
the form of& ﬁ@%rfi@rﬁ&&re?fbﬁgmﬂONIn case the separation-functional layer is divided into thin
layers eaciﬂtp@\yi@g a thickness of 0.2 pm along a thickness direction, the number of thin layers having
a maximum pore diameter of 0.03 pm or more and 0.6 pm or less is 50 or more and 400 or less, and
also the number ofthirvlagidsdaving Ehrmaximenepare thareter efiesstihan-8.035pm is preferably 2 or
less. When the number of thin layers having a maximum pore diameter of 0.03 pm or more and 0.6 pm

or less is [BELHRAASH, FirkSrmotal e olfarteidetefrates Ahen BielnimBer bi titRyers having
a maximurp Roce. diameley,of 0,05 o Mpre. And Q.64 01 pss exceeds 40R e wpter
permeability deteriorates: Also, in case three or more thin layers having a maximum pore diameter of
less than @83 pprexdsicpure svaterpermeabitity detesiorates: AMsoieves imgase ahout 400 thin layers
having a maximum pore diameter of more than 0.6 pm exist, it becomes difficult to obtain sufficient
virus remaVaFerformanées 70037 Mefed the Faxiniumit Porecdiamieter BEthE MRiRaAYE having a
thickness 81;1%2 gmm%%qj%%mfg%urgg%?&oclLorvlﬁ. ggiggsa srggnning electron microscope or the like, a
cross section of a separation-functional layer | photograghed'continuously from an outer surface to an
inner surface at a magnification which enables clear confirmation of a structure, preferably a
magnification of 60,000 times or more. The distance from the outer surface as a starting point of the
separatiorFfihéforfakRayErtd TRé MneF surfa e WY OIS into thin layers each having a thickness of
0.2 0m alo g@lﬂ;ﬁckness direction of the separation-functional layer and a maximum pore diameter of
pores existing in each thin layer is measured. The pore refer to the region surrounded by a solid
portion and a maxmum pore; Jameters MaRRs gcmi@@h@gjgg&@@Qr@rhaamggar@ﬁxigﬁmgminor axis
among pores existing in the layer. The major axis of the pore is a distance between two points, which
are most f&Vaparefforh eadiP6ther ohfa BéthdapARD e Wedmht PoEearidithe solid part. The minor
axis of thegﬁ%is %Qig@nge ggtgvegrq fwo L@gig&s ijl.‘_l Wh‘:‘j%cha?.n Ergendicular bisector of a line segment of
the major axis of the pore m?ersec%s With the pore. AlsO, in case fhe pore exists across plural layers, it
is defined that all layers contain the pore. [0038] The separation-functional layer of the present

invention has high removal performance against the smallest virus. The smallest virus has a size of
about 0.0Zgm aniCwher the eparatioNFfuritiendlHay/ef REENTION

iccis]

Specific embodiments of the present invention will
be described below.

The separation membrane of the present invention
is a separation membrane including a separation-
functional layer, wherein the separation-functional
layer contains a polyvinylidene fluoride-type resin

having a melt viscosity of 3,300 Pa-s or more, and also



50 or more and 400 or less of thin layers each having a thickness 0.2 pm and having a maximum pore
diameter of 0.03 pm or more and 0.6 pm or less, the layer including pores each having a pore
diameter, which is slightly larger than the size of the smallest virus, exists with a certain thickness or
more. [0039] Each thin layer having a thickness 0.2 pm and having a maximum pore diameter of
0.03 pm or more and 0.6 pm or less has not high virus removal performance. However, the
separation-functigpgllayer wjlizes 50-qalled depth filfation inowhich theexisience,of sgme thin layers
described above enhances removal performance by a multistage filtration mechanism. As compared
with so-calfeeltsurfake filtratiort imnghich viruses are removed by a dense layer which has a thickness of
about 0.6 p.and does not include pores having a pore diameter larger than the size of viruses, and
also has a g?noaﬁ 5?ﬁembrane thickness (most of them exist on the membrane surface), depth filtration
can maintain virus tefaoyal petformance eyen wﬂ%ggf@gt_st%ug@ as pinhples and gracking arise since
the entire separation-functional layer exhibits virus removal pérformance. Furthermore, since the
dense layer €lpes notexist ihighgure wateryperdeakilitf tan bedxhibitec gheyreason is that pure
water permeability is proportional_ to the fourth power of the pore diameter (Poiseuille's law) and is

inversely proportionafto'th8 Yirst P5REr e thickneSOBRRE Mayer. RATeR)24 dédré&se in water
permeabilityjs sunpiegsed:byrincreasing thefhickness,of the layer as.compared with the case of
decreasing the pore diameter of the pore. [0040] Thereby, as a membrane form having higher
effect takingivinn$ rémoval pedfomiaiee and plrenwatel permeabijlitylintocconsideration, in ¢ase the
separation-functional layer is divided into thin layers each having a thickness of 0.2 pm along the
thickness GirdbiGR TS niMbEr S ihil tayers ity & MR por@arhtet 6210k ofmore and
0.6 pm or less s 30@mese and.ADQ.or essand-the number gihiglayer haying a maximum pore
diameter 0.1 pm or more and less than 0.2 pm is 100 or less, and the number of thin layer having a
maximum péreciameteedf-0.09 prmarmareand téssthah i prnis 30iertassiane the number of thin
layer having.a maximum pore diameter of less than 0.03 pm is 2 or less. In order to prevent

deterioratidr BT alr pefREabilifFBRUAHePSf tRitd3yet having BRsimiRFIdte Biameter of
less than Q.03-8pd3 pRLe-Preferably 14y Iess-and MOSLIMEIeIabli Q.1 38, As dergiibed above, i

order to enhance removal performance and pure water permeability to the maximunt extent possible, it
is effectiveftdihave d«lepthtfiltydtimestrueture: ihiwtieh d eglationsbiplbetigeen the maximum pore
diameter and the thickness_is appropriately controlled so as to enhance the effects of the present

invention. 68443 & + U ophedfiredtdimeRdiBdl hefrk Sditares i depfaratioRiGnctional layer is
preferably a.typexdipgsional netark sslite haying A Aeeraqs harg diamgter.of .01 pm or more

and 1 pm or less. In this case, viruses can be more preferably removed. Therefore, in the
separationfflinctiohaklayet -acepreingdto theepresednt invention; itds cansiderechthat se-ealled depth
filtration in which small particles and viruses are captured in fine pores predominantly arises as

compared #th SfeviyShFatdnin RRichIRAtsR R dortitcdd usB% Fote BRSNS SEdIRr than the
size of viryses..the ayeragepore diameter of t%%@r%%@'%?&é'&@?é evark sirugtdre of the
separation-functional layer is more preferably 0.03 pm or more and 0.5°pm or less, and still more
preferably D05pme derred to use a resin made of a vinylidene

fluoride homopolymer, among these resins, from the

viewpoint of high chemical strength and physical

strength.

[0020]

It is necessary that the polyvinylidene flucride-
type resin has a melt viscosity of 3,300 Pa-s Or more.
The polyvinylidene fluoride-type resin having high melt

viscosity l1s excellent in a chemical and physical

strength as compared with the resin having a low melt
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more and 0.2 pm or less. When the average pore diameter is less than 0.01 pm, membrane
permeability tends to deteriorate. In contrast, when the average pore diameter exceeds 1 pm, a
rejection rate of viruses decreases. Herein, the average pore diameter of the three-dimensional
network structure in the separation-functional layer can be determined by photographing a cross
section on 20 points of a separation membrane was photographed at a magnification of 6,000 times or
10,000 timgs ysing f-scanping eleciop MILP8ceRe sMeRSWINg A HoR g 2ad @ mipor axis of pores
on 20 points selected arbitrarily in a depth of 2 pm from an outer surface layer of each photograph,
and then aritimetically akera§ing afl tmeasuredevatuesi[0042)f 1 ¢ Wllsg; the Buerage parerdiameter of
the outermost surface of the separation-functional layer according to, the present invention is

preferably 15 or féss HioreHigtefdby 6 1 o 5HEsS Ghdl St b Siaferabiv B804 $ or less.
When the ayerage-pareqdiameter gf the pytermestsuffage.exceeds 1 pm,fauling components in water
enter into fine pores of the membrane and thus membrane fouling Is likely to arise. Herein, the
average perefifametensf the vategrnbststirfacepithe deparationsfunetionat lkayerscamtbiec-tetermined
by photographing a cross section on 20 points of a composite membrane was photographed at a

magnificatfon ot 38,008 SithesTor 6BD0D T g sBS PP EctrdiificFdiespe: Feasuring a
major aX'ng’@ﬂM&'ﬂ?i@&éﬁép%@ﬁQE@Q@D%%?;ée@‘etg‘iﬂr%w%@ §aLgigfogeaph, and then
arithmetically averaging all measured values. [0043] The three-dimensional network structure of
the separatios-furetional laer obthegmgseny mdentipnds skianed thy@sanealled mns-solvent induced
phase separation method in which a solution of a polyvinylidene fluoride-type resin and a good solvent

is solidified A=A dolventbattt 9n GERSER Sintd e ok fny lidéne fucriaBIyseEsA has strong

flocculation ngpgrt@?, oy Astricre including macravoids, cap heohtained. Herein, the macrovoid

refers to the pore including voids having the size, which is several tens times larger than that of
conventiorigd pareg, ef the three-tiensional retworkstructeze. Since the macravsid searsely exhibits
resistance to a filtration fluid, an improvement in pure water permeability can be expected. However,

the macroVSi§ hREKE $65draffidrr RRsidh Sifcetitie e Foid, it a5i88& &fiké-8iRough of viruses due
to drawbagkspiphelgs and thedlike, Spagifically, he magrovaidlis,a geperic term of the,ypid which
exists in the membrane of the separation-functional layer and has a size of 5 pm or more, usually from
5 to 200 pmn; and: also das arspharcab Spindtel arigylindricat shape r[@441a1  Taking physical
strength of the separation-functional layer and reliability of the removal of viruses into consideration, it

is preferred %ot AR GVORIs HavingSlibSahtidyaisse S pATrfictE AR¥nét formed. Macrovoids
having su%@g@kgégegggmgr '8@%@5%@95?&9‘”@0&5%%&%5 becomes 5 pm or more in
case a cross section of the separation-functional laye¥ is photographed at a magnification of 3,000
times usinglascannirg électrar micrasdope starcase # dsdifficulh tosjudye thermajor axis, the major
axis can be determined by the method in which a circle (equivalent circle) having the same area as

that of the %Elfe?ig H%te?ﬁlin%]a%nﬂﬁﬁé ﬁ%%e%é?‘b? ﬂ%léﬁﬂivalé"ﬁtrt‘ﬁ“%leq§?aken as the major axis of the
pore, using. a7 J1)age hregessing: sl gethe e eaisenqeal maciyoidshaving substantaly

a size of 5'pm or more is confirmed by the following procedure. That is, cross-sectional photographs
on at leastidifferanti3fhpairts avere: bhservediand, iccasewrny Mmaasa\fic havig suhstantially a size of
5 pm or more could not be confirmed, it is defined that macrovoids having substantially a size of 5 lam

or more areBs#R1ARD, MELERIALIBRIFEHITY IdyBiMET irtk R IAECr&Vsds iy a size of less
than 5 t ' int ' f | ber of id
vides b T R e S T T o er 0 supprese

provides the better résults, and n prov [0 1I'ﬁeorder to suppress
the formatioaroh otactavoiisy it isoequited tosuppress therloesulation ota pelyysyigepe duoride-type
resin, which has hitherto been studied. For example, there is a method in which a good solvent of a
polyvinylideRe st Ypé Fesina ERIde@ R $oIMfYifig BaththéreBY @&ér@8sing the concentration of

a”O”GOMﬁB@@é%ﬁ%%mﬁgﬁgﬁéﬂkrom the above melt wviscosity or the

viscosity o©f the solution developed in a specific
sclvent. In the case of a vinylidene fluoride
homopolymer, the weight average molecular weight

corresponding to a melt vigcosity of 3,300 Pa-s is

U



S0 as to decrease a penetration rate of the non-solvent. This method is employed particularly
preferably in the present invention since it is easy to control the concentration and also a thick dense
layer is not formed on the separation-functional layer. [0046] In the non-solvent induced phase
separation method, penetration of the non-solvent into a polymer solution causes not only a change in
the composition of the polymer solution with a lapse of time, but also a rapid change, resulting in
difficulty ok trackings Analysis of apnreehanissn effphese separationdietke rus efistéentific interest still
now. Particularly, in case other components are added in addition to three components of a resin, a
good solvéiR B alichesolvent, 319 said6 bé alést ffigossibitopet®Pn Btatistica¥ analysis.
Furthermore,ri% n%ré-gglvent ir%%é:ed Qg%% %epfé%tg)gtglcl}oé og @CC,EO&?%U SatP@ temperature and
viscosity ofa polymer solhﬂon, andine composition, temperature and soliditication time of a solidifying
bath exertiasninfiuenge.-in addition-togthp gomppsitien, areontribeion etie:of a factor exerting an
influence on phase separation varies depending on the composition of the polymer solution. The
present inshtois$rale atudied abbativetious fadteisiiotherit? nBethey BX&rEar infiersde on the
formation gfhmacroxioids, I?ng faund that a viscosity of a polymer solution exerts a large influence on
the formation of fiactovoIts in pﬁase separaﬁlon of a}ﬁ% yvmyﬁdlene%ﬁﬁori e-type polymer solution.
Namely, whgndhe viscosity atithe pehwinylidepediuodde-type ¢esin solytienmisdrcreased, macrovoids
tend to disappear. It is difficult to clarify details of this phenomenon. However, it is considered that an
increase iREM/iS¢d8iBEATARE PElymer solution leads to a decrease in a penetration rate of a
non-solvent a %a]decrease in a flocculation rate of a resin, resulting in phase separation in an
ultramicrorggé]l b [0047] A solution viscosity at 50C of a polyvinylidene fluoride-type resin
solution to form a three-dimensigpaldtetwark sirugtyee wkich exhibitsssichyirdg remeval performance
and enables suppression of the formation of macrovoids is preferably 1 Pas or more and 100 Pa.s or
less. Hereipe thevmaly vissbsity af 300 tant be msasuredbya Viscometérlsueh a8 BPiype viscometer.
When the solution viscosit)éis Ie%s than 1 Pa.s, the %E[lects ofla d%cie%se inla eQegation rate of a
non-solveft3hd a dEerésZain 3 floddliidtiohTafehecome isufficient and Tus mactovoids are formed.

In contrast; wher the; splutionyvisggsiprexceeds 105,Pas g-hamaegeneais solution cannot be obtained
and defects may arise in the three-dimensional network structure. [0048] A polyvinylidene

fluoride-typefesinisuititivA ¢1a%ing buch adelutiviy visessity is preferatily prapaietscthat the

concentration of %%olyvinylidene flugride-tyé/{)eéfesig h@l\{i&gg a.m%It \éig% sitg f 3,300 Pas or more falls
within a rang&'5f 5% by Weldght oF foré ARG 30% By welght of TeSR “antt praferably 8% by weight or

more and 23%by weight or lesss ivordektoexhbitiighslevelvirus eameyal performance, it is
preferred to adjust so that the concentration of the polyvinylidene fluoride-type resin having a melt
viscosity of. 3,808 Paigyyr ridre imthiesgoliraer soiutioh fallsyvithirea eargierad 99418y weight or more. In

case the polémer solution contains a resin gther than the %)I mglééjfe [ fltgog__l%%-type resin having a

melt viscodify of 300 Fas St n$t8 the Sumof the Sorftentration eTesifs s preferably within the

above range; d9R491 nt of nhigh chemical and physical strength. Also,
two or more kinds of polyvinylidene £fluoride-type
resins each having a different melt viscosity may be
mixed thereby controlling the melt viscosity of the
mixture to 3,300 Pars oxr more.
[0022]

The melt viscosity of the polyvinylidene fluoride-
type resin is preferably 3,800 Pa-s or more, and more
preferably 4,400 Pa-s or more. The welght average
molecular weight corresponding tc a melt viscosity of

3,800 Pa-s is bout 880,000, and the weight average
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The good solvent used in a polyvinylidene fluoride-type resin solution which forms a
separation-functional layer is not particularly limited as long as it dissolves the polyvinylidene
fluoride-type resin which constitutes the separation-functional layer and, if necessary, resins other than
the polyvinylidene fluoride-type resin and also can form a three-dimensional network structure by a
non-solvent organic phase separation method, and preferred examples thereof include solvents such
as N,N-dimathyermamidge Nd¥dimethylacetanide, Nymethya-Zaryroligons, dimethyl spifoxide,
methyl ethyl ketone, acetone, tetrahydrofuran, tetramethylurea, trimethyl phosphaté; and a mixed
solvent thetedfOAmBRAg these salvents, dimeiHyl SWfbxideis pesferablyhused singeraopolyvinylidene

fluoride-type resin solution having high viscosity is easily obtained. [0050 Examples of the
non-solverkt Which ekhibits g%ﬁ‘-%%%gﬁtolﬁdS&%d%ﬁ%sé@?ﬁa?aﬁoﬂ%&u&é WhteF: é%ﬁ&tic

hydrocarbayiss aesmatis hydrogamogs, aliphatic noldydrie alcahals arematic palhydric alcohols and

chlorinated hydrocarbons, such as hexane, pentane, benzene, toluene, methanol, ethanol, carbon
tetrachlorides e<dicttorolvérezené Hieickhiebethyienep ethylene glyeelidiethylehe ghecok triethylene

glycol, propylene glycal, butylene glycol, pentanediol, hexanediol and low-molecular weight
polyethyle%’&lygé%l ,ngbta th &H%%eﬂ?%%?e‘b}.aﬁ%r‘Yﬁéﬁﬁ’rﬁo@&feo%%ﬁea%m@%ora%)&fnOn-solvent

induced phase sepgyation Agopd:splveat isypreferably,added.to the ponssolvent in the proportion

within a range from 5 to 90% by weight, more preferably from 10 to 80% by weighit, and still more
preferably frerr2G i by Weight fed5ite 1The separatignrmémbrang.of the present invention

may be a sgn%le-l yered membrane composed of a separation-functional layer alone, and preferably
has a multi-l%y@r% structure in which a separation-functional layer and a support layer are laminated

to each other so ag, toJncregse thephy 'cgllggreﬁgtw&qﬁali@@p&ngf@_q{gwlgggigty%;ﬁge entire
0

separation membrane. The material of the support layer is'not particularly limited as fohg as it achieve
the above objectrand, for examples polyalefinia resinsrsiith s pepolywinylidene flioride-dype resin, a

polysulfone-type resin, a polyacrylonitrile-type resin and polypropylene; hydrophilized polyolefinic
resins such as RYarophiftzet poiyRiytdrs” aRRAyBss e&@r-glﬁe ?é‘:ﬁ‘ri%\]ﬁtﬁfgsté?lfﬁﬁe resin, a

polyamidesfype tesin, apolysthersulfone-fype resip and theulike are preferaply used. A copolymer of

these resins and those obtained by introducing a substituent into a portion thereof may also be used.
Also, these mgsinsahaycomaniafioneusssubstanpe orvthe likeasd arbwiocsging agent. Siace the
material of the support layer requires physical strength and hi%h chemical durability, a polyvinylidene

fluoride-tyJ¥reSinAis fridré pfferabifuset®joo58F kydrophilic polymer refers

to a polymer having high affinity with water and refers
to a polymer which is dissolved in water, or has a
small contact angle to water as compared with the
polyvinylidene fluoridé—type resin. Preferred examples
of the hydrophilic polymer include polyvinylpyrrolidone,
polyethylene glycol, polyvinyl alcohol, acrylic resin
such as polyacrylic acid or polymethyl methacrylate,
cellulose ester-type resin, polyvacrylonitrile,
polysulfone and the like. It is also possible to use,
as the hydrophilic polymer, a hydrophilized
polyolefinic resin obtained by copolymerizing an
clefinic monomer such as ethylene, propylene or
vinylidene fluoride with a hydrophilic group. It is

particularly preferred to contain at least one kind
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From the viewpoint of physical strength and water permeability, the structure of the support layer is
more preferably composed of a spherical structure. The spherical structure refers to a structure in
which a lot of spherical (including generally spherical) solid parts are connected to each other by
sharing a portion thereof. Herein, the spherical solid part is a solid part having roundness (major
axis/minor axis) of 2 or less. Also, it is preferred to include, in addition to the spherical solid part, a
columnar solid pagthavingdaundnsss (ajaraxis/minor axishef meresthan 2singe the physical
strength further increases. The three-dimensional network structure has a structure in which
stripe-shap@resolid padts arecthidardinrensioaalyrurifopaly cosdectdd; and thepore diameter
decreases as coméaared with a spherical structure in which spherical solid parts are firmly connected to
each other By URNfBImIY shathg L BriST Bievdofr - Thetbfrd! iti€ Eoriider&S that pure water
permeabilitysdecigases even in the case of the same strength and elongation performance. [0053]
The weight average molecular weight of the polyvinylidene fluoride-type resin used in the support layer
may be appropriatélyseleeiedvaceurbirgtothe fappuired stsenytmandwater permeability of a
separation membrane. H v,v%ver, when the W% averagl(/a molecular weight increases, the water

a

permeability-dect®ases O CORttEst \WRER e XSG ghtHVEragE riolEQRA WGt REreases, the
strength dgcragses, Fherefaiefhe weight average, molecylprwelght isypreferably, 30,000 or more and

1,600,000 or less. In the case of the use in a water treatment in which a polymer separation
membranengexpesed toldhendcal washingathe iveight avérage treoteicutar aeighit és more preferably
100,000 or more and 700,000 or less, and still more preferably 150,000 or more and 600,000 or less.
[00541 ™ ﬁ"l‘é%luﬁﬁor‘f’%%/g}"ﬁa\fﬁrg & 85N RAVSURHE Y BRET EabTE fresupport layer to

have suffigient physical sirepgthyan Jverage.diametsr of thesphgrcal sglicipart is preferably 0.1 pm

or more and 5 pm or less. The diameter of each spherical solid part is an averagé value of a major
axis and aseiperads. When the @Véraige diamyetendf thé sphietrical sofid pag iskesd thand). 1 pm, voids
to be formed between the solid parts become small and permeability decreases. When the average

diameter of Bfe SeREd B pAE ExCEREE S TofRiddidh bfivddn dohid ParE decreases and the
physical styengily decrpases, Eergin the aysyage diagieter of the spherical srugtuce ¢an be

determined by photographing a cross section of a layer having a spherical structure along a direction
from an outer=steface tewdr Mméesurface gf & separhtiers mehtwraretat@magnifieation of 3,000 times

on arbitrary 20 points using a scanning electron microscope arbitrary, measuring each diameter of 10

or more, prteraBily Bo SR LHARES spREfdhl 6lid-partsl End Srithiticaly avefagitthe
measured diamgtars. Preferahly.it isalsp pessible to.deferming a girgle eguivalent diameter from a

cross-sectional photograph using an image procéssing system or the like and to take the circle
equivalentsdisrgeter anén terage diaheter of ¢isel sptwenical striictures [@05bhranAlso, the support
layer preferably has a homogeneous structure so as to reconcile pure water permeability and physical

strength af& high &/t Yiffen the B TaRT Existdti ihd Bifuctifid Hrem¥SaMPéhanges, it

becomes difficult.{o) 5 - weight is more than 5,000,000, and thus the
viscosity of the polymer solution is too high,
moldability decreases and drawbacks are likely to arise.
[0025]

It is known that the polyvinylpyrrolidone resin is
inferior in compatibility with the polyvinylidene
fluoride-type regin, and thus the polyvinylpyrrolidone
resin may be eluted ocut of the membrane during use of
the produced membrane in water and it may be impossible
to maintain low fouling property. However, in the

present invention, by using a high-molecular weight
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reconcile pure water permeability and physical strength. [0056] It is preferred that the
separation-functional layer and the support layer have a laminated structure so as to achieve
high-level balance between performances of each layer. In general, multilayering is conducted, layers
intrude each other at an interface of each layer to form a dense structure and thus permeability
decreases. In case layers do not intrude each other, permeability does not decrease while the
adhesive geengihi decreaseseThHaratora, adessesaumbet of laminateg layens provide the better
results, and it is preferred to be composed of two layers of one separation-functional layer and one
support layérs ARY /& oPthed MAY b& an DulF 1a/e¥ Br &FinhBFlaffértABweverCthe®
separation:funetional e peieighly disRoseg.aLihe side p e sepprajrLoo that the
separatlon-l%%ctlonajr f?ayer bears a separation function an the support layer bears a physical strength.
[0057] plithe separplion-memiane ofdke present inveniamitis praferred that pure water
permeability at 50 kPa and 25C is 0.05 m3/m2/hr or more and 10 m3/m2/hr or less, a fracture strength
is 6 MPa ok #¥6t€ ]a membrane thickness is 125 pm or more and 600 pm or less, and a removal ratio
to ms-2 phage is 4.log or more..The_pure water permeabhility is mare_preferably. Q. BémZ/hr or more
and 7 m3/m2/hr o?rllkéss. E%?a%:?urép %fgrelrrllgtt:wL s rﬁgrpe |f§)r3’fre)réalb(f§1 g ayorrirﬁé%/]é%é?d%l | more
preferably 19-MPa er mere. I heyaembrane dkickness issmarsHseferabyutib pre asmore and 400 pm
or less. By satisfying the above conditions, it is possible to obtain a separation membrane which has
sufficient stiepgthuairiteste £ parhieabilifycin A5elfold e8PV REr BERMENS ManbfRiuFe 8f
pharmaceuticals, food-stuff industry, membrane fqor blood purification and the like, and also can
remove vi%%§§ ‘?6)&(5)’8] an% Thef %Lrg r&v%?er%%rr%gaﬁlﬁ)% %lléL Ser?nsett‘::fsfnerfIovf?1 ragfgeﬁgfn tnit r%gmbrane
area and ypittime,measured ab2%G ynderraspresswp ©f oekRa tsing pure water. dhedracture
strength is a value obtained by dividing a maximum point load required to fracture a separation
membranerly & triss audtivrirafede s@dakation membrane, and can be measured using a tensile
tester or thF Iié(r%? he membrane thickness can be determine by measuring a cross section of a
separation RembBrane using a combination of a stereoscopic microscope and a digital measuring
instrument, an elegitanypiceascepe enthedikeRe39%]or Regakdingthe semgyal ratio of MS-2 phage,
an aqueous solution of sterile distilled water containing Bacteriophage MS-2 having a size of about 25
nm (BactefioghagéaV 8- 2WToe A5597B1PiH the catdeniratorestedbulPO XDy /M| was filtered
with a separation n}?nijbrane. ?sed on thc%mfthod of fv rlay agar assay, S(t:a}_rn rd Method 9211-D
(AP-1A, 1988, &tahGard M&thSdSTor theexarhination of (vatet and Wastewater, 18th ed.), 1 ml of the
diluted filtratevas ipggulated-in a Petri digh-forjagsay and-the plagyes areseouptadto-getermine the
concentration of Bacteriophage MS-2. Removal performance is represented by logarithm. For
example, 2logyéfetsto Zlbgoiatyimeasthatteresilvdircongerntiition s 11 06.46060] The

Sepwam”ﬂ?%?gg@gﬁﬁg?im§%¥§TQ@Q?O% copolymer of these monomers,

and a copolymer of these monomers and other
copolymerizable vinyl monomers.
foo28]

Exampleg of the polymer of the methacrylic ester
include homopolymer of a methacrylic ester monomer such
as methyl methacrylate, ethyl methacrylate, n-butyl
methacrylate, isco-butyl methacrylate, tert-butyl
methacrylate, Z2-ethylhexyl methacrylate, glycidyl
methacrylate, hydroxyethyl methacrylate or
hydroxypropyl methacrylate, a copolymer of these

" monomers, and a copolymer of these monomers and other
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can be preferably used in any form of a hollow fiber membrane and a flat membrane. The hollow fiber
membrane is preferably used since it can be efficiently filled into a module and can increase an
effective membrane area per unit volume. [0061] The method of producing a separation
membrane made of a polyvinylidene fluoride-type resin of the present invention is not particularly
limited as long as a polyvinylidene fluoride separation membrane capable of satisfying the above

desired featyies is-pktaingdpher example, thesapatation membrane can be produced in the following
manner. [0062] A single-layered separation membrane composed of a separation-functional layer

alone can bé& pedtuced by forming a polymer solution containing a polyvinylidene fluoride-type resin
having a melt viscqsity 3,300 Pa.s or more as a solid part inip a sheet or hqllow fiber shape using a
T-die, a double co%i%ﬁéior?aﬁga@ or t%gllliéaflén‘ﬁeblri%%i%g Ci’HLlOo %§ a&cvﬁ%ﬁgégolﬁ'ﬁ‘?iﬁﬂ liquid to form a
separationgfyaetional layer hawinganthreendimensignal netwark stuciure, [0063] o0 cAlse, a
multi-layered structure separation membrane composed of a separation-functional layer and a support
layer can Beoprodaced By Bidus pietiiotslAS an exafpleed enathooief fahihatidf g , 000

separation-functional layer on port having a spherical structure ng be described below. [0064]
shod Ahadd; g?’u%tu%: is SroducetiAS Gh &kafple’of tife-Sibport, a method of

First, the scﬁﬁpéﬂr?ﬁgving a spherical st
producing ahollaw fibergnembrane made;efa pohyinwidens,fluaride-type rgsinwyilk be described
below. The support having a spherical structure is produced by a thermally induced phase separation
method inwnichephase separdtioheful pehlvimtiders fidorideltype eesin $dlationds gbriducted by

cooling. The polyvin Iiderjre flugride-type, resin soluﬂiﬁr}ris ejected through an outer tube of a double
co-extrusi&nvﬁgaéggf%\r ISmSing of 4 h8ifbPfiver hemtiaRe and theh BHoliBR porith-forming solution

is solidifieq,unrdescoeling in a.cooling,bath while beingrejectad thyaugh aninperdtube gta double
co-extrusion head. [0065] The above polyvinylidene fluoride-type resin solution dissolves the
polyvinylidere fiigridevtgpe tesinmin laegoot solvenstioy latgood sekdnt ¢f tid fesintdt a temperature of a

crystallization._t erature ot higher in comparatively high concentration of 20% by weight or more and
60% by waIGHK S Tesb - WheR e B AT Ao B the-1eef I8 44C & Sufdht HevhtstFigh strength

and elongation.chatacteristics can be obtained. However, the strength and elongation characteristics
are too high, porosity of the produced separation membrane decreases and permeability decreases.
Also, in ca$é@ fiedsupport is formed into a

It is also preferred to use a polyvinylpyrrolidone
resin and an acrylic resin in combination. For example,
it is known that the acrylic resin such as a
polymethacrylic ester or a polyacrylic egter is
hydrophilic and is compatible with the polyvinylidene
fluoride-type resin in a molecular level. Also, it is
known that acrylic resin algo has affinity to a
polyvinylpyrrolidone resin. Therefore, it is considered
that the acrylic resin functions as a compatibilizing
agent and enables the polyvinylpyrrolidone resin to
easily compatible in the membrane made of a
pelyvinylidene fluoride-type resin, and the
polyvinylpyrrolidone resin is not easily eluted out of
the membrane when the membrane 1s used in water, thus

making it poseible to maintain stain registance.
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hollow fiber shape, it is necessary that the viscosity of the prepared polymer solution is within an
appropriate range. Therefore, the concentration of the resin is more preferably adjusted within a range
of 30% by weight or more and 50% by weight or less. [0066] The cooling bath preferably contains
a mixed liquid of a poor or good solvent having the concentration of 50% by weight or more and 95%
by weight or less and a non-solvent having the concentration of 5% by weight or more and 50% by
weight or lggsoat @ temperature of OC or higher and 3000 or lower. Furthermore, it is preferred to use,
as the poor solvent, the same poor solvent as that of the polymer solution since it is easy to maintain
the composition of TR cStihg bats #loReler whEpa Highedoncénatratioh goad sbivents Uged, the
solution miyﬂrrg&ttbeedsolidifiigunless the temperature is sufficieﬂtlg lowered, or the obtained hollow

0

L FRES 5 tow SGIRffticSfidrtrate. 3%sc? as long as

. a n as n 108 a
fiber membrané may not have d smooth surface Because of

the concenitstier dewates irom therabgve sancentiation ranag.dhe poariselventandithe good solvent
may be mixed. However, when a high-concentration non-solvent is used, a dense layer is formed on

an outer s@fate Gt thansdlpU iRt meRibrarfetdrfirthbs pureblistecperineabitiy rmaydmstically

decreases. [0067] Alsg, the hollow portion-forming solution is preferably a mixed liquid of a poor or
BARY. ol {%‘f w&%%? &Hinbre ahd'dses by fkight8ress and a

good solven %avmg:L the coricentration of 50%

non-solverthaviag the,ceneentration.of e by weight er-mareand50% by wieight geless, similarly to
the cooling bath. Furthermore, it is preferred to use, as the poor solvent, the same poor solvent as that
of the polyRiepBolutsE (0GB Y e Herall the pecrsoivkatis a solveni whigh tdenot dissolve 5% by

weight or more %Ltlaee%cgyﬂn)ﬁggane fluoride-type resem at a low temperature of lower than 60C, but
0

can dissolve 5% by Welght & MSte of Ihe BoRvingRdeiIbriae-fneMeSin 4t a Afghemperature

range of 6@ @r highen anda melting NQIRLOf t%@%nﬂggmﬁﬂwygg@e r@gi@l.@oi example, about
178C in case the polyvinylidene fluoride-type resin is a vinylidene fluoride homopolymer) or lower It is
defined tha ke s6ltent avhichicenddissoivei59% by weight oe erebfltiie polyviaylideag fluoride-type

resin in the poor solvent even alt a low temperature of lower than 60C is a good solvent, while a
solvent wh?%enecitﬂgfnﬁiggojt\?ejs %r%Vv%ﬁ?ﬁ%%%Iy?lﬁyﬁé’e“ﬁecfﬁﬁﬁd@%quﬁn & ¥ aYnelting point of

the polyvinylidensefiuodde-typeresin of adiolling poind phthe solvertis anonzsolvent. [9Q69]
possible to use, as the introduction method, known
polymerization technologies such as radical
pelymerization, anionic polymerization and cationic
polymerization. A homopolymer containing substantially
cnly a cellulose ester as a molecular unit is
preferably used since it 1is commercially available at
low cost and is easily handled. Examples of such a
homopolymer include cellulose acetate, cellulose
acetate propionate, cellulose acetate butyrate and the
like.
[0032]

The cellulose ester-type resin is used to form a
separation-functional layer, together with the
polyvinylidene flucride-type resin, and therefore it is
preferred to mix with the polyvinylidene fluoride-type

resin under an appropriate condition. Furthermore, the
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Herein, examples of the poor solvent of the polyvinylidene fluoride-type resin include medium chain
length alkylketones such as cyclohexanone, isophorone, y-butyrolactone, methyl isoamyl ketone and
propylene carbonate; fatty acid esters, alkyl carbonates, and a mixed solvent thereof. [0070]
Examples of the good solvent include lower alkylketones such as N-methyl-2-pyrrolidone, dimethyl
sulfoxide, N,N-dimethylacetamide, N,N-dimethylformamide, methyl ethyl ketone, acetone,

tetrahydrofusays teirasmethyuieacad timethyl Rhosphate;gstersamigdesand@amixed solvent thereof.
[0071] Examples of the non-solvent include water; aliphatic hydrocarbons, aromatic hydrocarbons,

aliphatic pBIgRyifitEcohe R &rofmadic poaydrichacdhoil shisfrated KgdtoearBons or other
chlorinated organirg‘!jggti)ds such as h(?xan?%\pggt,gne,fbetr%gne,é Iueneﬁl rrle.tgaen]%, ethanol, carbon
T

tetrachloriéj‘el, DaAICHIOro e}wﬁ%er?e,%r?c% orde yléne, e?hylene gl?co diet %er%e glycol, triethylene glycol,

propylene glygelrbuet¥lene glycels pertanediglshaxanadighand lpwanelecay weightolyethylene
glycol; and a mixed solvent thereof. In the thermally induced phase separation method, two kinds
of phase sepgratiers meelsdnism hraifilpesis€ One is a liquid-liquid phase separation method in which
a polymer iglﬁg%g dissolved uniformly at a high temperature is separated into a polymer dense phase
and a dilute p because of a decrease in solubility of a solution when the temperature falls, and

then the structureys, fxed:byerystallization. the-othar-ene is a solid-ligwd phase.separation method in
which a polymer solution dissolved uniformly at a high temperature is phase-separated into a polymer

solid phas€ ahé asolent prissesince crystallizarien 8f the polyderaridegwherptheasrhparature falls.
A three-dimensional petwork structure is mainly formed in the former method, whereas, a spherical
structure é%ﬁgt%ﬁ&tgd Er%é\wlrg g%lﬂé?%%ﬁ%%tu?ehi‘g éﬁﬁ?}‘f’or%%d 1#]f"heqgttfe@"r]?nétﬁog 9% €ase a support
having a spiricak sticiire js-Rreduseds thedatterphase separgtion spechanisoy isddilized. In order to

produce the support, a combination of a solvent, a resin concentration and a temperature of a polymer
solution tomwitgchisolid diguidvphabe separdtiorob diduced alcompusitivheand aftémperadigre of a
Commgbagyggngggg%[gggﬂeases. However, hydrophilicity of the
obtained separation membrane increases, and water
permeability and stain resistance are improved.
Therefore, a technique of hydrolyzing an ester within a
range cf being mixed with the polyvinylidene fluoride-
type resin can be preferably employed from the
viewpeoint of improving membrane performance

[0034]

In the case of enabling the separvation-functional
layer to contain a hydrophilic polymer, a weight ratio
0of the polyvinylidene fluoride-type resin to the
hydrophilic polymer is preferably from 60/40C to 99/1,
more preferably from 70/30C to 95/5, and still more
preferably from 80/20 to 90/10. In case weight ratio of
the polyvinylidene fluoride-type resin is less than 60%
by weight, it is impossible to exhibit high virus
removal performance and high physical durabkility as

merits of the present invention. In case the weight
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In order to enlarge voids thereby improving permeability and to increase a fracture strength, in addition
to the above production processes, stretching of a hollow fiber membrane is useful and preferred. The
stretching is conducted by a conventional tenter method, a roll method, a rolling method, or a
combination thereof. The temperature during stretching is preferably within a range of 50C or higher
and 140C or lower, more preferably 55C or higher and 120C or lower, and still more preferably 60C or
higher and:100C-ordewer, Zhe stietshing 1atio ig pisfaraplyils1 fimes qriore andyg fimes or less, and
more preferably 1.1 times or more and 2 times or less. In case the stretching is conducted in a low
temperatutecitmiosphet s af pwee v 50C; 4 is diffielilt ¢stigtchi stalblyaad homogeneously. In case
of stretchinPRat a tﬁmperature of higher than 140C, since the temperature becomes a temperature
near a melti E)gi t of a polyvinylidene fluoride-type resin, a structure texture is melted and voids are
not enlarged, and thiys water fermeahility ispotimproved. Fhestretehingis prgferably conducted in a
liquid since the temperature is easily controlled, but may be conducted in a gas such as steam. Herein,
water is simplecaratpreferableas therguidl fvthe case efrsiretehirg attabout 86 ot higher, a
low-molecular, weight polyethylene %I%col or the like can be preferably used. In contrast, in case such a
r

stretching &t Goffdicted, B Perfebiif =md Tt RS St d¥craReE a8 cdmpdra with the

case where the streiching, is.conducted,,hut fractyre elongation and removal performance are
removed. Therefore, presence/absence of a stretching process and a stretching ratio of the stretching

process cadifet &g@propriately set according to the use of a separation membrane. [0073] On the
hollow fiber membrane having a spherical structure thus formed, a separation-functional layer having a

three-dimensional hBIWOTK Strictire 3§ RAMBE A FiE hEhoE 1ORGt patitifly Himited YA &S preferably
a method im%crt@pﬁlwa{/é@gti%eqm@pqssgggagobfﬂithkq%é@J'usﬁédeo-t.yfeﬁﬁsin and a good
solvent is coated on the surface of a hollow fiber membrane having a spherical structure and then
solidified ir asolidiyingtoattkmamdy ofiarrart:salvent ohtherpohivinylidehetfhiorida-yperesin thereby
coating a separation-functional layer. The method of coating a polyvinylidene fluoride-type resin

solution is MY pacFamArmilatbEALE preeRed fruseta hethbdHA whicheRSllodrfber membrane
is immerseg ip the,polymer.salution o ghe, polymer.salutipn s spray-coated on the holow fiber
membrane. Furthermore, it is preferred to use, as the method of controlling 'an amount to be coated on
the hollowtfiber memibeanec @ method ihayhictsa partibn @f thenpotyimemsotibion is scraped by passing
through a nqzzle after coating the polymer solution, or a portion of the Eolymer solution is blown off by

an air k_nifé%%ﬁ‘ﬁ_ﬁ&iﬁdﬁ fofa meftidd 't eBntialiing &Bba?tiﬁg%ﬁﬁ)@‘ﬁféﬁ ¥ pdlyRier $6i6iffon. The above
solidifying athljs mainly, comagsed:of anan-salvent of %B@X‘H@y'Q?R%Q?E%H#'Bﬁe%es”?’ and may

contain a good or poor solvent of the polyvinylidene fluoride-type resin in the proportion within a range
of 0% or mbreard 86%cdt |éss0 Alsprthetemperature of the &olidifying hath is preferabiy:0C or higher

and 70C or lower, and mare preferably 5C or higher and 50C or lower. [0074] It is possible to

preferably efififoy> §s alicther® nftRG GrprBGuch iy A sFatihtRérmhbiahetcordiiftd the present
nvention, gyfethoghighielia pRIyMef spltian formying.p senauatien:{ynqfignal laver and a polymer
solution forming a support layer are simultaneously ejected through a tripfe co-extrusion head and then
solidified. Ramelyt irthe £ase. 6fiproducing a.campaesite hollew fihermmembraneds whichA
separation-functional layer is disposed at an outer layer of a hollow fiber membrane and a support
layer is dispo8ed BEFinHEM&yerP 4 pBRAtet sdititiorf kg arseharmtiontflifictionaayer, a polymer
solution fopying asyppart laye a ] lgn-forming. solution are simultaneously ejected
through anggﬁgr tube,gég'n iﬁwterr%%rd%%te%%% agg Egggilnéneg%u\gglﬁes%eaﬁ/}éﬁn%ﬂd thenthese solutions
are solidifidd #ma selidifging baths anth#wsthe sbjeeative-coappsita: hellomafleer membrane can be
obtained. [0075] In order to exert the effects of the present invention to the maximum extent
possible, &ERHTEKESS b a S8 aGH-Rihefonal dayeP afy §BupForERWEr i3aReimpéiant. The

thickness eftlﬂfasmyst_@-mm?\' BYELS P&%I%faﬁ%’ergbﬁfiﬁé”&% gnd 200 . orlgss, more

preferably 10 pm or more and 200 pm or less, more pm or more and 156 p&}ﬁﬁor less,
more preferably 20 pax osmoereiandskaiope ©r tess ranestil mere preferablys2brFm ©f ayore and 100
pm or less. When an attempt is made to form the separation-functional layer in a thickness of less than
virus removal performance.
[0037]

Herein, the maximum pore diameter of the thin
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2 pm, defects are likely to arise, resulting in deterioration of a removal performance. Also, when the
thickness of the layer exceeds 200 pm, the effect of imparting pressure resistance to the
separation-functional layer by the support layer decreases and the separation-functional layer
undergoes deformation. When a pore diameter of the separation-functional layer is enlarged, removal
performance decreases. In contrast, when the pore diameter is reduced, pure water permeability

decreases1[90é6] naviihedhigknassof thessuppertdayer ispreferable 140-pm, 0 seprg and 400 pm or
less, and more preferably 150 pm or more and 300 um or less. When the thickness of the support

layer is less #3arPWED- pmt & phgsical strengthiglowd frsontrastnivher fecthicknesstéxeeeds 400 pm,
pure water peJEmeabiIitX decreases.d[0077] Herein, each thickness of the se&aration-functional
= 2 OS5 d

layer and thé Sapport (57 CanHe det&thifed By SITREGapHing a croks stefbhalofy & Hirection from
an outer surfacere a8 dnes sudacen{ e aatire seParation membrane,using.a scanning electron

microscope at a magnification of 300 to 1,000 times, measuring the thickness of the

separationZundtishaMayatahd dee thickhessaithé sappoitayerohciibitrapk2Gpoints sand

arithmeticallé% agerarging the thicknesses. EXAMPLES [0078 The present invention will be
n 'nda

described BEIBW By Way SHEpacific ERApIes it thepradén Tvbitidh RFEirhits?oRE following

Examples.dtergifn, parametsis of the sgpar@ationmembrane relatingdp the present inveption were
measured by the following methods. [0079] (1) Melt Viscosity Melt viscosity was measured at a

temperaturs ot DB0€ anel eashshap kité pE10C Setond4l ihlaecerdarceaithicASTM D3835 using
CAPIROGEAPHG (dfe dameter: oLy, diefenalt 10 miy) manufactued by Toye Seli. Co., Lid
[0080]
thin layers each having a thickness of 0.2 um along a
thickness direction of the separation-functional laver
and a maximum pore diameter of pores existing in each
thin layer is measured. The pore refer tc the region
surrounded by a solid portion and a maximum pore
diameter means a minor axis of a pore having a maximum
minor axis among pores existing in the layer. The major
axis of the pore is a distance between two points,
which are most far apart from each other, on a boundary
line between the pore and the solid part. The minor
axig of the pore Is a distance between two points in
which a perpendicular bisector of a line segment of the
major axis of the pore intersects with the pore. Also,
in case the pore exists across plural lavers, it is
defined that all layers contain the pore.
[0038]
The separation-functicnal layver of the present
invention has high removal performance against the

smallest virus. The smallest virusg has s gsize of about

0.02 pm and, when the separation-functicnal layer has
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(2) Solution Viscosity Solution viscosity was measured at a temperature of 50C using a digital
viscometer DV-1l1+Pro manufactured by Brookfield Engineering Laboratories, Inc. A rotor to be used
and number of revolutions were appropriately selected by solution viscosity to be measured. [0081] (3)
Maximum Pore Diameter of 0.2 Am Thick Thin Layer and Number of Thin Layers of
Separation-Functional Layer Using a scanning electron microscope, in a cross section along a

direction feogn ap outer sudace toan wnen swtace dHf alseparatigremembearie, Asepar@tian-functional
layer was continuously photographed from an outer surface to a border with a support layer at a
magnificatidhi SF60600 tiés. The taritd Tiond the RASH SUHBCSSE § stk At t6 the inner

surface W%S %igided into thin Iaé/_egsneqacgl hngin% aotlgicfgessg ,Of Q@epnﬂ %%)Q% %qufﬂ%sf& jrection and

. . m o moxr .
a maximum-’pore Wanieter existing in each thin ayer was measured. Also, the numbers of a thin layer

having a maydmumepare dizmeterof dessdhan @.03me, @xthinvayer havieg aImagimum pore diameter
of 0.03 pm or more and less than 0.1 pm, a thin layer having a maximum pore diameter 0.1 pm or
more and lessdah G.23m; tERindayed Maling2emadmukfisdre Biakieter BZ et idrefand 0.6 pm
or less and a thin Ia_ldyer hg}(}iri]g]g masxsi,mgrP po(gergiameter of more than 0.6 pm were respectively
determined. [58?2_] (L4r)1 Averageri:?ore Diameter of Three-Dimensional Network Structure of
Separation-fynaetional Layer Using a scanning electron microscope, a cross section on 20 points
of an arbitrarily selected separation membrane was photographed at a magnification of 10,000 times.
A major axis and &aior BRisiof pBEsKvere HidaSurd O ZOPGRS sEledtedarittarily in a depth of 2
pm from an outer surface layer of each phatograph, and then all measured values were, arithmetically
averaged Fdet&hife R }éggenrj‘étﬁe %83‘&%%5?1% er.le[8583?9 tk Ié 3 Hif s e F2 e

0.6 pm or less has not high virus removal performance.
However, the separation-functional layer utilizes so-
called depth filtration in which the existence of some
thin layers described above enhances removal
performance by a multistage filtration mechanism. AS
compared with so-called surface filtration in which
viruses are removed by a dense layer which has a
thickness of about 0.6 u and dces not include pores
having a pore diameter larger than the size of viruses,
and alsc has a small membrane thickness {(most of them
exist on the membrane surface), depth filtration can
maintain virus removal performance even when defects
such as pinholes and cracking arise since the entire
separation-functional layer exhibits virus removal
performance. Furthermore, since the dense layer does
not exist, high pure water permeability can be
exhibited. The reason is that pure water permeability
is proportional to the fourth power of the pore
diameter (Poilseuille’ s law) and is inversely

proportional to the first power of the thickness of the
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(5) Average Diameter of Spherical Solid Part of Support Layer having Spherical Structure Using a
scanning electron microscope, a layer having a spherical structure of a cross section along a direction
from an outer surface to an inner surface of a separation membrane was photographed at 3,000 times
on arbitrary 20 points. A diameter of each of arbitrary 20 spherical solid parts of each photograph was
measured, and then all measured diameters were arithmetically averaging to determine an average

diameter. [0984}-(6) AnatiegePore Riametes okOuter Sudace fSapagationFupctiopal Layer
Using a scanning electron microscope, arbitrary selected 20 points on a surface of a
separationSfARETONAFIRFe RyasLpHofsRasHEd &t Aemadrifidatien ef 66,000 #mas yemajor axis and a

minor axiscocf> Pores 1 ea‘}\;‘,ﬂ%d %rh[arbci;ragi%/ sg%ec(tieedczo goints of egch %hotogr h were measured,
and all meaSlrad valties were arithmetically averaged 15 detdimifié 8n R0érag %8%ecﬁ§r’ﬁeter. [0085]
(7) Presense/Absengs-afdacrovoids of 5 mm Or more Using a scanning electron microscope, a
separation-functional layer in a cross section along a direction from an outer surface to an inner
surface of &%@paration membrane was photographed at a magnification of 3,000 times and then

presence/absenceTgfe r:pg%rovmds h%\”%%% dz@a%eéerf(g 5murp1 or more was confirmed on arbitrary 30

points. When maciovoids ab not &xist OFonty acroviaeach Havihg o afoF akis of f&ss than 5 pm

exist, it wasjudges thatthe separaticmmebranedogs sotsubsiantially,jaelade macrovoids of 5 pm
or more. In contrast, when only one macrovoid of 5 pm or more is observed, it was judged that the
separatiorPfEmb e subgtadtidlly ivchitksdeatrdvioids: of 5pra a8 motd1§0086] (8) Membrane

Thickness and Thickness of Separation-Functional Layer and Suppaort Layer. . Using a scanning
T OBobERs, o %réﬂn"&n‘% erdiiacd t5dh fh?\égleﬁﬁface of a

Serara 1011 ayet .
electron mlcrgscope, a Cross secttlon a?ong d éﬁ?ectlé
separationdnembrane wap Rhotogranhied a8 adwagnification 9f 300,t04,Q00times, aad then a

membrane thickness, a thickness of a separation-functional layer and a thickness of a support layer
were measlrg@ of Betitrary2e poimdand the niddsurédithickressas wege aritharetivally averaged.

pore diameter 0.2 um or more and 0.6 um or less is 50
or more and 400 or less, and the number df thin layer
having a maximum pore diameter 0.1 um or more and less
than 0.2 um is 100 or less, and the number of thin
layer having a maximum pore diameter of 0.03 pm or more
and less than 0.1 pm is 20 cor lesgs, and the number of
thin layer having a maximum pore diameter of less than
0.03 pm is 2 or less. In order to prevent deterioration
of pure water permeability, the number of thin layer
having a maximum pore diameter of less than 0.03 pm is
more preferably 1 or less, and most preferably 0 or
less. As described above, in order to enhance removal
performance and pure water permeability to the maximum
extent possible, it is effective toc have a depth
filtration structure in which a relationship between
the maximum pore diameter and the thickness is
appropriately controlled so as to enhance the effects

of the present invention.
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[0087] (9) Average Outer Diameter/Inner Diameter of Separation Membrane (Hollow Fiber Membrane)
Using a scanning electron microscope, a cross section of a hollow fiber-shaped separation membrane
was photographed at a magnification of 100 times on 20 points. A major axis and a minor axis of an
outer diameter and an inner diameter of each photograph were measured on 20 points, and then the
measured values were arithmetically averaged to determine an average outer diameter and an
average innerydiameter. [0088] (10) Average Thickness of Separation Membrane (Hollow Fiber
Membrane) Using a scanning electron microscope, a cross section of a hollow fiber-shaped
separation membrdieewad pRctographed ata mhgnificationiof 408 times va 20fpofiits: The distance
from an outermost ng%rr}(_)gn end .of ané'n ermost layer of each photograph was measured on 20

W

points, and tAeR the maasured distaricds were Srthmetidily hbéraged tddetdmsife an average

thickness. {0089% £1bndrusiRampeval Peformanse . nAp:ayequs salutionof distilled water
containing Bacteriophage MS-2 having a size of about 25 nm (Bacteriophage MS-2 ATCC 15597-B1)

in a conceRtiativatef Bbedt 100 X LOFPRYmMirwas prepared asra virusisteck.soldtion: kegein, distilled

water to beC gseed was Ere ared b sukt))LTectir@adistilled water gbtained from a pure water device AUTO
STILL (mahtfactured By ififCoS X Sl HigR presE R &M stetitzdtiohA 421C for

25 lC .
y Yamato Scien

20 minutes. 4n ease the separation membranes ahollgwdiber,memprane. a smallysized module made
of glass having a length of about 200 mm composed of about two hollow fﬁ)er membranes was made

as the modui& 98 e4isel thesseparttion hienianeis siffst winbrhad, themeaiblane was cut into a
circle havilg1 ag;?ngitir of 43 mm, which was set in a cylindrica| filtration holder. The virus stock
o the

solution was f& HbANE THdErthe Bo i cHRE & tBAPErRTUE Bf 2b6tt DHEHHES filtration
differential-pressuisg,@f.ahogt 10 kPa fexterpalyoressiee)- Afteffiiration of abays 10.ml of the solution,

about 5 ml of the filtrate was collected and then diluted with distilled ' water by 0 to 1,000 times. Based
on the methou B Overlatiddar assay) Stantlaid-Mathod:921b-DvEARHA, 1998 rStandard igethods for
the examinatiog of Wa%r and wastewater, 18th ed.), 1 ml of the diluted filtrate was inoculated in a Petri

dish for asSaaHE e pI&eR%rE c&itEd B'ddtahfife Ha%ohEntiisH of Bactérdithage MS-2.

Removal performangceanas r%@S%%'&Q 4hw. fosexample, 2-og fefers o 2dogn and means
that a ratio of the concentration of MS-2 after filtration to the concentration of MS-2 before filtration is
1/100. Alsé inease ampplaged isaiot caurtedinuthe filtrte; itavasappresented as7 log.

functional layexr is more preferably 0.03 um or more and

0.5 pm or less, and still more preferably 0.05 um or

more and 0.2 um or less. When the average pore diameter

is less than 0.01 um, membrane permeability tends to

deteriorate. In contrast, when the average pore

diameter exceeds 1 um, a rejection rate of viruses

decreases. Herein, the average pore diameter of the

three-dimensional network structure in the separation-

functional layer can be determined by photographing a

crosg section on 20 points of a separation membrane was

photographed at a magnification of 6,000 times or

10,000 times using a scanning electron microscope,

measuring a major axis and a minor axis of pores on 20

peints selected arbitrarily in a depth of 2 um from an

cutexr surface layer of each photograph, and then
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[0090] (12) Pure Water Permeability In case the separation membrane is a hollow fiber
membrane, a miniature module having a length of 200 mm composed of four hollow fiber membranes
was made as the module. Also, in case the separation membrane is a flat membrane, the membrane
was cut into a circle having a diameter of 43 mm, which was set in a cylindrical filtration holder.
Reverse osmosis membrane treated water was fed to the module under the conditions of a

temperatureyof gheul:256,and,a flatian diffgrential presssra-ekabeyt 46 kPa (external pressure).
Then, pure water permeability was calculated by converting the value obtained by measuring a
permeate fl&¥ fadd (m3) of a given time into the value per unit time (hr), unit effective membrane area

(m2) and 50 kPa. [ 919% (1%)hFracture Strengé%h and Iongat&on sti %a tensile tester
(TENSILON(r)/RTM-100: manifadtured by Baldwin Company1idJ a Sépardtidh iibrane wetted

with water yas sabiected t@ adenrsilgdest at 8 measHEement length:ef &0 MM 8 fyll:srale:lgad of 5 kg
and a crosshead speed of 50 mm/min to determine a fracture force and a fracture elongation. The

measuremehewas repeated LOvindsigsing different spetivdanslandthe mebsared vates were
arithmeticall}:/ aggrlaggq to et;ffrmine a fragture strength and gfracture elon%ation. The fracture

strength was determined ag a'fratturs Stramgth (N2 £ Pa) WHILHHS a¥faciuté Fdtde (N) per unit
cross sectign mmz) of.a separation membrane (@214 tee of increaseindtration

Resistance A miniature membrane module having a length of 15 mm was made by
accommodating sikdmtowfibérmembraresdrs an outer cdsivglamdfixingredss(Figs 11.1n this
membrane module, the hollow fiber membrane is sea%ed t the end B, while the hollow fiber

membrane'8pens atthe&nd 1t 500931 P & 10L Stainidss St88 hresSutank RBYANTEC
PRESSURE-WESSEL D¥-1Q equipped with a pressure.gage, ravwswater was charged. Similarly, in a

40L stainless steel pressure tank ADVANTEC PRESSURE VESSEL DV-40
average pore diameter of the outermost surface of the
separation-functional layer can be determined by
photographing a cross section on 20 pcints of a
composite membrane wasg photographed at a magnification
of 30,000 times or 60,000 time using a scanning
electron microscope, measuring a major axis and a minor
axls of pores on 20 points selected arbitrarily of each
micrograph, and then arithmetically averaging all
measured values.
[0043]

The three-dimensional network structure of the
separation-functional layer of the present invention is
obtained by a soc-callied non-golvent induced phase
gseparation method in which a solution of a
polyvinylidene fluoride-type resin and a good solvent
is solidified in a non-solvent bath. In general, sgince
the polyvinylidene fluoride-type resin has strong
flocculation preoperties, only a structure including

macrovelids can be obtained. Herein, the macrovoid
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equipped with a pressure gauge, distilled water manufactured by Wako Pure Chemical Industries, Ltd.
was charged. A 2-way stopcock was connected to each tank at an outlet of water. As the raw water,
water of Lake Biwa (turbidity: 1.0 NTU or less, total organic carbon (TOC): 1.2 mg/L, calcium
concentration: 15 mg/L, silicon concentration: 0.5 mg/L, manganese concentration: 0.01 mg/L or less,
iron concentration: 0.01 mg/L or less) was used. [0094] The 2-way stopcock of the raw

water-cont_gigpglpéeségrec@gkﬁ%qgingﬁglrg[giﬁ%tqr s g Jay water taer%I% was.connected to a point

A of a miniature membrane module through a stopcock using a %(r)sﬁjﬁg,’and the 2-way
stopcock ofia thistilledswater-eenriainingressime tank{hereinatierareferiedito as a distilled water tank)
was connected to a point B of the miniature membrane module using a Teflon tube. A point C of the

miniature MEMBENE htde WA §&ale® by hiREsik BajF thefddychabhitperiebteekater to

discharge fram. the poipt D. [0095] First, 2 pressure was applied to.the raw water tank by adjusting the
pressure (0.4 MPa) of cdmpresse% a%g 1%8 éK%%%%f‘n% a%ggﬁﬁ@'r% ulgt}({)\qﬁliL 0-02, AR2000-02G)

and then the=2-ivay stopsociowas epanecsiberehy ferding, rawnvaterinte,ibe sririature membrane
module. At this time, the 3-way stopcock existing between the 2-way stopcock and the miniature
membraneFHEuI& #BaS Bpeiddiadnh/ theseefich Brtweaiptie gk and eveemembranesnodule, while

the Z-way slongack beseanng distlled water fank And 1he paint B was closed Joogel | The
weight of the permeated water was measured every 5 seconds using an efectrbiiic chimical balance

AND HF-66@Q egnnentedda apessanal-conapuiarandyecerdee using acontiruqus recording program
AND RsCom ver.2.40. Since data obtained in this test is the weight of the permeated water per 5

seconds, fitFati8R F&dfstandelnasediculaed usitg thd Bguatiorbshoihisetow. J0097 e  Filtration
Resistanc = (Eiltration pressure (kPa)) x 103 x.5 x {Membrane Area (m2)) x 106/((Viscosity of
g‘é@%vél% X'IL(%VQ rc[{eorl;\% 1 )gga:{)\/a?fs tfl Ol([i] wg}sﬁ)gx fé]h%ﬁfog‘

Permeated Water (Pas elg ermeat er per% SEcoNds e Permeated

Water Kg/noh)y) membfter-asfilsatioryrioeessavastcontinyadiin: todhe 10t§|as%g@m£gathga{igered water
- 0of 0.065 m3/m2, the 2-way stopcock of the raw water tank was closed thereby completing the filtration
pnxﬁss.N%xﬁﬂﬁﬁ}R@yS upm or more, usually from 5 to 200 um, and

also has a spherical, spindle or cylindrical shape.
[0044]

Taking physical strength of the separation-
functional layer and reliability of the removal of
viruses into consideration, it is preferred that
macrovoids having substantially a size of 5 um or more
are not formed. Macrovoids having substantially a size
of 5 um or more are pores whose major axis becomes 5 um
or more in case a cross section of the separation-
functional layer is photographed at a magnification of
3,000 times using a scanning electron microscope. In
case it is difficult to judge the major axis, the major
axis can be determined by the method in which a circle
(equivalent circle} having the same area as that of the
pore is determined and the diameter of the equivalent
circle is taken as the major axis of the pore, using an

image processing system or the like. The absence of
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stopcock existing between the 2-way stopcock and the miniature membrane module was opened in all
three directions and the permeated water outlet (point D) of the miniature membrane module was
sealed by the resin cap. [0098] A pressure was applied to the distilled water tank by adjusting the
pressure (0.4 MPa) of compressed air to 150 KPa using an SMC regulator (AF2000-02, AR2000- 02G)
and then the 2-way stopcock was opened thereby feeding distilled water into the miniature membrane

module. Ahaek washing pracesswas initiated by thisigpesations Afterethe bagk washing-process was
continued until the amount of back washing waste water flowing out of the 3-way stopcock became 10

ml, the 2-wey stePptbER BEthellistiléewatet tarkiwves desedabereby cofipieting she back washing

process. [0099 Th%gbove opekrlat'k([)n was rggeatedlg tcarlried out '([ﬁlr; ﬁt‘iénes to one membrane

module, aifd theR the amdunt ot the entre fitdtad water Was pidted BhS&Ssas \whereas, the

calculatedfilration resistancepuas-pietied gl theiqrdinates (01091 ma JHerein: glotting ywvas initiated
after 30 seconds have passed since the initiation of each filtration. Also, since the weight of the
permeatedcmiteE dadréadebvasiiltecition redistancincreases; theewsiytt ofdhie permeated water every

5 seconds decJeases.dSinc,e filtration r Sistaace |s_calculated from the Weight of the permeated water

.
every 5 seCoRdsh Aecordance Wit the dbove sfdation wheh e Weigtt bt e permeated water

decreasesgam ¥flyenceaf dispersianef the weight, ofthe permeated wates onthe caleulated filtration
resistance becomes large. Therefore, in case the weight of the permeated water drastically decreases,
a graph was:eoreeerstrisrhoving averageapproximativnohtheigraghihade appoprdtdly. [0101]

In the graph of amount of the entjre filtered#ater ersus filtration resistance made from the results of

the filtratioh 1816k the Graph Btrectal by msving avitage AFSioXiftation FP%bniéEases, the gradient
of a straightliggebtaineddey joiningo waMﬁltfr@Q% fssipiance upQn jnitiation of fiigrsecond to
in

tenth filtration process was taken as the degree of increase in filtration resistance from a relationship
between theftots ampunticfshe filteréd aatdr and thd-filtrationeresistamce.a8Rrdvided that, in case 9

points do not lie on the strai%ht ,Iiae, the gradient of the straight line was determined by linear
approximalia &Ry e taken ‘as4hé dggfé‘é of fifeHeasE in filtration resistance.

[0045]
In order to suppress the formation of.macrovoids,

it is reguired to suppress the flocéulation of a
peolyvinylidene fluoride-type resin, which has hitherto
been studied. For example, there is a method in which a
good solvent of a polyvinylidene fluoride-type resin is
added in a solidifying bath thereby decreasing the
concentration of a non-solvent in the solidifying bath
20 as to decrease a penetration rate ¢f the non-solvent.
Thig method is employed particularly preferably in the
present invention since it is easy to control the
concentration and alsc a thick dense layer is not
formed on the separation-functional layer.
[0046]

In the non-solvent induced phase separation method,
penetration of the non-solvent into a polymer solution

causes not only a change in the composition of the
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[0102] (Example 1) A vinylidene fluoride homopolymer having a weight average molecular weight
of 417,000 (38% by weight) and 62% by weight of y-butyrolactone were dissolved at 160C. This
polymer solution and an aqueous 85% by weight y-butyrolactone solution were simultaneously
ejected through an outer tube of a double co-extrusion head and an inner tube of the double
co-extrusion head, respectively, and then the solutions were solidified in a bath of an aqueous 85% by
weight y-bytyrelacenessalutionsat ademperaturepé 406 £ The ghtaingd, membrang,wasg stretched in
water at 90C by 1.5 times. The obtained membrane is a hollow fiber membrane having a spherical
structure akdahigenervisrane Was aisédiaslasippeorl (0103F trNekti 0%6% biwelgh dfa
polyvinylidene fluoride_ homopolymer having a melt viscasity of 6,400 Pas (Kynar HSV900,
antacture By RACGHETET afe 25008 By e B MM CERE M nctpolymer having a
melt viscogity;Qf:3;200iRa.$ fKynae(E) 760 menufastured by Arkema Inea)were dissglyed in

Nmethy1-2-pyrrolidone to obtain a membrane-forming stock solution for a separation-functional layer.
The mixturetdtdoticiasimopotyrars dad aafdedsdosity @E34000Pa'$.cThidunembrane-forming stock
solution was uniformly coated on the syrface of the %ove #ollow fiber%%nembrane and then solidified in

water at 25C T BRTLES a Rolicty fitfeF-5Rapcd SEParatiST méfbrarid Beafing 8'8efaratisitiunctional

layer having-a theeerdimensiongbneiwpekstructiise, iormed on @suppert Bygr having a spherical
structure. The membrane structure and membrane performance of the obtained separation membrane

are showndn Tabketll Jo1l041EXample 2) Fuy pelyvimidend fluctioz heamopelymer having a melt

viscosity of 6,400 Pi?s (Kynar HSV900, manufacturﬁg by Arkema In(i%gﬁ 12% by weight) was dissolved
in N-methyt29RHofid&rE o DbtaR 2 Fembrane Jorming Sock &diitonTor & S8pat tion finctional

layer. Thisggg@_@@ggdg@nigglgtoglg §@H@Q%‘§’?‘§>E”@P@B’l%@9 Qnthg surface gffhe h‘?”OW fiber
membrane obtained in Example 1 and then solidified in water at 23C to produce a hollow fiber-shaped
separationtrhembranmedeating a sepanatien-aneticnat fayestravintid three-dimmensional metwork
structure formed_on_a support layer having a spherical structure. The memprane structure and

membranepeifothdnde 6ftfe BBtathetseharatiBn MEndtans dre showATT TatiRR. fdios] (Example

3) A pelyyinylidens dluprdg,horgopolyrperhgving a,melt visgosity of 6400:Rags (Kynar HSV900,
manufactured by Arkema Inc.) (9.6% by weight) and 2.4% by weight of a maleic anhydride-modified

polyvinylidere fludnde Romaopofylnerimanofactunetsley Akermaahd.pkKynare 2AX-111" were dissolved
in N-methy1-2- pyrrolidone to gbtain a membrane-forming stock solution for a separation-functional

layer. ThisHi@fbBfaheSofmiing 8 ck SABESH WaS tniformiy R oHRE sBifatd-6fAfe hollow fiber
membraneeRiained inExample 4,4ndthen, solidified iy water 21,23 1, pradycg a hollow fiber-shaped

separation membrane bearing a separation-functional layer having a three-dimensional network

structure fdranedoorsa siygporEayerhaving atdpherieat structare. Thé mesmrane strudtiere and

membrane performance of the obtained separation membrane are shown in Table 1.
formation of macrovoids, and found that a viscosity of
a polymer solution exerts a large influence on the
formation of macrovoids in phase separation of a
polyvinylidene fluoride-type polymer solution. Namely,
when the viscosity of the polyvinylidene fluoride-type
resin solution is increased, macrovoids tend to
disappear. It is difficult to clarify details of this
phenomenon. However, 1t 1s considersed that an increase
in the viscosity of the polymer sclution leads to a
decrease in a penetration rate of a non-solvent and a

decrease in a flocculation rate of a resin, resulting

in phase separation in an ultramicrc portion.
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[0106) (Example 4) A polyvinylidene fluoride homopolymer having a melt viscosity of 6,400 Pa-s
(Kynare HSV900, manufactured by Arkema Inc.) (9.6% by weight), 1.2% by weight of cellulose
diacetate (manufactured by Eastman Chemical Company, CA-398-3) and 1.2% by weight of cellulose
triacetate (manufactured by Eastman Chemical Company, CA-436-80S) were dissolved in
N-methy1-2- pyrrolidone to obtain a membrane-forming stock solution for a separation-functional layer.
This membramne-forming stock solution was uniformly coated on the surface of the hollow fiber
membrane obtained in Example 1 and then solidified in water at 23 to produce a hollow fiber-shaped
separation membrénesbeating separfiof-flictivfal J8yEE having apwrég dimersistrahaetwork

structure formed ona support layer having a spherical strycture. The membrane structure and
membrane per orr%anc%l%e obtainéd %%ggr’gﬁé’ﬁl n?%cr)nb%e?nlémar% S g]v%ﬁ fh Table 1. [0107] (Example

5) A polyviaylislene flueride kemeopohimerhaynear eltniscrsityxaf H:400-Pas (ynar HG¥900,
manufactured by Arkema Inc.) (9.6% by weight), 2.4% by weight of a polymethyl methacrylate resin
(manufactdiell By AldriRBT werghearfageRolebalar ®eighAt BIBhe £65) avere Bissbleed in
N-methyl-%—g;gr&pli99rg)entoo%bt%igL a rg%rgtgrglge-formin% %tock B%Iutioln fgr a separation-functional layer.
This membrane-formmg stock solution Was uniformly coated onthe sdrfac of th&if5iiow fiber

membranesehiained inclaxample 1 aad shen selidified in waterak 23C {0 progduce g hgllow fiber-shaped
separation membrane bearing a separation-functional layer having a three-dimensional network
structure f&rindd P& stspordiayst hadinga sphedcat etrgdiare. The memtbra8nestnesture and

membranev%esrz:ocr)mance of t obtalr?:eig seggiatlon membrane are shown in Table 1. [0108] (Example

6) A ponwnyﬁﬂd%%g]fIUori é’“ ﬁgmop&ymer Pwie}l:vjfr?gna Tie C\:/clbs%ﬁgﬁ/ of'B, Pa.§ a}(r) HSV900,
manufactured. Ry, Atkemadng.y (B:6%dy weight)-and 24%: by weightof pelywinylpyrrglidone

(manufactured by BASF, K90) were dissolved in N-methyl-2-pyrrolidone to obtain a membrane-forming
stock solutith fer &gap&ratortfubctctal Ryée Thisasembrana-férimrstdelk datationatas uniformly

coated on %hee sounrlgce of @g{%&lzlgquger mgm?ifme obtained in Example 1 and then solidified in water
at 23C to produce a Rolfow fi Ation menrane b é?riréraesefp%Jngﬁ)%-'funEﬁ“onal layer

er-sﬁf.:lpeofaL snepa
having a threerdiraensjonahaeiwerkstristure fornasden-a supRorlayerhaving fosphgrical structure.

The membrane structure and membrane performance of the obtained separation membrane are
shown in Bableenqgegpjous solution cannot be obtained and defects
may arise in the three-dimensional netwdrk structure.
[0048]

A polyvinylidene fluocride-type resin sclution
having such a solution viscosity is préferably prepared
so that the concentration of a polyvinylidene fluocride-
type resin having a melt viscosity of 3,300 Pa-s or
more falls within a range cof 5% by weilght or more and
30% by weight or less, and preferably 8% by weight or
more and 25% by weight or legss. In order to exhibit
high-level virus removal performance, it is preferred
to adjust so that the concentration of the
polyvinylidene fluoride-type resin having a melt
viscosity of 3,300 Pa-s or more in the polymer solution
falls within a range of 9% by weight or more. In case

the polymer solution contains a resin other than the
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(Comparative Example 1) A polyvinylidene fluoride homopolymer having a melt viscosity of 3,200
Pa-s (Kynar(r) 760, manufactured by Arkema Inc.) (12% by weight) was dissolved in
Nmethy1-2-pyrrolidone to obtain a membrane-forming stock solution for a separation-functional layer.
This membrane-forming stock solution was uniformly coated on the surface of the hollow fiber
membrane obtained in Example 1 and then solidified in water at 23C to produce a hollow fiber-shaped

separationgnerrbrane beatng a sepaatien-iungtienal layerhaying a three-gimensional network
structure formed on a support layer having a spherical structure. The membrane structure and
membrane’getfopmanice offthé obithedssepaationaembrileareshowh it fable 1. [0110]

(Comparative Example 2). A polyvinylidene fluoridge homopolymer. having a melt viscosity of 6,400
Pas (Kynaf(EVS00 ridifacilhed By AR i) TL20b By ey wdts fieedhved
y-butyrolagtppe to qhiaiga membrane-forming stock solution. This membrane-forming stock solution
was uniformly coated on the surface of the hollow fiber membrane obtained in Example 1 and then

solidified irt & &% of an aqueous 85% by weight y- butyrolactone solution at a temperature of 10C.

The obtained separation membrang was a hollow fiber-shaped separatipn membrane bearing a layer
having a spherical s ﬁct%?eoarrﬁgfgﬁ ASUPEST IayBr Raiiyd ¥pﬁ§@i%:éld§r%%ture. The membrane

structure apggmbrane %e‘omxﬁ of the pbiained, separation memirage,aeg-ghowyyin Table 1.

Comparative Example 2 00179 TPDTAand8 ,ECAd auoN ZZ 6 T.
functional layer is not particularly limited as long as
it dissolves the polyvinylidene fluoride-type resin
which constitutes the separation-functional layer and,
1f necessary, resins other than the polyvinylidene
fluoride-type resin and also can form a three-
dimensional network structure by a non-solvent organic
phase separation method, and preferred examples thereof
include solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide} N-methyl-2-pyrrolidone, dimethyl
sulfoxide, methyl ethyl ketone, acetone,
tetranydrofuran, tetramethylurea, trimethyl phosphate;
and a mixed solvent thereof. Among these solventg,
dimethyl sulfoxide is preferably used since a
polyvinylidene fluoride-type resin sclution having high
viscosity is easily obtained.
[0050]

Examples of the non-solvent which exhibits non-
solvent induced phase separation include water;
aliphatic hydrocarbons, arcomatic hydrocarbons,
aliphatic pelyhydric alcohols, aromatic polvhydric
alcohols and chlorinated hydrocarbons, such as hexane,

pentane, benzene, toluene, methanol, ethanol, carbon
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I.0 Z Comparative Example 1 OOZE Three- dimensional network deAd auON 6 EZZ OUT Z Z
Example

tetrachloride, o-dichlorobenzene, trichloroethylene,
ethylene glycol, diethylene glycol, triethylene glycol,
propylene glycol, butYlene glycol, pentanediol,
hexanediol and low-molecular weight polyethylene
glycol; and a mixed solvent therecf. For the purpose of
decreasing a rate of non-solvent induced phase
separation, a good solvent is preferably added to the
non-solvent in the proportion within a range from 5 to
90% by weight, more preferably from 10 to 80% by weight,
and still more preferably from 20 to 70% by weight.
[0051]

The separation membrane of the present invention
may be a single-layered membrane composed of a
separation-functional layer alone, and preferably has a
multi-layered structure in which a separation-
functional layer and a support layer are laminated to
each other so as to increase the physical strength
while maintaining permeability of the entire separation
membrane. The material of the support layer is not
particularly limited as long as it achieve the above
object and, for example, polyolefinic resins such as a
polyvinylidene fluoride-type resin, a polysulfone-type
resin, a polyacrylonitrile-type resin and
polypropylene; hydrophilized polyolefinic resins such
as hydrophilized polyethylene; a cellulose ester-type
resin, a polyester-type resin, a polyamide-type resin,
a polyethersulfone-type resin and the like are
preferably used. A copolymer of these resins and those

obtained by introducing a substituent into a porticn
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6 00179 Three- dimensional network EC1Ad dAd 0 L8 b OL 6 5'0 Example 5 0 Ob9 Three-

thereof may also be used. Alsoc, these resins may
contain a fibrous substance or the like as a
reinforcing agent. Since the material of the support
layer requires physical strength and high chemical
durability, a polyvinylidene fluoride-type resin is
more preferably used.

[0052]

From the viewpoint of physical strength and water
permeability, the structure of the support layer is
more preferadbly composed of a gpherical structure. The
spherical structure refers to a structure in which a

- lot of spherical (including generally spherical) sclid
parts are connected to each other by sharing a portion
thereof; Herein, the sgpherical golid part is a solid
part having roundness {(major axis/minor axis) of 2 or
less. Also, it is preferred to include, in addition to
the spherical solid part, a columnar sclid part having
roundness (major axis/minor axis) of more than 2 since
the physical strength further increases. The three-
dimensional network structure has a structure in which
stripe-shaped sclid parts are three-dimensionalily
uniformly connected, and the pore diameter decreases as
compared with a spherical gtructure in which spherical
sclid parts are firmly connected to each other by
ununiformly sharing a portion thereof. Therefore, it is
considered that pure water permeability decreases even
in the case of the same strength and elongation
performance.

[0053]
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dimensional network 3CIAd %Unlink! 0 LZE 08 6 ZT Example 4 001,9 Three- dimensional
network ECIAd CDA/CTA

The weight average molecular weight of the
polyvinylidene fluoride-type resin used in the support
layer may be appropriately selected according to the
required strength and water permeability of a
separation membrane. However, when the weight average
molecular weight increases, the water permeability
decreases. In contrast, when the weight average
molecular weight decreases, the strength decreases.
Therefore, the weight average molecular weight is
preferably 50,000 or more and 1,600,000 or less. In the
case of the use in a water treatment in which a polymer
separation membrane is exposed to chemical washing, the
weight average molecular weight is more preferably
100,000 or more and 700,000 or lesg, and still more
preferably 150,000 or more and 600,000 or less.

[0054]

In the support layer having a spherical structure,
in order to enable the support layer to have sufficient
physical strength, an average diameter of the spherical
solid part is preferably 0.1 um or more and 5 um or
less. The diameter of each spherical golid part is an
average value of a major axis and a minor axis. When
the average diameter of the spherical solid part is
less than 0.1 um, voids to be formed between the solid
parts become small and permeability decreases. When the
average diameter of the spherical scolid part exceeds 5
um, connection between solid parts decreaseg and the
physical strength decreases. Herein, the average

diameter of the spherical structure can be determined
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by photographing a cross section of a layer having a
s?herical structure along a direction from an outer
surface to an inner surface of a separation membrane at
a magnification of 3,000 times on arbitrary 20 points
using a scanning electron microscope arbitrary,
measuring each diameter cf 10 or more, preferably 20 or
more arbitrary spherical solid parts, and
arithmetically averaging the measured diameters.
Preferably, it is also possible to determine a circle
eguivalent diameter from a cross-sectional photograph
using an image processing system or the like and to
take the circle equivalent diameter as an average
diameter of the spherical structure.

[0055]

Also, the support layer preferably has a
homogeneous structure sc as to reconcile pure water
permeability and physical strength at a high level.
When the dense layer exists or the structure
incrementally changes, it becomes difficult to

" reconcile pure water permeability and physical strength.
[0056]

It is preferred that the separation-functional
layer and the support layer have a laminated structure
so as to achieve high-level balance between
performances of each layer. In general, multilayering
is conducted, layers intrude each other at an interface
of each layer to form a dense structure and thus
permeability decreases. In case layers do not intrude

each other, permeability does not decrease while the
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adhesgsive strength decreases. Therefore, a lesser number
of laminated layers provide the better results, and it
is preferred to be composed of two layers of one
gseparation-functional layer and cne support layer. Any
one cf them may be an outer layer or an inner layer.
However, the separation-functional layer is preferably
disposed at the side to be separated so that the
separation-functional layer bears a separation function
and the support layer bears a physical strength.

[0057]

In the separation membrane of the present
invention, it ig preferred that pure water permeability
at 50 kPa and 25°C ig 0.05 m’°/m?/hr or more and 106
m®/m*/hr or less, a fracture strength is & MPa or more,
a membrane thickness is 125 pum or more and 600 pm or
less, and a removal ratio to ms-2 phage is 4 log orx
more. The pure water permeability is more preferably
0.15 m*/m®/hr or more and 7 m’/m?’/hr or less. The
fracture strength is more preferably 8 MPa or more, and
still more preferably 10 MPa or more. The membrane
thicknegs is more preferably 175 pm or more and 400 um
or less. By satisfving the above conditions, it 1is
possible to obtain a separation membrane which has
sufficient strength and water permeability in the
fields of water treatment, manufacture of
pharmaceuticals, food-stuff industry, membrane for
blood purification and the like, and also can remove
viruses.

{c058]
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The pure water permeability is a permeate flow
rate per unit membrane area and unit time measured at
25°C under a pressure of 50 kPa using pure water. The
fracture strength is a value obtained by dividing a
maximum point load required to fracture a separation
membrane by a cross section of the separation membrane,
and can be measured using a tensile tegter or the like.
The membrane thickness can be determine by measuring a
cross section of a separation membrane using a
combination of a stereoscopic microscope and a digital
measuring instrument, an electron microscope or the
like.

[0059]

Regarding the removal ratio of MS-2 phage, an
agueous solution of sterile distilled water containing
Bacteriophage MS-2 having a si%e of about 25 nm
(Bacteriophage MS-2 ATCC 155%7-B1l) in the concentration
of about 1.0 x 10’ PFU/ml was filtered with a separation
membrane. Based on the method of Overlay agar assay,
Standard Method 9211-D (APHA, 1998, Standard methods
for the exemination of water and wastewater, 18th ed.),
1 ml of the diluted filtrate wag inoculated in a Petri
dish for assay and the plagues are counted to determine
the concentration of Bacteriophage MS-2. Removal
performance is represented by logarithm. For example, 2
log refers to 2 log,, and means that a regidual
concentration is 1/10¢C.

[0060]

The separation membrane of the present invention
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can be preferably used in any form of a hollow fiber
membrane and a flat membrane. The hollow fiber membrane
is preferably used since it can be efficiently f£illed
into a module and can increase an effective membrane
area per unit volume.

[oce1]

The method of producing a separation membrane made
of a polyvinylidene fluoride-type resin of the present
invention is not particularly limited as long as a
polyvinylidene fluoride separation membrane capable cof
satisfying the above desired feétures is obtained. For
example, the separation membrane can be produced in the
following manner.

[0062]

A single-layered separation membrane composed of a
separation-functional layer alone can be produced by
forming a polymer solution containing a polyvinylidene
fluoride-type resin having a melt viscosity 3,300 Pa-s
or more as a solid part into a sheet or hollow fiber
shape using a T-die, a double co-extrugsion head ér the
iike, and bringing into contact with a solidifying
liguid to form a separation-functional layer having a
three-dimensional network structure.

[0063]

Also, a multi-layered structure separation
membrane composed of a separation-functional laver and
a support layer can be produced by various methods. As
an example, a method of laminating a separation-

functional layer on a support having a spherical
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C)a)uC (19 Rd"20 (1) E()) Q, [0112] (Example 7) A vinylidene fluoride homopolymer having a
weight average molecular weight of 417,000 (38% by weight) and 62% by weight of y-butyrolactone
were dissolved at 160C. This polymer solution and an aqueous 85% by weight y-butyrolactone
solution were simultaneously ejected through an outer tube of a double co-extrusion head and an inner
tube of a double co-extrusion head, respectively, and then solidified in a bath of an agueous 85% by

weight y-bytyrelactiore sqlution aia teawperaiwedf 48€o+he obtained membrane was stretched in
water at 90C by 1.5 times. The obtained membrane was a hollow fiber membrane having a spherical
structure. NBRt6 8% by weight of a polyvinylidene fluoride homopolymer having a melt viscosity of
4,700 Pa-s and 2%, by weight of a polyvinylidene fluoride_ homopolymer.having a melt viscosity of
2,600 Pa.s were d%s%%l\slie:d intéll%e%‘ﬁglﬂ%%(i eto obtain a it %ﬁ %ﬂ%’} orrﬁi%g%?gzﬁrs%luﬁgn. This
membrang;t_%r@{g@eigqck sqjution Raghapalutionsvisaesityekies:Ra.s at 5. Hihis membrane-forming
stock solution was uniformly coated on the surface of the above hollow fiber membrane and then
solidified ity Wagst @i RICao probile® aholtew finedhapag sepatatichima@mbrane bearing a

separation-functional | having.a three-dimensional network structure formed on a support layer
haanasﬁ g%%faﬁﬁﬁaépﬁlﬁﬁuorlden%ype resin W1EH %e 8escrlbe5

below. The support having a spherical structure is
produced by a thermally induced phase separation method
in which phase separation of a polyvinylidene fluoride-
type resin soiution 1is conducted by cooling. The
polyvinylidene fluoride-type resin solution is ejected
through an outer tube of a double co-extrusion head for
spinning of a hollow fiber membrane and then a hollow
portion-forming solution is solidified under cooling in
a cooling bath while being ejected through an inner
tube of a double co-extrusion head.

[0065]

The above polyvinylidene fluoride-type resin
solution dissolves the polyvinylidene fluoride-type
resin in a poor solvent or a good solvent of the resin
at a temperature of a crystallization temperature or
higher in comparatively high concentration of 20% by
weight or more and 60% by weilght or less. When the
concentration of the resin increases, a support having
high strength and elongation characteristics can be
obtained. However, the strength and elongation
characteristics are too high, porcsity of the produced
separation membrane decreases and permeability

decreases. Also, 1n case the support is formed into a
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The obtained separation membrane had an outer diameter of 1,430 pm and an inner diameter of 880
pm. The membrane structure and membrane performance are shown in Table 2. [0114] (Example 8)
First, a hollow fiber membrane having a spherical structure was produced in the same manner as in
Example 7. Next, 18% by weight of a polyvinylidene fluoride homopolymer having a melt viscosity of
4,700 Pa.s and 2% by weight of a polyvinylidene fluoride homopolymer having a melt viscosity of
2,600 Paswyere disselvedin dimgihyl sulfoxide te, ablaia membrane-foraing stack solution. This
membrane-forming stock solution had a solution viscosity of 365 Pa.s at 50C. This membrane-forming
stock solutidh Wi uiiforips/dtaricdry the sufadaisfiahollow fiber embrane having a spherical
structure and then solidified in an aquequs 60% b Weigcrgdimethyl sulfoxide solution at 23C to
produce a oW ﬁgérgs%%pérglélgp@a'rati%%‘ﬁlre cr%/ﬁee’ beating 2EEpaFRtbA-fUEoRal Ia%}i? having a
three-dimensipnal neswerk,strugtze-formed Pn assppRer By, having @ sphstical structige. The
obtained separation membrane had an outer diameter of 1,480 pm and an inner diameter of 870 lam.
The memBranevstignire @nd mearsbrané peférmance ategdHowsrin Tabke 2. [0115] (Example 9) First,
a hollow fiher membrane having a spherical structure was produced in the same manner as in
Example 7: Rl%gs(ts,rﬂO% by weight of a polyvinylidene fluoride homopolymer having a melt viscosity of
4,700 Pas and 5%y veighiof apolyinylidenefiipdde homgpelymgLhaying: & melt viscosity of 800
Pa.s were dissolved in dimethyl sulfoxide to obtain a membrane-forming stock solution. This
membrane-forming stdtkasoftion had assohdion viseesity of 8Rassat BBE. This membrane-forming
stock solution was uniformly coated on the surface of a hollow fiber membrane having a spherical

structure anA RS SRR Th 87 aglicouRB0YE B REIgREdiMRETI 8RfbxitR SoRifion at 23C to

produce apoliy fibessshaped segpajationmgmbraneearing  sgpargiien-functional layer having a
three-dimensional network structure formed on a support layer having a spherical structure. The

obtained separatiort membranectfadbén butewdiameter of 1 Ma@ tamand an nrey diaaiegdrtof 880 pm.
The membrane structure and membrane performance are shown in Table 2, [0116] (Example 10)

First, a hoffdw fit5e néhiibrané RERIRG A Sphericat sfucdturd vds it8Gdced it i %same hanner as in
Example 7, Ngxt, 5% py weight qfa Q?'MEY'B‘JQH% fluoride homanelymer haying aJpeltyseosity of

4,700 Pas and 10% by weight of a polyvinylidene fluoride homopolymer having a melt viscosity of
2,300 Passwere dissolvéedhm dimmthypsuifoxide 1o ebtaireraembraneddrmiing stook golation. This

membrane-forming stock solution had a solution viscosity of 5.6 Pas at 50C. This membrane-forming

stock soluff§tWas GffofmiyCoated orfthedtifadeof B idtiofrbel RfenftRARPRiig & spherical
structure ahg t%%sq!igiﬁiﬁﬁga%awoumw weight dimethyl sylfoxide.solyfiop.at 23¢ to
e

produce a hollow fiber-shaped separation membrane bearing a separation-functional layer having a
three-dimensiodakretwerkistriistures fodmed be assuppon tayemhavimgpa spleerical structure. The
obtained separation membrane had an outer diameter of 1,480 pm and an inner diameter of 870 pm.

The membF&re-Stidchiie altd hesifbralé p&ASHRRRRE AiesHotvrfitt Tabient 1y

lowered, or the obtained hollow fiber membrane may not
have a smooth surface because of a low gsclidification
rate. Also, as long as the concentration deviates from
the above concentration range, the poor sgolvent and the
good solvent may be mixed. However, when a high-
concentration non-soivent is used, a dense layer 1isg
formed on an outer surface of the hollow fiber membrane
and thus pure water permeability may drastically
decreases.

{00671

Alsc, the hollow portion-forming soclution is
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[0117] (Comparative Example 3) First, a hollow fiber membrane having a spherical structure was
produced in the same manner as in Example 7. Next, 10% by weight of a polyvinylidene fluoride
homopolymer having a melt viscosity of 2,600 Pa-s and 5% by weight of a polyvinylidene fluoride
homopolymer having a melt viscosity of 800Pa.s were dissolved in dimethyl sulfoxide to obtain a
membrane-forming stock solution. This membrane-forming stock solution had a solution viscosity of

2.4 Pas at;5pEs Ehismembrapefrming sfagkaselution wasoanitormly ceated onithe surface of a
hollow fiber membrane having a spherical structure and then solidified in an aqueous 60% by weight

dimethyl sBifoxidedsoldtion @@ RSE G pRodies addllewW fibérvshaped separatioromembrehe bearing a

separationéf pctional Ia¥erhf\§;/icr>19 three-dimensional network structure formed on a support layer
[ e.

having a spRerical stilic (e obtaingd S8paratidn MemBrane had Kh'outér dififieter of 1,420 pm

and an inngk diageterf 880 PR The memiyane struciyre and Mmempbrage pedyrmancgare shown in
Table 2. Comparative Example 3 " 008/009'Z2 09 1
or less, similarly to the cooling bath. Furthermore, it
is preferred to use, as the poor sclvent, the same poor
solvent as that of the polymer solution.
[0068]

Herein, the poor solvent is a solvent which cannot
dissolve 5% by weight or more of the polyvinylidene
fluoride-type resin at a low temperature of lower than
60°C, but can dissolve 5% by weight or more of the
polyvinylidene fluoride-type resgsin at a high
temperature range of 60°C or higher and a melting point
of the polyvinylidene fluoride-type resin (for example,
about 178°C in case the pelyvinylidene fluoride-type
resin is a vinylidene fluoride homopolymer) or lower.
It is defined that the solvent which can digsolve 5% by
weight or more of the polyvinylidene fluoride-type
resin in the poor scolvent even at a low temperature of
lower than 60°C is a good golvent, while a solvent
which neither dissolves nor swells the polyvinylidene
fluoride-type resin up to a melting point of the
polyvinylidene fluoride-type resin or a boiling point
of the solvent is a non-sclvent.

[0069]

Herein, examples of the poor solvent of the

polyvinylidene fluoride-type resin include medium chain

length alkylketones such as cyclohexanone, isophorone,
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yv-butyrolactone, methyl iscamyl ketone and propylene
carbonate; fatty acid esters, alkyl carbonates, and a
mixed sclvent thereof.
[00701

Examples of the good solvent include lower
alkylketones such as N-methyl-2-pyrrolidone, dimethyl
sulfoxide, N,N-dimethylacetamide, N,N-dimethylformamide,
methyl ethyl ketone, acetone, tetrahydrofuran,
tetramethylurea and trimethyl phosphate; esters, amides,
and a mixed solvent thereof.
[0071]

Examples of the non-solvent include water;
aliphatic hydrocarbons, aromatic hydrocarbons,
aliphatic polyhydric alcohols, aromatic polyhydric
alcoheols, chlorinated hydrocarbons or other chlorinated
organic ligquids, such as hexane, pentane, benzene,
toluene, methanol, ethanol, carbon tetrachloride, o-
dichlorobenzene, trichloroethylene, ethylene glycol,
diethyvlene glycol, triethylene glycol, propylene glycol,
butylene glycol, pentanediol, hexanediol and low-
molecular weight polyethyliene glilycol; and a mixed
solvent thereof.

In the thermally induced phase separation method,
two kinds of phase separation mechanism mainly exist.
One is a ligquid-liquid phase separation method in which
a polymer solution dissolved uniformly at a high
temperature is separated into a polymer dense phase and
a dilute phase because of a decrease in sclubility of a

solution when the temperature falls, and then the
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structure ig fixed by crystallization. The other one isg
a sclid-ligquid phase separation method in which a
polymer golution dissolved uniformly at a high
temperature is phase-separated into a polymer solid
phase and a solvent phase gince crystallization of the
polymer arises when the temperature falls. A three-
dimensional network structure is mainly formed in the
former method, whereas, a spherical structure
constituted from a spherical texture i1s mainly formed
in the latter method. In case a support having a
spherical structure is produced, the latter phase
separation mechanism is utilized. In order to produce
the support, a combination of a solvent, a resin
concentration and a temperature of a polymer solution
to which sclid-liguid phase geparation is induced, a
composition and a temperature of a cooling bath is
important.

[0072]

In order to enlarge voids thereby improving
permeability and to increase a fracture strength, in
addition to the above production processes, stretching
©of a hollow fiber membrane is useful and preferred. The
stretching i1s conducted by a conventional tenter method,
a roll method, a rolling method, or a combination
thereof. The temperature during stretching is
preferably within a range of 50°C or higher and 140°C
or lower, more preferably 55°C or higher and 120°C or
lower, and still more preferably 60°C or higher and

100°C or lower. The stretching ratio is preferably 1.1
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times or more and 4 times or less, and more preferably
1.1 times or more and 2 times or less. In case the
stretching is conducted in a low temperature atmosphere
of lower than 50°C, it is difficult to stretch stably
and homeogenecusly. In case of gtretching at a
temperature of higher than 140°C, since the temperature
becomes a temperature near a melting point of a
polyvinyliidene fluoride-type resin, a structure texture
is melted and veids are not enlarged, and thus water
permeability is not improved. The stretching is
preferably conducted in & ligquid since the temperature
igs easily controlled, but may be conducted in a gag
such ags steam. Herein, water i1s gimple and preferable
as the ligquid. 1In the case of stretching at about 90°C
or higher, a low-molecular weight polyethylene gliycol
or the like can be preferably used. In contrast, in
case such a stretching is not conducted, the
permeability and fracture strength decrease as compared
with the case where the stretching is conducted, but
fracture elongation and removal performance are removed.
Therefore, presence/absence of a stretching process and
a stretching ratio of the stretching process can be
appropriately set according to the use of a separation
membrane .
[00723]

On the hollew fiber membrane having a spherical
structure thus formed, a separation-functional layer
having a three-dimensional network structure is formed.

The method is not particularly limited, but is
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preferably a method in which a polymer solution
composed of a polyvinylidene fluoride-type resin and a
good solvent is coated on the surface of a hollow fiber
membrane having a spherical structure and then
solidified in a solidifying bath mainly of a non-
solvent of the pelyvinylidene fluoride-type resin
thereby coating a separation-functional layer. The
method of -coating a polyvinylidene flucoride-type resin
solution is not particularly limited, but it is
preferred to use a method in which a hcllow fiber
memnbrane is immersed in the polymer solution or the
polymer solution is gpray-coated on the hollow Fiber
membrane. Furthermore, it is preferred to use, as the
method of contrclling an amount to be coated on the
hollow fiber membrane, a method in which a portion of
the polymer solution is scraped by passing through a
nozzle after coating the polymer soclution, or a portion
of the polymer solution is blown off by an air knife,
in addition to a method of controlling a coating amount
of the polymer solution. The above solidifying bath is
mainly composed of a non-solvent of a polyvinylidene
fluoride-type resin, and may contain a good or poor
sclvent ¢f the polyvinylidene fluoride-type resin in
the proportion within a range ¢of 0% or more and 30% or
less. Also, the temperature of the solidifying bath is
preferably 0°C or higher and 70°C or lower, and more
preferably 5°C or higher and 50°C or lower.

[0074]

It is possible tc preferably employ, as another
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method of producing a separation membrane according to
the present invention, a method in which a polymer
solution forming a separation-functional layer and a
polymer solution forming a support layer are
simultaneocusly ejected through a triple co-extrusion
head and then solidified. Namely, in the case of
producing a composite hollow fiber membrane in which a
separation-functional layer is disposed at an outer
layer of a hollow fiber membrane and a support layver ig -
disposed at an -inner layer, a polymer solution forming
a separation-functional layer, a pol?m@r solution
forming a support layer and a hollow portion-forming
soluticon are simultaneously ejected through an outer
tube, an intermediate tube and an inner tube,
respectively, and then these solutions are solidified
in a solidifying bath, and thus the objective composite
hollow fiber membrane can be obtained.

[0075]

In order to exert the effects of the present
invention to the maximum extent possible, each
thickness of a separation-functional layer and a
support layer is also important. The thickness of the
gseparation-functional layer is preferably 2 pum or more
and 200 um or less, more preferaply 10 um or more and
200 um or less, more preferably 15 um or more and 150
1 Or.less, more preferably 20 um or more and 150 um or
less, and gtill more preferably 25 um or more and 100
pum or less. When an attempt is made to form the

separation-functional layer in a thickness of less than
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Proportion of polyvinylidene fluoride-type resin having 3,300 Pas or more in entire polyvinylidene
fluoride-type resin (% by weight) Concentration of solvent in solidifying liquid (% by weight) Maximum
pore diameter of thin layer having a thickness of 0.2 pm and number of thin layers <0.03 pm mil T40.
0g 040 0.1t0 0.2 pm 0.2 to 0.6 pm UFO 9 O< Thickness of separation-functional layer (pm) Presence
or absence of macrovoids Average diameter of spherical structure (Am) |

2 pm, defects are likely to arise, resulting in
deterioration of a removal performance. Also, when the
thickness of the lavyer éxceeds 200 pm, the effect of
imparting pressure resistance to the separation-
functional layver by the support laver decreases and the
gseparation-functional layer undergoes deformation. When
a pore diameter of the separation-functional laver is
enlarged, removal performance decreases. In contrast,
when the pore diameter i1s reduced, pure water
permeability decreases.

[0076]

The thickness of the support layer is preferably
110 pm or more and 400 pum or less, and more preferably
150 um or more and 300 um or less. When the thickness
of the support layer is less than 110 um, a physical
strength is low. In contrast, when the thickness
exceeds 400 um, pure water permeabilility decreases.
[0077]

Herein, each thickness of the separation-
functional layer and the support layer can be
determined by photographing a cross section along a
direction from an outer surface to an inner surface of
the entire separation membrane using a scanning
electron microscope at a magnification of 300 to 1,000
times, measuring the thickness of the separation-
functional layer and the thickness of the support laver
on arbitrary 20 pointg, and arithmetically averaging

the thicknesses.
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EXAMPLES
[0078]

The present invention will be described below by
way of specific Examples, but the present invention is
not limited to the following Examples. Herein,
parameters of the separation membrane relating to the
present invention were measured by the following
methods.

[0079]
(1) Melt Viscosity

Melt viscosity was measured at a temperature of
230°C and a shear rate of 100 second ™ in accordance
with ASTM D3835 using CAPIROGRAPH 1C {die diameter: ol
mm, die length: 16 mm) manufactured by Toyo Seiki. Co.,
Ltd.

[0080]
(2} Solution Viscosity

Solution‘viscosity was measured at a temperature
of 50°C using a digital viscometer DV-II+Pro
manufactured by Brockfield Engineering Laboratories,
Inc. A rotor to be used and number of revolutions were
appropriately selected by solution viscosity to be
measured.
[cosl]
(3) Maximum Pore Diameter of 0.2 pm Thick Thin Layer
and Number of Thin Layers of Separation-Functional
Laver ”

Using a scanning electron microscope, in a cross

section along a direction from an outer surface Lo an
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07r Al [0119] In Examples 7 to 10, separation membranes having high virus removal
performance, high pure water permeability and high physical strength are achieved. In contrast, in
Comparative Example 3, since a polymer forming a separation-functional layer has a low melt
viscosity, the obtained separation membrane has low virus removal performance. [0120] Example 11>
A vinylidene fluoride homopolymer having a weight average molecular weight of 420,000 (KF polymer

T#1300, manyiactyggeby KUREHA CORRORATION)(38%:hyveeighi) ang,82% by yeight of

y-butyrolactone (manufactured by Mitsubishi Chemical Corporation: the same shall apply hereinafter)
were dissdivetatie0&lto bl a pelyniee stlutiorr Bfdiva supportgremnbrade fAlsoy 396 by weight of

a vinylidene fluoride h%%g olymer hagn%]% measu%e[g value of a melt yiscosity of 3,300 Pas (Kynar(r)
HSV900, REMSFACTT By Ark&Matnd S ity desEHRRIT & caBiStue®3,380 to 5,500 Pa-s),

ftVistos
2% by weightef polymathy methaciyatedmapufactired py Aldfich . weight avergpe-melecular weight:
3.5 x 105) and 89% by weight of dimethyl sulfoxide (manufactured by Toray Fine Chemicals Co., Ltd.:

the same shtleappirheieinaftery weresrhixet Bnd dissolved aba témperatieerofsi40Oatoobtain a

polymer stuton, 1 196 gepaelon-ungtiongl ayer bavipo g soluon visgorlty of 6 P
0.2 um along a thickness direction and a maximum pore
diameter exigting in each thin laver was measured. Also,
the numbers of & thin layer having a maximum pore
diameter of less than 0.03 um, a thin iayer having a
maximum pore diameter of 0.03 um or more and less than
0.1 um, a thin layer having a maximum pore diameter 0.1
um or more and less than ¢.2 pm, a thin layer having a
maximum pore diameter 0.2 pm or more and 0.6 um or less
and a thin layer having a maximum pore diameter of more
than 0.6 pm were respectively determined.
[0082]
(4) Average Pore Diameter of Three-Dimensional Network
Structure cf Separation-Functional Layer

Using a scanning electron microscope, a Ccross

section on 20 points of an arbitrarily selected
separation membrane was photographed at a magnification
of 10,000 times. A major axis and a minor axis of pores
were measured on 20 points selected arbitrarily in a
depth of 2 um from an outer surface layer of each
photograph, and then all measured values were
arithmetically averaged to determine an average pore
diameter.

[0083]
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polymer solution B for a support membrane and an aqueous 85% by weight y-butyrolactone solution
were concentrically ejected through an outer slit of a double co-extrusion head and a center pipe of a
double co-extrusion head, respectively, and then the solutions were solidified in an agueous 85% by
weight ybutyrolactone solution at a temperature of 10C, followed by a stretching process by 1.5 times,
a desolvation process and further a drying process to obtain a hollow fiber-shaped support membrane.
This suppors mempsang,was feghiatoarcaating pazzle and theqabode palymer goldtignAhwas coated
on a support membrane, and then the polymer solution Al was solidified in water at a solidifying bath
temperatuteraf0Cr#oilbned By medeso R AtiGH proe&ssi® obtain a hollow fiber-shaped separation
membrane (herein&fter referred to as a comé)fr)1 ite hollow fiber membrane). The structure and

S

ki %\;\E,%riﬁnra%%? T0I2PSEXapi8d25 A vinylidene

It SCaIIIT1I
performance of the Sbtamed nfembrané are
fluoride homppolygnes haying Airneasuged-value,eka meltyiseosity nf 5400 Rars fymag HSVO00,
manufactured by Arkema Inc., melt viscosity described in a catalogue: 3,300 to 5,500 Pa-s) (81 by
weight), 2%yardightrof arpathgirmethac ylateualky eeryiate eopolymer(memufetsed By
MITSUBISHI RAYON CO., LTD.,, METABLEN P-531A, weight average molecular weight: 4.0 x 106)
and 901 b wATRE 5t NERR B, RATONE TR eGP BAGE. the Cite SPAR Sbply
hereinafteg yvese Buxachand dissqleedat @ tempemtite-af 406 fo ghtain & polymss saldtign A2 for a
separation-functional layer, having a solution viscosity of 26 Pa-s. In the same manner as in Example
11, except2Ratthépolyatret sslodicrdAR aas sised ireplate oftthé palymehsotation Al, composite hollow
fiber membrane was btainedd. J:Qe strui#re and perfo#mr%nce of the obtained membrane are shown in
Table 3 [0TSR EXaple 235 FPEVinYiidedEFtBHAE HoMopSimer Faviffi'€ measured value of a
melt viscosity;af t00iRa: 3 (§ynane SV 900, manyfactured By Atkema, e, melt viscosity described
in a catalogue: 3,300 to 5,500 Pas) (13% by weight), 4% by weight of polymethyl methacrylate
(manufactgiredty drich, weight average molecular weight: 9.96 x 105) and 83% by weight of
Nmethy1-2-pyrrolidone were dissolved at a temperature of 140C to obtain a polymer solution A3
having a scgl%gﬁ iscosity of 50 Pa-s. In the same manner as in Example 11, except that the polymer

solution A3 was aised- iylage,ofthe palymer solutionAkand assaligifying hath of water at a

temperature of 60C was used, a composite hollow fiber membrane was obtained. The structure and
performanée ptthe obtairdtimembrarelaréahewn in Table 3. [0123] <Example 14> A vinylidene
fluoride homopolymer, having a measured value of a melt viscosity of 4,700 Pas (Kynar HSV900,

manufactured by ArReME Ifc. SHETTISEEIT HESTHRE ifa CARRYTRE3, 366 s 566 Ba-s) (11% by

weight), 0.9 y-weighbef 3methyLmethagrylats-alkylaciiate copglymgr (panufactured by
MITSUBISHI RAYON CO., LTD., METABLEN P-551A, weight average molecular weight: 1.5 x 106)

and 88.5% mnweightiefidihethyisulfexide etremibadiend dissolved aga idmperaturer 06T40C to
obtain a polymer solution A4 havinlcq)\a solution viscosity of 9 Pa-s. In the same manner as in Example

11, excepttRattAd pbyRRF solutiol A4 Wasistd if Bfacé ofthBpoiyiriet Sofifiod BF @Fomposite
hollow fibeg memiyrane was obigineds The structure and-pesigrpance.of therohigingd membrane are

shown in Table 3.
photograph were measured, and all measured values were

arithmetically averaged toc determine an average pore

diameter.

[0085]

{7) Presence/Absence of Macrovolds of 5 mm or more
Using a scanning electron microsgscope, a

separation-functional layer in a cross section along a

direction from an outer surface to an inner surface of

a separation membrane was photographed at a

magnification of 3,000 times and then presence/absence
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[0124] <Example 15> A vinylidene fluoride homopolymer having a measured value of a melt
viscosity of 4,300 Pa-s (Kynar(r) HSV900, manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa.$) (9% by weight), 2% by weight of polymethyl methacrylate
(manufactured by Aldrich, weight average molecular weight: 1.2 x 105) and 89% by weight of dimethyl
sulfoxide were mixed and dissolved at a temperature of 140C to obtain a polymer solution AS having a

solution viggosity ek4,Pa-5a i the-same Magnerasdin£xample 11, excent that the.polymer solution
AS was used in place of the polymer solution Al and a solidifying bath of an aqueous 60% by weight

dimethyl saoxidersohdtionrat atemperattire D30 wak sisedya eompesitediotiaw sibdromembrane was
obtained. The structure and perf%rmance of the obtained membrane are shown in Table 3. [0125]

<Example185 % WinfideRE tio oM SpoRé Haling B e fe G off&f viscosity of

3,900 Pa-3,KynasH8Y 300, manufactured py Atkema, Inc.; meltviscogity. desgrbed in a catalogue:
3,300 to 5,500 Pa-s) (6% by weight), 0.1% by weight of polymethyl methacrylate (manufactured by

Aldrich, weighteave fagermolecilarameiglito &2 xa105) snth 98284 by Weight ofdN-mithyl-2pyrrolidone
were mixed and dissplved at a temperature of 140C to obtain a polymer solution A6 having a solution

viscosity oFB &8 IR ThE Same WanREr 59 Exanle 1272 Ft thatthe oY sGitfion A6 was
used in plage.of thespelymer solution Al apd asolidifyipg.bath ofwater at,a tempegatuge of 60C was

used, a composite hollow fiber membrane was obtained. The structure and performance of the
obtained niémbirahé aresstpowrein Tabler®: fit26h « Exarnpledi7t1 a 1 Trheisaaiegdymer solution for a

support membrane and polymer solution for a separation-functional layer as those in Example 11
were used™3MTAEREETsIY the’ pHiYmBF sSiGtioh for a support membrane, the polymer solution for a

separation;fypgtional layer and an aqueous 85% by weight y-butyrolactone solution were
concentrically extruded through an inner slit of a triple co-extrusion head, an outer layer slit and a
center pipd,aéspeativelprendihén these solatighsWwerelsokdifiecbifl afearueats 30% by weight
dimethyl sulfoxide_solution at a temperature of 10C, followed by a desolvation process to obtain a

composite HERGW HiBEAmefdYe. THE sFURRREnd Y Bimance of the obtained membrane are

shown in Table 3. {127l 5 scanning electron microscope, a cross
section along a direction from an outer surface to an
inner surface of a separation membrane was photographed
at a magnification of 300 to 1,000 times, and then a
membrane thickness, a thickness of a separation-
functional layer and a thickness of a support layer
were measured on arbitrary 20 points and the measured
thicknesses were arithmetically averaged.
[0087]
(9).Average Outer Diameter/Inner Diameter of Separation
Membrane {(Hollow Fiber Membrane)

Using a scanning eiectrcn microscope, a Cross
gsection cof a hollow fiber-shaped geparation membrane
was photographed at a magnification of 100 times on 20
points. A major axis and a mincr axis of an outer
diameter and an inner diameter of each photograph were

measured on 20 points, and then the measured values

49



<Comparative Example 4> A vinylidene fluoride homopolymer having a measured value of a melt
viscosity of 2,900 Pas (Arkema Inc., KYNAR 760, melt viscosity described in a catalogue: 2,300 to
2,900 Pa.$) (9% by weight), 2% by weight of polymethyl methacrylate (manufactured by Aldrich,
weight average molecular weight: 3.5 x 105) and 89% by weight of dimethyl sulfoxide were mixed and
dissolved at a temperature 140C to obtain a polymer solution A7 having a solution viscosity of 0.2 Pas.

In the samgananngt-as ioarerle 13, exceptihatihe polymer splution A7 wasused in place of the

polymer solution Al, a composite hollow fiber membrane was obtained. The structure and performance
of the obtainetawerdbrane aee skhowh T abiee3. Q28] rw@amgdarativetExample 5> A vinylidene
fluoride homopolymer having a measured value of a melt viscosity of 2,400 Pas (Arkema Inc.,
KYNARe 7%]%, ﬁ%ﬁnnviscosity described in a catalogue: 2,300 to 2,900 Pa-s) (20% by weight), 5% by

weight of amethyhmethactylate-alkylactyatecopalymer (manpfactuied by MITBUBISKH! RAYON CO.,
LTD., METABLENe P-531A, weight average molecular weight: 4.0 x 106) and 75% by weight of

dimethyl s@lidxiche Werelmiredeand dissolved at a temperature 140C to obtain a polymer solution AS
having a solution viscosity of 3 Pa's. In the same manner as in Example 11, except that the polymer

solution AS was usEdift Pldte BFf HE iy &r<SofibRAI 8§ AWFARMy Attt Rk Ster at a
temperatute.Qf 69Gwasusedy 8 compositehqllowfibsr membrane was,obtgingd, Thestructure and

performance of the obtained membrane are shown in Table 3." Comparative Example 5 OOPZ 90ixo't
06/08 sGAas photographed at a magnification of 100 times on 20

points. The distance from an outermost layer to an end
of an innermost layer of each photograph was measured
on 20 points, and then the measured distances were
arithmetically averaged to determine an average
thickness.
[0089]
(11) Virus Removal Performance

An aqueous scolution of distilled water containing
Bacteriophage MS-2 having a size of about 25 nm
(Bacteriophage MS-2 ATCC 15597-Bl) in a concentration
of about 1.0 x 10’ PFU/ml was prepared as a virus stock
solution. Herein, distilled water to be used was
prepared by subjecting distilled water obtained from a
pure water device AUTC STILL (manufactured by Yamato
Scientific Co., Ltd.) to high-pressure steam
sterilization at 121°C for 20 minutes. In case the
gseparation membrane is a hollow fiber membrane, a
small-sized module made of glass having a length of
about 200 mm composed of about two hollow fiber
membranes was made as the module. In case the

separation membrane is a flat membrane, the membrane
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was cut into a circle having a diameter of 43 mm, which
was set in a cylindrical filtration holder. The virus
stock solution was fed to the module under the
conditions of a temperature of about 20°C and a
filtration differential pressure of about 10 kPa
(external pressure). After filtration of about 10 ml of
the sclution, about 5 ml of the filtrate wag collected
and then diluted with distilled water by 0 tc 1,000
times. Based on the method of Overlay agar assay,
Standard Method 9211-D (APHA, 1998, Standard methods
for the examination of water and wastewater, 18th ed.),
1 ml of the diluted filtrate was inoculated in a Petri
dish for assay and the plagues are counted to determine
the concentration of Bacteriophage MS-2. Removal
performance was represented by logarithm. For example,
2 log refers to 2 log:, and means that a ratio of the
concentration of MS-2 aftér filtration to the
concentration of MS-2 before filtration is 1/100. Also,
in case any plague is not counted in the filtrate, it
was xepresehted as 2 7 log.
{0090C]
(12) Pure Water Permeability

In case the separation membrane is a hollow fiber
membrane, a miniature module having a length of 200 mm
composed of four hellow fiber membranes was made as the
module. Also, in case the separation membrane is a flat
membrane, the membrane was cut into a circle having a
diameter of 43 mm, which was set in a c¢ylindrical

filtration holder. Reverse osmosis membrane treated
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water was fed to the module under the conditiong of a
temperature of about 25°C and a filtration differential
pressure of about 16 kPa {external pressure). Then,
pure water permeability was calculated by converting
the value cbtained by measuring a permeate flow rate
(m’) of a given time into the value per unit time (hr),
unit effective membrane area (m®) and 50 kPa.
[0091]
(13) Fracture Strength and Elongation

Using a tensile tester (TENSILON®/RTM-100,
manufactured by Baldwin Company Ltd.), a separation
membrane wetted with water was subjected to a tensile
test at a measurement length of 50 mm, a full-gcale
load of 5 kg and a crosshead speed of 530 mm/min to
determine a fracture force and a fracture elongation.
The measurement was repeated 10 times using different
specimens and the measured values were arithmetically
averaged to determine a fracture strength and a
fracture elongation. The fracture strength was
determined as a fracture strength (N/mm® = Pa) which is
a fracture force (N) per unit cross section (mm®) of a
separation membrane.
[0092]
(14) Degree of Increase in Filtration Resistance

A miniature membrane module héving a length of 15
mm was made by accommodating six hollow fiber membranes
in an outer casing and fixing ends (Fig. 1). In this
membrane module, the hollow fiber membrane igs sealed at

the end B, while the hollow fiber membrane opens at the
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end D.
(00931

In a 10L stainless steel pressure tank ADVANTEC
PRESSURE VESSEL DV-10 equipped with a pressure gauge,
raw water was charged. Similarly, in a 40L stainless
steel pressure tank ADVANTEC PRESSURE VESSEL DV-40
equipped with a pressure gauge, distilled water
manufactured by Wako Pure Chemical Industries, Ltd. wag
charged. A 2-way stopcock was connected to each tank at
an outlet of water. As the raw water, water of Lake
Biwa (turbidity: 1.0 NTU or less, total organic carbon
(ToC): 1.2 mg/L, calcium concentration: 15 mg/L,
silicon concentration: 0.5 mg/L, manganese
concentration: 0.01 mg/L or less, iron concentration:
0.01 mg/L or legs) was used.

[0094]

The 2-way stopcock of the raw water-containing
pressure tank {(hereinafter referred to as a raw water
tank) was connected to a point A of a miniature
membrane module through a 3-way stopcock using a
Teflon® tube, and the 2-way stopcock of a distilled
water-containing pressure tank (hereinafter referred to
as a distilled water tank) was connected to a point B
of the miniature membrane module usging a Teflon® tube.
A point C of the miniature membrane module was sealed
by a resin cap thereby enabling permeated water to
discharge from the point D.

[0095]

First, a pressure was applied to the raw water
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tank by adjusting the pressure (0.4 MPa) of compressed
air to 100 XPa using an SMC regulator (AF2000-02,
AR2000-02G} and then the 2-way stopcock was opened
thereby feeding raw water into the miniature membrane
module. At this time, the 3-way stopcock existing
between the 2-way stopcock and the miniature membrane
module was opened at only the section between the tank
and the membrane module, while the 2-way stopcock
between the distilled water tank and the point B was
closed.

[0096]

The weight c¢f the permeated water was measured
every 5 geconds using an electronic chemical balance
AND HF-6000 connected to a personal computer and
recorded using a continuocus recording program AND RsCom
ver.2.40. Since data obtained in this test is the
welght of the permeated water per 5 sgeconds, filtration

regisgtance was calculated using the egquation shown

below.
[0097]

Filtration Resistance {1/m) = (Filtration pressure
(kPa}) x 10° x 5 x {(Membrane Area (m?)) x

10°/ ({Viscosity of Permeated Water (Pa-s) x (Weight of
Permeated Water per 5 seconds (g/s)) x {Density of
Permeated Water (g/ml))}

After a filtration process was continued up to the
total amount of the filtered water of 0.065 m’/m®, the
2-way stopcock of the raw watexr tank was closed thereby

completing the filtration process. Next, the 3-way
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stopcock existing between the 2-way stopcock and the
miniature membrane module was opened in all threse
directions and the permeated water outlet (point D} of
the miniature membrane module was sealed by the resin
cap.

focoos]

A pressure was applied to the distilled water tank
by adjusting the pressure (0.4 MPa) of compressed air
to 150 XPa using an SMC regulator (AF2000-02, AR2000-
02G} and then the 2-way stopcock was opened thereby
feeding distilled water into the miniature membrane
module. A back washing process was initiated by this
operation. After the back washing process was continued
until the amount of back washing waste water flowing
out of the 3-way stopcock became 10 ml, the 2-way
stopcock of the distilled water tank was clogsed thereby
completing the back washing process.

[0099]

The above operation wag repeatedly carried out ten
times to cone membrane module, and then the amount of
the entire filtered water was plotted on the abscissas,
whereas, the calculated filtration resistance was
plotted on the ordinate.

[G100]

Herein, plotting was initiated after 30 seconds
have passed since the initiation of each filtration.
Also, since the weight of the permeated water decreases
as filtration resistance increases, the weight of the

permeated water every 5 seconds decreases. Since
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filtration resistance is calculated from the weight of
the permeated water every 5 seconds in accordance with
the above eguation, when the weight of the permeated
water decreages, an influence of dispersion of the
weight of the permeated water on the calculated
filtration resistance becomes large. Therefore, in case
the weight of the permeated water drastically decreases,
a graph was corrected by moving average approximation

of the graph made appropriately.

[0101]

In the graph cf amount of the entire filtered
water versus filtration resistance made from the results
of the filtration test, or the graph corrected by moving
average approximation in some cases, the gradient of a
straight line obtained by joining 9 points of filtration
resistance upon initiation of the second to tenth
filtration process was taken as the degree of increase
in filtration resistance from a relationship between the
total amount cf the filtered water and the filtration
resistance. Provided that, in case 9 points do not lie
on the straight line, the gradient of the straight line
was determined by linear approximation and was taken as
the degree of increase in filtration resistance.

[0202]
(Example 1)

A vinylidene fluoride homopolymer having a weilght
average molecular weight of 417,000 {38% by weight) and
62% by weight of v-butyrclactone were disgsolved at

160°C. This polymer solution and an agueocus 85% by
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weight y-butyrolactone sclution were simultaneousgly
ejected through an outer tube of a double co-extrusion
head and an inner tube c¢f the double co-extrusion head,
respectively, and then the solutions were golidified in
a bath of an agueocus 85% by weight v-butyrolactone
sclution at a temperature of 10°C. The obtained
membrane was stretched in water at 80°C by 1.5 times.
The obtained membrane is a hollow fiber membrane having
a spherical structure and this membrane was used zas a
support.

[0103]

Next, 9.6% by weight of a polyvinylidene fluoride
homopolymer having a melt viscosity of 6,400 Pa-s
{Kynar® HSV900, manufactured by Arkema Inc.) and 2.4%
by weight of a peolyvinylidene fluocride homopolymer
having a melt viscosity of 3,200 Pa-s (Kynar® 760,
manufactured by Arkema Inc.) were dissolved in N-
methyl-2-pyrrolidone to obtain a membrane-forming stock
solution for a separation-functional layer. The mixture
of both homopelymers had a melt viscosgity of 3400 Pa-s.
This membrane-forming stock solution was uniformly
coated on the surface of the above hollow fiber
membrane and then solidified in water at 23°C to
produce a hollow fiber-shaped separation membrane
bearing a separation-functional layer having a three-
dimensicnal network structure formed on a support layer
having a spherical structure. The membrane gtructure
and membrane performance of the obtained separation

membrane are shown in Table 1.
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[0104]
(Example 2)

A polyvinylidene fluoride homopolymer having a
melt viscosity of 6,400 Pa-s (Kynar® HSV900,
manufactured by Arkema Inc.) (12% by weight) was
dissolved in N—methyl—z—pyrrolidone to obtain =
membrane-forming stock solution for a separation-
functional 1ayer  This membrane-forming stock solution
was uniformly coated on the surface of the hollow fiber
membrane obtained in Example 1 and then golidified in
water at 23°C to produce a hollow fiber-shaped
separation membrane bearing a separation-functional
layer having a three-dimensional network structure
formed on a support laver having.a spherical structure.
The membrane structure and membrane performance of the
obtained separation membrane are shown in Table 1.
[0105]

(Example 3)

A polyvinylidene fluoride homopolymer having a
melt viscosity of 6,400 Pa-s (Kynar® HSVIS00,
manufactured by Arkema Inc.} (92.6% by weight) and 2.4%
by weight of a maleic anhydride-modified polyvinylidene
fluoride homopolymer “manufactured by Arkema Inc.,
Kynar® ADX-111" were dissolved in N-methyl-2-
pyrrolidone to obtain a membrane-forming stock scolution
for a separaticn-functional layer. This membrane-
forming stock solution was uniformly coated on the
surface of the hollow fiber membrane obtained in

Example 1 and then solidified in water at 23°C to
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produce a holldw fiber-shaped separation membrane
bearing a separation-functional layer having a three-
dimensional network structure formed on a support layer
having a spherical structure. The membrane structure
and membrane performance of the obtained separation
membrane are shown in Table 1.

[0106]

(Example 4)

A polyvinylidene fluoride homopolymer having a
melt vigcosity of 6,400 Pa-s (Xynar® HSVI0O0,
manufactured by Arkema Inc.) {(9.6% by weight), 1.2% by
weight of cellulose diacetate (manufactured by Eastman
Chemical Company, CA-398-3) and 1.2% by weight of
cellulose triacetate (manufactured by Eastman Chemical
Company, CA-436-808) were dissolved in N-methyl-2-
pyrrolidone to obtain a membrane-forming stock solution
for a separation-functional layer. This membrane-
forming stock solution was uniformly coated on the
surface of the heollow fiber membrane obtained in
Example 1 and then solidified in water at 23° to
produce a hollow fiber-shaped separation membrane
bearing a separation-functional layer having a three-
dimensional network structure formed on a support layer
having a spherical structure. The membrane structure
and membrane performance of the obtained separation
membrane are shown in Table 1.

[0107]
(Example 5)

A polilyvinylidene fluoride homopolymer having a
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melt viscosity of 6,400 Pa-s (Kynar® HSVS00,
manufactured by Arkema Inc.) (9.6% by weight), 2.4% by
weight of a polymethyl methacrylate resin (manufactured
by Aldrich, weight average molecular weight: 3.5 x 10°%)
were disscolved in N-wmethyl-Z2-pyrrclidone to cbtain a
membrane-£forming stock solution for a separation-
functional layer. This membrane-forming stock solution
was unifermly coated on the surface of the hollow fiber
membrane obtained in Example 1 and then solidified in
water at 23°C to produce a hollow fiber-shaped
gseparation membrane bearing a separation-functional
layer having a three-dimensional network structure
formed on a support layer having a spherical structure.
The membrane structure and membrane performance of the
obtained separation membrane are shown in Table 1.
[o108]

(Example &)

A polyvinylidene fluoride howmopolymer having a
melt viscosity of 6,400 Pa-s (Kynar® HSV900,
manufactured by Arkema Inc.) (9.6% by weight) and 2.4%
by weight of polyvinylpyrrolidene (manufactured by BASF,
K90) were dissolved in N-methyl-2-pyrrolidone to cbtain
a membrane-forming stock scolution for a separation-
functional layer. This membrane-forming stock solution
was uniformly coated on the surface c¢f the hollow fiber
membrane obtained in Example 1 and then sclidified in
water at 23°C to produce a hcllow fiber-shaped
separation membrane bearing a separation-functional

layer having a three-dimensional network structure
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| . IComposition of polyvinylidene fluoride- ! type resin/acrylic resin (wt/wt) . Melt viscosity at 50C of
resin solution (Pas) Presence or absence of macrovoids [Thickness of support layer (AM) Thickness
of separation- functional layer (Am) Average pore diameter of outer surface of separation- functional
layer (Am) 1Average pore diameter of 'three-dimensional network

formed on a support layer having a spherical structure.

The membrane structure and membrane performance of the

obtained separation membrane are shown in Table 1.

[cl09]

(Comparative Example 1)

A polyvinylidene fluoride homopolymer having a
melt viscosity of 3,200 Pa-s {Kynar® 760, manufactured
by Arkema Inc.) (12% by weight} was dissolved in N-
methyl-2-pyrrolidone to obtain a membrane-forming stock
gsolution for a separation-functional layer. This
membrane-forming stock sclution was uniformly coated on
the surface of the hollow fiber membrane obtained in
Example 1 and then solidified in water at 23°C to
produce a hollow fiber—shaped separation membrane
bearing a separation-functional layer having a three-
dimensional network structure formed on a support layer
having a spherical structure. The membrane structure
and membrane performance of the obtained separation
membrane are shown in Table 1.

[0110]
(Comparative Example 2}

A polyvinylidene fluoride homopolymer having a
melt viscosity of 6,400 Pa-s (Kynar® HSV900,
manufactured by Arkema Inc.) (12% by weight) was
dissolved in y-butyrolactone to obtain a membrane-
forming stock solution. This membrane-forming stock
solution was uniformly ccated on the surface of the
hollow fiber membrane obtained in Example 1 and then

solidified in a bath of an agueous 85% by weight v-
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structure (Am) Average diameter of spherical structure (pm) Average outer diameter of composite
hollow fiber membrane (Am) Average inner diameter of composite hollow fiber membrane (AM) Pure
water permeability (m3/m2/hr) Virus removal ratio (log) Fracture strength (MPa)

butyrolactone solution at a temperature of 10°C. The
obtained separation membrane was a hollow fiber-shaped
separation membrane bearing a layer having a spherical
structure formed on a support layer having a spherical
structure. The membrane structure and membrane

performance of the obtained separation membrane are

shown in Table 1.
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[0130] <Example 18> A vinylidene fluoride homopolymer having a weight average molecular
weight of 420,000 (KF polymer T#1300, manufactured by KUREHA CORPORATION) (38% by weight)
and 62% by weight of y-butyrolactone (manufactured by Mitsubishi Chemical Corporation: the same
shall apply hereinafter) were dissolved at 160C to obtain a polymer solution B for a support
membrane. Also, a vinylidene fluoride homopolymer having a measured value of a melt viscosity of
51500 Pas(ynar(r) HSV900, manufactured by Arkema Inc., melt viscosity described in a catalogue:
3,300 to 5,500 Pa-s) (9% by weight), 1% by weight of polyvinylpyrrolidone (manufactured by BASF,
K9OHM) anhB:099Byeweight of Nmethy1-2-pyrrolidone were mixed and dissolved at a temperature
120C to obtain a polymer solution A9 for a separation-functional layer. Simultaneously, the polymer

solution B for a supportMEmbrHRS N AP AqUEBuS 8BS WGt R RAcinE%5RfiEN were
concentricgliy-gjgcfed hrough.an outee sl gt a deuble so-gyitusian head and.q GRLS BRe of a double
co-extrusion head, respectively, and these solutions were solidified in an aqueots 85% by weight
y-butyrola&iérie sotutioniatiattemperatire tof 10C afollawed byea desaleatiohpsaress, a stretching
process by 1.5 times and further. a drying process to obtain a hollow fiber-shaped support membrane.

This suppdrf fhembrane wis RYHESF ciatihg hbo%le aRE tih (REYBEEpdiyierSblution A9 was
coated on a.suppert megbrang, fallowsd by aproeess,pf salidifying in, watey at.3 teryperature of 40C

and further a désolvation process to obtain a hollow fiber-shaped separation membrane (hereinafter
referred tosapesccarpasite dotidw fbercmembranel d he Stractdresaricepertormancesefithe obtained
membrane are shown in Table 4. [0131]B<Example 19> A vinylidene fluoride homopolymer having

a measuredSARIeT A MBIt HiRESSty DFRS06 Pat RYHA T HSV0DH LrRdAIaEURRBA -Arkema Inc.,

melt viscositydescribedkin a catalagus; 3,30049 5500 Pas)(9%6.by weight), 2% by weight of
polyvinylpyrrolidone (manufactured by BASF, K90) and 90% by weight of dimethyl sulfoxide

(manufactared oy ToraysRine Chemicals: Co.; bidtthe 3ame shall applyhereinafier) svere mixed and
dissolved at a temperature 120C to obtain a polymer solution A10 for a separation-functional layer. In

the same MERRSG R T ERample1B’ Exceptitfat thd BAtifier SRR WaSused in place of the
polymer slutjon A9 and a solidifying hath efjuater af a;tempetgture of 20C was used, a composite

hollow fiber membrane was obtained. The structure’and performance of the obtained membrane are
shown in Tadbteod.af0d 30xExampld 26w £ 1 Bainylideneflosda somegolymephaving-a measured
value of a melt viscosity of 5,200 Pas (Kynar(r) HSV900, manufactured by Arkema Inc., melt viscosity

described & Bathidgte: 3866 to 5506 PAS) (994 BY) weifht)2 1906y Bktléf $oR&inylpyrrolidone
(manufactyred by BA5H, £30),874,2Q% by waight of Nﬁ@?@ﬂ%’@%@!{j@neg@rﬁg@@g and dissolved

at a temperature 120C to obtain a”polymer solution All. In the same manneér as in Example 18, except
that the pahmer sahufion Allwaswsedlin place af the pplymey solatior: A9 pad aispldifying bath of
water at a temperature of 60C was used, a composite hollow fiber membrane was obtained. The

structure FhAHRPBAYAIRE Ot Sitamell Fiembfafs aishbwhfin Fablé %. BExsmplena > A
vinylidene &Iyggq:el@cggogqurg%{@yg&gla measyred yalue of %g];eétivljlscgsirgyectgb%mo Pas (Kynar(r)
, . : :

HSV900, manufactured by Arkema Inc., melt viscosity described in a catalogue: ,%85'[_0 5,500 Pas)

(12% by weight)i 8 5%shywrighbafipolyvinylpyriolidone(mamfactured by BASE: K9QHM) and 87.5%
by weight of dimethyl sulfoxide were mixed and dissolved at a temperature 120C to obtain a polymer
solution ARCHthé SEmEFRarthef ad HeRdnpld $808KERpt théat the DoRme? saltitiGPAR was used in

place of they, ; ¢ membrane-forming stock sclution was uniformly
coated on the surface of the above hollow fiber
membrane and then solidified in water at 23°C to
produce a hollow fiber-shaped separation membrane
bearing a separation-functional layer having a three-
dimensional network structure formed on a support layer
having a spherical structure.

[0113]
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polymer solution A9 and a solidifying bath of an aqueous 60% by weight dimethyl sulfoxide solution at
a temperature of 25C was used, a composite hollow fiber membrane was obtained. The structure and
performance of the obtained membrane are shown in Table 4. <Example 22> A vinylidene fluoride
homopolymer having a measured value of a melt viscosity of 5,200 Pas (Kynar(r) 1.1511900,
manufactured by Arkema Inc., melt viscosity described in a catalogue: 3,300 to 5,500 Pa-s) (12% by
weight), 0.5% by weight gfpalyvinpyialidons (mapufactwed by BASE, KQOKM)and 87.5% by
weight of N-methyl-2-pyrrolidone were mixed and dissolved at a temperature 120C to obtain a polymer
solution AL3. sledilew suppadrt fietnbraneumdde of polyethyldrie: (maremfactired H§ manufactured by
MITSUBISHI RAYON CO., LTD., outer diameter: 450 pm, inner diameter: 280 pm, nominal pore
diameter: 0.2 HnT BOURPA Bure WaAtE - perinedBifly AR BRE 26 8 eFho /AR furd Sfrength: 4.2 MPa,
fracture elgngatign:.42%)wasfed into a coating nozzle and the polymer solution A13 was coated on a
support membrane, followed by a process of solidifying in water at a temperature of 40C and further a
desolvation pidcéss to obtain a composite hollow fiber membrane. The structure and performance of
the obtained membrane are shown in Table 4. [0133] <Example 23> A vinylidene fluoride
homopolyrﬁgf’iﬁﬂﬂ'ﬁgea fhkasured value of a melt viscosity of 5,500 Pa-s (Kynar HSV900,
manufactured by Arkeraa inc, it iscpsity describedina rralogys: 3,300 (65,300, BaS) (10% by
weight), 0.5% by weight of polyvinylpyrrolidone (manufactured by BASF, K30), 1% by weight of
polymethybmethatrylate nanufactdneddy Aldrichhwemgpihayeragemolegelal we gt 2 105) and
88.5% by weight of N-methyl-2-pyrrolidone were mixed and dissolved at a temperature 120C to obtain

a polymer Solut3AiA44. th&fe Badm¥Frdhher 8< iPERMIPIY 18Ydxt8FttRatithE PEARr solution A14
was used MA%%GM%EOM@@%%U@%% comnosite olloyefiper membrane wag gbtained. The

structure and performance of the obtained membrane are shown in Table 4. [0134] <Example 24>
A vinylideretfluoyide dombpolymherhavdiig a measirddnaluglof amnele vineasiy ofl 5,860 Pas (Kynar
HSV900, manufactured by Arkema Inc., melt viscosity described in a catalogue: 3,300 to 5,500 Pa-s)

(10% by WeRjhh™8.5% Birwéight s poRAmgIifrofdon {maRufcitiféPoy BASP SEGHIMYT, 1% by
weight of polymethyl methacrdate {mapyfacired Ry Aldichweight average moleculanweight: 1.2

105) and 88.5% by ‘weight of N-methyl-2-pyrrolidone were mixed and dissolved at a temperature 120C
to obtain aspolymersolutiontAls. irethe:sane-rhanmerag i Example dBuexcept thatithe polymer
solution AI5 was used in place of the polymer solution A9, a composite hollow fiber membrane was

obtained. PiRE-Stiuclite Whd pefdrmamé of fie diftdifed mefibidne ardsHoWRSRTEBRY: [01335]
<Example 252y, ; » dn thesame manner s ip Example 18, gxcent hat he same palymer solution Al

as in Example 24 and the same support membrane made of polyethylene as in Example 22 were
used, a composite-kollow fiben oiehdlwarie was obiainiers The siaiciure and peHermance of the
obtained membrane are shown in Table 4.
structure and then sclidified in an aqueous 60% by
weight dimethyl sulfoxide solution at 23°C to produce a
hollow fiber-shaped separaticn membrane bearing a
separation-functional layer having a three-dimensional
network structure formed on a support layer having a
spherical structure. The obtained separation membrane
had an outer diameter of 1,480 um and an inner diameter
of 870 um. The membrane structure and membrane
performance are shown in Table 2.
[0115]
(Example 9)

First, a holiow fiber membrane having a spherical
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[0136] <Example 26> The same polymer solution B for a support membrane and polymer solution
A9 for a separation-functional layer as those in Example 18 were used. Simultaneously, the polymer
solution B for a support membrane, the polymer solution A9 and an aqueous 85% by weight
y-butyrolactone solution were concentrically ejected through an inner slit of a triple co-extrusion head,
an outer layer slit and a center pipe, respectively, and then these solutions were solidified in an

aqueous 30% by-weight h-methylsapyrolidone slution.at atemperature of 10G,foliowed by a
desolvation process to obtain a composite hollow fiber membrane. The structure and perfoLutance of
the obtainéd mefebrane aeishiownwre Tgble 40 f0187b<BExamply 278 ene The samedmlymer solution B

for a support membrane and polymer solution A15 for a separation-functional layer as those in

Example 22308 USET SSmiRanddsy, the bolyiie? $BREGY B3Sr & sUpdriifeMbRRE, the polymer
solution Al5ang.an.aquegus 83% byyeight y:kifyrglagtone sltion werg consentisally ejected

through an inner slit of a triple co-extrusion head, an outer layer slit and a center pipe, respectively,
and then theseisolutonswkte salidified ircgn aquecus 30& by weight Nimethyir2dpyrrolidone
solution at a temperature of 10C, followed by a desolvation process to obtain a composite hollow fiber

membrane? THE SR and BefmaRc P 5tRe BoRilktaTheRBand A diivsihaable 4. [0138]

<Comparafiye Exarple 62, ; sAyinylidene fluoride homopelymer laving 3 gieasured.yalue of a melt
viscosity of 2,900 Pa's (Arkema Inc., KYNAR 760, melt Viscosity described in a catalogue: 2,300 to

2,900 Pask % by weight)s t%<ayoweight of pplyviaypyrraidede (nahidfactucetbyBASF, K901-1M)
and 89% by weight of N-methyl-2-pyrrolidone were mixed and dissolved at a temgerature 120C to

obtain a pdi§ihBr-SSutthosTs. fifths ShRfe Mameras iiv ERdniple ABt &xtepitnatithe polymer solution
Ale was usgd,iz place OF the pplymey.solufion A9, a.compasite fiollow fibgr gﬁﬂ@ﬁr@a\ﬂ% obtained.

The structure and performance of the obtained membrane are shown’n Table 4. Comparative
structure and then solidified in an agueous 60% by

weight dimethyl sulfoxide solution at 23°C to produce a
hollow fiber-shaped separation membrane bearing a.
separation~functional layer having a three-dimensional
network structure formed on a support layer having a
spherical structure. The cbtained separation membrane
had an outer diameter of 1,410 um and an inner diameter
of 880 um. The membrane structure and membrane
performance are shown in Table 2.

[0116]

(Example 10)

First, a hollow fiber membrane having a spherical
structure was produced in the same manner as in Example
7. ©Next, 5% by weight of a polyvinylidene fluoride
homopeolymer having a melt viscosity cf 4,700 Pa-g and
10% by weight of a polyvinylidene fluoride homopolymer
having a melt viscosity of 2,300 Pa-s were dissolved in
dimethyl sulfoxide to obtain membrane-forming stock

solution. This membrane-forming stock sclution had a
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solution viscosity of 5.6 Pa-s at 50°C. "This membrane-
forming stock solution was uniformly coated on the
surface of a hollow fiber membrane having a spherical
structure and then solidified in an agqueous 60% by
weight dimethyl sulfoxide solution at 23°C to produce a
hollow fiber-shaped separation membrane bearing a
separation-functional layer having a three-dimensional
network gtructure formed on a support layer having a
spherical structure. The obtained separation membrane
had an outer diameter of 1,480 um and an inner diameter
of 870 um. The membrane structure and membrane
performance are shown in Table 2.

[0117]

(Comparative Example 3)

First, a hollow fiber membrane having a spherical
structure was produced in the same manner as in Example
7. Next, 10% by weight of a polyvinylidene fluoride
homopclymer having a melt viscosity of 2,600 Pa-s and
5% by weight of a polyvinylidene fluoride homopolymer
having a melt viscosity of 800Pa-g were dissclved in
dimethyl sulfoxide to obtain a membrane-forming stock
solution. This membrane-forming stock soclution had a
sclution viscosity of 2.4 Pa'g at 50°C. This membrane-
forming stock solution was uniformly coated on the
surface cf a hollow fiber membrane having a spherical
structure and then solidified in an agqueous 60% by
weight dimethyl sulfoxide sclution at 23°C to produce a
hollow fiber-ghaped separation membrane bearing a

separation-functional laver having a three-dimensional
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network structure formed on a support layer having a
spherical structure. The obtained separation membrane
had an outer diameter of 1,420 um and an inner diameter
of 880 pm. The membrane structure and membrane

performance are shown in Table 2.
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In Examples 7 to 10, separation membranes having
high virus removal performance, high pure water
permeability and high physical sgtrength are achieved.
In contrast, in Comparative Example 3, since a polymer
ferming a separation-functional layer has a low melt
viscosity, the obtained separation membrane has low
virus removal performance.
[0120]
<Example 11=

A vinylidene fluoride homopolymer having a weight
average molecular weight of 420,000 (KF polymer TH#1300,
manufactured by KUREHA CORPORATION; (38% by weight) and
62% by weight of v-butyrolactone (manufactured by
Mitsubishi Chemical Corporation: the same shall apply
hereinafter) were dissclved at 160°C to obtain a
polymer solution B for a support membrane. Also, 9% by
weight of a vinylidene fluoride homopolymer having a
measured value of a melt viscosity of 3,200 Pa-=s
(Kynar® HSV900, manufactured by Arkema Inc., melt
viscosity described in a catalogue: 2,300 to 5,500
Pa-s8), 2% by weight of polymethvl methacrylate
(manufactured by Aldrich, weight average molecular
weight: 3.5 x 10°) and 89% by weight of dimethyl
sulfoxide (manufactured by Toray Fine Chemicals Co.,
Ltd.: the same shall apply hereinafter) were mixed and
disscolved at a temperature of 140°C to obtain a polymer
solution Al for a separation-functional layer, having a

solution viscosity cf 6 Pa-s. Simultaneously, this

Tl
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polymer solution B for a support membrane and an
agueous 85% by welght y-butyrolactone solution were
concentrically ejected through an outer slit of a
double co-extrusion head and a center pipe of a double
co-extrusion head, respectively, and then the golutions
were solidified in an agqueous 85% by weight v-
butyrolactone solution at a temperature of 10°C,
followed by a stretching process by 1.5 timeg, a
desolvation procesgs and further a drying process to

" obtain a hollow fiber-shaped support membrane. This
support membrane was fed into a coating nczzle and the
above polymer solution Al was coated on a support
membrane, and then the polymer solution Al was
solidified in water at a solidifying bath temperature
of 40°C, followed by a desolvation process to obtain a
hollow fiber-shaped separation membrane (hereinafter
referred to as a composite hollow fiber membrane). The
structure and performance of the obtained membrane are
shown in Table 3.
[c121]
<Example 12>

A vinylidene fluoride homopolymer having a

measured value of a melt viscosity of 5,400 Pa-s
(Kynar® HS8V900, manufactured by Arkema Inc., melt
viscosity described in a catalogue: 3,300 to 5,500
Pa-g) (8% by weight), 2% by weight of a methyl
methacrylate-alkyl acrylate copolymer (manufactured by
MITSUEBISHI RAYON CO., LTD., METABLEN® P-5314, weight

average molecular weight: 4.0 x 10°) and 90% by weight
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of N-methyl-2-pyrrolidone (manufactured by BASF: the
same shall apply hereinafter} were mixed and dissoclved
at a temperature of 140°C to obtain a polymer solution
A2 for - a separation-functional layer, having a solution
viscosity of 26 Pa-s. In the same manner as in Example
11, except that the polymer solution A2 was used in
place of the polymer solution Al, composite hollow
fiber membrane was obtained. The structure and
performaﬁce cf the obtained membrane are shown in Table
3
fci22]
<Example 13>

A vinylidene fluoride homopolymer having a
measured value of a melt viscosgity of 4,700 Pa-s
(Kynar® HSV900, manufactured by Arkema Inc., melt
viscosity described in a catalogue: 3,300 to 5,500
Pa-g) (13% by weight), 4% by weight of polymethyl
methacrylate (manufactured by Aldrich, weight average
molecular weight: 9.3%6 x 10°) and 83% by weight of N-
methyl-2-pyrrolidone were dissolved at a temperature of
140°C to obtain a polymer sclution A3 having a solution
viscosity of 50 Pa-s. In the same manner as in Example
11, except that the polymer solution A3 was used in
place cf the polymer sclution Al and a solidifying bath
of water at a temperature of 60°C was used, a composite
hollow fiber membrane was obtained. The structure and
performance of the obtained membrane are shown in Table
3.

[0123]
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<Example 14>

A vinylidene fluoride homopolymer having a
measured value cf a melt viscosity of 4,700 Pa-s
(Kynar® HSV900, manufactured by Arkema Inc., melt
viscosity described in a catalogue: 3,300 to 5,500
Pa-s) (11% by weight), 0.5% by weight of a methyl
methacrylate-alkyl acrylate copolymer {(manufactured by
MITSUBISHI RAYON CO., LTD., METABLEN® P-551A, weight
average molecular weight: 1.5 x 10°%) and 88.5% by weight
of dimethyl sulfoxide were mixed and dissolved at a
temperature of 140°C to obtain a polymer solution A4
having a sclution viscecsity of 9 Pa-s. In the same
manner as in Example 11, except that the polymer
sclution A4 was used in place of the pclymer solution
A1, a composite hollow fiber membrane was obtained. The
structure and performance of the obtained membrane are
shown in Table 3.
{0124]
<Example 15>

A vinylidene fluoride homopolymer having a
measured value of a melt viscosity of 4,300 Pa-s
(Kynar® HSV900, manufactured by Arkema Inc., melt
viscosity described in a catalogue: 3,300 to 5,500
Pa-s) (9% by weight), 2% by weight of polymethyl
methacrylate (manufactured by Aldrich, weight average
molecular weight: 1.2 x 10°) and 89% by weight of
dimethyl sulfoxide were mixed and dissolved at a
temperature of 140°C tc obtain a polymer solution AS

having & solution viscosity of 4 Pa-s. In the same

T4
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manner as in Example 11, except that the polymer
solution A5 was used in place of the polymer solution
Al and a solidifying bath of an aqueocus 60% by weight
dimethyl sulfoxide solution at a temperature of 30°C
was used, a composite hollow fiber membrane was
obtained. The structure and performance of the obtained
membrane are shown in Table 3.
[0125]
<Example 16>

A vinylidene fluoride homopolymer having a
measured value of melt viscosity of 3,900 Pa-g (Kynar®
H8V200, manufactured by Arkema Inc., melt viscosity
described in a catalogue: 3,300 to 5,500 Pa-g) (6% by
weight), 0.1% by weight of polymethyl methacrylate
(manufactured by Aldrich, weight average molecular
weight: 1.2 x 10°) and 93.9% by weight of N-methyl-2-
pyrrolidone were mixed and dissolved at a temperature
of 140°C to obtain a poclymer sclution A6 having a
scolution viscosity of 0.8 Pa-g. In the same manner as
in Example 11, except that the polymer sclution A6 wasg
used in place of the polymer soclution Al and a
sclidifying bath of water at a temperature of 60°C was
used, a composite hollow fiber membrane wasg obtained.
The structure and performance of the obtained membrane
are shown in Table 3.
[0126]
<Example 17>

The same polymer scluticen for a support membrane

and polymer solution for a separation-functional layer
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as those in Example 11 were used. Simultaneously, the
pelymer sclution for a support membrane, the polymer
sclution for a separation-functional layer and an
aqueous 85% by weight vy-butyrolactone solution were
concentrically extruded through an inner slit of a
triple co-extrusion head, an outer layer glit and a
center pipe, respectively, and then thesge solutions
were solidified in an agueous 20% by weight dimethyl
sulfoxide solution at a temperature of 10°C, followed
by a desolvation process to obtain a compogite hollow
fiber membrane. The structure and performance of the
obtained membrane are shown in Table 3.
[c127]
<Comparative Example 4>

A vinylidene fluoride homopolymer having a
measured value of a melt viscogity of 2,900 Pa-s
(Arkema Inc., KYNAR® 760, melt viscosgity described in a
catalogue: 2,300 to 2,900 Pa-g} {9% by weight), 2% by
weight of polymethyl methacrylate (manufactured by
Aldrich, welight average molecular weight: 3.5 x 10°) and
89% by weight of dimethyl sulfoxide were mixed and
dissolved at a temperature 140°C to obtain a polymer
solution A7 having a soclution viscosgity of 0.2 Pa-s. In
the same manner as in Example 11, except that the
polymer solution A7 was used in place of the polymer
solution Al, a composite hollow fiber membrane was
obtained. The structure and performance of the obtained
membrane are shown in Table 3.

[0128]
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<Comparative Example 5>
A vinylidene fluoride homopolymer having a
measured value of a melt viscosity of 2,400 Pa-s
(Arkema Inc., KYNAR® 760, melt viscosity described in a
catalogue: 2,300 to 2,900 Pa-s8) (20% by weight), 5% by
- weight of a methyl methacrylate-alkyl acrylate
copolymer (manufactured by MITSUBISHI RAYON CO., LTD.,
METABLEN® P-531A, weight average molecular weight: 4.0
x 10°) and 75% by weight of dimethyl sulfoxide were
mixed and dissolved at a temperature 140°C toc obtain a
polymer solution A8 having a sclution viscosity of 3
Pars. In the same manner as in Example 11, except that
the polymer solution A8 was used in place of the
polymer solution Al and a solidifying bath of water at
a temperature of 60°C was used, a composite hollow
fiber membrane was obtained. The structure and
performance of the obtained membrane are shown in Table

3.
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[0130]
<Example 18>

A vinylidene fluoride homopolymer having a weight
average molecular weight of 420,000 {(KF polymer T#1300,
manufactured by KUREHA CORPORATION} (38% by weight) and 62%
by weight of y-butyrclactone (manufactured by Mitsubishi
Chemical Corporation: the same shall apply hereinafter)
were dissclved at 160°C to obtain a polymer solution B for
a support membrane. Also, a vinylidene fluoride
homopolymer having a measured value of a melt viscosity of
5,500 Pa-s (Kynar® HSV900f manufactured by Arkema Inc.,
melt viscosity described in a catalogue: 3,300 to 5,500
Pa-s) (9% by weight), 1% by weight of polyvinylpyrrolidone
(manufactured by BASF, KS0HM) and 90% by weight of N-
methyl-2-pyrrolidone were mixed and dissolved at a
temperature 120°C to obtain a polymer solution A9 for a
separation-functional layer. Simultaneously, the polymer
solution B for a support membrane and an agueocus 85% by
welight y—butyrolactone_solution were concentrically ejected
through an outer glit of a double co-extrusion head and a
center pipe of a double co-extrusion head, respectively,
and these sclutions were solidified in an aqueous 85% by
weight vy-butyrolactone solution at a temperature of 10°C,
followed by a desclvation process, a stretching process by

1.5 times and further a drying process to obtain a hollow



SOTeM 05140 Temperature of solidifying bath (C) Outer diameter (pm) Inner diameter (pm) 31 3 31
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fiber-shaped support membrane. This support membrane was
fed into a coating nozzle and then the above polymer
solution A9 was coated on a support membrane, followed by a
process of solidifying in water at a temperature of 40°C
and further a desolvation process to obtain a hollow fiber-
shaped separation membrane (hereinafter referred to as a
composite hollow fiber membrane). The structure and
performance of the obtained membrane are shown in Table 4.
[0131]
<Exampie 19>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 4,500 Pa-s {(Kynar® HEV900,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-s) (9% by weight), 1% by
weight of polyvinylpyrrolidone (manufactured by BASF, KS0)
and 90% by weight of dimethyl sulfoxide (manufactured by
Toray Fine Chemicals Co., Ltd.: the same ghall apply
hereinafter) were mixed and dissolved at a temperature
120°C to obtain a pclymer solution ALO0 for a separation-
functional layer. In the same manner as in Example 18,
except that the pclymer solution Al0 was used in place of
the polymer solution A9 and a solidifying bath of water at
a temperature of 20°C was used, a composite hollow fiber
membrane was obtained. The structure and performance of

the obtained membrane are shown in Table 4.
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[0132]
<Example 20>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,200 Pa-g {Kynar® HSVS00,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-s) (9% by weight), 1% by
weight of polyvinylpyrrolidone (manufactured by BASF, K30)
and 90% by weight of N-methyl-2-pyrroclidone were mixed and
dissolved at a temperature 120°C to obtain a polymer
solution All. In the same manner &s in Example 18, except
that the polymer solution.All was used in place cof the
polymer solution AS and a solidifving bath of water at a
temperature of 60°C was used, a composite hollow fibex
membrane was obtained. The structure and performance of
the obtained membrane are shown in Table 4.
<Example 21>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 4,800 Pa-s (Kynar® HSV900,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-g) (12% by weight), 0.5% by
weight of polyvinylpyrrolidone (manufactured by BASF,
K90HM) and 87.5% by weight of dimethyl sulfoxide were mixed
and dissolved at a temperature 120°C to obtain a polymer
solution Al2. In the same manner as in Example 18, except

that the polymer solution Al2 was used in place of the
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polymer solution A9 and a solidifying bath of an agueous
60% by weight dimethyl sulfoxide solution at a temperature
of 25°C was used, a composite hollow fiber membrane was
obtained. The structure and performance of the obtained
membrane are shown in Table 4.
<Example 22>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,200 Pa-s {(Kynar® HSV900,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-g) (12% by weight), 0.5% by
weight of polyvinylpyrrolidone (manufactured by BASF,
K90HM) and 87.5% by weight of N-methyl-2-pyrrolidone were
mixed and dissolved at a temperature 120°C to obtain a
polymer solution AL3. A hollow support membrane made of
polyethylene (manufactured by manufactured by MITSUBISHI
RAYON CO., LTD., outer diameter: 450 um, inner diameter:
280 um, nominal pore diameter: 0.1 um, 50 kPa, pure water
permeability at 25°C: 0.58 w’/m’/hr, fracture strength: 4.2
MPa, fracture elongation: 42%) was fed into a coating
nozzle and the polymer soclution Al3 was coated on a support
membrane, followed by a process of solidiﬁying in water at
a temperature of 40°C and further a desolvation process to
obtain a composite hollow fiber membrane. The structure
and performance of the obtained membrane are shown in Table

4.
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[0123]
<Example 23>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,500 Pa-s (Kynar® HSVIO0O,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-s) (10% by weight), 0.5% by
weight of polyvinylpyrrolidone {(manufactured by BASF, X30),
1% by weight of polymethyl methacrylate (manufactured by
Aldrich, weight average molecular weight: 1.2 x 10°) and
88.5% by weight of N-methyl-2-pyrrolidone were mixed and
disscolved at a temperature 120°C to obtain a polymer
solution Al4. In the same manner as in Example 18, except
that the polymer solution Al4 was used in place of the
polymer solution A9, a composite hollow fiber membrane was
obtained. The structure and performance of the obtained
membrane are shown in Tabie 4.
[0134]
<Example 24>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,000 Pa-s {Kynar® HSV900,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-s) (10% by weight), 0.5% by
weight of pelyvinylpyrrolidone (manufactured by BASF,
K90HM) , 1% by weight of polymethyl methacrylate

(manufactured by Aldrich, weight average molecular weight:
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1.2 x 10°) and 88.5% by weight of N-methyl-2-pyrrolidone
were mixed and dissolved at a temperature 120°C to obtain a
polymer sclution Al5. In the same manner as in Example 18,
except that the polymer solution AlS5 was used in place of
the polymer solution A9, a composite hellow fiber membrane
was obtained. The structure and performance of the
obtained membrane are shown in Table 4.
[01335]
<Example 25>

In the same manner as in Example 18, except that the
gsame polymer solution AlS as in Example 24 and the same
support membrane made of polyethylene as in Example 22 were
used, a composite hollow fiber membrane was obtained. The
structure and performance of the obtained membrane are
shown in Table 4.
fo13el-
<Example 26>

The same polymer solution B for a support membrane
and polymer solution A9 for a separation-functional laver
as those in Example 18 were used. Simultaneously, the
polymer sclution B for a support membrane, the polymer
solution A9 and an agueocus 85% by weight y-butyrolactone
solution were concentrically ejected through an inner slit
of a triple co-extrusion head, an outer layer slit and a

center pipe, respectively, and then these sclutions were
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solidified in an aqueocus 30% by weight N-methyl-2-
pyrrolidone solution at a temperature of 10°C, followed by
a desclvation process to obtain a composite hollow fiber
membrane. The structure and performance of the obtained
membrane are shown in Table 4.
f0137]
<Example 27>

The same polymer solution B for a support membrane
and pclymer solution Al5 for a separation-functional layer
ag those in Example 24 were used. Simultaneously, the
peolymer solution B for a support membrane, the polymer
solution AL5 and an agueous 853% by weight vy-butyrolactone
solution were concentrically ejected through an inner slit
of a triple co-extrusion head, an outer layer slit and a
center pipe, respectively, and then these solutions were
solidified in an aqgueous 30% by weight N-methyl-2-
pyrrolidone solution at a temperature of 10°C, followed by
a desolvation process to obtain a compesite hollow fiber
membrane. The structure and performance of the obtained
membrane are shown in Table 4.
[0138]
<Comparative Example 6>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 2,900 Pa:s (Arkema Inc.,

KYNAR® 760, melt viscosity described in a catalogue: 2,300
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tc 2,900 Pa-s) (9% by weight), 1% by weight of
polyvinylpyrrolidone (manufactured by BASF, K90HM) and 89%
by weight of N-methyl-2-pyrrolidone were mixed and
dissolved at a temperature 120°C to obtain a polymer
golution 216. In the same manner as in Example 18, except
that the polymer solution Alé was used in place of the
polymer solution A9, a composite hollow fiber membrane was
obtained. The structure and performance of the obtained

membrane are shown in Table 4,
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O'Lz 8Z 0 Thickness of | separation-functional Llayer (pm) Thickness of support ! layer (pm) Average
pore diameter of membrane surface (pm) Average pore diameter of three-dimensional network
structure (pm) Average diameter of spherical structure (pm) Fracture strength (mPa) Fracture
elongation (%) Pure water

INDUSTRIAL, APPLICABILITY

According to the present invention, there is provided
a separation membrane made of a polyvinylidene fluoride-
type resin, which is excellent in a chemical and physical
strength, and also reconcile high pure water permeability
and high virus removal performance, and method for
producing the same. The separation membrane of the present
invention are suitable for use in the fields of water
treatment, manufacture of pharmaceuticals, food-stuff

industry, membrane for blood purification and the like.



permeablllty (m3/m2/hr) Virus removal ratio (log) Degree of increase in filtration reS|stance (x
102/1112) C)C) o (1) rtt0.500-Q4 a)a) E cl INDUSTRIAL APPLICABILITY

CLAIMS

1. A separation membrane comprising a separation-
functional layer, wherein the separation-functional layer
contains a polyvinylidene flucride~type resin having a melt
viscosity éf 3,300 Pa*s or more, and also the separation-

functional laver has a three—-dimensiconal network structure.
Y

2. The separation membrane according to claim 1, wherein
the separation-functional layer further contains a

hydrophilic polymer.

3. The separation membrane according to claim 2, wherein
the hydrophilic polymer is one or more kinds of polymers
selected from a polyvinylpyrrolidone-type resin, an acrylic

resin and a cellulose ester-type resin.

4, | The separation membrane according to claim 2 or 3,
wherein a weight fatio of a polyvinylidene fluoride-type
resin having a melt viscosity 3,300 Pa-s or more and a
hydrephilic polymer contained in the separation-functional

layer is within a range from 60/40 to 99/1.

5. The separation membrane according to any one of

claims 1 to 4, wherein in case the separation-functional



According to the present invention, there is provided a separation membrane made of a polyvinylidene
fluoride-type resin, which is excellent in a chemical and physical strength, and also reconcile high pure
water permeability and high virus removal performance, and method for producing the same. The
separation membrane of the present invention are suitable for use in the fields of water treatment,
manufacture of pharmaceuticals, food-stuff industry, membrane for blood purification and the like.
CLAIMS 1. A separation membrane comprising a separation-functional layer, wherein the -
Separation-functional layer contains a polyvinylidene fluoride-type resin having a melt viscosity of

3,300 Pa.s oF Hidre - &nd alsothe seParation-fanchigitd Tayet Fas 2 HhrBE-dimensofat gtwork

structure. 2, eparation membrang, according to,claim 1, wherein the separation-functional layer
further cont%fzi-lﬁ-skbeai yg%p%(lil%nﬁbly}:r%gr.gg}ﬁ% %%%ar%ﬁgﬁ %éinggfan%ehgcgou?ﬁ%rtoo aiﬁhif’wherein the

hydrophilic polyoer ig. ane0t Motends,af aness seieetad froma powyinygvigolidone-type resin,

an acrylic resin and a cellulose ester-type resin. 4. The separation membrane according to claim 2 or

3, wherein axeightyatia of 2 palwdnylidene fluoridestype repin having 8 melt viseosity,3,300 Pa-s or

more and a hydrophilic polymer contained in the separation-functional layer is within a range from

60/40 to 99¢he5nThe separation Mmembranesaecording ta any.eneef claims & tad: whereia in case the
separation-functional layer is divided into thin layers each having a thickness of 0.2 pm along the

thickness direetiort, ithe ntinfberohthis [dyers having a&maximoem pere«diameter of 0.03 pm or more
and 0.6 pm or less is 50 or more and 400 or less, and also the number of thin layers having a
maximum pore diameter of less than 0.03 um is O or more and 2 or less. 6. The separation membrane
according to claim 5, wherein the number of thin layers having a maximum pore diameter is less than
0.03 pm is 8.0 7. TheSepapatfortiheRTbrafERERBRIIRF difione bPclalmi™ for6, WilRareimthe
separation-functional layer has a three-dimensjonal network structure having an average pore

diameter of 0:61 PRTBF Mote ahd FpmPofiEss B The BepafarohhBniti dfe &teBidhig to-dny one of

claims 1 toz Wheg%in th%trbr e-dimensignal network structure does not substantially contain
. Cngn . _‘Jﬂl 13 M. .. .
macrovoids of 5 pm or more. 9.The Separation membrane according to any one of

7. The separation membrane according tc any one of
claims 1 to 6, wherein the separation-functional layer has
a three-dimensional network structure having an average

pore diameter of 0.0l um or more and 1 pm or less.

8. The separation membrane accerding to any one of
claims 1 to 7, wherein the three-dimensional network
structure does not substantially contain macroveids of 5 um

or more.

9. The separation membrane according to any cone of
claims 1 to 8, wherein the separation membrane has a multi-
layered structure in which a separation-functional layer

and a support layer are laminated to each other.

- 82 -~



claims 1 to 8, wherein the separation membrane has a multi-; layered structure in which a
separation-functional layer and a support layer are laminated to each other. 10. The separation
membrane according to claim 9, wherein the support layer contains a polyvinylidene fluoride-type resin
and also has a spherical structure. 11. The separation membrane according to claim 10, wherein the
support layer has a spherical structure having an average diameter of 0.1 pm or more and 5 um or
less. 120A methdl f6Fprodiiciry tHesSepatatforP meribrand cbmpfisigringing 2536yMer solution
containing a polyvinylidene fuoride:type resin having & mel yiscosity 3,300 Ras ot more info contact
13. The mathod for pro udc¥ng the ‘sé’paratglon mem raﬁéyaccorgllng 0 claim (’22 which comprises
coating,the pglymer splution,cantaining, a polyvinyidene flyedde-type resin on at least one surface of a
support and then immersing the coated polvvinylidene fluoride-type resin in the solidifying liquid
thereby solidifying the polymer solution to form a separation-functional membrane having a . _
three-dimensional network structure, thus producing a separation membrane having a multi-layered

structurelin whidi'a seplaration-RincRERRIayEr & Stppart Ty er afe Taminatet for&dch other,

wherein the polymer solution contains 5% by weight or more.and. 30% hy weight fa
polyviny %{Déncsalfé%ﬁaé-ty’“ﬁg ?é:sirg El)ﬁsavﬁﬁgsf E’)r%ée“[tlvil%ﬂc”os|St§/%,150'(.‘31 és%?‘f%gr . %@43 '(Izt%eésﬁ%gethod for
producing the separation membrane accardingdo<laim 2; whigh comprises simuivaneously ejecting
the polymer solution forming a separation-functional layer, a polymer solution forming a support layer
and a hollow portion-forming solution through an outer tube an intermediate tube and an inner tube,

respectively, using a triple co-extrusion head, and then solidifying the ejected polymer solutions in a

solidifying bath t8 prédice s hoRdw Fibel ifenthrand Th Wridh-te SEPRrafSHEfUrciohaliayér is
disposed af, ap,outec layer and the suppart layet is dispoged at an inner layer,; 13, The method for

o) I . e .
producméﬂ%ﬁ}egéggaratmn embrane according to any one of claims 12 to 14, wherein the polymer

solutiondforminga sepayatienfunctional layex contains:a pelyvinylidene fluoride-typerresin-having a
melt viscosity of 3,300 Pas or more and a hydrophilic polymer, and a weight ratio of the polyvinylidene
fluoridetype resimta:the- hydrophilic polymer is within a range from 60/40 to 99/1.

13. The method for producing the separation membrane
according to claim 12, which comprises coating the polymer
scluticn containing a polyvinyiidene flucride-type resin on at

least one surface of a support and then immersing the coated

Fh

polyvinylidene fluoride-type resin in the solidifying liguid

thereby solidifying the polymer solution to form a separation-
functional membrane having a three-dimensional network
structure, thus producing a separation membrane having a

multi-layered structure in which a separation-functional layer

he

f

and a suppcrt layer are laminated to each other, wherein
polymer sclution contains 5% by welght or more and 30% by
weight or less of a polyvinylidene flucride-type resin having

z melt viscosity 3,300 Pa-s or more.

- 03 -
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14, The method for producing the separation membrane
according to claim 12, which comprises simultaneously ejecting

the polymer solution forming a separation-functional layer, a

polymer sclution forming a support layer and a hollow portion-

forming sclution through an outer tube, an intermediate tube

and an inner tube, respectively, using a triple co-extrusion

head, and then scolidifying the ejected polymer soluticns i

3

¥
H-

-
o

1

sclidifving bath to produce a nollow fiber membrane in which

the separation-functional layer is disposed at an outer layer
and the support laver is disposed at an inner Layer.

15. The method for producing the separation membrane according
to any one of claims 12 to 14, wherein the polymer solution
forming a separation-functional layer contalns a
polyvinylidene fluoride-type resin having a melt viscosity of
3,200 Pa's or more and a hydrophilic polymer, and a weight
ratic of the polyvinylidene fluoride-type resin to the

hydrephilic



pelymer is within a range from 60/40 to 99/1.
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