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 producingtbe same JBACKGROUND ART [0002] Recently,
separation membranes have been utilized in various fields of water treatment, food-stuff industry and
the like. In the FiletFaf Watdr fEafmBAISuchEs MadUfacture Of dRRKIRY Whter, Water Bénffing 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 purppse of preventingzhio-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 sU#&ctant or the like, and thus the separation membrane used in a water purifying

treatment is also required to have high cherpical strength. Furthermore, the se[%aration membrane is

required to have hig eph%‘]%&ﬁ %%ng hi'50"as 1ot t cause Fracture ‘—E‘iursir%D Gise! -d(fb%] As

described abaver thesseparation membyane issregdired,to haye,in addition) i@ gxcellent pure water
permeability and separation performance, high chemical strength and high physical strength. For this

reason, separatisi aiembraresfornad fromcet polipdmylidesa:fiucridesty pd resih-isavinigtboth the
chemical strength.and the, phiysical strength, have tecently been used: 10004 e i ke,
and a method for producing the same. More particularly,
the present invention relates to a separation membrane
suitable for the removal of microsubstances such as

viruses in a liguid, and a method for producing the

same.

BACKGROUND ART
[00021

Recently, separation membranes have been utilized
in various fields of water treatment, focd-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 separatiocon
membrane 1s nowadays employed for removing impurities
in water in place cf a sand filtration process or a
flocculation-sedimentation process 1n 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



Also in the fields of manufacture of drinking water, manufacture of pharmaceuticals and food-stuff
industry, when pathogens such as viruses are incorporated into the process, since 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
thermoresisga§c§ aa_lggacrlggm(i}cgl %%s{iastanic é'll'husr1 éneir@lbggnecfkiﬁgqtsi%n %Sian a ggparation _membrane
has become ofImaJor interest as a method of pﬁysma ly remove viruses. The membrane filtration has
many advantages thad enakle complete; reneqvap afviriiges; fighrseperation rate, na seed for mixing of
impurities and the like. [0005] Examples of the smallest actual virus include parvovirus, poliovirus
and the like féathiaRfhg & diafmeter'of 20 t6BERiIC akd eXairples bf the pathdgeritovifus in water
include norqe/g{gs hgviggaatdi%rpleteg% ;[:oaf;,:{Se nm, ag:%nogi{%s f&avgrég ggiam%tgr 9}‘ 70 to 90 nm and the
like. Various membranes are disclosed as a separatior%I membrane capa%?e of rgmoving such a virus
group. [0006]n v s ikor examples Patent Dogumeant:1 descrbessa halloyfikeranembrang for medical
use, made of a polyvinylidene fluoride resin, which exhibits high virus removal performance by
controlling a*a@ximum pore diameter determined by a bubble point method within a range from 10 to
100 nm and %)d%r Hing a thickness of a dense structure layer to 50% or more of the entire membrane
thickness. H[oweve , since the hollow fiber membrane is formed from one layer having a continuous
structure including a.goaise; strugtwrg andalso, hagasmalbmembiane thickness, physical strength per
one hollow fiber membrane is low and the hollow fiber membrane cannot be applied for water
treatment. Alsolsincehé dersevayeris tovdhick iiite Wate? pefmeéapility becomeslbwregardless of
a small memtéra}frg‘(;:'3 ghi%l&njt_egs. L?r?gns aPaterimtOEr)locumegt 2 discloses g.po}rlousnmembrape made of a
polyvinylideﬁe ﬁuorléje-type fesin Which&xhibits 8 poPoesﬁy o6f 55" %C&I%, a fensiie éatrrneln%ﬁfof 5 MPa or
more and a fractuire; elongation:of $% grmerey adding.a high-molesular weight pelyvinylidene
fluoride-type resin. However, the same document neither describes nor suggests various parameters
and mecharfisrag for the imprevdnientof a Viras eemdvab performrahi@. iln el gasesof using the porous
membrane made ogggglé/vigglidene ﬂuoniiqdex;_t%/gg r%séq:navgn the. molecular w i%gt re%ited in

U0 2501, chemical, & ngth
Examples of the same doc\ﬁmenjf, sufficient virusremoval performance could not be obtained. [0008]

Patent Document3hdessrles & poroys manbrane made of-pelyvinylidepe fyoridestype resin,
including reinforcing fibers, and a support layer and a dense layer which exhibits a separation
characteristit®@ #He support layer. However, the same document also neither describes nor suggests

WMDUSp&ﬁWEEHSngO in the fields of manufacture of drinking

water, manufacture of pharmaceuticals and food-stuff
industry, when pathogens such as viruses are
incorpecrated into the process, since there is a risk
that not only a manufacturing line is contaminated, but
‘also multiple iﬁfections 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
thermeresistance and chemical resistance. Thus,
mempbrane filtration using a separation membrane has
become of major interest as a method of physically

remove viruses. The membrane filtration has many



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 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 af [Bast one maXifitiin BortioA RHE pSroSity adééased at ¢ 86tér surface side and
a pore diametgroffhe inngr surface-has a specific Lelationship; with,an gxclusion, limit particle
diameter. However, the same document also neither describes nor suggests various parameters and
mechanisnisfor thedmpiovement of a virus removal performance. Also, in Example, there was no
description that a_polyvinylidene fluoride-type resin was specifically used. Patent Document 1:
Pamphlet o @tgar% tional Publication WO 03/26779 Patent Document 2: Pamphlet of International

Publication WO 04/81109 Patent Pocyment.3; JP-A:2002-166141 Ratent Docgment 4: |
JP-A-2007-289886 DISCLOSURE OF THE INVENTION Problems to be Solved by the Invention

[00101 parvovirus, poeliovirus 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.

[0006]

For example, Patent Document 1 describes a hollow
fiber membrane for medical use, maderof a
polyvinylidene fluoride resin, which exhibits high
virus removal performance by contrelling a maximum pore
diameter determined by a bubble point method within a
range from 10 to 100 nm and controlling & thickness of
a dense structure layer to 50% or more of the entire
membrane thickness. However, since the hollow fiber
membrane is formed from one layer having a continuous
structure Including a coarse structure and also has a
small membrane thickness, physical strength per one
hellow fiber membrane is low and the hollow fiber
membrane cannot be applied for water treatment. Alsoc,
since the dense layer ig too thick, pure water
permeability becomes low regardless of a small membrane

thickness.



Conventionally, a separation membrane to remove contaminants containing viruses can satisfy high
removal performance and high physical durability. However, it was very 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-concentration resin stock
solution. Although physical strength is improved by using the high-concentration resin stock solution, a
void ratio inside the membrane becomes lower and thus permeability decreases. In order to increase
the permeablility) (i Becomes necessary to decrease the thickness of the membrane, resulting in a
decrease in a physicgelt §g%@9tg- When the sep East'gT anembrane has a low ggl%sical strength, pores

8 154y pératiofi $tch as

are deformed in casé a pressure is apeprllléd o the sepaF’a%(S)n ‘?nepmc‘rf:r8r111e"5b)j[/‘rl
filtration or washings Wheniapore fiaraeten is enlarged by the deformation of,peres ; trace-components
such as viruses in contaminants are leaked. In contrast, when the pore diameter is reduced, the

permeability?deefeases tAlse fabrasior add damage efthé sarfacerarecansed by stispended solids in

a solution to be sepé'lali,r{';}ite(gli agg thus contarqglants such as vir%ses are leaked. Furthermore, when the

thickness of tha filnT is detreasad, the membrane may hot Sométirfids XHibit & Virdsfehisval

performance, as, theroriginal purpose .Jn 1@%@as§g§4§iﬂg@ﬁ awater freatment.sincgparticularly large
external force is applied to the separation membrane, it is indispensable to increase a physical
strength for fespurposél efparticularhrentoving trbee womponests sbetr as viewsesb@91tpbr  In light
of the problems described above, an object of the present invention is to provide a separation

membrane Ravihg high viras rerioval SoeHdimance, Righ pLré Watkt Pfméability High physical
strength and high shemical steength, whichscandbe used ip & water treatment. Meansfor. Salving the

Problems [0012] The present inventors have intensively studied about these problems and
succeeded ib‘obtgining atseparationfunctiend tayee, whickeisaekcellgnbinyer chgnitaleand physical
strength as %%rgpargg with the prior art, and also exhjbits high virus removal performance even in the

case of forming'into-a thirr Hembrare; by 16riAg a thite Him&isioral ndfvork:Strdctdre Wehg a high

concentrationof apahyinylidene flyatide:type resin.having,a mek viscgsityof 3;300Pas or more
which has never been used in the prior art. Furthermore, the present inventors has succeeded in

developing & searatiorpmembrare; whichds éxcetlertt ina chiemicah and physical strength, and also
reconcile h%rb@%rg water permeability and high virus removal performance, by employing a
multi-layered stru []Jl’e of a separation-functional layer which reconciles a permeability and a virus

removal performance n a:highblevelnand-a suppartiayesauhich bears highphysical strepgth. [0013]
That is, the present invention provides a separation membrane including a separation-functional layer,

wherein the ®éparation-funiclioni tayef cormtains ear polpvinytidene fludrideitype. resin having a melt
viscosity of %39% Egg or 1rrlnor%iz%gnegrz;};!so t;?ff Cfegaré;lgion-cf)urné:ti(ir:]ial Iealyetlgl pl%s gtfggg-gémensional
network structure. g ! bp 7
layer which exhibits a separation characteristic to the
support layer. However, the same document alsc neither
describes nor suggests various parameters and
mechanisms for the improvement of a virus removal
performance. 1In 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.
[0CG9]
Patent Document 4 describes a polymeric porous

hollow fiber membrane having a characteristic structure,

which contains a hydrophobic polymer and a hydrophilic



[0014] Also, the present invention includes a method for producing a separation membrane, which
includes coating a polymer solution containing a polyvinylidene fluoride-type resin on at least one
surface of a support and then immersing the coated polyvinylidene fluoride-type resin in a 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
structure in which a separgti%n-fu?cr%onal layer and a it#)}port layer are laminated to each other,

(0)

wherein the polymer sofution contains 5% by WelgHt of Moré aRl 30% By REHhESHIESSET a

al

polyvinylidene flugride-typeresin haying a melt viseosity 3,300.Ras ermgre..[0013L . Also, the
present invention includes a method for producing a separation membrane, which includes
simultaneolisly ejeétirid & polyter sehatidre foemingarsepacation-fanctionalflayer, a polymer solution
forming a sggg:%rya%er and a hollow portign-forming,solution through an outer tube, an intermediate

tube and an iINar tube “respectively® asig A%riple cd-eiision iedd araRerPsdlidiifg the ejected

polymer salutionsdn-a solidjfyingchath to.produce.a hollgw fiber merabyrape in which the .

separation-functional layer is disposed at an outer layer and the support layer is disposed at an inner
layer. EFFECT O KTHE4NVYENTION 6016k ne r According ¢o thespresent énventien, there is provided
a separation membrane made of a polyvinylidene fluoride-type resin, which is excellent in a chemical

and physicalstahgth’ 8hid BisY écontilesigh pareWater fermeabity&ncehigh RS- @Roval
performance, gag @fnetla%f%&@%@@&H@ﬁ%méa%%l'%Ee%?:g?'%L'Q%%’BJ#*%QBAW'NGS
module o

[0017] Fig. 1 is a schematic configuration diagram of an evaluation the degree of
increase indilteation resistamcéecusedoin Exampless BEST MEBEFORCARRYINGOUT THE
INVENTIONHLOOl8T][ ‘ _ , '

improvement of a virus removal performance. Also, in

Example, there was no description that a polyvinylidene

fluoride-type resin was specifically used.

Patent Document 1: Pamphlet of International

Fublication WO 03/26779

Patent Document 2: Pamphlet of International

Publication WO 04/81109

Patent Document 3: JP-A-2002-166141

Patent Docyment 4: JP-A~2007-289886

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
(00107

Conventionally, a separation membrane to remove
contaminants containing viruses can satisfy high
removal performance and high physical durability.
However, 1t was very difficult to also satisfy high
permeability. The reascn is as follows. First, 4in
order to cbtain high removal performance, it is

necessary to form a membrane having a dense structure



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 the separation-functional layer has a three-dimensional network
structure. [0019] 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-typé Ee¥ths2 The Vibylidenesluolidé E6polyiréris acopelymer tortainthg a monomer unit of
vinylidene fl ri%(;:- anfg typically a copolymer of a vinylidene fluorigre monomer and a fluorinated-type
monomer o#%Ft %ﬁ e%%}llsdé%%%ﬂu%%éee Ir}]%%%m%g Exa l|Fo?e"§eo s}ﬂgh 1élEﬁf::(L)iblglygfg‘?include a
copolymer of biig -of f1ofe kinds selesteddfeom vigylflupride, aihylene, tetraflupride -propylene
pentafluoride and polychlorotrifluoroethylene, and vinylidene fluoride. Also, a monomer other than the
fluorinated-typé hithomes, fEEekaniple, & AoRBMEr Suchsas ethylefd iy hewopelymetized as long
as the effecg? (C)]; thg ré})é%sent #rr]lvegggré are_not arglg:/erselg/ affgﬁted. It is  pre errfg to use a resin made of
a vinylidene fuoride omopolymer, among these ré:s‘?r?s, from t%e}i}/?el{/vpeo nto ﬁi@ﬁ’chél%ical strength
and physicab strengih. [0020] s s a His iecessansthatthe polyvinylideneflorde-type resin has a melt
viscosity of 3,300 Pa.s or more. The polyvinylidene fluoride-type resin having high melt viscosity is
excellent inBechemics® and pRYsSical StreAdth asE¢omparsthwiinthe resin haviag a low melt viscosity,
but had progl rglgnsu%% as poor moilw_cglability and c%n.trol of a structure with difficilg. Furthermore, even
in the case 0 usmggt € 'polyvmyrﬁdeneeflﬁgrpo%ﬁia/pelﬁae%in AV nrgaélﬁ)v\pﬁ]&t Vis s"fty, it has a sufficient
strength as gampared with:-athergresins yhichcanhe useddn thesseparationdmembrane, and thus the
polyvinylidene fluoride-type resin having high melt viscosity was not employed as a separation
membrane EatsFial fetheprésent ivéntion, ithis cormidered that, by=usingea polipvinyidene
fluoride-type resin havir}g a melt visco;it)i%f 3,300 Pa's or morE\, not only eﬁjhysical strength of the

i ¥ isTimproy Jo & d&hse etwork 'StructurE ¢apable of

resulting se%gr%ﬁgﬁfu%ctlosﬁlaﬁ ayer isimproved; bat aiso 4’88

exhibiting visussieanoval pesfasmance;isformed-and alse the.generation Ofgnacravoids capable of
lowering separation characteristics can be suppressed, thus obtaining the effects of the present
invention. Stcerké: polyvingidehe flaonde-type sesimusedhinahie prosent inventibr dscamiultra-high

molecular v%i%ghégyrﬁgggssin, the weight.average mo%ecular weight exceeds the limit of analysis by
usual chromatograp 1 R5iciihted® HOREY& St 1s gdSible to roughly

whern Th re
y and thefetore cannotbe” dire
estimate approxinaate weighy ayerage meleculapweight from the abovemeltiyscasiy githe viscosity
of the solution developed in a specific solvent. In the case of a vinylidene fluoride homopolymer, the
weight averf§ié molecha weight correspohding te aspeltnviscbsity 613,800 Pas is

sclution to be separated and thus contaminants such as
viruses are leaked. Furthermore, when the thickness of
the film is decreased, the membrane may nct sometimes
exhibit a virus removal performance as the original
purpose. In the case of using for a water treatment,
since particularly large external force is applied to
the separatiocn 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
object of the present invention is to provide a

separation membrane having high virus removal



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 03835/230C. [0021]

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

methods of jncreasing, thegnolular weight by ingreasing fhe palymerization degree of the
polyvinylidene fluoride-type resin or introducing a side chain is preferrgd from-the viewpoint of
simplicity. Arhonig these metkods) theamethad ghincteasing she molesular weight by increasing the
polymerization degree is more preferred from the viewpoint of high chemical and physical strength.
Also, two oPfole°Kifids-Bf FolyAryhitlerie fiddrBeitfpe resins each having a different melt viscosity
may be mixed thereby controlling the melt viscosity of the mixture to 3,300 Pa-s or more. [0022]

The melt viscosity of the polyvinylidene fluoride-type resin is preferably 3,800 Pa-s or more, and more
preferably 4460 Pafscar rerev The weight averpge molecular weight corresponding to a melt viscosity
of 3,800 Pa-s is bout 880,000, and the weight average molecular weight corresponding to a melt

viscosity of [ﬂf?@dozlﬂ’as is about 1,000,000. Herein, there is no particular limitation on the upper limit of

the melt viscosity of.the polyvinylidene fluaride-type resin. However, when the melt viscosity exceeds
7,000 Pas or the weight %%e?age mo eci}léaé\%%lrg t exceeds ?L,B%Bi)jo ,e\?vgte? E@r%%eea ility of the

separation atemirane may decraases, andrtherefore it dsiaet prefened.{09231, - Also, by adding
the polyvinylidene fluoride-type resin to a separation-functional layer thereby further allowing a
hydrophilic PoRftet t6 BB coRtafed Opure wateregermeabiiity ahd stahs fdsistariceiof the separation

‘ membrane ate improyed, c':i'd t% rgfore' is_.more preferred. Herein, the hydrophilic polymer refers to a
polymer having high affinlli{;l/ Wéh%/a%ecraa%d Srg‘ e?sntggagpoeffmé:romghr%ddi S T\?édfh}?ﬁ/ater, or has a

small contaet angle 4o wates a8 compareskwith-thepolyvinylidene fuoride-typerresin. Preferred
examples of the hydrophilic polymer include polyvinylpyrrolidone, polyethylene glycol, polyvinyl
alcohol, acRfi€ résif &tcFasisiVackylic defd Grasalymethyl snethacrylate; celkuldseiester-type resin,

polyacrylonjtrile, polysulf and the like. It is also possible to use, as the hydrophilic polymer, a
hydrophilized polyo%%hiéwrgsiﬁ ggt%%n%% by c:%o%}éﬁ/#ec?i%fﬁa%%lo?é}% c ﬁﬂ%ﬁgrﬂé uch as ethylene,

propylene ervinyidene fluerideqwith & hydrophilic group ol israrticulagly preferred to contain at least

one kind polyvinylidene fluoride-type resin having a melt .
viscosity of 3,300 Pa:s or more which has never been
used in the prior art. Furthermore, the present
inventors has succeesded in developing a separation
m@mbrane;'which is excellent in a chemical and physical
strength, and also reconcile high‘pure waﬁer
permeability and high virus removal performance, by
employing a multi-layered structure of a separation-
functional layer which reconciles a permeability and a
virus reméval performance in a high level, and a
suppert layer which bears high physical strength.
[0013]

That is, the present invention provides a

separation membrane including a separation-functional

layer, wherein the separation-functional layer contains



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
membrane, the weight average molecular weight is preferably 10,000 or more and 5,000,000 or less.

When the wigh? average motsttifar wettiht is18s< thar 10900 thepolyRihyfyFrehidone resin is likely
to flow out o\; i@ecmgg@{}arbefa%gqg% 6orggn%agﬁntlj((b@g rmemt&rag%g%mg@i%stage, and thus fouling

resistance of the membrane deteriorates. In contrast, when the weight average molecular weight is
more than 5Q040;0G0; And thHusrihe Viseasity iof therpalyrerssotutioads- toorhighy imoelddbility decreases
and drawbacks are likely to arise. [0025] It is known that the polyvinylpyrrolidone resin is inferior in
compatibility* FitH fHepoyvirfideréfiuoride-type resin, and thus the polyvinylpyrrolidone resin may be
eluted out of %ln@ mbrane 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
polyvinylidene fluoride-dype resia havingeanmelt viseosity ©f 3,300 Pas«r more asiheimaterial of a
separation-functional membrane, elution of the polyvinylpyrrolidone resin can be suppressed. [0026]
The acrylic SRS fiofFarficli&BAlMitetds BRFAS i synthesized o 8 Hidhortet St& as an

unsaturatedacaEgtzﬁ%j%gcig,Oalqgtaino%st%ro%rta:pﬁﬂr@igg t?ieré%f,} Sﬁ%% Ifglé@ﬁeﬂ of an acrylic ester, a
t i 1 theréof are used pal

polymer of a methacrylic ester, and a copolymer ther u articularly preferably. [0027]
Examples of theqpolynaertofthe acryicrester include=a bameopelymergfzareacrylicsester monomer such
as methyl acrylate, ethyl acrylate, n-butyl acrylate, iso-butyl acrylate, tert-butyl acrylate, 2-ethylhexyl

acrylate, glyeitlPactylafe’ AydrbRyetiylaeryfaté 8r RytroxsPropyHadtylate’ hrcopblymes of these
monomers, ?5;1% grcoggly@;}?%hgf tpg%eig]oFgmgrss%@i%Q% cop Iyﬂe ilz& e%’ﬂﬂ%@ﬁ omers. [0028]
Examples of the pojfymer e methacrylic ester include gmogolym r of a met acr);}ic ester
monomer suchiassmethyhmethaerylate, ety methacrylate, n-butybmethacrdate rise-butyl-
methacrylate, tert-butyl methacrylate, 2-ethylhexyl methacrylate, glycidyl methacrylate, hydroxyethyl
meﬂmchﬂé%?Ctional membrans having a three-dimensional network

structure, thus producing a separation membrane having

a multi-layered structure in which a separation-

functional iayer and a support layer are laminated to

each other, wherein the polymer soluticon contains 5% by

weight or more and 30% by weight or less of a

polyvinylidene fluoride-type resin having a melt

viscosity 3,300 Pa-3 or more.

001237

Also, the present invention includes a method fozr

producing a separation membrane, which includeé

simultanecusly ejecting & polymer solution forming a

separation~functional layer, a polymer solution forming

a support layver and a hollow porticon-forming solution

through an outer tube, an intermediate tube and an

inner tube, respectively, using a triple cc-extrusion

head, and then solidifying the ejected polymer



hydroxypropyl methacrylate, a copolymer of these monomers, and a copolymer of these monomers
and other 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 199£8§"th% me.cganicglgsrfr_eng%ﬂ i§ Illow.kl)r(]:1 %ont(tagt, ig case the w i%l};ﬁverage molecular
weight exceeds 680806‘ mold&bi |t§%e efiorates and thus drawbacks afe kefy't6 arise. [0030]
Itis also prefested te sse apolyvinylpyrolidonedesin apd ap-achilic resie incampinatiop. For example,
it is known that the acrylic resin such as a polymethacrylic ester or a polyacrylic ester is hydrophilic
and is compétilsie AitA Isipalyviaylidené figoridevtype pesth infzemoleerlar fevéla Ao, it & known that
acrylic resig 3E;l!;soohsaes C?fféncity éo a Pg}yg@y{pgrrglldone resin. Therefore, it is considered that the acrylic
resin functions as a compatiblﬁzing 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 eluted out of the membrane when the membrane is used in water, thus making it
possible tofmhdiktaih stainresistande NDOSY] The cellulose ester-type resin is not particularly
mmwdaswg%?%¥cmﬂmnsaCHMKBeeﬂenasanmbuﬂmwmmhwamamchmnamMNaSMechmm
and the molecular ‘unit other than the cellulose ester may exist. Examples of the molecular unit other
than the cellulose esterjnelude;alkgne such-assethylene arpRropylgne; alkyng sugh as acetylene; vinyl
halide, vinylidene halide, methyl methacrylate, methyl acrylate and the like. Ethylene, methyl
methacrylare, ety oeylate pee asedoparticutartyepreferabhe since theyate tommeicially=available at
low cost arplare eﬁgi%/_introduced ina maip}ch in and/or a side chain. Itis possible to use, as the
introduction method. kKnowh polymerZatioh téchhologics suth a8 Fadical polyrisHRafichn: anionic
polymerizatian apg gationic palymerization. A hamopalymet.cortaining supstantially,anly a cellulose
ester as a molecular unit is preferably used since it is commercially available at low cost and is easily
handled. Examplesvt suchzd hombpolymér inclade celluloseraoetate, lcallalo$e acetatespropionate,
cellulose acetate butyra}]e and_the like. [0032] The cellulose ester-type resin is used to form a
separation?fﬁgctiaon%%ye?,cgoa&ﬁep\ﬁﬁi%%lﬁb?yvmdéﬁe“ﬁmride-type resin, and therefore it is
preferred to mix with the polyvinylidene fluoride-type resin under an appropriate condition.

Furthermore, the
BRIEF DESCRIPTION OF THE DRAWINGS

[0017]
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-
functicnal layer, wherein the separation-functicnal
layer contains a pelyvinylidene fluoride-type resin

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



case where the cellulose ester-type resin and the polyvinylidene fluoride-type resin are mixed and
dissolved in a good solvent of the polyvinylidene fluoride-type resin is particularly preferred since it
becomes easily to handle. [0033] 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'dhdl staiR f&sidtance aretimproved LTHerefore, maschniduersfehydiatyzing am ester within a
range of being, m%ejgkwig%@e Cpcoy%/énylidene fluoride-type resin can be preferably employed from the
viewpoint of improving membrane performance [0034] In the case of enabling the
separation-funictiopal layer to contain a hydrophilic polymer, a weight ratio of the polyvinylidene
fluoride-type resin to the hydrophilic polymer is preferably from 60/40 to 99/1, more preferably from
70/30 to 95/5, and stillfofe preferably #8AT80/20 tr90/¢6. 11 tase weightratioof thespolyvinylidene
quoride-typerrggin is Ieoss %haain GJS_O% b V\(Pli%ht,lig i@ ém%ogsﬂble to, %xhi it high virus removal
performance and high physical dufability a5 mietits of the presentinvehtion AR '©4%E the weight ratio of
the hydrophilie pplymes isdess; thaadiye by weidht, stain sesistance,s slighilyimproved J0035]  The
three-dimensional network structure of the separation-functional layer refers to a structure in which
solid part ar€ tHrée-diménisiciially Spredd ifithedorin sloa hetworkysteuctire 1[0636] Theln case the
separation-fgq%ioyaldg%eg i%ﬂ}@ed(ﬂto ggn IaJyers each having a thickness of 0.2 pm along a
thickness direction; the number of thin Tayers having & makiriurh pore diffetér Bt D03 Ut Br more
and 0.6 pm er less: isshOrorinere and 400-0F lass. ard alsq dhe: pumberof thin Jayers having a
maximum pore diameter of less than 0.03 pm is preferably 2 or less. When the number of thin layers
having a maXitRi Porecdiameterof 0 03 iphe bembreiandi 0.6 pneorless isdess than 50, virus removal
performancefgetergorggetsé\i{v_ en tge Igurgber of thi&la%ers avingB% maximum pore diameter of 0.03
pm or more aid 0.6 prh of less excedts 400° pure Watér petiteabilty detéhiorategKlso, in case three
or more thindayess hawing.a:eaxdmum pore:dianaaterof less.than 0.03.nm exist, PHre. water
permeability deteriorates. Also even in case about 400 thin layers having a maximum pore diameter of
more than 036 praexisyitiecomesdifficult to obtairk suffisientadres temovat performarice. [0037]
Herein, the @?élpru{%g?reedt%@ftgﬁgf tpg%@gfluorid@ , propylene

pentafluoride and polychlorotrifluoroethylene, and

vinylidene fluoride. Alsoc, a monomer other than the

fiuorinated~type monomer, for example, a monomer such

as ethylene may be copolymerized as long as the effects

of the present invention are not adversely affected. It

is preferred to use a resin made of a vinylidene

flucride homopolymer, among these resins, from the

viewpoint of high chemical strength and physical

strength.

[0020]

It is necessary that the polyvinylidene fluoridé-
type resin has a melt viscosity of 3,300 Pa-s or more.
The polyvinylidene fluoride-type resin having high melt
viscosity is excellént in a chemical and physical

strength as compared with the resin having a low melt
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layer having a thickness of 0.2 pm can be measured as follows. Using a scanning electron microscope
or the like, a cross section of a separation-functional layer is photographed 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 separation-functional layer to the inner surface was divided into thin layers each havinga
thickness ot0.2pym along adhickngss direstian althe separalonsunetianal laver and g maximum pore
diameter of pores existing in each thin layer is measured. The pore refer to the region surrounded by a
solid portiorand amaximumaogore diameterimeans«a minat 8xisiof @ipoye hayving @haaximus) minor
axis among pores existing in the layer. The major axis of the pore is a distance between two points,

which are nost far dpaftfront 88éh Gthel! dhehduhBar ing betweerf e ofe: BRd idssolid part. The
minor axis afihe Poweds 4 distance;beweg two peints g whicha perpendgular bisector of a line
segment of the major axis of the pore intersects with the pore. Also, in case the pore exists across
plural layers,ifis defired-that ak tayets contain thespore. (00381 ot hEhe separationsfunetional layer of
the present invention has high removal performance against the smallest virus. The smallest virus has

a size of aboUr0.92 piT &Ad, Whe the $8PArAfdH-RMCHSHEP lyBRhas 50 &Pmbre-drt 400 or less of
thin layers each having a thickoess 9.2,pm and having. a maximum.pore diameter of 0.03 um or more
and 0.6 pmgor less, 'ltl{r}glayer including pores eagg having a po?egg:ﬁé%r?etgr?%ﬂicﬁ?gglightly larger than
the size of thessmadlestwirus sexists Wwithral certain thickaess:eranarei 0038k mb riaeh thin layer having
a thickness 0.2 pm and ha\/‘_ing a maximum pore diameter of 0.03 pm or more and 0.6 um or less has
not high vifl& Fémdvat perfOfim&ice. PoREGET the' Separativn-furiciional 1ayet wiliifssd-called depth

filtration in which the, existence, ogs%elm ers d igril;@fl above enhances removal performance .
: . He g

by a multistage filtration mechanism’. As compared wi so-céllféd surface filfrafion in Which viruses are

removed by:adense kyerwhich has ashickness of abaut 0:6: p and dogs et inglyde pares having a
pore diameter larger than the size of viruses, and also has a small membrane thickness (most of them
exist on thé-MBnibraiStitfacef: Hepthtiratibndan nidrtaintvirug rémpedlPeiformance even when

defects sugh aspinholes and ggfkigg aii%% since (tp’e entire gﬁ%aoratéor_]&@ngtiongélgxgr t?ixhibits virus
removal performance. Furthermore, since the dense layer does not éxist, ﬂlg% pure watef permeability
can be exhiited cFherreasam is:that pufe saterpetmeability is:propertignal to the fourth power of the
pore diameter (Poiseuille's law) and is inversely proportional to the first power of the thickness of the
layer. NamBfyL & JEBIRESE inhwatef 56%&%1’}% i3 58ppressedby inErasing the thickness of the layer

as compargd with the; case of decreasing the,pare J%agg\?aeslt%% éf%f Ihe pore. [0040] Thereby, as a

membrane form having higher effect taking virus rem rformance and pure water permeability
into considetation dnh €ase thecseparationdunaiippaldayes ds, divided inie thin faygrs each having a
thickness of 0.2 um along the thickness direction, the number of thin layers having a maximum pore
diameter 02 i Of ﬁwo‘?égaﬁ@%ﬁ’ﬁrﬁ Bt Iss 1$' 86 BrrmbFe and 400 ®r 188, and the number of thin

AP AU e, O L o s BT D0 e o e
or less, and thesmuniber of thia tayet havirg. a maxinurns pore: diametey:of lessthan-csin,

the weight average molecular weight exceeds the limit

of analysis by usual chromatography and therefore

cannot be directly calculated. However, it is possible

to roughly estimate approximate weight average

molecular weight from the above melt viscosity or ihe

viscosity cof the solution developed in a specific

solvent. In the case of a vinylidene fluoride

homopolymer, the weight average molecular weight

corresponding to a melt viscesity of 3,300 Pa-s is
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0.03 um 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 O or less. As described above, in order to enhance removal performance and pure water
permeability to the maximum extent possible, it is effective to 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. LO041] The_three-dimensional network structure

of the separatioh>functiohal [ayer is Frafitatly a tred dim&nsionat AEfvork iitfurdhaving an

average pore diameter, of0.01, pm:ormareand L p or less-In this case,gjruses. canhe more

preferably removed. Therefore, in the separation-functional layer according to the present invention, it

is considered ¢hat so<catled depthdiltrationsm which saatl jparticlescandadruses:are@captured in fine

pores predominan Iéarises as compared with_sieving filtration in which filtration is conducted using a
I

pore diametérsmaifer fiathd S22 Gt Viriges™ FHE Hverahé porecdidmafe? bf the three-dimensional
network stiugg atthe separatiop funeliond| layerds more preferaiy 0,034 op pre ang 0.5 prm or
less, and still more preferably 0.05 um or more and 0.2 pm or less. When the average pore diameter is
less than 0.GIhpmpmembianelpermeabitifytendsito-detertorate slivcontrasty whers thevavesage pore
diameter exceeds 1 pm, a rejection rate of viruses decreases. Herein, the average pore diameter of
the three-diM&f§idnal REwWoOTK SthictGsin te %p%?ﬁ%ﬁ-fﬁﬁ&%néplgye?%%ﬁ IB‘ég%ietei*’r*ﬁined by
photographing ,£ressseectionsgr 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 @anihor axis of pores on 20 points selected arbitrarily in a depth of 2 pm from an outer

surface layer of each photograph, and then arithmetically averaging all measured values. [0042]
Also, the average porg d%‘?rg&‘ér &fthE olitermbst sulfac& B ithe Sepaiatidi-funetiordt fayer according

to the preseptjnvention is preferably 1. om o less,more referably §.1-nm opless, apg still more
preferably 0.01 pm or less. When the average pore diameter of the outermost surface exceeds 1 pm,
fouling compuneais inaiaterdenterintofmegosesef thée: membrane:and thus mambrage fouling is likely
to arise. Herein, the average pore diameter of the outermost surface of the separation-functional layer

can be deteriifié& By pRGto§Iphiiy e/ EroEd &éctioR onPo%virts of a ebMposite membrane was
photographedd 312 magniicalion of 20,000 fimes. gt 60000 ine ysing 2 scanning slegtron microscope,
measuring a major axis and a minor axis of pores on 20 points selected arbitrarily 6f each micrograph,
and then arithinetically=averaging al measured Vakies {0043} 1 e wolderthreesdimensional network
structure of the segara,tion-functional layer of the present invention is obtained by a so-called

non-solvent fndliRed phdse sepatatich methiod ifwhitA%solitivh ot agoRWinyfidene fluoride-type
resin and a good. solvent 5 solidified in.a non-solyent hath. In general, sineg the.palyvinylidene

¢
fluoride-type resin has strong flocculation properties, only a Structure mc%& ing macrovoids can be
obtained. Hereihythemacrovaid degree is more preferred from the

viewpoint of high 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 Pa-s or 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'corr@sponding to a melt viscosity of

3,800 Pa+-s is bout 880,000, and the weight average
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refers to the pore including voids having the size, which is several tens times larger than that of
conventional pores, of the three-dimensional network structure. Since the macrovoid scarcely exhibits
resistance to a filtration fluid, an improvement in pure water permeability can be expected. However,
the macrovoid has no separation function since it is the void, and causes strike-through of viruses due
to drawbacks, pinholes and the like. Specifically, the macrovoid is a genetic term of the void which
exists in the membrane of the separation-functional layer and has a size of 5 pm or more, usually from
5 to 200 pri.-Arftialdd has’s sPRerican spinarcteyitrieal shape [0044]s o srakingPhysical
;trength of &heé%q)oaé%ti,og-fy ct@gghlgy%rl%gqgg@éli}y thl?efgglov%'hoef I\T/iéuslecs ig%) considerati(_)n, it
is preferred that macrovoids having substantially a size o ‘§3pm or ‘more are not formed. Macrovoids
having subgtantially.al size ofitpm=ar Mere @fe pares vpse majeraxisFecomes:bpm or more in
case a cross section of the separation-functional layer is photographed at a magnification of 3,000
times using’a §€arhing’el&étronMickosede. 1y taset & diffigit tojadde the majéraxis, the major

axiscanb ined py the method in which a circle, (equivalent circle) haying the same area as
that of the%(%ﬁg%lg%glt’ern%%% aﬁg?hem&%r‘ﬁeye? ‘of the et iv%ﬁe%?gi?fﬁe'i’tggén gsa the r’ﬁértjor axis of the
pore, usingtarsimagedqurecessingsystemmardhe like: Theapsence:ef-magrovoids having substantially
a size of 5 um or more is confirmed by the following procedure. That is, cross-sectional photographs
on at least diffefent B0 PBIRS wereobsefvedlsds Rircase ahy tnateovoick Favimpsubstantially a size of

5pmor moye could not be co%fim}(?d it '1.§ define% that macrovoidspavinggubstantially a-size of 5 pm
ecreasels ﬁll’l there f)l:e.l 18 Notr Prf% ery . . : .
or more are absent.”AlSd, the Separation-functional layer may fclude macrdvoids having a size of less

than 5 um. Howeyer, from the viewpoint of virus removal performance, a lesser number of macrovoids
provides the better results, and no macrovoid provides best results. [0045] In order to suppress
the formation of mack&vids? it is fegiréd tosuppressthe fidceafation 5t a polydinylidene fluoride-type
resin, which has hitherto been studied. For gé%m}é[)le the{‘Le is a methgg inw, ichta %?Qéj solvent of a
polyvinylidene ﬁuoriﬁe-type fe8in'is added in'a solidi I}ﬁg ba ﬁlfﬁerreby 8§§re§sinél ie’¢oncentration of
a non-solvent i therselidifyingibath 50 as do gearease-a penelratiop fate;of the, nensselvent. This
method is employed particularly preferably in the present invention since it is easy to control the
concentration ahd arsora thidkidehsd |ayetlisiot farmed ohihe separatfort-functional layer. [0046]

in the non-%%lv%nlj[ m:diucgd rﬁ?%%er%erpar%ﬂz?g m%thod, ‘Penetratio of the n%n-solvgr)“t into a polymer
“solution caliSes nét on?y a change 1n the complosﬁl%ﬁ o?ﬂfe ﬁglé]m%nglﬁ '@nr\?/itl‘fé ldpse of time, but
also a rapighghanger esultingdn difficuity of tragking. Analysisiof a;mechanism.of phase separation is

the focus of scientific interest still now. Particularly, in case other components are added in addition to
three to a polymer having high affinity with water and refers
to a polymer which 1s dissoclved in water, or has a
small contact angle to water as compared with the
polyvinylidene fluoride-type resin. Preferred examples
of the hydrophilic polymer include polyvinylpyrrolidone,
polyethylene glycol, polyvinyl alcohel, acrylic resin
such as polyacrylic acid or polymethyl methacrylate,
cellulose ester-type resin, polyacryleonitrile,
polysulfone and the like. It is alsc possible to use,
as the hydrophilic polymer, a hydrophilized
polyolefinic fesin obtained by copolymerizing an
olefinic monomer such as ethylene, propylene or
vinylidene fluocride with a hydrophilic group. It is

particularly preferred to contain at least one kind
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components of a resin, a good solvent and a non-solvent, it is said to be almost impossible to perform
statistical analysis. Furthermore, in non-solvent induced phase separation, a lot of factors such as the
temperature and viscosity of a polymer solution, and the composition, temperature and solidification
time of a solidifying bath exert an influence, in addition to the compaosition, a contribution ratio of a
factor exerting an influence on phase separation varies depending on the composition of the polymer
solution. The present inventors have studied about various factors whether or not they exert an
influence orfthéederhsatiohof maeravoidsyand fobmd tat avistesityesfiapolymersulutiohexerts a
large influence on the formation Hmflcrovoids in phase separation of a onv'n%/Iidene fluoride-type
polymer solfitgiaosnl.IP\Iaarﬁleci{y,ai‘/vhce%]?hé“1 vi%goesit?/so? the &}f?v?nyﬁ&esrfenflLFolng’@-t& e resin solution is
increased, macrxejds, tendo disappear it isdifficult fo clarify details ofthis phenomenon. However, it
is considered that an increase in the viscosity of the polymer solution leads to a decrease in a
penetration faté ©f & non-solvent and a decrease in a flocculation rate of a resin, resulting in phase

separation in an uItraEicro§)o?rtion. %1047 A solutiog viscosity at 50C of a polyvinylidene
fluoride-type resin soititioR to form &thieetdihenSioRal nefiork sttiélife Which exhibits such virus

removal performange and enables S%Qﬁﬁ%%]m%fet@e formation qf macroyoids js preferably 1 Pas or
more and 100 Pa-s or less. Herein, the melt viscosity at 50C can be measured by a viscometer such

as B type viscométer. When theselution visbesitytis less thahyinRas, thé effects of/a decrease in a
penetration rate of a non-solvent and a decrease jn a flocculation rate become insufficient and thus

macrovoids'&re fithed. I CShtrast: Wheh thé Solatfiohvidcosity'excebds 108 Pad! & homogeneous
solution canpgi he ebtained.and:defects may adse inthe hree-dimensional network structure. [0048]

A polyvinylidene fluoride-type resin solution having such a solution viscosity is preferably prepared so
that the congenmteation ,of &potyvinykdenedfluorde-typefesin having amelt kiscasity of 3,300 Pa-s or
more falls within a range of 5% by weight or more and 30% by weight or less, and preferably 8% by

weight or mBfeP4H25% by \eidHt bf fEes Lino¥dér6 ekhibit highdevet virli réhioVaF Setformance, it
s preferred {o. adjyst;se,that.the concentratian. of the pplyvigylidene fluoide-tyne 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 polytnel &blution montains adesin ©ftier #hdh the pobadnylidere: fludridewypestesin having a

melt viscosiéy of 3,300 Pas or more, the sum of the concentrations of the resins is preferably within the

above rangé. [60461° ™hggood Solveritdised i a poRSinyhitene flondé-typetesin solution which
forms a sepgration-functignal layer is ot pagticularly limited as long asdt digsolugs the polyyinylidene

fluoride-type resin which constitutes the separation-functional layer and, if necessary, resins other than
the polyvinyligerie-fiucride 4ypgecresin fandralsgcargferm aithreerdimersioma metwark strugture by a

non-solvent organic phase sﬁﬁ)aration method, and preferred examples thereof include solvents such

as N,N-diméthiiformaniide, NNGimeth fadetanias N nidtni-2S0y ridhifoReE Hihém§i sulfoxide, methyl

ethyl ketone; acetone, tgtrahydrofuran, teframethylurea. imethyl phoesphate; and a mixed solvent
thereof. Among these solvents, dimethyl sulfoxide is preferably used since a polyvinylidene

fluoride-typerresirsolationavingthighsviscosity ieasily obtained 00056 d tExamplés:of the

non-solvent which exhibits nfn-?%levent i{lduced phase separation include water; aliphatic
hydrocarboris: ardHiatic’hydifocaifongC tymer solution 1s too high,

moldability decreases and drawbacks are likely to arise.
(00257

It is known that the polyvinylpyrrolideone resin is
inferior in compatibility with the polyvinylidene
fluoride-type resin, and thus the polyvinylpyrrolidone
resin may be eluted out 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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aliphatic polyhydric alcohols, aromatic polyhydric alcohols and chlorinated hydrocarbons, such as
hexane, pentane, benzene, toluene, methanol, ethanol, carbon 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
thereof. 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 o 1815 OB \Reight: ahd SHIrmBREprefetanly femiZttox 0% b weight. [0051]

The separajion membrane of the piesept invention may be g single-layered.memorang composed of a
separation-functional layer alone, and preferably has a multi-layered structure in which a
separation-functioral layer anc atsuppert layeraredaminatediie £agh ether se as to increase the
physical strength while maintaining permeability of the entire separation membrane. The material of
the supporti8yef ie Adt gartcitarydnfited s396my 457 aBieve iR 2bd¥e Sbject and, for example,
polyolefinic[rggig% §uch as a polyvinylidene fluoride-type resin, a polysulfone-type resin, a
polyacrylonitrile-type resin and polypropylene; hydrophilized polyolefinic resins such as hydrophilized
polyethylene; a celltlose esteytype resini a polyester-type resin,.a pelygmidertype:resin; a
polyethersulfone-type resin and the like are preferably used. A copolymer of these resins and those
obtained by Mir8dading & stibstRudHt its himtion” fieréof Fdyodlso bé uséd. #dsc: these resins may

contain a figppus substance %ratpgg)@%gﬁg rlgci%%og[gin%ggent. Sinceut%he material of th%%upport layer

requires physical strength and high chemica ility, @ pglyr/]vir?yslideﬁe ﬂﬁor?dle-t%%é resin is more

preferably useth f0062] andFrompthewiewpaint of physica) strength and waternermgability sthe
structure of the su%port layer is more preferably composed of a spherical structure. The spherical
structure réfefd%b A%HHEtte InJFHET a I6toE sphetichl(ncieing:deerally sphericed)esdlid parts are

connected 1591 g%cihcq}kﬂgr&yy'sf}%
m

igg&pa ti'on 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 s¢lidipari, a columnar solid 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-shap&d@8dliciFartsfaré Hirebdinigrstorafly thiformtyreonhected-and the pore diameter

decreasesjzﬁ &QH}E}QI’GEQ \@{ig&% S I1er}rcl:ez_:‘al”st(r)uﬁﬁtuar%e1 in ngcErzf,ghergcQ!a%olid arts are firmI?iNconnected to
each other by ununiformly s arﬁ]g gporﬁon ereof. “Thefe ore, it¥s Eonsidered fiat plire water
permeability-dectenises everrinlthe sase-efiihe same strangth andelpngatian. performance. [0053]
| iso-butyl acrylate, tert-butyl acrylate, Z-ethylhexyl
acrylate, glycidyl acrylate, hydroxyethyl acrylate or
hydroxypropyl acrylate, a copolymer of these monomers,
and a ceopolymer of these monomers and other
copolymerizable vinyl monomers.
100287
Examples of the polymer of the methacrylic ester
include homopolymer of a methacrylic ester monomer such
as methyl methacrylate, ethyl methacrylate, n-butyi
methacrylate, iso-butyl methacrylate, tert-butyl
methgcrylate, Z-ethylhexyl methacrylate, glycidyl
methacrylate, hydroxyéthyl methacrylate or
hydroxzypropyl methacrylate, a copolymer of these

monomers, and a copolymer of these monomers and other
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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 gExposaEthtoichemical Washihg 'the eWedght average molecular weight is more preferably
100,000 or Tgﬁ?@;? 700,000 or less, and still more preferably 150,000 or more and 600,000 or less.
[0054] n the support layer having a spherical structure, in order to enable the support layer to

have sufficient physiced strength, an-average-diametes of thessphetcal selid; part isareferably 0.1 pm
or more and 5 um or less. The diameter of each spherical solid part is an average value of a major
axis and a ripdrlaxis. When thecaverdgelidiameter ofthesspherdat selidlpart islesstham 0.1 pm, voids

to be formed between the sqlid. parts become small and permeability decreases. \When the average
diameter ofIPﬁ:'eréaphael'r]“lgal?‘)s’oﬁglQd%(‘;lﬁEjj?(Cé3 ?15@&% ! co%h%cﬂb%rﬁet%ggf ggl%&é?tSBé}eocfeOa%%s and the
physical strength decreases. Herein, the @verage diameter,ofithe gpheriealstucturgcan be

determined by photographing a cross section of a layer having a spherical structure along a direction
from an outevsurfage toran anner surfaceicflatseparation insermirane at.a maghification of 3,000 times

on arbitrary 20 points using a scanning electron microscope arbitrary, measuring each diameter of 10
or more, préffgr%:iﬁﬁlﬁioc mgﬁérﬁ%ﬁ%}%seriéﬁ%%ﬁﬁ Eg;ts, and aritfimeticaly B¢éfGing the

measured diarastgrs. Preferably; i is alsq passihle tq determing A cirle equivalent diameter from a
cross-sectional photograph using an image processing system or the like and to take the circle
equivalent diaméeter.as an avérage dliameter dfithie sphericat structare, [0055] a s eAlsbgthe support
layer preferabléggs a homoggeneous structure so as to reconcile pure water permeability and physical

strength at & RibhTével \WHhad the dense fayef eXigtsBt thé STEdHe incréfhEntatly changes, it

becomes difficult toyeconcjle pure water peraeahility and physica), strength.[0056]; i  Jtis preferred
that the separation-functional layer and the support layer have a laminated structure so as to achieve

high-level bakaneesbetween performances of each layer. In general, multilayering is conducted, layers
intrude eacflnggmgr at an interface of each layer to form a dense structure and thus permeability
decreases. as%}layers do not intrude each other, permeability does not decrease while the

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

making it possible to maintain stain resistance.
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adhesive 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 separation-functional layer and one
support layer. Any one of 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] rothe separation membrane of the present invention, it is preferred 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 or more, & Rfenfbtade: thickhessisalR5pny or moreiandi600pm apdessiand.a rérgoval ratio
to ms-2 phal%e i:.sLt4 Igg or more. The pure Watertpermeability S more preferably 0.15 m3/m2/hr or more
and 7 m3/m2/hr or less. The Hattite strendth s Mofe praferably 8 MP4 ofmbfe: and &tilfmore

preferably ¥dMPaaranorenThe membyang thickhgss is more preferably: 175 pm or more and 400 pm
or less. By satisfying the above conditions, it is possible to obtain a separation membrane which has

sufficient s@érigth BRd Walerpetmeability in thelfietdstdf avaterhreatrménit,: manufasture of
pharmaceuticals, food-tstuff E\dustr , mem an%for blood purification and the like, and also can

remove virused. [0058] ©  “THeUFE water pefmBability 158 Bertikhte fdW Fate PEAGNIt membrane
area and unit, ime sneasugedat25C under @pressure LS50 kRa using Q”P&‘@{?%@eé@cwre
u

strength is a value obtained by dividing a maximum point load required to fracture a separation

membranebyEcrbss sectivh ‘of tive separation membrahe and cairhel measured psing a tensile

tester or the like, T.h& memlpraln,e thickness can be determine by measuring a cross section of a
13 3

separation membrané USing & combindtionof b REEBECohIE MicfoscBfé Brid afigitatmeasuring

instrument zayelegteon microscaperqrithe like. {00591, Regarding the remaval ratio of MS-2
phage, an aqueous solution of sterilé distilled water containing Bacteriophage MS- having a size of

about 25 nAT(Battetiophage MS<2IAFECt5597:81) in the<cdacentration dDhakout 1:0,x 107 PFU/mI
embrane. Based on the method of Overlay agar assay, Standard

was filtered with a %%-Eratié)gg{n , :
Method 921D (ABRA F 1998; Starfdaid hfEthdtis¥or the Bxammatiéh 8f water 83 wastewater, 18th
ed.), 1 ml of the-diluted frate,was inocylated.in a Retr dish for assay anpd the plaques are counted to
determine the concentration of Bacteriophage MS-2. Removal performance Is represented by
logarithm. Fersexamiple, 2log sefers:to Xlogioiand:mmeanstthatra residuatbconegntration is 1/100. [0060]
The separatioP membrane of the present_invention
polymerization technolegies such as radical
polymerization, anionic polymerization and cationic
polymerization. A homopolymer containing substantially
cnly a cellulose ester as a molecular unit is
preferably used since it is commercially available at
low cost and 1is easily handled. Examples of such a
homopolymer include cellulose acetate, cellulcse
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 fluoride-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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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 featureseis 0 tainedt[ior exaﬂplei, the sepatratioﬂntmembrane.can be produced in the following
manner. [00%% v eszl:negIe-fa%mé/erce%i se%a?a?i%n embrane’ ggmﬁgsse]dnofaans pE\ tion-functional layer

alone can bg predrced by ferming a pelymer seltien canfaining a-pelyvinylidengifluoride-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 doublesésrestiusion headisrabe like, and bringing Into vonrtastiwithld selitifying liquid to form a
separation-functional layer havinlg athree-dimensigpal etwork struct re.é0063 . __Alsp, a
multi-layered SEUGtUFS separation embrane dmposed 6fa Segaration-fufictionali8ferand a support

layer can be-pregiead kys varioys methadsy As an example, a method of laminating a
separation-functional layer on a support having a spherical structure will be described below. [0064]

First, the suppérd having a spherical structure is produced. As an example of the support, a method of
producing a hollow fiber membrane made of a po yvin%lidene fluoride-type resin will be described

| 3
below. The support iaVifig a spRéfical Stridturei§ pfodutéd By athémially Mdt8ES phase separation
method in whigh-phase,separation, of a palyvinyidene fluoridestype sesin sojutiqn s condycted by

cooling. The polyvinylidene fluoride-type resin solution is ejected through an outer tube of a double
co-extrusiorhedd:for spidning lof a holldw fibéranerbrane and then & hokow pertidér-foreting solution

is solidifiedﬁﬁder cooling in a cooling bath while beiré?ﬁj:gected through an inner tube of a double
co-extrusion h&at. [00657 = “F Thé AB6ve folyviry liieie fiib¥ide Iy e e sin Sohftion Hssolves the

polyvinylidepe Huaridertype resin in & pegrsPEALRY @-99adsplvent ofi the resin af,a ierpperature of a
crystallization temperature or higher in comparatively high concentration of 20% by weight or more and
60% by weightor lesss Whefidhe eerscetratib efthe resin intreases ld suppertdiavinigehigh strength
and elongation characé](‘eristics can be obtained. However, the strength and elongation characteristics

are too high® B&fsity of the prddticed Sefarahidii MEmbFine detfeused Afd Beimidability decreases.
ABO’m(35§§¥%%H$@ﬂﬂ%¥”@ﬁg“E@Qin resistance are improved.

Therefore, a technigue of hydrolyzing an ester within a
range of being mixed with the polyvinylidene fluoride-
type resin can be preferably employved from the
viewpeint of improving membrane performance
100347

In the case of enabling the separation-~functiocnal
layer tec contain a hydrophilic polymer, a weight ratio
of the polyvinylidene fluoride-type resin to the
hydrophilic polymer is preferably from 60/40 to 99/1,
more preferably from 70/30 to 95/5, and still more
preferably from 80/20 to 80/10. 1In case weight ratio of
the polyvinylidene fluoride-type resin is less than 60%
by welght, i1t is impossible to exhibit high virus
removal performance and high physical durability as

merits of the present invention. In case the weight
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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 less at a temperature of OC or higher and 30C or lower. Furthermore, it is preferred to use,
as the poor&divént, the Safme pHoF 88106nt S that'of T pdlymeEsotutiondsinckit i easy to maintain

the compoggqrgggfttpe cpaling bath..Haowever, vxrgensa}rgiggg-cjggce&?ﬁ%%%gg ggc_)d solvent is used, the

solution may not be solidified unless the temperature is sufficient ered, or the obtained hollow
fiber membr&nes fay not have a smooth surface because of a low solidification rate. Also, as long as
the concentration deviates from the above concentration range, the poor solvent and the good solvent

may be mixed. Howéver ‘Whér a hightcohtemtfation hiohcsolvent s iised r8 dérfselager is formed on
an outer syrface of g@oqjojlgwg;pgg glf?grhbre#% %r;:d tlh%j? pure V%’%tefé p%)rmreuackg)jcli‘tyrma_yL rQrastically
uti era (e

decreases. [0067] Also, the hollow portion-forming solution is pre ya mlxedeliqwd of a poor or
good solvenhhaving theiconpentration ©f 50%dy-weight-or more and 95 by weight enless and a
non-solvent having the concentration of 5% by weight or more and 50% by weight or less, similarly to
the cooling™5atf Futth@rmérew it isprefefiedtto tiSe, as the poor solvent, the same poor solvent as that
of the polyrp536§ Ttion. [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 60C, but

can dissolve 5% by weighter mpee efdhe palyvisylidene duaridestype sgsin-at:a high termperature
range of 60C or higher and a melting point of the polyvinylidene fluoride-type resin (for example, about
178C in casB e polyinylid@he flusritebype iesitis a vimlieée figoride Homopelymer) or lower.

along a thickness direction, the number of thin layers
having a maximum pore diameter of 0.03 pum or more and
0.6 um cor less is 50 or more and 400 or less, and also
the number of thin layers having a maximum pore
diameter of less.than .03 um is preferably 2 or less.
When the number of thin layers having a maximum pore
diameter of 0.03 um or more and 0.6 um or less is less
than 50, virus removal performance deteriorates. When
the number of thin lavers having a maximum pore
diameter of 0.03 um or more and 0.6 um or less exceeds
400, pure water permeability deteriorates. Also, in
case three or more thin layers having a maximum pore
diameter of less than 0.03 um exist, pure water
permeability deteriorates. Also even in case about 400
thin layers having a maximum pore diameter of more than
0.6 um exist, it becomes difficult to obtain sufficient
virus removal performance.

(0037]

Herein, the maximum pore diameter of the thin
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It is defined that the solvent which can dissolve 5% by weight or more of the polyvinylidene
fluoride-type resin in the poor solvent even at a low temperature of lower than 60C is a good solvent,
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-solvent. [0069J
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 camiphate? fattyragictestérs calkyl carbohates 2andra mivedosolvent thereof. [0670]

Examples o%hglgood soIYJent include lower alkylketones such as N-methyl-2-pyrrolidone, dimethyl
sulfoxide, NN-dimethylacetanide, N, N dhathyHormantide, Pethyi €t kéBhe *Acetohe,

tetrahydrofuran, detramethylutea-and:timethyt phospbate; esters, amides, and, a mixed,salvent thereof.
[0071] Examples of the non-solvent include water; aliphatic hydrocarbons, aromatic hydrocarbons,

aliphatic polyRydriccaicsholsy Aromaticrpolyhydric algoHots; rehiorinatet sy deocafizons ot other
chlorinated organic liquids, suﬁch as hexane, pentane, benzene, toluene, methanol, ethanol, carbon

tetrachloridé ‘odichibrobenzené HFcHidrodtHyiEhe  ethyidhe: gcdl “disthy haghzol, frictfyiene glycol,
propylene glysals butylene glycglk pgntapediol, hexanediol and. lowrmolecylar weight pelyethylene

glycol; and a mixed solvent thereof. In the thermally induced phase separation method, two kinds
of phase sepdrafién fieehanismmaimlyrexist. Oné is=a liguid:=kquid: pfiasersepacationtmethod in which
a polymer solution dissolved uniformly at a high temperature is separated into a polymer dense phase

and a dilute Phasé BEcaliseof & tetrendd i Sailtbilit§ of & 36IufiGH fheh i temperature falls, and
then the strugivee isfixed by cyystallization, The-other ang is-g salid;liquid phase.sepapation method in

which a polymer solution dissolved uniformly at a high temperature is phase-separated into a polymer
solid phase ahda solvent phasedindeacrystallization of thespolymei drisés whea thertemperature falls.
A three-dime(éfiional network structure is mai%%ormed in the former method, whereas, a spherical

structure cohStitlted%bin 4 SpRéichPiexfire KiRaiffA6mmgt on-functional layer

and a maximum pore diameter of pores existing in each
thin layer is measured. The pore refef to the region
surrcunded by a solid porition and a maximum pore
diameter means a minor axis c¢f a.pore having a maximum
minor axis ameng pores existing in the layer. The major
axls 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
axlis 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 layers, it is
defined that all layers contain the pore.
[0038]

The separation-functicnal layer of the present
inventicn has high removal performance against the
smallest virus. The smallest virus has a size of about

0.02 pm and, when the separation-functional layer has
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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 solid-liquid phase separation 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 prod5u§tion processeasin%treéﬁjr?éir(;%f gf a hollow fiber membrane is useful and preferred. The

stretching i3 conducted by & &onventional tertar mathod & FolM&thba, & fofihg M&thBd, & a
combinationithereat: The temperatuse, duting,streching.is:preferabhrwithin a.range. of S0C or higher
and 140C or lower, more preferably 55C or higher and 120C or lower, and still more preferably 60C or
higher and00€ cifower. The strétoking rdtiois preferablysl.1 timeslenrmaoreiandlditimes or less, and
more preferab%)él.l times qr mare and 2 times or. less. In case the stretching is conducted in a low

m

Atmdspifere of owaFthaf 50CT i is'diftiehit T <trétch Stbyand hoRibgeReously. In case

temperatur‘% a

of stretchingat gtemperature 0f higherthar 140C, singe the femperature becames a fgmperature
near a melting point of a polyvinylidene fluoride-type resin, a structure texture is melted and voids are

not enlarged, aad tasrwater permeabilityris motiimproved. The stretching is preferably conducted in a
liquid since tggg%%rgperature Is easily controlled, but may be conducted in a gas such as steam. Herein,
water is simpléeand preferable as the liquid. In the case of stretching at about 90C or higher, a

low- molecular weighit palyethiyiene glycol o1 like canbe prefrrabl ysed. | coniast, in case such a
stretching is not conducted, the permeability and fracture strength decrease as compared with the
case wheré theistetehingeis tondugted; dutfractartecelongation @id removal perfermante are
removed. Therefore (gresence/absence of a stretching process and a_stretching ratio of the stretching

process cahbe éb%r riatély Set'Httordfty O 1HE ude T separaiGh mBRBEEHE D73  On the
hollow fiber; mpmhbrane having;a spherical.sirueture thus formed, a.sepgration-functional layer having a

three-dimensional network structure is formed. The method is not particularly limited, but is preferably
a method inavhichda pelpmer salutionecomposed of a polyvinikdene fluorde-type fesinaad a good
solvent is coated do}r%lthe surface of a hollow fiber membrane having a spherical structure and then

solidified in-&4 SBlidifyihG Bat Ty St n SR80l vertt Bf fHe PR virslidetelfluoride-type resin thereby
coating a separation-functional layer, The;method of-caating apalyvinylidens flupridegtype resin

solution is not particularly limited, but it is preferred to use a method in which a hollow fiber membrane
is immersetidimtirerpalymer-solutionar the: polyme £ satatianiis spray-iceatetronithe diollow fiber
membrane. Furthermore, it is preferred to use, as the method of controlling an amount to be coated on

the hollow Tib&MM&mbFENg, & MEtSinvhiéh & pBition bf #etpdiyh&lsolliidnas scraped by passing
through a nezzleafter coatingthe pelyme sqlution; o aorton,of the palymer 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 bathis mainly corapaseerof aenonisotvent ofta polyvinyidene dueridertype sesin, and may

contain a good oﬁgtfgor solvent of theﬁﬂlyvinylidene fluoride-type resin in the proportion within a range
a )

of 0% or mfdre Gos 6t Tess. RIS, thetéMmpératiite bR the SofdiRing rath iCprefetably 0C or higher
and 70C oglower, and mere RreferAbRC o higher.gnd 30C,PRIOWeR. o+ 1 o can

maintain virus removal performance even when defects
such as pinholes and cracking arise since the entire
separation-functional laver 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 ({(Poiseuille’s law) and is inversely

proportional to the first power of the thickness of the
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[0074] It is possible to preferably employ, as another 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 simultaneously 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 layer is disposed at an inner layer, a polymer solution forming a
separation-funétfonal ldyef sl polymersoldtnIerniifig astpport Ryseakdta hslow portion-forming
solution aressiilmultagggu%ly g'ec}_endctgréoggg an ot%%r tu e, an irétgrsme(%at,%%b%gn% an énsner tube,
respectively, ahd then these Solitions are solidifiedin & soﬁdlﬁ/lng ba?h, and thus the objective
composite helew fibeimembrane.eanhesebtained 0043 s i ndn erder foexertithereffeets of the
present invention to the maximum extent possible, each thickness of a separation-functional layer and
a support lagér i§ afsormpertant. The thickness of the separation-functional layer is preferably 2 pm or
more and 2({%@@10?}: less, more preferably 10 pm or more and 200 um or less, more preferably 15 pm
or more and 150 pm or less, more preferably 20 um or more and 150 pm or less, and still more
preferably 25 pm ormereand 109:pm onless \WWhen an aitemptis madeitgferm therect
separation-functional layer in a thickness of less than 2 pm, defects are likely to arise, resulting in
deterioratiort ofa removial pérferarmea JAIBE, LATarthe dsickhess bithe |ayet @Xceeds 200 pm, the
effect of impartin | pressure res.i%tgnce to th% aggar%tiocn-fungtional Ia¥er the support layer

decreases and'the %eparatl n-functional Pa%er un(flergoens’defélrmca%l%n. &n a pore diameter of the

separation-fynetionaklayer-is enlargeds emaval perfarmance deergases: i eontrast, whendhe pore
diameter is reduced, pure water permeability decreases. [0076] The thickness of the support layer
is preferablye B0 piOrimearesaridh 40043 9F less, ahd?more préferably:-150 pmict iicreé and 300 pm or
less. When the thicﬁ:]ess of the support layer is less than 110 pm, a physical strength is low. In
contrast, Wth:I’L]rtﬁé: jl‘éf(%ésst Eé)?cerelpé)léﬂagg p?n‘%‘spaﬁelvr\}aig? \p’grﬁsea%ﬁﬁy%le%reaasr%%.}g[jora)?lﬂ Herein,

each thickness.of the separationsfupctionablayer-and the suppast layercanibedetermined by
photographing a cross section along a direction from an outer surface to an inner surface of the entire
separation membrane using o §éanhingleectronanidroseeperaremagnificdtionrof 880 €6:1,000 times,

measuring the thickness of the segaration-fu&ction I I%yeﬁ arlld the thickness of thedSLipé)ogt layer on
arbitrary 20 p%i‘ﬁ%sr,l%na aﬁ%‘?ﬁer%allyp éf'v:‘:e‘?aglﬁ(j?L the'thicknesses™ ©F Mete an s

than 0.2 pum is 100 or less, and the ﬁumber of thin
layer having a maximum pore diameter of 0.03 pm or more
and less than 0.1 um is 30 or less, and the number of
thin layer having a maximum pore diameter of less than
0.03 ym is 2 or less., 1In corder to prevent deteriocration
of pure water permeability, the number of thin layer
having a maximum pore diameter of less than 0.03 um is
more prefefably 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 to have a depth
filtration structure in which a relationship between
the maximum pore diameter and the thickness 1is
approbriately controlled so as to enhance the effects

of the present invention.
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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 230C and a shear rate of 100 second-1
in accordance with ASTM D3835 using CAPIROGRAPH 10 (die diameter: pl mm, die length: 10 mm)
manufactured by Toyo Seiki. Co., Ltd. [0080] (2) Solution Viscosity Solution viscosity was _
measured at a temperature of 50C using a digital viscometer DV-II1+Pro manufactured by Brookfield
Engineering Laboratokes, Hne #-rbtorda bé vised and: numbeér of revaltitions were appropriately
selected by solution viscosity to be measured. [0081] (3) Maximum Pore Diameter of 0.2 pm Thick

Thin Layer 378 Nt of Thinayereds S%‘_"f‘)é?a’fioﬁ-?:uﬁ&?o%%if E&er 2 UsiRfa scanning electron
MICroscope; {2 £Loss.Seetion.algng g direction from ap outer e daceloan, ge pore

diameter of 0.01 pum or more and 1 um or less. In this
case, viruses can be more preferably removed. Therefore,
in the separation-functional layver according to the
present invention, it is considered that so-~called
depth filtration in which small particles and viruses
are captu;ed in fine pores predominantly arises as
compared with sieving filtration in which filtration is
conducted using a pore diameter smaller than the size
of viruses. The average pore diameter of the three-
dimensional network structure of the separation-
functional layer is more preferably 0.03 pm or more and
0.5 pum 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 pm, membrane permeability tends to
deteriorate. In contrast, when the average pore
@iameter gxceeds 1 um, a redjection 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 times using a scanning electron microscope,
measuring a major axis and a minor axis of pores on 20
points selected arbitrarily in a depth of 2 pm from an

cuter surface layer of each photograph, and then
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inner surface of a separation membrane, a separation-functional Layer was continuously
photographed from an outer surface to a border with a support layer at a magnification of 60,000
times. The distance from the outer surface as a starting point to the inner surface was divided into thin
layers each having a thickness of 0.2 pm along a thickness direction and a maximum pore diameter
existing in each thin layer was measured. Also, the numbers of a thin layer having a maximum pore
diameter of less than 0.03 pm, a thin layer having a maximum pore diameter of 0.03 pm or more and
less than 0.% P Bt &yel having Brhaxiffinf gore Tifdhieté ol 1 Hd BEfore and less than 0.2 pm,
a thin layer %\fjg@@ maximum pore diameter 0.2 pm or more and 0.6 pm or less and a thin layer
having a maximum pore diameter of more than 0.6 pm were respectively determined. [0082] (4)
Average Pore Diametet of Three-RimensignalNetworkiStructure of Separation-Eunctiopal Layer
Using a scanning electron microscope, a cross section on 20 points of an arbitrarily selected
separation rﬁé%%%‘% Was prittodraprethatiemadmficationl F 10,000 tied SA Aridjdrexis-and a minor
axis of pores yere measured on_ 20 points selected arbitrarily in a depth of 2.pm from _an_outer surface
layer of eacE Pg%o%)%]?ap%}g dt %%na 'measured” \?ae[éeesrv%ﬁeareyarﬁhrﬁghc%ﬁy %&esrggeén {0 determine an
average porerdiameter [9088] 1 (9rAverage=Riameter of Sphericah Selid Bart ok Suppogt Layer having
Spherical Structure Using a scanning electron microscope, a layer having a spherical structure of
a cross secfiorPaloRd a direétohFrom'B8hsutér surfade &t inher surfaba ot A SBparatiéi fnembrane

was photogralp@gg: at %@OQ g%n]{sas on agp{igéa@/ SO %oints. A dianleji(glr of each of %rrl{);;tgar% go spherical

solid parts of each photograph was measured, an tHen allmeasured dianieters were arithmetically

averaging tordeterming anaverage diameter j0Q84] {6) Average ReresRiameter of Quter Surface of
Separation-Functional Layer  Using a scanning electron microscope, arbitrary selected 20 points
on a surfac@ 8@ sépratichibihetibniFlayérds/potographicd- at & friaghificatioreof 60,000 times. A

major axis and a minor axis of Rores measureg Q arbitra{il selected 20 @oints ofga%h ghotograph
avgra IS] Ipore :chimeiter QO [SHRSAS rmost Salf‘: (?Ci@ O h
were measured, and alfmeasured values were arithmétically averaged to determine an average pore

diameter. [098%]: (A Presencetbsenee:of Macrevoids.ef HRMierm@eined by
rhotographing a cross section on 20 peints of a
compesite membrane was photographed at a magnification
of 30,000 times or 60,000 time using a scanning
electron microscope, measuring a major axis and a minor
axis of pores on 20 points selected arbitrarily of each
micreograph, 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 so-called non-scolvent induced phase
separation method in which a soiution of a
polyvinylidene fluoride-type resin and a good solvent
is scolidified in a non-solvent bath. In general, since
the peolyvinylidene fluoride-type resin has strong
flocculation properties, only a structure including

macrovolids can be obtained. Herein, the macrovoid
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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 a separation membrane was photographed at a
magnification of 3,000 times and then presence/absence of macrovoids having a diameter of 5 pm or
more was confirmed on arbitrary 30 points. When macrovoids do not exist or only macrovoids each
having a major axis of less than 5 pm exist, it was judged that the separation membrane does not

substantially include macroyoids of 5 pm or.more. In contrast, when only one macrovoid of 5 pm or
more is observed, it was jl%é%d%ﬁgteth% Islé:p{g% tidhomEmbrihe SUbs ARt dddes macrovoids of 5

pm or morew [0086] (8) Membrane Thickness and; Thigkness of Sgparation-Fynctional Layer and

Support Layer Using a scanning electron microscope, a cross section along a direction from an
outer surfaetd HFirRér sutfaBe k& separatidremembranedias=photographeckateomagnification of

300 to 1,00?gip&gt%nrdethens%rrpgénb{%ne thickness, a thickness of a separation-functional layer and a
thickness of a SUPpOTt layer Were meastted 6f Afbitrary 2D Poiits aKd e mBasufed thicknesses were

arithmeticaty-aviesaged: {0087] {9)rAverage. Quter Piameter/ g}@egQW%%qg%ngation Membrane

(Hollow Fiber Membrane) Using a scanning electron microscope, a cross section of a hollow
fiber-shapeld'separafiés mepforasawas photogrmaphed ata magnification of:Ea0:times:ar 20 points. A
major axis and.a minorchfﬂs of an outer diameter and an inner diameter of each photograph were

measured on 20 points, and thenthé Riastred Values Ne&redritimatically Averagéd'® determine an

average outes digmelerand:an average inner diameter;,[00881 (10) Average Thickness of Separation
Membrane (Hollow Fiber Membrane) Using a scanning electron microscope, a cross section of a

hollow fibeshigped skparatiom mehirarewas protdogiaphed @b amagnificatien 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 thenthé Fieasured distancesiierd arthmidtically dverdgedl tbidetermine

an average-thickpeSSorane of the separation-functional laver and has
a size of 5 pm or more, usually from 5 to 200 um, and
also has a spherical, spindle or cylindrical shape.
[0044]

Taking physical strength of the separation-
functicnal laver and reliability of the removal of
viruses into consideration, it is preferred that
macrovoids having substantially a size of 5 um cr more
are not formed. Macrovoids having substantially a size
of 5 um or more are pores whose major axis becomes 5 um
©r more in case a cross section of the separaticn-
functional layer is photographed at a magnification of
3,000 times using a2 scanning electron microscope. In
case 1t 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 eqguivalent
circle 1s taken as the major axis of the pere, using an

image processing system or the like. The absence of
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[0089] (11) Virus Removal Performance ~An aqueous solution of distilled water containing
Bacteriophage MS-2 having a size of about 25 nm (Bacteriophage MS-2 ATCC 15597-31) in a
concentration of about 1.0 x 107 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 AUTO STILL
(manufactured by Yamato Scientific Co., Ltd.) to-high-pressure steam sterilization at 121C for 20
minutes. In case the segara ion membrane is a hollow fiber membrane, a small-sized module made of

glass having a Téngtii aﬁao}ﬂ? 336 tnt ormpoSed- SHabbuttwd tioflow fiber HenbFadEs’as made as

the module.;ln cage the,separation membrane is.a flal membrane.the memprangswas 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 privtlukecurider thelcapditions of@ temperatate dfsabout 2000Cand:a filtration differential
pressure of about 10 kPa d(eexternal £res§ure . After filtration of about 10 ml of the solution, about 5 ml

of the filtrat® W8 collettedlant then Uitdted With distilléd Riate? By 08 1560t tires! B4sEd on the
method of Queray agariassay, Standard Mgthod 921150 (ARHA, 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 assayaid thesplagues are cdunted toldetbamine thersoneentration~of iBacteriophage MS-2.
Removal performance was represented by logarithm. For example, 2 log refers to 2 logio and means

that a ratio OFth& Eéﬁb%h?rséﬁé’n &t NS 2%aftet filiraiBn trthB Rbhcéttration DFMS:2 befoie filtration is

1/100. Also,iin case gny-plague ismot ceynigd in the filtrate, itwas represented asz;/:1gg. (0090] (12)
Pure Water Permeability In case the separation membrane is a hollow fiber membrane, a
miniature moduleiaving ailergth f 286 mnt bempdsedof fotichallowrfibef membrares was made as
the module. Also, in case the separation membrane is a flat membrane, the membrane was cut into a

circle having A HiEHEBFof43 M WhichShas et if& EyImEER Fitratidn hoRREF R&VETEdsmosis
membrane feated waterwas;fed;ta theymoduls uinderthe condjtions.of a tempepaure of about 25C

and a filtration differential pressure of about 16 kPa (external pressure). Then, pure water permeability
was calculatetichyoconverting thel vedise bistaineddyyumieasuring a permeate flow rate (m3) of a given
time into the[‘é%'%% ;]:)er unit time (hr), unit effective membrane area (m2) and 50 kPa. [00911
In order to suppress the formation of macrovoids,
it is required to suppress the flocculation of a
polyvinylidene fluoride~type resin, which has hithertoc
been studied. For example, there i3 a method in which a
good scolvent cf a polyvinylidene fluoride—type resin is
added in a solidifying bath thereby decreasing the
concentration of a non-solvent in the solidifving bath
sc as to decrease a penetration rate of the non—sélvent.
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.
(00467
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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(13) Fracture Strength and Elongation Using a tensile tester (TENSILONWRTM-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-scale load of 5 kg and a crosshead speed of 50
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 (NFIMZ 2 Pa) Whichid 8Hralturé fétce B9)35er Uit EFgR8 sektidh @ri2) 6f atsopafation
membrane.0092,L.(14). Degree of Increase;in F j]{{%th%%sis't@_'}%chiﬁq minjgture membrane
ollo

module having a [ength of 15 mm was made by accommodating six fiber merbranes in an
outer casing and fixingleads fFig.ol). rhthissmemprane aegule; the: hellopsfiher membrane is sealed at
the end B, while the hollow fiber membrane opens at the end D. [0093] In a 10L stainless steel

pressure taik ADVANTEC PRESSURE VESSELTV-10 équigpedinitca Bresstiretasige, raw water
was charged, Bimilatly,p 3401 stainless steel pressu rgé%@‘?tAl%\r{AgTEt FRESSURE VESSEL
acfure

DV-40 equipped with a pressure gauge, distilled water manu 8y ako Pure Chemical
Industries, ttdnwas eharged.fA 2-waysstepcoek was connettedto eashitank aban gutiet 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 cordentrtici? 4% mgIL PSilicohcontertiativn 50.5 hiy/lt omBSgaesE concentration: 0.01 mg/L

or less, iror}icﬁ%ﬁgt@t@ioa@}i{?g&g !ess}whuesgg.o[gg%]in nThe 2"5"?% g%)gcock of the raw
erre

water-containing pressure tank (hereinafter re dto asaraw WateP%nﬁ) was connected to a point
A of a minidture:mermbranesmodule thratigh-a 3-wayistepeoek asing & Eeflondstube, apddhe 2-way
stopcock of a distilled water-containing pressure tank (hereinafter referred to as a distilled water tank)
was connelteltGapbint B ctiite Mirmatareligmbiare medufe@ asing alTefior@ tubB A point C of the

S?isrlfﬁ;ur; r;}g{ﬁg%@&ﬁ?ﬂ%ﬁ%%ﬁ sqalgd Ry 2 £esin cap, thereby.enapling permeated water to
a scelidifying bath exert an influence, in addition to
the composition, a contributiocon ratio of a factor
exerting an influence on phase separation varies
depending on the composition of the polymer solution.
The present inventors have studied about various
Tactors whether or nct they exert an influence on the
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
phencmenon. However, it is considered that an increase
in the viscosity of the polymer solution 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 ultramicro portion.
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[0095] First, a pressure was applied to the raw water tank by adjusting the pressure (0.4 MPa) of
compressed air to 100 KPa using an SMC regulator (AF2000-02, AR2000-02d) 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 of the permeated
water was me#sfired every 5 seconds using an electronic chemical balance AND HF-6000 connected
to a personal computer and recorded using a continuous. recording program AND_RsCom ver.2.40.
Since data obtained in s ’tletsjt iné %/vseci:g %%%%eap%erﬁgatéd ?/vg;té‘r e%: ys\éﬁgﬁ’dlsl,ﬁﬁ%ﬁon

resistance was calculated ysing the-equation shewn, belows [0097L  « hFilteation Resistance (1/m) -
(Filtration pressure (kPa)) x 103 x 5 x (Membrane Area (m2)) x 106/((Viscosity of Permeated Water

(Pa-s) x (Wéighteot Pepmeated dVater perss: seconds (g/9)) X ¢Density df Pesmeated Water(g/ml)))
After a filtration process was continued up to,the t(f)}g#amount of the filtered water of 0.065 m3/m2, the
e

2-way stopchck of the rav WatertanK Wad dosed tHeréby COmidthgIhe filtatior Process. Next, the

3-way stopeeck-existing betweenthe 2:waysstopcock and the mipiature;memprang medule was
opened in all three directions and the permeated water outlet (point D) of the miniature membrane

module waszsedleblsy the resin cap.§6698] He & presstifeavassdpplied tothe distilled water tank by

adjusting the pressure (0,4 MPa) of compressed air.to 150 KPa using an SMC regulator (AF2000-02,
AR2000- 0283 and théh the w7 Sloptodikinds Spetiedthereby fosding distiled Wafer into the

miniature membranespaqule. Ahagk washing pracess was initiated by this 1 e g5 +han 1

Fars, the effects of a decrease in a penetration rate
of a non-solvent and a decrease in a flocculation rate
become insufficient and thus macrovolds are formed. 1In
contrast, when the scolution viscosity exceeds 100 Pa-s,
a homogeneous solution cannct be obtained and defects
may arise in the three-dimensional network structure.
[0048]

A polyvinylidene fluocride-type resin solution
having such a solution viscosity i1s preferably prepared
50 that the concentration ¢f a polyvinylidene fluoride-
type resin having a melt viscosity of 3,300 Pa-s or
more falls within a range c¢f 5% by weight or more and
30% by weight or less, and preferably 8% by weight or
more and 25% by weight or less. In order to exhibit
high-level virus removal performance, it is preferred
to adijust 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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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 closed thereby completing the back washing process. [0099] The above operation was
repeatedly carried out ten times to one 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. [ k - rein, plotting was initia ? after 30 seconds.have passed since the initiation of
each fiItrat(i)%lﬁ.Q Igé,nsyi;cle%e%vggqﬂf\%?fh(gépe% lggte %v%%egr (?‘e%yej"a%gs as Iﬁﬁ%ﬁon resistance
increases, thiesweightcof thef pernisatedbwater every S:secondsedecreases. Sinee filtration resistance is
calculated from the weight of the permeated water every 5 seconds in accordance with the above
equation, VHERIRE Wetght o theerhested Waterdetfea’ & famriafiience bf bispersivh of the weight
of the perngq%qgewgt%gg the calculated filtration resistance becomes large. Therefore, in case the
weight of the permeated water drastically decreases, a graph was corrected by moving average
approximatjaoafdhe graph made appropriately. [0101] In the graph of amount of the entire filtered
water versus filtration resistance made from the results of the filtration test, or the graph corrected by
moving average appr6xifaiéh nsbiiiedases afle gradier of & straightllifrrobtained by joining 9
points of filration resistance upon initiation of the second tq tenth filtration process was taken as the
degree of igc?r]éggel f?lefi%gt%en résistance ﬁgr‘ﬁlﬁal%?ati‘gﬁéﬁ% bgtc\)Nre%ﬁ tiie f’g?ﬁ aajfnaotu%?gf_ the filtered

water and therfittrationsesistanes: Previded thak in case) % paipts dorot lig o dhe strajghtdine, the
gradient of the straight line was determined by linear approximation and was taken as the degree of
increase in'filtratibh Tesistafice. 01023 {Exahplé 1flene fluoride-type resin

which constitutes the separation-functional laver and,
1f necessary, resins other than the polyvinylidene
fluoride-type resin and also can form a three-
dimensiocnal network structure by a non-sclvent organic
phase separation method, and preferred examples therecof
include solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, dimethyl
sulfoxide, methyl ethyl ketone, acetone,
tetrahydrofuran, tetramethylurea, trimethyl phosphate;
and a mixed solvent thereof. BAmong these solvents,
dimethyl sulfoxide i1s preferably used since a
peclyvinylidene fluoride-~type resin solution having high
viscosity 1s easily obtained.

[0050]

Examples of the non-solvent which exhibits non-
solvent induced phase separation include water;
aliphatic hydrocarbons, arcmatic hydrocarbons,
aiiphatic polyhydric alcchols, aromatic polyhydric
alcoheols and chlorinated hydrocarbons, such as hexane,

pentane, benzene, toluene, methanol, ethancl, carbon

29



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-butyrolactone solution at a

temperature of 10C. The obtained membrane was stretched in water at 90C by 1.5 times. The
obtained mérRbranglis-8 hblciv fiberhEmbrahe haviiG dspheticdt strctare-ant thissmembrane was

used as 2 suRart (91033, . Next. 9 6%y eiahtof aobwiny|dena/iipride hgmopglymer having

a melt viscosity of 6,400 Pas (Kynara HSV900, manufactured by Arkema’lnc.) and 2:4% by weight of a

polyvinylidepe fipgridenkonaapotymer havingla melt yisgesity of 3200 a8 (Kynar(r) 760,
manufactured by Arke'rna1 Inc.) were dissolved in Nmethy1-2-pyrrolidone to obtain a
membrane-fofieEstock séitifion- fof a'separation-funthidridl fayer THe mi%t#€ Bf both homopolymers

had a melt vj ity of 3400 Pas, This -formi togk solution ' ly coated on the
surface of tf%!egt ﬁév%'h%l%v% fi e?%g%ﬁgﬁgﬁéftﬁer%%%d%i%'in V\!E/Liaclgtgr atjy\%%g%{c{)%%é?ce%;g hollow

fiber-shaped: separatiommembrane=beafring arseparatien-functianal dayes having a three-dimensional -
network structure formed on a support layer having a spherical structure. The membrane structure and
membrane Férfotinahé® Bf thd obiifedsSeparation hieriBrané areshovifinerable1.t[o104] (Example

2) A polyvinylidene fluoride hamopaolymer having a melt viscosity of 6,400-Pas (Kynar(r) HSV900,
manufacturéy(? 8)3[ irqéﬁneanlgcj ?1§£%y%\¥e?§h%f%v§§.q&isg&§gdl in I\L—fl-mre%tlﬁ1 %-@?ﬁ)ﬁdﬁﬁ% obtain a
membrane-forming stack sehution fof Besepatatior-durictiorat dayer. (T hissmembrane-farating stock
solution was uniformly coated on the surface of the hollow fiber membrane obtained in Example 1 and
then solidifiéd\in idtérdt 2B8e® prédicerakdilowifibeiskabedCseparation niémbrahe bearing a
separation-f B%@P@' 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 membramne: aresshoxi:in Tablenlef@EOSh Exampte:3) preA polyvinykdeneflugride
homopolymer having a melt viscosity of 6,400 Pas (Kynar0 HSV900, manufactured by Arkema Inc.)
(9.6% by weéigtit) Biid 2.496- By Weiyht e ffaleiearhyaiige-Aioaieassolyvinyfidene fluoride

nomopolymer, mankfactyred by Arkema Inc, Joynar(y ARX-11L were dissolved in. Nemetnyd-2-
pyrrolidone fo 6btain a membrane- orming stock solution fora separation- (nctional layer. This
membrane-terming-steckesohdiop wasdnifernly coated on the swiface:of themhollow fiber membrane

obtained in Example 1 and then solidified in water at 23C to
functional layer and a support layer are laminated to
each other so as to ilncrease the physical strength
while maintaining permeability of the entire separation
‘membrane. The material of the support layer 1is not
particularly limited as long as it achieve the above
object and, for example, pelyolefinic resins such as a
polyvinylidene fluoride-type resin, a polysulfone-type
resin, a polvacrylonitrile-type resin and
polypropyliene; hydrophilized polvycoclefinic resins such
as hydrophilized polyethylene; a cellulose ester-type
resin, a polyester-type resin, a polvamide-type resin,
a polvethersulfone-type resin and the like are

pref@rably used. A copolymer of these resins and those

obtained by introducing a substituent into a portion
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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. [0106] (Example 4) A polyvinylidene fluoride homopolymer having a melt viscosity of
6,400 Pas (Kynar(r) 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 trinB&tafMmadhtFactiréd by Eastiah Chemical CoRpany (EA-Y36-80SY were dissolved in

N-methyI-ZE:B¥lq:_ogiggn%tofci tgig}lasmggwg%nae-fgémigg s%gg:k S?I.Lﬁggn r;Lor aaseparation-functional layer.
This membrane-forming stock solution was unﬂ‘ormly Coated on the shirface of the hollow fiber

membrane obtaires:ia Exampie1 and them salidified inwater at 23 to produce; a helow fiber-shaped
separation membrane bearing a separation-functional layer having a three-dimensional network
structure forh&& 6n astippsit fayel Havifg & sphércat Sttuctme. The meplbrade sttucture and
membrane performance of the gbtained separation membrane are shown in Table 1. [0107] (Example
5 A ponvir<1§))/LIl| egr%el?[ulogri"é'e h%n?o%%ﬁ%erpﬁ%\l/iaa%emié %?s%%%?y_éfyé?foor Igg-JSer)l/r?ar(r) HSV900,
manufactured by Arkera ing.) (9.6% by weight), 2.4% by weight of a polymethyl methacrylate resin
(manufactured by Aldrich, weight average molecular weight: 3.5 % 105) were dissolved in
N-methyl-2{3y#rafidone to obtain a membrane-forming stock solution for a separation-functional layer.

This membrane-forgir%%stgglé s%lution was uniformly coated on the surfacg of th%hollow fiber
|

membrane obtained in xample 1 and then sofidifi hiﬁ%‘a?@r”‘“at%%ﬁ%%%? dute WﬁlBWiber-shaped

separation merrlrane bearing a sepasatian-funetionaldayerhayvinga three-dimensiopal network
structure formed on a support layer having a spherical structure. The membrane structure and
membranepefBriarice of #ielobtaiped separation memmbrarciaeshewntie Table 1. [0108] (Example

6) A palyvinylidene flugride homopol r having a melt viscosity of 6,400 Pas (Kynar(r) HSV900,
manufacturse%\?b%yrﬁﬁg%a?%c?)u@.é%%%)yl\?v%gge;ehrf)san%gzﬁ%stMC%U%/S in which a

lot of spherical (including generally spherical) solid
parts are connected to each other by sharing a portion
thereof. Herein, the spherical scolid 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 part having
rbundness {(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 solid parts are three-dimensionally
uniformly connected, and the pore diameter decreases as
compared with a spherical structure in which spherical
solid 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.

[0C53]
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by weight of polyvinylpyrrolidone (manufactured by BASF, K90) 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 hollow fiber
membrane obtained in Example 1 and then solidified in water at 23C 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 performdhice of thegdbtained separationmembranewase shawn i Takle 1. [0109]
(Comparative Example 1), A poI]KvinyIidene fluoride homopolymer having a melt viscosity of 3,200

Pas (Kynaré*760" aniifactitBa by Arkdma fic) RS9y welghts fas dissbled fipport
Nmethy1-2-pyrolidone, (o ehtain.a membrane:forming stock salution. for a separatiop;functional layer.

This membrane-forming stock solution ' was uniformly coated on the surface of the hollow fiber

membrane obtained icExample 4 anddhen sclidifiedir watesiat 23C€ $0 prodece a hollow fiber-shaped
sepération membrane. However, when the weight average
molecular weight increases, the water permeability
decreases. In contrast, when the weight average
molecular welght 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 tc chemical washing, the
weight average mol@cular welght is more preferably
100,000 or moie and 700,000 or less, and still more
preferably 150,000 or more and 600,000 or less.
(0547

| In the support layver having a spherical structure,

in order to enable the support laver 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 solid 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 sclid
parts become small and permeability decreases. When the
average diameter of the spherical solid part exceeds 5
pm, connection between solid parts decreases and the
physical strength decreases. Herein, the average

diameter of the spherical structure can be determined
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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. [Ollq]
(Comparative Example 2) A polyvinylidene fluoride homopolymer having a melt visposny of 6,400
Pa.s (Nynar(r) HSV900, manufactured by Arkema Inc.) (12% by weight) was dissol\_/ed in _
y-butyrolactone tg obtain a membrane-forming stock solution. This membrane-forming stock solution

was uniformly cBafed BhithE Bufdce of ihe RSIIG fiberterbrafie obtditedif Exampfe 1 and then
solidified inf#bath of an agueeus:8n% by weight y- butyrolagtone sqlution gt g tempgrature of 1000.

The obtained separation membrane was a hollow fiber-shaped separation membrane bearing a layer
having a spheri¢alstrutture:formhaed on assuppertdayef having asphericat stiuctureafae membrane
e A T a0 %® & 8 I e, >l P p Smang S Sy n Table .

using a scanning electron microscope arbitrary,

measuring each diameter of 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

equivalent diameter from a cross—seétional 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 so as to reconcile pure water

permeability and physical strength at a high level.

When the dense laver 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

30 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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[01121 (Example 7) A vinylidene fluoride homopolymer having a weight average molecular weight
of 417,000 (38% by weight) and 62% by weight of y-butyrclactone 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 aqueous 85% by weight y-butyrolactone solution at a

temperature of 10C. The obtained membrane was stretched in water at 90C by 1.5 times. The
obtained métfibrane Was Ao fibef Riehfi&fechaving & Sphé@ sthuctGré SRExt™ t8%%y weight

of a polyvinylidens flugride_homanolymer hayipg a.melt viseosity of 4,700.Pa s,and, g% by, weight of a
polyvinylidene fluoride homopolymer having a melt viscosity of 2,600 Pa-s were dissolved in dimethyl
sulfoxide to dbtain-a frremiwrane-foring-siogk-sotution £ This membrane-farmingstock solution had a

solution viscosity of 365 Pa-s at 50C. This membrane-forming stock solution was uniformly coated on
the surface Bftha above RGIfoW fider Méhbrafd &Rd fHeh SoNGifisd RRRAter &R23C to prfodiice a hollow
fiber-shaped, sepatatian memprane hearing a,separatign:func '%naalﬁay%!ﬁ%\ﬁn g fyge-dimensional
network structure formed on a support layer having a sp¥1er|ca structure. 0113%’ The obtained
separation membrane hatran cuierdiameten ofl,43¢ porand ansipser diamgtes 0£883:um. The

membrane structure and membrane performance are shown in Table 2. [0114] (Example 8) First,
a hollow fibér'mémBrate havinga spheficdl Striuftdlas froftcetPinthe Sarh€ fnanner as in
Example 7. %. by wel f. lyviny. ig e fluoride homopolymer havin It viscosity of
4,700 Pas a%%éz%g }é \%v%/?gh?g g%é%/%%élidqeé %%o:%%eih%gmogpofy%e% E};11\E/|J:r]1%ﬁa r%]gﬁr%‘i%s%gsﬁty of 2,600
Pa's were dissalved in dimethyl-sulfoxige 1o obtainsa membyrane-tormingrsteck-solution. This
membrane-forming stock solution had a solution viscosity of 365 Pas at 50C. This membrane-forming
stock solutiorP\Wa Qmiformly coated on the surface of a hollow fiber membrane having a spherical
structure and then sgudité%dein aqueous QO%%%Qwa%%@ d('gr@et@xles fg)éigg gglution at 23C to
produce a hollow fiber-shaped separation membrane bearing a separation-functional layer having a
three-dimensionabneiwark structuge formed opadsuppart layerbaviag a sphericab steucture;, The
obtained separation membrane had an outer diameter of 1,480 pm and an inner diameter of 870 um.
The membrérte stfuctié afb fnembrané pefforirante/dre/ShéwaAin TaBle 22 o115 (Example 9) First,
a hollow fibersmemprane hav spherical structure_was produced.in the,same manner as in
Example 7.%e/xlt%, 00/% b?/%v;:ﬂlg t%of a%o%ﬁ&hd’éﬁ% f|ﬁgﬁ enﬁc?rﬁoﬁcﬁyrée?%aavin%ra 1”r?ﬁoelrt?/iscosity of
4,700 Pa's and:hdniby aveight 0f a pelyyiaylidene flsorige hamepolymenhavimga meltyiscosity of 800
Pa's were dissolved in dimethyl sulfoxide to obtain a membrane-forming stock solution. This
membrane-fbfiiitg stdtk sbIUEBR PEd & sofitibA viseodiy of SRS &t 50T. ThisSMembrane-forming

stock solution.was uniferml te e surf ow fiber membrane havin spherical
structure ar?é]%ﬁe%n' sol?gﬁ%dy%%% 3&%%{1}5 O%fﬁ%%vge?g ?f imet ylrg% r(;gxi(?ergo St{oangg%?ac to
produce a hollav fib€r/sttaped separatios naensbranebeafing a separnasios-fungtippal layer having a
three-dimensional network structure formed on a support layer having a spherical structure. The
obtained separafirt Afenibtaife ad art SuteP digmete? of 1226 pnf altf an Mhel@ibfeter st 880 pm.

The membrane stiuciyre and membrape perfrmange ate shown in Table 2oy e

thickness is more preferably 175 um or more and 400 pm
or less. By satisfying the above conditions, it is
possible to obtain a separation membrane which has
sufficient strength and water permeability in the
fields of water treatment, manufacture of
pharmaceuticals, fcod-stuff industry, membrane for
bleood purification and the like, and also can remove
viruses.

[0058])
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[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 homopolymer
having a melt viscosity of 4,700 Pa's 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 solution had a solution viscosity of 5.6 Pa-s at 50C. This

membrane-formingsstack solution was uniform! ated on the surface of a hollow fiber membrane
having a spherical étruct%re and tﬁen golfd%@ éllr?cgﬁ" gaﬁgou%SGO%m 837 ﬁ%?gﬁ%in%tﬁﬁ sulfoxide

solution at 23€ ¢o0 produce athollew fibemshaped separatiom membiane heafing 8.4 =+
separation-functional layer having a three-dimensional network structure formed on a support layer
having a spherical $k@éturé:. TheSobtaiRed separatiohfiembrane had am otadradiametdref 1,480 um

and an inner diameter of 870, pm, The membrane structyre and membrane performance are shown in
Table 2. [0117] (Cifomparai'fivé3 E@ampl"és?;)a M w%te, aq(r:'ubo I%vlvrﬁ%grj%gm %&fn%gﬁdjv%ga a spherical

structure was piioduceg i the sagwednarngr 864 Exampleal: Next: 10%:yweight of.a polyvinylidene
fluoride homopolymer having a melt viscosity of 2,600 Pa.s and 5% by weight of a polyvinylidene
fluoride hoMBPEIYHBEhAYNG a PietEiscOSRYE HP8003Es Were dissoived-ihadimethybsutfoxide to obtain
a membraréqifgrrggg ck solution. This membrane-forming stock solution had a solution viscosity of
2.4 Pas at 50C. This ri%%mﬁgéés-?d?r%#w]gussté&gsoei‘uﬁco%nﬁal%nif%?rﬁ@%ﬁaf%ﬁ on'the surfice of a

hollow fibeT memixanerbaving a spheticakstruciure and shenselidified, in an.aqugous £0% by weight
dimethyl sulfoxide solution at 23C to produce a hollow fiber-shaped separation membrane bearing a
separationdmtlidnald&yer Waving atthreecdimehsiomalmsetvorkstructute formed on a support layer

having a S‘?:'b i}8§| nsérygture. Téﬂeaobt%ig%% sespcaration membrane had an outer diameter of 1,420 pm
and an inner diameter of 880 pm- The membrane strucidre aRd THebrARE perdrianca are shown in

Table 2. Gompatative Example-3ment, an electron microscope or the
like.
[0059]

Regarding the removal ratio of M3-2 phage, an
aqueous sclution of sterile distilled water centaining
Bacteriophage MS-2 having a size of about 25 nm
(Bacteriophage MS-2 ATCC 15597-B1l) in the concentration
of about 1.0 x 107 PFU/ml was filtered with a separation
membrane. Based on the method of Overlay agar assay,
Standard Method 2211-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 plaques are counted to determine
the concentration of Bacteriophage MS~2. Removal
performance is represented by logarithm. For example, 2
log refers to 2 logis and means that a residual
concentration is 1/100.

[(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 filled
into a module and can increase an effective membrane
area per unit volume.

(00611

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 features is obtained. For
example, the separation membrane can be produced in the
fellowing manner.

[0062]

A single-layered separation membrane composed of a
separation-functional layer alcne 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-extrusion head or the
like, and bringing into contact with a solidiiying
liguid to form a separation-functional layer having a
three-dimensional network structure.

(0063]

Also, a multi-lavered structure separation
membrane composed of a separation-functicnal layer 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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structure will be described below.
(00647

First, the support having a spherical structure is
preduced. As an example of the support, a method of
producing a holliow fiber membrane made of a
polyvinylidene fluoride-type resin will be described
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 solution is conductedrby'cooling. The
polyvinylidene fluoride-type resin solution is ejected
through an cuter tube of a double co-extrusion head for
spinning of a hollew fiber membrane and then a hollow
portion-forming soluticn is solidified under cooling in
a cooling bath while being ejected through an inner
tube of a double co-extrusion head.
(00651

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

decreases. Also, in case the support is formed into a
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hollow fiber shape, it is necessary that the viscosity
of the prepared polymer sclution 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 containsg a mixed
liguid of a poor or good solvent having the
concentration of 50% by weight or more and 95% by
welght or less and a non-solvent having the
concentration of 5% by weight or more and 50% by weight
or less at a temperature of 0°C or higher and 30°C or
iower. 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 the cooling bath._ However, when a high-concentratiocn
good solvent is used, the sclution may not be
solidified unless the temperature is sufficiently
lowered, or the obtained hollow fiber membrane may not
have a smooth surface because of a low sclidification
rate. Also, as long as the concentration deviates from
the above concentration range, the poor solvent and the
good sclvent may be mixed. However, when a high-~
concentration non-solvent is used, a dense laver is
formed on an outer surface of the hollow fiber membrane
and thus pure water permeabilility may drastically
decreases.

[0067]

Also, the hellow pertion-forming sclutiocn is
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preferably a mixed ligquid 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 less, similarly to the cooling bath. Furthermore, 1t
is preferred to use, as the poor solvent, the sane Docr
solvent as that of the polymer sclution.

[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
pelyvinylidene fluoride-type resin 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 polyvinylidene fluoride-~type
resin is a vinylidene fluoride hemopolymer) or lower.
It is defined that the solvent which can dissolve 5% by
weight or more of the polyvinylidene fiucride-type
resin in the poor solvent even at a low temperature of
locwer than 60°C i1s a good solvent, while a solvent
which neither dissolves nor swells the polyvinylidene
fiuoride~type resin up to a melting point of the
peclyvinylidene fluoride-type resin or a boiling point
of the solvent is a non-solvent.

[0069]

Herein, examples of the pcor solvent of the

polyvinylidene fluoride~type resin include medium chain

length alkylketones such as cyclohexanone, isophorone,
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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-Z-pyrrolidone, dimethyl
sulfoxide, N,N-dimethylacetamide, N,N~dimethylfcrmamide,
methyl ethyl ketone, acetone, tetrahydrofuran,
tetramethylurea and trimethyl phosphate; esters, amides,
and & mixed solvent thereof.

[0071]

Examples of the non-soclvent include water;
aliphatic hydrocarbons, aromatic hydrocarbons,
aliphatic polyhydric alcohols, aromatic polyhydric
alcohols, chlorinated hydrocarbons or other chlorinated
organic liguids, such as hexane, pentane, benzene,
toluene, methancl, ethanol, carbon tetrachloride, o-
dichlcrobenzene, trichloroethylene, ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol,
butylene glycol, pentanediol, hexanedicol and low-
molecular weight polyethylene glycol; and a mixed
solvent thereof.

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

sclution when the temperature falls, and then the
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8? SL 09 6E GOON T 62? 89? Melt viscosity at 50C of resin solution (Pas) Melt viscosity of
polyvinylidene fluoride-type resin (Pas) Proportion of polyvinylidene fluoride-type resin having

structure is fixed by crystallization. The other cne is
a solid-liquid phase separation method in whicﬁ a
polymer sclution dissolved uniformly at a high
Temperature is phése-separated into a polymer solid
phase and a soclvent phase since 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 is mainly formed
in the latter method. In casé 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 témperature of a polymer solution
to which solid-ligquid phase separation is induced, a
composition and a temperature of a cooling bath is
important.

[0072]

In corder to enlarge voids thereby improving
permeability and to increase a fracture strength, in
addition tec the above production processes, stretching
of a hollow fiber membrane 1s 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 50°C or highér 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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3,300 Pas or more in entire polyvinylidene fluoride-type resin (% by weight) of solvent in solidifying
liquid (% by Maximum pore diameter of thin layer having a thickness of 0.2 pm and number of thin
layers md E0'0> md i'O 04 EO(0 ?(0 04 T(0 0.2 to 0.6 pm nib 9.0 Thickness of separation-functional
layer (Pm) Presence or absence of macrovoids Average diameter of spherical structure (pm)

times or more and 4 times or less, and more preferably
1.1 times or meore 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 homocgeneously. In case of stretching at a
temperature of higher than 140°C, since the temperature
becomes a temperature near a meliing point of a
polyvinylidene fluoride-type resin, a structure texture
is melted and voilds are not enlarged, and thus water
permeability is not improved. The stretching is
preferably conducted in a liguid since the temperature
is easily controlled, but may be conducted in a gas
such as steam. Herein, water 1s simple and preferable
as the liguid. In the case of stretching at about 90°C
or higher, a low-meclecular weilght polyethylene glycol
or the like can be preferably used. In contrast, in
case such a stretching is not conducted, fthe
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
appreopriately set according to the use of a separation
membrans,
[0073]

On the heliow fiber membrane having a spherical
structure thus formed, a separation-functional laver
having & three-dimensional network structure 1s formed.

The method is not particularly limited, but is
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Thickness of support layer (pm) Membrane thickness (pm) K 0 K$-1 K K-k-, K'y" K

preferably a method in which a polymer solution
comﬁosed 0of 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 polyvinylidene flucride-type resin
thereby coating a separation-functional layér. The
method of coating a polyvinylidene fluoride-type resin
scluticn is not particularly limited, but it is
preferred to use a method in which a hollow fiber
membrane is immersed in the polymer solution or the
polymer solution is spray-coated con the hollow fiber
membrane. Furthermore, it is preferred to use, as the
method of controlling 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 solution, 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 Door
soilvent of the polyvinylidene fluoride-type resin in
the proportion within a range of 0% or mcre and 30% or
less. Also, the temperature of the solidifying bath is
prefefably 0°C or higher and 70°C or lower, and more
preferably 5°C or higher and 50°C or lower.

[0074]

It is poeossible to preferably employ, as anothér
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co IN Al tot racture s [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, manufactured by KUREHA CORI%QRATION @8%.?}/ w ight) and 62%
by weight of'§-bliffol8ctoRe GriFmiaGufedHAMTSUbIPT CREMICAFCSrpdration the Zarme shall apply

hereinafter). were dissolved at 160G ta gbfaina pelymetsolution:B for a-suppormembrane. Also, 9%

by weight of a vinylidene fluoride homopolymer having a measured value of a melt viscosity of 3,300
Pa-s (Kynar{r) H8\900, fanufactured by Arkenial ino; Meftviscosit/ldeseribed imrdlcatalogue: 3,300

to 5,500 Pa-s), 2% by weight of polymethy| methacrylate (manLIfffactured l:iy Aldrich, weight average
molecular Wiigh{™$5 x>T05Y And B9% By weightof GitRéthyl sutféxide (Manufactured by Toray Fine

Chemicals Co.,, Ltd ' the same shall apply hersinaftenwere mixed and-dissalved atiatemperature of

140C to obtain a polymer solufion Al for a separation-functional layer, having a solution viscosity of 6
Pa.s. Simultaneadusly,dhishpolymerlsaltitioneBi for a¥suppbit membrahe and aa agbieous 85% by weight
y-butyrolactone solution were concentrically ejected through an outer slit of g douk‘})ll?m gg-egl(trusion head

and a centeP pie ot Bdbuble OISO HEAd: felpectively, BT theR te S8lutions Werd solidified in
an aqueous 83% by weight yQutyrolactone solutiop at a temperatirg of 1000, followed by a stretching

process by 1.5times, a desolvation process and further a drying process to obtain a hollow
fiber-shaped syppororhiembrane: Fhis Support memibramewas fédanteepcoating hozze and the above
polymer solution Al was coated on a suppart membrane, and then t%%ggl mer solution Al was

solidified in Whfst &f a%ofidifyily Btk tempetdtafe ofa0ee toifbfed esdNatioh Brotéss to obtain

a hollow fiber-shaped sepayation,membrane, (hetejnafter refeyred s acampasite hollow fiber

membrane). The structure and performance of the obtained membrane are shown in Table 3.
forming a support layer and a hollow portion-forming

solution 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 fiker membrane can be cbtained.

[0075]

In order to exert the effects of the present
invention to the maximum extent possible, each
thickness of a separation-functicnal layer and a
support layer is alsc important. The thickness of the
separatioﬁ—functio&al layer is preferably 2 um or more
and 200 um or less, more preferably 10 um or more and
200 um or less, more preferably 15> um or more aﬁd 150
um or less, more preferably 20 um or more and 150 um or
less, and still more preferably 25 um or more and 100
um or less. When an attempt 1s made to form the

separation~-functional layer in a thickness of less than
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[0121] <Example 12> A vinylidene fluoride homopolymer having a measured value of a melt
viscosity of 5,400 Pas (Kynar(r) HSV900, manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pas) (8% by weight), 2% by weight of a methyl methacrylate-alkyl acrylate
copolymer (manufactured by MITSUBISHI RAYON CO., LTD., METABLEN(r) P-531A, weight average
molecular weight: 4.0 x 106) and 90% by weight of N-methyl-2-pyrrolidone (manufactured by BASF:
the same shall apply hereinafter) were mixed and dissolved at a temperature of 140C to obtain a
polymer solatisf A2d6ra séparation-fundtiohal layerahavirg, a selstian visgosity of 26 Pa's. In the
same manner as in Exargple 11, except that the_polymer solution A2 was used in place of the polymer
0

solution Al, Composite RolfoR fibet nientrane fas Btairfel™Re Structile® 4nd pértstmanee of the

obtained membrane-ae shewn in.Table 3101221 sExamplg 433, A yinylideng flu gde
homopolymer having a measured value of a melt viscosity of 4,700 Pa's (Kynare HSV900,
manufacturét by Arkeraa rcs meltviscosity described froa catalogee=3,30Q 0.5,500 Pa-s) (13% by

weight), 4% bﬁweight of polymethyl methacrylate (manufactured by Aldrich, weight average molecular
weight: 9.96 % 05Y aRd 839D weidht of NinetHY RS D rrdiRIvRAE Wikte BRs36vEd AP teiserature of

140C 10 obii  palymss Sollon A3 1Rving & s0luion YISEGSIN. f S0P 0 e, same mapner as i
(0]

Example 11, except that the polymer solution A3 was used in place e polymer solution Al and a
solidifying BFatk of watér ata temperéturéof 60Gwas tsed; atomposie hollow fiker membrane was
obtained. The structure and performance of the obtained membrane are shown in Table 3. [0123]

<Example T25 2 T IZUnyfiGere ibrile homoBeRymer A&vinga fieasurdd valaa bEa afelt viscosity of

4,700 Pas (Kyonar(prHdSVY,200. manufactured by Arkema Ing., n}hjeItrveiscog,LIye described in a catalogue:
3,300 to 5,500 Pas) (11% by weight), 0.5% by weight of a met ;I "metﬁaé’ryléte-alkyl acrylate

copolymer graam#actutedthy MESUBISHERAYON CO., LTD., METABLENO P-551A, weight average
molecular vg%igqt:gl.S x 105) and 88.5% by weight of dimethyl sulfoxide were mixed and dissolved at a
temperature 0 20C to obtain a polymer solution Al having a solution viscosity of 9 Pa.s. In the same

SolUlon Al & Composte Felba et merbrans was biaed. T bracture anek e tbimance of the
obtained mehibrame are showa irfdable B0 [Q1R4br 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. 1In contrast, when the thickness

exceeds 400 um, pure water permeability decreases.

r0077]

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 layer
on arbitrary 20 points, and arithmetically averaging

the thicknesses.
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<Example 15> A vinylidene fluoride homopolymer having a measured value of a melt viscosity of
4,300 Pa-s (Kynar(r) H5V900, 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 105) and 89% by weight of dimethyl sulfoxide were
mixed and dissolved at a temperature of 140C to obtain a polymer solution A5 having a solution
viscosity of 4 Pa-s. In the same manner as in Example 11, except that the polymer solution AS was
used in place:of therpotymer solution Al and a solidifying bath of an aqueous 60% by weight dimethyl
sulfoxide solution at a temperature of 30C was used, a composite hollow fiber membrane was
obtained. The“striféture and performance of the obtained membrane are shown in Table 3. [01251
<Example 16> vinylidene fluoride homopol mer.q[ ving a measured valye of melt viscosity of
3,900 Pa.s (Kynaro%%%986,“%85‘&&%%%%9&%% ac.r})gr%eg%%ggs%t@e sl{é)r?o]e%“‘fn Rcatalogue:
3,300 to 5,50@ Pas) (690 by weight) 8. fgb\ weightef polymethy methacrylate-(manufactured by
Aldrich, weight average molecular weight: 1.2 x 105) and 93.9% by weight of N-methy1-2- pyrrolidone
were mixed Afd dissBivEd at & fenpesatiifel dfo140THo Db 4 polyméresohition A6 having a solution
. 1:” the same manner as in Example 11, exce ttha;the,pol mer solution A6 was

iscosity of Q.8 P.
\tjlsed i%yplac%% ta?eepoﬁfn%erosolu%%% Al Bha ASolidiRying B BPWatef af & téfperatuld 6f 60C was

used, a compesite:hallonHfinen Mesmbraee-was obtained  The, structure andperformance of the
obtained membrane are shown in Table 3. [0126] <Example 17> The same polymer solution for a

support merirane &hd polymer solution for a separation-functional layer as those in Example 11
were used. i(%u} eously, the polymer solution for a support membrane, the polymer solution for a
separation-functional layer and an aqueous 85% by weight y-butyrolactone solution were
concentricallyiextraded throughhan i@per 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
dimethyl sulfoxide si@itién #t'e tepdpetaturerst TOS: followed &Y asdeselvation: processoitd obtain a

composite hollow iber membiane, [Ne SYLE g performanca of the obtained membrane are
shown in Table 3. Off;? accordance
with ASTM D3835 using CAPIROGRAPH 1C (die diameter: ol
mm, die length: 10 mm) manufactured by Toyo Seiki. Co.,
Ltd.
160801
(2} Sclution Viscosity

Solution viscosity was measured at a temperature
of 50°C using a digital viscometer DV-II+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 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 to an
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<Comparative Example 4> A vinylidene fluoride homopolymer having a measured value of a melt
viscosity of 2,900 Pas (Arkema Inc., KYNARC) 760, melt viscosity described in a catalogue: 2,300 to
2,900 Pa-s) (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
Pa-s. In the same manner as in Example 11, except that the polymer solution A7 was used in place of
the polymer 8816tionSAIF & £6mposite hGIRRAfibRE At BrEAE WAS Bbtainetic PRE afrdétlre and

performan . ohtaine br are shown in Table 3.%[0 2%11 <Comparative Example 5>
A vinyIidencéf%%cﬁ}gle%%ogn?ogb%%gr k‘?agv(lgngcé) mh%é&‘fr%& %/gmepo %Jtrrcf { \ﬁgélo_esl y %F 5}208%’&5 (Arkema
- Inc., KYNARE) #60,smelf viseosity deseribeddn acatalogues 2,300 1@ 2:090Ras) 20% by weight), 5%
by weight of a methyl methacrylate-alkyl acrylate copolymer (manufactured by MITSUBISHI RAYON
CO., LTD., METABLENG P53 104, wWdight verage froleciiBeweight: aroor 166)andt75% by weight of
dimethyl su(%f‘g)éig% were %nixed and dissolved.at a tem §%aéurgol49géo obtain aé)gl Eer solution A8

. Ler 'Su £ !
having a solution wscogltfgfes Pa-s” In the Same manner as i Examplé 115 éxcept that the polymer

solution A8xas used:ia ptaceof therpolymerspiution Al and a-selidifying bath of wates at a
temperature of 60C was used, a composite hollow fiber membrane was obtained. The structure and
performande-of thidlosthied nderfbrafi& Ares sShownkin Tabie 3. aCemparedivé ExEMpiers 0057

I)
9OTKCX60d@§meter existing in each thin layer was measured. 2Also,

the numbers of a thin layer having a maximum pore
diameter of less than 0.03 um, a thin laver having a
maximum pore diameter of 0.032 um or more and less than
0.1 pm, a thin laver having a maximum pore diameter 0.1
pm or more and less than 0.2 um, a thin layver having a
maximum pore diameter 0.2 um or more and 0.6 um or less
and a thin layer having. a maximum pore diameter of more
than 0.6 um were respectively determined.
[G082Z]
{4} Average Pcore Diameter of Three-Dimensional Network
Structure of Separation-Functional Laver

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 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,

t0083]
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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.
[0084]
{6) Average Pore Diameter of Quter Surface of
Separatiocn-Functional Layer

Using a scanning electron microscope, arbitrary
selected 20 points on a surface of a separation-
functional layer was photographed at a magnification of
60,000 times.” A major axis and a minor axis of pores
measured on arbitrarily selected 20 points of each
photograph were measured, and all measured values were
arithmetically averaged tc determine an average pore
diameter.
[0085]
(7) Presence/Absence of Macrovoids of 5 mm or more

Using a scanning electron microscops, 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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cf macreovoids having a diameter of % um or more was
contirmed on arbitrary 30 points. When macrovoids do
net exist or only macrovoidé each having a major axis
of less than 5 pm exist, it was judged that the
separation membrane does not substantially include
macrovoids of 5 pm or more. In contrast, when only one
macroveld of 5 pm or more is bbserved, it was judged
that the separation membrane substantially includes
macroveids of 5 um or more.

[0086]

(8) Membrane Thickness and Thickness of Separation-
Functicnal Layer and Support Layer

Using a 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 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 sach photograph were

measured on 20 points, and then the measured values

49



6 6'L Example 17 0000 90IxS'E 81/Z28 9 GIJON 08? 98 110 '0 e'Z

were arithmetically averaged to determine an average
outer diameter and an average inner diameter.

[o088]

{10) Average Thickness of Separation Membrane (Hollow
Fiber Membrane)

Using a scanning electron microscope, a Cross
section of é hollow fiber~shaped separation membrane
was photographed at a magnification of 100 times on 20
points. The distance from an outermost laver 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 agueocus solution 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
sclution. Herein, distilled water to be used was
prepared by subjecting distilled water obtained from a
pure water device AUTO STILL (manufactured by Yamato
Scientific Co., Ltd.) to high-pressure steam
sterilization at l?l“C for 20 minutes. In case the
separation membrane i1s a hollow fiber membrane, a
small-sized module made of glass having a length of
about 200 mm compcsed 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 wvirus
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 solution, about 5 mi of the filtrate was collected
and then diluted with distilled water by 0 to 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 concentraticn of Bacteriocphage MS-2. Removal
performance was represented by logarithm. For example,
2 log refers to 2 logyp and means that a ratio of the
concentration of MS-2 after 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 represented as 2 7 log.
[0080]
{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. Alsc, 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 cyiindrical

filtration holder. Reverse osmosis membrane treated

wn
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water was fed to the module under the conditions 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 obtained by measuring a permeate flow rate
(m?) of a2 given time into the value per unit time (hr},
unit effective membrane area (w?) and 50 kPa.
(00811
(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-scale
load of 5 kg and a crosshead speed of 50 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 eleongation. 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.
00923
(14) Degree of Increase in Filtration Resistance

A miniature membrane module having & length of 15
mm was made by accommodating six hollcew fiber membranes
in an outer casing and fixing ends {(¥Fig. 1}. In this
membrane module, the hollow fiber membrane is sealed at

the end B, while the hollow fiber membrane opens at the
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end D.
[CC93]

In a 10L stainless steel pressure tank ADVANTEC
PRESSURE VESSEL DV-10 eguipped with a pressure gauge,
raw water was charged. Similarly, in a 40L stainless
steel pressure tank ADVANTEC PRESSURE VESSEL DV-40
eguipped with a pressure gauge, distilled water
manufacitured by Wake Pure Chemical Industries, Ltd. was
charged. A Z-~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
{(TOCY: 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 2Z-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 Z-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 using a Tefilon® 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 KPa using an SMC regulator (AFZOOO—Oz,
AR2000-02G) and then the Z~way stopcock was opened
thereby feeding raw water intc the miniature membrane
module. At this time, the 3-way stopcock existing
between the 2-way stopcoék and the miniature membrane
module was opened at conly 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.

[00386]

The weight of the permeated water was méasured
every 5 seconds using an electronic chemical balance
AND HF-6000 connected to a personal computer and
recorded using a continuous recording program AND RsCom
ver.Zz.40. Since data obtained in this test is the
welght cof the permeatéd water per 5 seconds, filtration

resistance was calculated using the equaticn shown

below.
[0C27]

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

106/((Viscosity of Permeated Water (Pa-s) x (Welght 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
Z-way stopcock of the raw water 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 cpened in all three
directions and the permeated water outlet {point D) of
the miniature membrane module was sealed by the resin
cap.

(00983

A préssure was applied to the distilled water tank
_by adjusting the pressure (0.4 MPa) of compressed air
to 150 KPa using an SMC regulatcocr (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 closed thereby
completing the back washing process. y
00991

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

[0100]

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

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

of the graph made appreopriately.

[C1l01]

In the graph of 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 scme cases, the gradient of a
straight line obtained by jeoining 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 bestween the
total amount of 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.

[0102]
(Example 1)

A vinylidene fluoride homopolymer having a weight
average molecular weight of 417,000 (38% by weight) and
62% by welight of y-butyrolactone were dissclved at

160°C. This polymer solution and an agueocus 85% by
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welght y-butyrolactone solution were simultaneocusly
ejected through an outer tube of a double co-sxtrusion
head and an inner tube of the double co-extrusion head,
respectively, and then the solutions were solidified in
a bath of an agueous 85% by weight y-butyrolactone
solution at a temperature of 10°C. The obtained
membrane was stretched in water at 90°C by 1.5 times.
The obtained membrane is a hollow fiber membrane having
a spherical structure and this membrane was used as a
support.

[0103]

Next, 9.6% by weight of a polyvinvlidene flucride
homopolymer having a melt viscosity of 6,400 Pa-s
(Kynar® HSV900, manufactured by Arkema Inc.) and 2.4%
by weight of a polyvinylidene fluoride homopolymer
having a melt viscosity of 3,200 Pa-s (Kynar® 7690,
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 homopolymers had a melt viscosity 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 & hollow fiber-shaped separation membrane
bearing a separation-functional layer.having a three-
limensional network structure formed on a support lavyer
having a spherical structure. The membrane structure
and membrane performance of the obtained separation

membrane are shown in Table 1.
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Weight average molecular weight of acrylic resin Composition of polyvinylidene fluoride-type
resin/acrylic resin (wt/wt)

[0104]
{Example 2)

A polyvinylidene fluoride homopolymer having a
melt viscosity of 6,400 Par-s (Kynar® HSVI0Q,
manﬁfactured by Arkema Inc.) (12% by weight) was
dissolved in N-methyl-2-pyrroliidone to cbtain 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‘l and then solidifised 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 & spherical structure.
The membrane structure and membrane performance of the
cbtained separation membrane are chown in Table 1.
[0105]

{(Example 3)

A polyvinylidene fliuocride homopolymer having a
melt viscosity of 6,400 Pa-s {(Kynar® HSV900,
manufactured by Arkema Inc.) (9.6% by welcght) 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 solution
for a separaticn-functional layer. This membrane-
forming stock solution was uniformly coated on the
surface of the hollow fiber membrane cobtained in

Example 1 and then solidified in water at 23°C to
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Melt viscosity at 50C of resin solution (Pa-s) Presence or absence of macrovoids Thickness of
support layer (PM) Thickness of separation- functional layer (pm) Average pore diameter of outer
surface of separation- functional layer (pm) Average pore diameter of three-dimensional network
structure (pm) Average diameter of spherical

produce a hellow fiber-shaped separation membrane
bearing & separation-functional layer having & three-
dimensional network structure formed on a support laver
having = sphef}cal structure. The membrane structure
and membrane performance of the obtained separation
membrane are shown in Takle 1.

[010¢€]

(Example 4)

A polyvinylidene fluoride homopolymer having a
melt viscosity of 6,400 Pa-s {(Kynar® HSVOQO0,
manufactured by Arkema Inc.) (9.6% by weight), 1.2% by
welght 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 & separation-functional layér. 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° to
produce a hollcw fiber-gshaped 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.

[(0107]
(Example 5)

A polyvinylidene flucride homopolymer having a
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structure (pm) J Average outer diameter of composite hollow fiber membrane (Pm) Average inner
diameter of composite hollow fiber membrane (pm) Pure water permeability (m3/m2/hr) Virus
removal ratio (log) 1 Fracture strength (MPa)  a,a)

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 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 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
fermed on a support layer having a spherical structure.
The membrane structure and membrane performance of the
cbtained separation membrane are shown in Table 1.
[0108]

{Example 6)

A polyvinylidene fluoride homopolymer having a
melt viscosity of 6,400 Pa-s (Kynar® HSVS0C,
manufactured by Arkema Inc.) (9.6% by weight) and 2.4%
by weight of polyvinylpyrrolidone {manufactured by BASF,
K20) 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 hollow fiber
membrane obtained in Example 1 and then solidified in
water at 23°C to produce a hollcow fiber-shaped
separation membiane bearing a separation-functiocnal

layer having a three-dimensional network structure
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formed on a support layver having a spherical structure.
The membrane structure and membrane performance of the
obtained separation membrane are shown in Table 1.
[G109]

(Comparative Example 1)

A polyvinylidene fluoride homopolymer having a
melt viscosity of 3,200 Pars (Kynar® 760, manufactured
by Arkema Inc.} {(12% by weight) was dissclved in N-
methyl-Z2-pyrrolideone to obtain a membrane-~forming stock
sclution for a separation-functional layer. This
membrane-forming stock solution was uniformly coated on
the surface of the hollow fiber membrane cbtained 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 lavyer
having a spherical structure. The membrane structure
and membrane performance of the obtained separation
membrane are shown in Table 1,

[G110]
(Comparative Example 2)

A polyvinylidene fluoride homopolymer having a
melt viscesity of 6,400 Pa-s (Kynar® HSVO0O0,
manufactured by Arkema Inc.) (12% by welght) was
dissolved in y-butyrolactone to obtain a membrane-
forming stock sclution. This membrane-forming stock
solution was uniformly coated on the surface of the
hollow fiber membrane obtained in Example 1 and then

solidified in a bath of an agueous 85% by weight y-
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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
5,500 Pas (Kynar(r) HSV900, manufactured by Arkema Inc., melt viscosity described in a catalogue:

* 3,300 to 5,500 Pasr®8s by weight) L 1% isyrweightof palyvinylpyrolidoné (manGfactdree by BASF,
K9OHM) and.90%. by weight of Nmethy1-2-pyrrolidone were mixed and dissolved at a temperature
120C to obté:i}ﬁ%aplorlier\r%{er%%?ﬁi%ﬁrgbo%r %%epgr%ﬁﬁn-mﬁgtiﬁaﬁ%igﬁ "éirﬁﬂlﬁ’aerfé"éﬁé@?tﬁg polymer

solution B fos asuppert membiane and ap agweous 85% Ry, weight y-butyrglagtone solution were
concentrically ejected through an outer slit of a double co-extrusion head and a center pipe of a double
© co-extrusionstieads faspectivelyrand tese selutivns werkssptidifibe intar aquenplk 86%:ky weight
y-butyrolacto%e%%ocl%tlilon at a meperature of 10C, followed by a desolvation process, a stretching

process by T.5 tifles and furthera dR/ihy process 15 dbtait & hafiw HbBRSRaPed support membrane.

This supporbmembranenwas fed intaa caating nazzle apd then the, above-palymer.solution A9 was
coated on a support membrane, followed by a process of solidifying in water at a temperature of 40C

and further & bdesolvation pedecess 1o 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] <Example 19> A vinylidene fluoride homopolymer having
a measured value of a melt viscosity of 4,500 Pas (Kynar(r) 1-1317900, 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, K90) and 90% by weight of dimethyl sulfoxide
(manufactured by Toray Fine Chemicals Co., Ltd.: the same shall apply hereinafter) were mixed and
dissolved at a temperature 120C to obtain a polymer solution R10 for a separation-functional layer. In
the same manner as in Example 18,, except that the polymer solution A10 was used in place of the
polymer solution A9 and a solidifying bath of water at a temperature of 20C was used, a composite
hollow fiber membrane was obtained. The structure and performance of the obtained membrane are
shown in Table 4. [0132] <Example 20> A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,200 Pas (Kynar0 HSV900, manufactured by Arkema Inc., melt viscosity
described in a catalogue: 3,300 to 5,500 Pas) (9% by weight), 1% by weight of polyvinylpyrrol done
(manufactured by BASF, K30) and 90% by weight of N-methyl-2-pyrrolidone were mixed and dissolved
at a temperature 120C to obtain a polymer solution All. In the same manner as in Example 18, except
that the polymer solution All was used in place of the polymer solution A9 and a solidifying bath of
water at a temperature of 60C was used, a composite hollow fiber 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 Pas (Kynar(r)
HSV900, manufactured by Arkema Inc., melt viscosity described in a catalogue: 3,300 to 5,500 Pa-s)
(12% by weight), 0.5% by weight of polyvinylpyrrolidone (manufactured by BASF,
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1.2 x 105) and 88.5% by weight of N-methyl-2-pyrrolidone were mixed and dissolved at a temperature
120C to obtain a polymer solution A15. In the same manner as in Example 18, except that the polymer
solution A15 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. [01335]
<Example 25> In the same manner as in Example 18, except that the same polymer solution A15
as in Example 24 and the same support membrane made of polyethylene as in Example 22 were
used, a composiie hollow fiber membrane was obtained. The structure and performance of the
obtained membrane are shown in Table 4. [0136] <Example 26> The same polymer solution B for
a support mél%ﬁ?é?félfndmolymer solution A9 for a separation-functional layer as those in Example 18

were used. Simultaneaysly, e polymer solulion B for A SHOAULEMPLAE, fhe, polyuey; solution AS

and an aqueous 85% by weéight y-butyrolactone solution were concentrically ejecte ugh an inner
slit of a triples s@-extrusion head; bnouterlayer stittandiar center pips yespectivelyrand thenithese
solutions were solidified in an aqueous 30% by weight N-methy1-2- pyrrolidone solution at a
temperature®ot 108 fdifowea by &desoR/atiah Brotess o4k & cdmpoiitd RBlic-fiber membrane.

The structure @@dcp_erfolrmggc% 8&% Shtained membrane cfpr% shawn ino'{l%bl% gf%[o}:algﬂ <Example 27>
0 po

The same polymer solution B for a’support membrane an ymer solution AT5 for
separation-fuectignal layeras,those: intxamplie 24 wete useas: Sinultaneously4he polymer solution B
for a support membrane, the polymer solution Al5 and an aqueous 85% by weight y-butyrolactone
solution werd toREERriEAIy Srette R ihrsubhean RHEISSIIPSf #tripridotextiisivhiticadsa® Buter layer

slit and a cepter pipe, &eSé)gctiVﬁLye gr_lg&e@ tg%s%s%{%q%\ Were solidcified in an gquequs 30% by

weight N-methy1-2- pyrrolidone solution at a temperature o 108??0%%58 %f/% desofvation process to

obtain a conposite hollew fiber membranen The stucturesandiperformance ef the gbtained membrane

are shown in Table 4. [0138]
aguecus 85% by weight vy-butyrolactone sgolution at a
temperature of 10°C. The obtained membrane was
stretched in water at 90°C by 1.5 times. The obtained
membrane was a hollow fiber membrane having a spherical
structure. Next, 18% by weight of a polyvinylidene
flucride homopcelymer having a melt viscosity of 4,700
Pa-s and 2% by weilght of a polyvinylidene fluoride
homepolymer having a melt viscosity of 2,600 Pa-rs were
dissclved in dimethyl sulfoxide to obtain a membrane-
forming stock solution. This membrane-forming stock
solution had a solution viscosity of 365 Pa-s at 50°C.
This membrane-forming stock sclution was uniformly
coated on the surface of the above hoéllcow fiber
membrane and then solidified in water at 23°C to
preduce 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]

64



<Comparative Example 6> A vinylidene fluoride homopolymer having a measured value of a melt
viscosity of 2,900 Pas (Arkema Inc., KYNARO 760, melt viscosity described in a catalogue: 2,300 to
2,900 Pas) (9% by weight), 1% by weight of polyvinylpyrrolidone (manufactured by BASF, K9OHM)
and 89% by weight of N-methyl-2-pyrrolidone were mixed and dissolved at a temperature 120C to
obtain a polymer solution A16. In the same manner as in Example 18, except that the polymer solution
Al6 was used in place of the polymer solution A9, a composite hollow fiber membrane was obtained.
The structure and petformancée-ofife BB MEMbiaRB are 8lRovir? ih Fable 4.t Edmparative

Exmﬂme6£@§ﬁé§%5 of 1,430 um and an inner diameter of 880 um.
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
/. Next, 18% by weight of a polyvinylidene fluoride
homepolymer 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 dissolved in
dimethyl sulfoxide to obtain a membrane~forming stock
solution. This membrane-forming stock sclution had a
solution viscosity of 365 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 agueous 60% by
welght 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 obtained separation membrane
had an outer diameter of 1,480 pm and an inner diameter
of 870 um. The membrane structure and membrane
performance are shown in Table 2.

[0115]
(Example 9)

First, a hollow fiber membrane having a spherical
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structure was produced in the same manner as in Example
7. Next, 10% by welght of a polyvinvliidene fluoride
hemeopolymer having a melt viscosity of 4,700 Pa-g and
5% by weight of a polyvinylidene fluoride homopolymer
having a melt viscosity of 800 Pa-'s were dissolved in
dimethyl sulfoxide to 5btain a membrane—-forming stock
sclution. This membrane-forming stock solution had a
solution viscosity of 8 Pa-s at 50°C. This membrane-
forming stock sclution was uniformly coated on the
surface of a hollow fiber membrane having a spherical
structure and then solidified in an agqueous 60% by
welght 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 obtained separation membrane
had an outer diameter of 1,410 um and an inner diameter
cf 880 um. The membrane structure and membrane
performance are shown in Table 2.

[Clle]

(Example 10)

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

solution. This membrane-forming stock sclution had a
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sclution 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 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 obtained separation membrane
had an outer diameter of 1,480 um and an inner diameter
of 870 nm. The membrane structure and membrane
performance are shown in Table 2.

[0117]

(Comparative Example 3)

First, a hollow fiber membrane having a spherical
structure Qas 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 homcpolymer
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 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 agueocus 60% by
welght dimethyl sulfoxide solution at 23°C to produce a
hollow fiber-shaped separation membrane bearing a

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

performance are shown in Tabls 2.
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In Bxamples 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.

[C120]
<Example 11>

A vinylidene fluoride homopolymer having a welght
average molecular weight df 420,000 (KF polymer T#1300,
manufactured by KUREHA CORPORATICN) (38% by welght) and
62% by welght of vy-butyrolactone (manufactured by
Mitsubishi Chemical Corporation: the same shall apply
hereinafter) were dissolved at 160°C to obtain a
polymer solution B for a support membrane. Also, 9% by
welght of a vinylidene fluoride homopolymer having a
measured value of a melt viscosity of 3,300 Pa-s
{Kynar® HSV900, manufactured by Arkema Inc., melt
viscogity described in a catalogue: 3,300 to 5,500
Pa-s), 2% by welght cf polymethyl 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
dissolved at z temperature of 140°C to obtain a polymer
solution Al for a separation-functicnal layer, having a

solution viscosity of 6 Pa-s. Simultaneocusly, this
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polymer solution B for a support membrane and an
aguecus 85% by weight vy-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 sclutions
were sclidified in an agueous 85% by weight vy-
butyrolactone scolution at a temperature of 10°C,
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
support membrane was fed into a coating nozzle and the
above polymer solution Al was coated on a support
membrane, and then the polymer sclution Al was
solidified in water at a solidifying bath temperature
of 40°C, fellowed by a descolvation 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® HSV900, manufactured by Arkema Inc., melt
viscosity described in a catalogue: 3,300 to 5,500
Pa-s) (8% by weight), 2% 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 90% by welght

72



EOS'T PZ8 Example 22 00? 'SET S*0 S'L8 96

of N-methyl-Z-pyrrolidone (manufactured by BASF: the
same shall apply hereinafter} were mixed and dissolved
at a temperature of 140°C to obtain a pelymer solution
AZ 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 soluticon Al, composite hollow
fiber membrane was obtained. The structure and
performance of the obtained membrane are shown in Table
3
(0122]
<Example 13>

A vinylidene fluoride homopclymer having a
measured value of a melt vi;cosity cf 4,700 Pa's
(Kynar® HSV900, manufactured by Arkema Inc., melt
viscosity described in a catalogue: 3,300 to 5,500
Pa-s) (13% by weight), 4% by welght of polymethyl
methacrylate (manufactured by Aldrich, weight average
molecular weight: 9.96 x 10°) and 83% by weight of N-
methyl-Z-pyrrolidone were dissolved at a temperature of
140°C to obtain a polymer solution A3 having a solution
viscosity of 50 Pa-s. In the same manner as in Example
11, except that the polymer sclution A3 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.
[0123]
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<Example 14>

A vinylidene fluofide homopolymer having a
measured value of a melt viscosity of 4,700 Pa-s
(Kynar® HSVS00, manufactured by Arkema Inc., mglt
viscosity dascribed 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 RAYOW CO., LTD., METABLEN® P-551A, weight
average molecular weight: 1.5 x 10°% and 88.5% by weight
of dimethyl sulfoxide were miked and dissolved at a
temperature of 140°C to obtain a polymer solution A4
having a soclution viscosity of 9 Pa-s. In the same
manner as in Example 11, except that the polymer
sclution A4 was used in place of the polymer sclution
Al, a conmposite hollow fiber membrane was obtained. The
structure and performance cf the obtained membrane are
shown in Table 3.
(01247
<Bxample 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-g) (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 to obtain a polymer solution AS

having a solution viscosity of 4 Pars. In the sane
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manner as in Example 11, except that the polymer
solution A5 was used in place of the polymer sclution
Al and a solidifying bath of an aqueous 60% by weight
dimethyl sulfoxide solution at a temperature of 30°C
was used, a composite holliow fiber membrane was
obtained. The structure and perfermance of the obtained
membrane are shown in Table 3.
[0125]
<Example 16>

A vinylidene flucride homopolymer having a
measured value of melt viscosity of 3,900 Pa+s {Kynar®
HSV900, manufactured by Arkema Inc., melt viscosity
described in a catalogue: 3,300 to 5,500 Pa-s) (6% by
welght), 0.1% by weight of polymethyl methacrylate
{manufactured by Aldrich, weight average molecular
welght: 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 polymer scolution A6 having a
solution viscosity of C.8 Pa-s. In the same manner as
in Example 11, except that the polymer solution R6 was
used in place of the polymer scolution Al and a
solidifying bath of water at a temperature of 60°C was
used, a compeosite hollow fiber membrane was obtained.
The structure and performance of the obtained membrane
are shown in Table 3.
(0126}
<Example 17>

The same polymer sclution for a support membrane

and polymer sclution for a separation-functiocnal laver
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as those in Example 11 were used. Simultaneously, the
polymei solution for a support membrane, the polymer
solution for a separation-functional layer and an
agueous 850% by weight y-butyvrcoclactone solution were
concentrically extruded through an inner slit of a
triple co-extrusion head, an outer layer slit and a
center pipe, respectively, and then these scolutions
were solidified in an agueocus 30% by weilght dimethyl
sulfoxide sclution at a temperature of 10°C, followed
by a desolvation process to obtain a composite hollow
fiber membrane. The structure and performance of the
obtained membrane are shown in Table 3.
10127]
<Ccmparative Example 4>

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 to 2,900 Pa-s) (9% by weight), 2% by
weight of polymethyl methacrylate {(manufactured by
Aldrich, weight 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 solution viscosity of 0.2 Pa:'s. 1In
thé same manner as in Example 11, except that the
polymer sclution A7 was used in place of the polymer
solution A1, a composite hollow fiber membrane was
obtained. The structure and performance of the obtained
membrane are shown in Table 3.

(01281
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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 =
catalogue: 2,300 to 2,900 Pa-s) (20% by weight), 5% by
weight of a methyl methacrylate-alkyl acrylate
cecpolymer (manufactured by MITSUBISHI RAYCN CO., LTD.,
METABLEN® P-531A, welght average molecular weight: 4.0
x 10%) and 75% by weight of dimethyl sulfoxide were
mixed and dissclved at a temperature 140°C to obtain a
polymer sclution A8 having a solution viscosity of 3
Pa-s. In the same manner as in Example 11, except that
the polymer solution A8 was used in place of the
polymer soluticn 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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Temperature of solidifying bath (C) Outer diameter (55m) Inner diameter (1511)

[0130]
<Example 18>

A vinylidene fluoride homopolymer having a weight
average molecular weight of 420,000 (KF poiymer T#1300,
manufactured by KUREHA CORPORATION) (38% by weight) and 62%
by weight of y-butyrolactone (manufactured by Mitsubishi
Chemical Corporaticn: the same shall apply hereinafter)
were dissolved 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® 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, KSOHM) and 90% by weight of N-
methyl~Z-pyrrelidone were mixed and dissolved at a
temperature 120°C to obtain a polymer solution A9 for a
separation-functional layer. Simultaneously, the pclymer
solution B for a support membrane and an agueous 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 these solutions were scolidified in an agueous 85% by
welght y-butyrolactone solution at a temperature of 10°C,
followad by a desolvation process, a stretching process by

1.5 times and further a drying process to obtain a hollow

- 80 -



9: 01:--l1atto 0O t-ti E - - -1005-1a 43-H U 0 U a -ri4-)0 4-100, CO -u!l-HO 0I-.1-iiP.1-10) aal U G) 7 3 E
04-iCI)0id0>, V- Oa k+ ,---?a a

fiber-shaped support membrane. This support membrane was
fed into a coating nozzle and then the above polymer
solution AS% was coated on a support membréne, 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 structurs and
performance of the obtained membrane are shown in Table 4.
f0131]
<Example 15>

A vinylidene fluocride homepolymer having a measured
value of a melt viscosity of 4,500 Pa-s (Kynar® HSVS00,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-=) (9% by weight), 1% by
weight of polyvinvlpyrrelidone (manufactured by BASE, K90)
and 90% by weight of dimethyl sulfoxide {manufactured by
Toray Fine Chemicals Co., Ltd.: the same shall apply
hereinafter) were mixed and dissolved at a temperature
120°C to obtain a pelymer solution AlQ for a separation-
functional layer. In the same manner as in Example 18,
except tThat the polymer solution A10 was used in place of
the polymer solution A9 and a solidifying bath of water at
a temperature of ZO;C was used, a composite hellow fiber
membrane was obtained. The structure and performance of

the obtained membrane are shown in Table 4.
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f0132]
<Example 20>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,200 Pa-s (Kynar® HSV9Q0,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-s} (9% by weight), 1% by
welght of polyvinylpyrrolidone (manufactured by BASF, K30)
and 920% by weight of N-methyl-2-pyrrolidone were mixed and
dissolved at a temperature 120°C to obtain a polymer
solution All. In the same manner as in Example 18, except
that the polymer solution All was used in place of the
polymer solution A8 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 cbtained 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® HSVS00,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa-s) (12% by weight), 0.3% by
weight of polyvinylpyrrolidone (manufactured by BASF,
KS0HM) and 87.5% by weight of dimethyl sulfoxide were mixed
and dissclved at z 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
bbtained. The structure and performance of the obtained
‘membrane are shown in Table 4.
<Exanple 22>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,200 Pars (Kynar® HSVY00,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pars) (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 A13. 2 hollow support membrane made of
polyethylene {manufactured by manufactured by MITSURISHI
RAYON CO., LTD., outer diameter: 450 um, inner diameter:
280 pm, nominal pore diameter: 0.1 pm, 50 kPa, pure water
permeability at 25°C: 0.58 m’/m’/hr, fracture strength: 4.2
MPa, fracture elongation: 42%) was fed into a coating
nozzle and the polymer solution Al3 was coated on a support
membrane, followed by a process of solidifying in water at
a temperature of 40°C and further a deéolvation 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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[0133]
<Example 23>

A wvinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,500 Pa-s (Kynar® HSVS00,
manufactured by Arkema Inc., melt viscosity described in a
catalogue: 3,300 to 5,500 Pa's) (10% by weight), 0.5% by
welght of polyvinylpyrrcolidone (manufactured by BASF, K30),
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-Z-pyrrolidone were mixed and
dissolved 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 soluti@n AS, a compesite hollow fiber membrane was
obtained. The structure and performance of the obtained
membrane are shown in Table 4.
[0134]
<Example 24>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 5,000 Pars (XKynar® HSVI00,
manufactured by Arkema Inc., melt viscesity described in a
catalogue: 3,300 to 5,500 Pa-s) (10% by weight), 0.5% by
welght of pelyvinvipyrrolidone {manufactured by BASF,
K90HM), 1% by weight of polymethyl methacrylate

(manufactured by Aldrich, weilght average molecular welght:

- B4 -
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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 solution A15. In the same manner as in Example 18,
except that the polymer solution AlS was used in place of
the polymer solution A9, a composite hollow fiber membrane
was obtalned. 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
same polymer solution Al5 as in Example 24 and the same
support membrane made of polyethylene as in Example 22 were
usad, a composite hollow fiber membrane was cobtained. The
structure and performance of the obtained membrane are
shown in Table 4.
[01386]
<Example 26>

The same polymer solution B for a suppcrt 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 A% and an agueous 85% by welght 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

__85_
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solidified in an agqueous 30% by weight N-methyl-2-
pyrrolidone solution at a temperature of 10°C, followed by
a desolvation process to obtain a composite hollow fiber
membrane. The structure and performance of the obtained
membrane are shown in Takle 4.
[0137]
<Example 27>

The same polymer solution B for a support membrane
and polymer solution Al5 for a separation-functional layer
as those in Example 24 were used. Simultaneously, the
polymer solution B for a support membrane, the polymer
solution AlS and an aqueous 85% by welght y-butyroclactone
solutidn were concentrically e’jected through an inner sliit
of a triple co-extrusion head, an outer laver slit and a
center pipe, respectively, and then these sclutions were
solidified in an agueous 30% by weight N-methyl-2-
pyrrolidone solution at a temperature of 10°C, followed by
é desolvation process to obtain & composite hollow fiber
membrane. The structure and performance of the obtained
membrane are shown in Table 4.
[0138]
<Ccmparative Example 6&>

A vinylidene fluoride homopolymer having a measured
value of a melt viscosity of 2,200 Pa-s (Arkema Inc.,

KYNAR® 760, melt viscesity described in & catalogue: 2,300
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to 2,800 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
solution Al6. In the same manner as in Example 18, except
that the polymer solution Al6 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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9.5 (MPa) Fracture elongation 40 (%) Pure water Membrane 1.01 permeability (m3/m2/hr)'
performance Virus removal ratio (log) Degree of increase in filtration resistance 0.28 (x 1012/m1)
Thickness of separation-functional layer (pm) '

INDUSTRIAL APPLICABILITY

According to the present invention, there is provided
a separation membrane made of a polyvinyiidene fluoride-
type resin, which is excellent in a chemical and physical
strength, and also reconcile hilgh pure water permeability
and high virus removal performance, and method for
preducing 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.



(md) aokei daoddno go SSUXOTU.T. Average pore diameter of membrane surface (Pm) Average
pore diameter of three-dimensional network structure (pm) _ Average diameter of spherical structure
(PM)  INDUSTRIAL APPLICABILITY

CLATIMSE

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

functional laver has a three-dimensional network structure.

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

nydrophilic 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 ratic of a polyvinylidene fluoride-type
resin having a melt viscosity 3,300 Pa-s or more and a
hydrophilic polymer contained in the separation-functional

layer is within a range from 60/40 to $5/1.

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 hav glgﬁa melt viscosity of
3,300 Pas oriGre, &hd §&ﬂ?éjséﬁ’§rﬁti5ﬁ5fﬁ‘nétﬁ)ﬁ%%y%@ﬁ§s BaRreeldinénsiGialgetwork structure.
2. The sepa(g%tl%n_ r%nembra{]g ac?%n%ﬁo claim 1, WCpereln the separation-f nctlongl I%%%rnfurther

contains a hydrop ili& 1"ﬁolgilméﬂrc:g e selpcargﬁgﬁ membrané detort |ﬁg 10 ¢ 2 whersih the

hydrophilic palymet is,ope e more kinds.of palymers selected froma pobyvinylpyriplidane-type resin
an acrylic resin and a cellulose ester-type resin. 4. The separation membrane according to claim 2 or
3, wherein a weightsatig, of, a polyvinylideneg fluoridestype resin having a melt viscosity:3,300 Pas or
more and a hydrophilic polymer contained in the separation-functional layer is within a range from
60/40 to 9945 .rhe-separation Membkanesaccording te any.oneef gaims tiiedewberein in case the
separation-functional layer is divided into thin layers each having a thickness of 0.2 pm along the
thickness directont, the: nOmber ohthis [dyers having &maxinem parediameter 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 pm is 0 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 & - 7. Theé &@parRivhiheAbrardaEesdim e a i ot bPcRIMd™ 196, Hiferaitthe

separation-fL nctionalblayéer I}ast%‘thref-dimens%lal network structure having | An average pore
diameter of 0. %lriﬁmor"3 more ari npmao\ﬁé: s. B fhé %e%a%?i%ﬁmrﬁgn%?gﬁe a(l:génr%meg tolgny one of

claims 1 to Ze\gge '%Rheotr}gge-}grgn%signal network structure does not substantially contain
macrovoids of 5 pm Or more. ’

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

pore diameter of 0.01 um or more and 1 um or less.

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

Or more.

9. The separation membrane according to any cne 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 sach other.

.._92_.



9.The separation membrane according to any one 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. 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 pm or less. 12. A method for producing the separation membrane according
to any one of claims 9 to 11, which comprises coating a polymer solution containing a polyvinylidene
fluoride-type resin on at least one surface of a support and then immersing the coated polyvinylidene
fluoride-typegesin inya.salidifyingliquid thereby solidifying the, | ol¥g1e£§g£%og’to forma.
separation-functional membrane having a three-dimensional nétwork structure, thus proéucmg a
separation grembrapediavinggsnultidayeredssteuchye o Wﬁ@é@@a@wg@gﬂq@éwer and a
support layer are laminated to each other, wherein the polymer solution contains 5% by weight or
more and 3086 by weightdrdess of apatyrinyidene fluorideitype tesin having a melt viscosity 3,300
Pas or more. 13. The method for producing the separation membrane - 93 - according to claim 12,
wherein the polymer solution contains a polyv nylidene fluoride-type resin having a melt viscosity of
3,300 Pa-s or more and a hydrophilic polymer, and a weight ratio of the polyvinylidene fluoride-type
resin to thelflydropRili€ pdfderis Wrthifetarge $roaT 60Bitecnd/e. aka irmethod for producing the
separation membrane according to any one of claims 9 to 11, which comprises simultaneously ejecting
a polymer €6 ﬁﬁ(?nlfbrﬁ?l?ﬁg 5 YRBaFAtiorRHTCtioAS) 18yeiP A Polyiner SSGHER #81thiRg &lsubport layer
and a hollo%p%rggg{o%miggasn?élel%tgorn '[C|>’l OL{BQQan outer tube, an intermediate tube and an inner tube,
respectively; using a trple co-extrusion head, ahd then SolidiryiHy the &8c&8 polyiner solutions in a
solidifying bath to produce a hollow fiber membrane in which the separation-functional layer is
disposed at an outer layer and the support layer is disposed at an inner layer. 15. The method for
producing the sepatatien membraneacsording 4o elaim 4, wherein the nalymer.solution forming a
separation-functional layer contains a polyvinylidene fluoride-type resin having a melt viscosity of
3,300 Pas acmuore and ahydrophitiespalyimer, andsa weight tatjo efithe-pelywipylidene fluoride-type
resin to the hydrophilic polymer is within a range from 60/40 to 99/1.

coating a polymer solution containing a polyvinylidene

fluoride-type resin on at least one surface of a support
and then immersing the coated polyvinylidene fluoride-type
resin in a solidifying liguid thereby solidifying the
polymer solution to form a separation-functional membrane
having a three-dimensiocnal network structure, thus
producing‘a separation membrane having a multi-layered
structure in which a separation-functional lavyer and'a
support layer are laminated to esach other, wherein the
polymer solution contains 5% by weight or more and 30% by
weight or less of a polyvinylidene fluoride-type resin

having a melt viscosity 3,300 Pa's or more.

13. The method for producing the separation membrane

- 03 -



according to claim 12, wherein the polymer solution
centains a polyvinylidene fluoride-type resin having a melt
viscosity of 3,300 Pa-s or more and a hydrophilic polymer,
and a weight ratio of the polyvinylidene fluoride-type
resin to the hydrophilic polymer is within a range from

60/40 to 89%/1.

14. A method for producing the separation membrane
according to any one of claims 9 to 11, which comprises
simultaneously ejecting a polymer solution forming a
separation-functional layer, a polymer solution 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
golidifying the ejected polymer solutions in a selidifying
bath to preduce a hollow fiber membrane in which the
separation-functional layer is disposed at an outer lavyer

and the suppcrt layer is disposed at an inner layer.

15. The method for producing the separation membrane
according to claim 14, wherein the polymer solution forming
a separation-functional layer contains a polyvinylidene
fluoride-type resin having a melt viscosity of 3,300 Pa-s
or more and a hydrophilic polymer, and a weight ratic of

the polyvinylidene fluoride-type resin to the hydrophilic



polymer is within a range from 60/40 to 98/1.



