»1 3 NOV 2006 .1 DESCRIPTION COWOSI TE POROUS MEMBRANE AND METHOD F%ﬁ
PRODUCI NG THE SAME 5 TECHNI CAL FI ELD The present invention refl 44 X% a

<= conposite porous nenbrane, which is suitable for water treatnent, as a

~mcro-filtration nmenbrane or an ultra-filtration nmenbrane, and C to a
met hod for producing the conposite por ous menbr ane. 10 BACKGROUND ART
Recently, water treatnent in a nenbrane nethod, which uses a filtration
nmenbrane which is excellent in sepaidi@praiyl ity and conpactness, is
drawing attention. in view of increasing interest in environnental pollution
and tightening of regulations. 15 In order to use in such water treatnent, a
filtration nenbrane i s demandi ng to have not only excellent separation
property and perneation capacit but al so nechani cal C properties which are
hi gher { han CRYIONEGHRALS YEMBRANSANDMFARGED FAR ERAVIING SHE
filtration nmenbranes having excellent perneation capacity, filtration
menbr anes made of pol ysul fone, pol yacSyMiaitrile, cellul ose acetate, 20
pol yvi nyl i dene fluoride, and the like, which are produced by a wet spinning
met hodsor a dry and wet spinning nethod, have been known. These filtration
menbranes are produced by m cro-phase separation of a polyner solution and
solidification of the polyner s { INLANoNn-sol vent. These filtration
menbranes conpri se a dense Iayerﬁkg%gﬂguggﬁ Jg? | ayer, and they have high
pore ratio and an asymetrical structure. 25 Anrong nmaterials_faor these
filtration menbridg@esenignyantionrelaente 7 caipasie PPYS mambrane, which is suitable

for water treatment, as a micro-filtration membrane or an ultra-filtration membrane, ahd
(_ : to a method for producing the composite porous membrane.
10
BACKGROUND ART
Recently, water treatment in a membrane method, which uses a filtration
membrane which is excellent in separation ability and compactness, is drawing attention
in view of ncreasing interest in environmental pollution and tightening of regulations.

15  Inorder to use in such water treatment, a filtration membrane is demanding to have not

only excellent separation property and permeation capacity, but also mechanical
C" ' properties which are higher than those of ordinal filtration membranes.
As conventional filtration membranes having excellent permeation capacity,
filtration membranes made of polysulfone, polyacrylonitrile, cellulose acetate,

20 polyvinylidene fluoride, and the like, which are produced by a wet spinning method or a
dry and wet spinning method, have been known. These filtration membranes are
produced by micro-phase separation of a polymer soiution and solidification of the
polymer solution in a non-solvent. These filtration membranes comprise a dense layer
and a support layer, and they have high pore ratio and an asymmetrical structure.

25 Among materials for these filiration membranes, polyvinylidene fluoride resin is



.1 3 NOV 2006 2 suitably used for material of a separation nenﬁ%%N%Y2®Pnce
it has excellent chenmical resistance and heat resistance. However, there is

+~ a problemthat a filtration nmenbrane made by pol yvinylidene fluoride holl ow

- fiber menbrane has inferior mechanical strength. 5 A porous nenbrane in
whi ch hollow braids are entirely enbedded in a porous sem perneable
menbr ane has been suggested as a nenbrane havi ng i nproved strength.
(Japanese_\ i t i i ELr Rubl i cati s. S52-081076,
552" 082069 oA R st oAb EE o B RH ABRhbby el 80Ul B kB ay “empedded
in the C_ porous sem perneabl e nmenbrape, .this, porqus nby ane has a probl em
in water T@S%Fﬁé%ﬁ‘@ﬁpeég&‘é‘ﬁ?'t &IOWﬁV%fg@F 1§ %pﬂk?%r“bg@t Rgﬁée}hoﬁé?%%(ﬁl%n _
capacity, a _separation nenbrane, in which a porous nenbrane is provided on
t he surf amedoby pelyveulidens fixridahellpwdibesmgmbsmediag indericy maxdasiod)) . However ,
since this separation nmenbrane has a porous nenbrane only on the surface of
the Dbrai dsrenigth.s has a problemthat the porous nenbrane is easily peeled 15
fromthe braids. In consideration of the above-described probl ens, an object

of the present AGAMGHAHRGNd & Rk hONIW BradsGRIPASLL S rRRAUP i e, which
IFent |?n { qﬁut a ﬁfen agﬁg

has not only exc tration capacity, 0 exce si on

bet ween a parous nbrane apd a braid nd nmechani cal . prooperties, and a
met hod f oFTPOIRRAPIGIERErES e SUgRrshes rataime Lavily iBPEIAaiRREtr THE
| NVENTI ON The present invention provides a conposite porous nenbrane
conpri si nfapanepy Bnexananert Batpetrinndicetions: Brdt Zublicotion &Nas. $Fe0870r ane materi al
conprises a first porous |ayer conprising a

8552-082682, and $52-120288). However, since the braids are entirely embedded in the

( ‘ porous Semipermeable membrane, this porous membrane has a problem in water
10 permeation capacity.
In order to improve water permeation capacity, a separation membrane, in which
a porous membrane is provided on the surface of hollow braids, has been suggested (US
5,472,607). However, since this separation membrane has a porous membrane only on
the surface of the braids, this has a problem that the porous membrane is easily peeled
15  from the braids.
In consideration of the above-described problems, an object of the present
Q invention is to provide a composite porous membrane, which has not only excellent
filtration capacity, but also excellent adhesion between a porous membrane and a braid
and mechanical properties, and a method for producing the composite porous membrane.
20
DISCLOSURE OF THE INVENTION
The present invention provides a composite porous membrane comprising a
braid, and a membrane material;
wherein the membrane material comprises a first porous layer comprising a

25  dense layer which is arranged on the outer surface of the braid, and a second porous layer



25 dense | ayer which is arranged on the outer surface of the braid, and a
second porous |layer 13 Nov 2066 3 conprising a dense |ayer which is
arranged on the first porous layer. It is preferable that the cppR0®ilte
por ous nenbrane be a porous hollow fiber nenbrane which is obtalned by
coating the nenbrane material on the braid. Wien the conposite porous
menbrane i s used for water treatnent, it is necessary to nake liquid at 5

the first °§fn9ﬁﬁiﬁégweﬁ5%'@%f\"@“iﬂgistﬁg‘ﬁg?éﬁﬁi@? ﬁggt &gibrglﬁg%gprane. Due to the flow

relative to “the surface of t vibrates and is

strained; therefore, .t rane is required,to have sufficie mechani ca
Strengeh S nceltnger e dpedests ERGN ek B Al dk P Hhohe |
conposite porous nenprane of the present invention, has sufficient

mechani camMmarbraghich 1pobtpined by peating tsoeembrans mteriglentheabiaidor Whia the esent

i nvention conprises the nenbrane material conprising two or nore dense

| ayers, tkemposipguirtus panbrase ismead @ vattrasatmantov schedessalyitd itajke lignidaddi t i on,
the present invention provides a nethod for producing a conposite porous

nenbr age gIRist SHOHowhelaBleRShOFuERBLY i AeTBiARE anBud /Y ik Agwselatitd gn on a
15 braid using a ring nozzle; solidifying the coated nenbrane form ng

coati ng. anity REPeH kA B, 1R bRyt SRR iy Rusioh bdoR B0 1 o1

porous | ayer using the ring nozzl e; and sqlidifying the | coated nenbrane
formng sonembraRe i gequusdte Gave sbficight neshapica strenethr ovieeths bsddoye por ous
| ayer. 20 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-sectional view
showi ng ormseffmmnb dicnamicad ftrength, e cvommiside pereds miembrdre ofghicypdsehbinvemtaauci ng a
conposite porous menbrane of the present invention.
has sufficient mechanical strength.
10 Since the composite porous membrane of the present invention comprises the
membrane material comprising two or more dense layers, the composite porous
membrane has improved durability.
In addition, the present invention provides a method for producing a composite
porous membrane comprising the steps of: coating a membrane forming solution on a
15  braid using a ring nozzle; solidifying the coated membrane forming solution in a
solidification solution to produce a first porous layer; coating another membrane forming
(’ solution on the surface of the first porous layer using the ring nozzle; and solidifying the
coated membrane forming solution in a solidification solution to produce a second
porous layer.
20
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing one embodiment of a ring nozzle used

in the method for producing a composite porous membrane of the present invention.

25 BEST MODE FOR CARRYING OUT THE INVENTION



-25 BEST MODE FOR CARRYI NG QUT THE I NVENTION 1 3 NOV 200b 4 The preferred
enbodi nents of the present invention are expl ained bel ow. The conposite

.« porous nenbrane of the present invention conprises a braid andj 20l ane
“material, wherein the nmenbrane nmaterial conprises a first porous |ayer
conprising a dense |layer which is arrangpd on the outer surface of the
braid, and a 5 second porous |ayer conprising a dense |layer which is

arranged on the Tﬁéﬁfeﬁ’féﬂ%ﬁ%ohﬁ‘ﬂéﬁs oftﬁ;@bfe%mtimnﬁs@m des&?ﬁﬂlgh%efo% conposi te

por ous nenbrane of e present 1nvention is explalne etail. It is

preferabl e that I t r ai sed in.the.present inyention be C
it 1 et rE R FETRR POy bRt s hf PRt Slser BEEMLERT onal
shape of the 0 yarn i.s preferably a round shape, hollow, or an irregul ar
shape. In #Remorae mastesial; Whersin the membyangmalsrialooaipsises HETshperans 181 anent
having a filament nunber in a range of 30 to 200 is preferable, because it
has excel | emprsingnderse laed whichds aparged anitonowepaciaty of tWadraid,nedrunber  of
filament is less than 30, the deformpressure of the nmultifil anent

decr eases. sekbndpitblisikler WMgRisidg £AGBEHScPRRich iHREMdd oh heill RIaR laldry t hat
wat er perneation capacity nay be degraded due to decrease of the inner

di aneter. Exanpl f . 1 t Ld. i d etic fiber,
sem -synthetic l??ciggrf %h%:ﬁgfagﬁ%%%‘ eeHaeS(fol %S?g Hg{(ﬁ% %enﬁ?%néé ro,% t@%ﬁrte?eﬁ%r gani c
fiber. The%' can he uslepl ingdividually or in conbination of two or nore
t her eof . 2BVERGAIS e¥plamed feded@iht hetic fiber include pol yanide fibers such as
nylon 6, nylon 66, and aromatic polyam des fiber; polyester fibers such as
pol yet hyl ene t erléphpthteratlethat pash gompysing thetbeaid pisechial the presquo invehaon be aci d,
and.poly glycol acid fibers; acrylic fibers such as polyacrylonitrile
fiber; pol maitE#flinentf mbaoSlaseal) oaspupGlayet Milagaieion e pRky-RiclPNAI8R&pe of the
10 yarn is preferably a round shape, hollow, or an irregular shape.
In the case of using multifilament for the braid, a multifilament having a
filament number in a range of 30 to 200 is preferable, because it has excellent strength
and water permeation capacity. When the number of filament is less than 30, the
deform pressure of the multifilament decreases. In contrast, when it exceeds 200, there
15  isa probability that water permeation capacity may be degraded due to decrease of the
inner diameter.
(' Examples of the materials of the braid include synthetic fiber, semi-synthetic
fiber, regenerated fiber, natural fiber, and inorganic fiber. They can be used
individually or in combination of two or more thereof.
20 Examples of the synthetic fiber include polyamide fibers such as nylon 6, nylon
66, and aromatic polyamides fiber; polyester fibers such as polyethylene terephthalate,
polybutylene terephthalate, poly lactic acid, and poly glycol acid fibers; acrylic fibers
such as polyacrylonitrile fiber; polyolefine fibers such as polyethylene and polypropylene
fibers; polyvinyl aleohol fibers; polyvinylidene chloride fibers; polyvinyl chloride fibers;

25  polyurethane fibers; phenolic fibers; fluororesin fibers such as polyvinylidene fluoride



fibers; polyvinyl alcohol fibers; polyvinylidene chloride fibers; polyvinyl
chloride fibers; 25 polyurethane fibers; phenolic fibers; fluororesin fibers
such as ponV|nyI|dene fluoride 13 NOV 2006 5 and polytetraflq @ﬁf ¢ene
fibers; polyal kyl ene paraoxybenzoate fibers; and the Iike. g% es of the
sem - synthetlc fiber include cellul ose derivative fibers such as cellul ose
di acetate, cellulose triacetate, chiting and chitosan fibers; protein fibers
such as so-called prom x; and the like. 5 Exanples of the regenerated

fibers i ncldgplyiaganefilsdekaied; 9o alliyRak HaRbRAGS6ate Mherd] SaRe1iREL hod,

copper - annDnla met hod, or organic solvent nethod specifically |nclude

rayon fiber, ﬁﬁn{pﬁ:%go:f gheasg-%ldggh%gﬁé Eﬁerfl@ﬁﬁe ? ld?ﬁvacﬁveﬁgrs AR fiber

i ncl ude flax I'norgant ¢ |ber
include gla ban, metal fibers 0 Iike. ng these, a

fi ber cowﬁwﬁag{a@tﬂfea@u&%@ rgeei3is, 9%&41@1 qhﬁe1°»8§1 flb;é%» praiein ibsEyweh as

pol yvi nyl al cohol fibers, polyam de fibers, and polyolefin fibers is
preferabléotbﬁaépsmmﬁlmkhhshhacelIent cheni cal resistance. In particul ar,

pol yester fibers and acrylic fibers are nore preferable. 15 Fromthe

vi ewpoisnt of i nHx@utipls dilﬂlﬁeaﬂégéﬂe&a/te@ﬂﬁeramakqe @Erz&élﬁcemﬁméé abérs phdiRiced
fineness of the braid is preferably in a range of 500 to 1,200 dtx. \Wen the

ey ane ?&‘f@é’é@%@%ﬁ' e A fitnl 20 ?‘%%f?%‘“ﬁ%si"%?fﬂ%ﬂf@d% A e

1, 200 dtx, re |s robahi lit er perneability may decreases due
to decreaslgf"lB e{aﬁrgn FUHP?H’& é‘%d g’lnﬂﬂ\,\%&"é’i d. 20 In addition, fromthe
vi ewpoi nt of inproving durabili and water perneabilit of the menbr ane,

it is preferabl &xanmdeswfﬁlumﬁémr ibeyiheladeciaxofute hibetsy iddhpbiké.n a range of 8
to_50. When the nunber of spindles is less than 8, the deform pressure
decreases. In  Examples of the inorganic fiber include glass, carbon, and metal fibers, and the

10 like.

Among these, a fiber comprising at least one of polyester fibers, acrylic fibers,
polyvinyl alcohol fibers, polyamide fibers, and polyolefin fibers is preferable, because it
has excellent chemical resistance. In particular, polyester fibers and acrylic fibers are
more preferable.

15 From the viewpoint of improving durability and adhesion of the membrane, the
fineness of the braid is preferably in a range of 500 to 1,200 dtx. When the fineness of

( : the braid is less than 500 dtx, the deform pressure of the membrane decreases. In
| contrast, when the fineness of the braid exceeds 1,200 dtx, there is a probability that
water permeability may decreases due to decrease of the inner diameter of the braid.

20 In addition, from the viewpoint of improving durability and water permeability
of the membrane, it is preferable that a number of spindles of the braid be in a range of 8
to 50. When the number of spindles is less than 8, the deform pressure decreases. In
contrast, when it exceeds 50, there is a probability that water permeability may decreases
due to decrease of the inner diameter of the braid.

25 It is preferable that a degree of fuzz be 15 or less per 1 meter. When the degree



contrast, when it exceeds 50, there is a probability that water perneability
may decreases due to decrease of the inner diameter of the brald.NOASMt is
preferable that a degree of fuzz be 15 or less per 1 neter. \Wen the degree
13 Nov 1006 6 of fuzz exceeds 15 per 1 neter, defective coated portions are
easily generated, and bacteria such as colibacillus and suspended matter
pernmeate, and it is not suitable for pFEcticaI use. The degree of fuzz per

1in of tg&ﬂ%%)&ﬁ%cﬁ Ir%rﬁ?,lﬁﬁﬁgf Hg@kt:l'vejb%a{%ﬁfplogtgoﬁm’s \ia\ﬁerégdﬁﬂ%y%{}:rﬁg {1’ referably 5

or | ess. ter uzz not es a rudeés fromthe

braid loosely or by cut af the wove i bers conprising.the hrajd, matter in
2" 11 ber sropteriimehly STbpRlE AP T e LB CE Gibis TOF SPEDL AT whi ch
protrudes fromthe braid, and foreign substances which have a shape ot her

t han fi berpragitvalmaiee h The degrgelef fuzapet hm ofirthé braidtis nare peeferiablypdi avtlessf and

i nproving an inpregnation percentage of resin contained 10 in the nenbrane
mat eri al tutih@oby petbrathtps onddser shri nkage percentage of the braid is
preferably be 5% or |ess, nore preferably 4% or |ess, and nuch nore

feraply 3% hatnotat i ' o
prefer ably 3% ofpert fStomfblk, PBEn @ it WiidH RGBS R IR AR IER A r %

during a hot water I ng process, one process of pro ion, the
braid shrinks r rkabl y.. Wien the rai d, shrinks mar kabl y., . the first
porous | ay®r ‘fut\?/ﬁ ?%hw?\ée_nif%pewgalg tﬁ? grag%éna&eé}n& ﬁ‘gﬁfrsséa g‘ﬁ}f‘ pker |
contrast, since the second porous |ayer is not conpletely adhered to the
first portdesiiberyepmpripiag deechinid apdvdieh puajradesdous thediraidhandiorgignmar kabl y
(details are explained below). Due to this, the gap between the first

por ous | aysbstanctstwigciskenembhpps aitier thay fiber andavlgdsgrotraddfromshabgaks not
readily inpregnate due to the gap. Tension applied to the braid influences

A T e
appl | t Omttgg m%fn%iraqle%atierri]al%o Ehae%cxlz%d?lgot e eeash%igka:gg(e) piéll‘ac%hta\gfg]gﬂhg %pa% ok appl i ed
preferably be 5% or less, more preferably 4% or less, and much more preferably 3% or
less. When hot water shrinkage percentage exceeds 5%, during a hot water washing
process, which is one process of production, the braid shrinks remarkably. 'When the
braid shrinks remarkably, the first porous layer, which is impregnated into the braid, also
15  shrinks. In contrast, since the second porous layer is not completely adhered to the first
porous layer, the second porous layer does not shrink remarkably (details are explained
( below). Due to this, the gap between the first porous layer and the second porous layer
— increase, and resin does not readily impregnate due to the gap.
Tension applied to the braid influences stability in forming membrane process
20  and impregnation property of fixation resin. In order to improve them, it is preferable
that tension applied to the braid be in a range of 1 kPa to 30 kPa. When tension applied
to the braid is less than 1 kPa, problems such as the braid is off from a guide during
production processes tend to easily happen. When tension applied to the braid exceeds

30 kPa, the braid and the first porous layer tend to be finer, and the deform degree thereof

25  tends 1o be larger, but the second porous layer does not deform remarkably. Due to this,



.tothe braid is less than 1 kPa, problens such as the braid is off froma
gui de during production processes tend to easily happen. Wen ggrmidqmﬁ
applied to the braid exceeds 30 kPa, the braid and the first porous |ayer

- tend to be finer, and the deform degree thereof 25 tends to be |arger, but

t he second porous | ayer does not def orm r emar kably. Due to this, 13 NOV 2006
7 the gap between the first porous |ayer and the second porous | ayer tends

L0, 08 | ar gf gap ERARAMARR hadul f%y&h%ldti‘ﬁ%%ééohépﬁi‘%?iag’életfe?&satgl@é1. e¢d range of

3 kPa to 25 a, an nore preferably In range of 5 kPa t'o 20 kPa.

oressur ¢’ ToRTobIATR G Vi R R oPBerRET KRE RPS Rt g

nozzl e using a tension neter. As the braid, for exanple, a braid, which is
produced BTBieferably inp ranga of A&Peé 20kPy ol Meroxer, tansioneppleed to|thardigiks havi ng
8.6 dtex or multifilament having a total 830 dtex wusing a nmachine with a
rate of 10ar bvmksturahsy measuriog pressure apliede xtparttoli éhenberaidrtefiere mttealuciak i s
expl ai ned. 10 The nmenbrane naterial conprises a first porous |ayer provided

W th asdensgrink a¥eile 8dh@s Bkiohondifle outer surface of the braid, and a second
porous | ayer provided with a dense |ayer adjacent to the first porous

| ayer. Fromthe,vi in chi evin uf.ficient filtration capacity, the
menbrane rmater fﬁl\éltﬁﬁ\qg)rgldp}rber% ;e(?rgg{éygiéraa@ “%%?helé A |u(C:F|(I %&a}sﬂgﬁr}%%u‘ﬁ%%ﬁel%nbr ane
material and . 15 connect _bet ween one surface and anot her surface of the
menbr ane. OTRYYpBFHeET99 Amestdiaame Sadiskios mulisilamentiaving a (gl SRO gisys

strai ght through the nenbrane material, or have a net structure, that is,

t he pore memghenacbimelwittas stk 0l G tezombnhy/@mime cambevded! . t From t he vi ewpoi nt
of inproving chem cal resistance and heat resistance, it is preferable that
the menmbrane nmateki, #le hénhaheBfitdMl fsletpladfedsi ns. Anong fluororesins, 20

poryvinylidene fluoride is nore preferable. It is preferable that the
pol yvigyl i dene ppe membrane material comprises a first porous layer provided with a dense
layer adjacent to the outer surface of the braid, and a second porous layer provided with a
dense layer adjacent to the first porous layer.
From the viewpoint of achieving sufficient filtration capacity, the mefnbrane
material has preferably many pores which pass through the membrane material and
15  connect between one surface and another surface of the membrane. The pores of the
membrane material may be pores, which pass straight through the membrane material, or
( have a net structure, that i."s, the pore may be complicated in the membrane material.
From the viewpoint of improving chemical resistance and heat resistance, it is
preferable that the membrane material be formed by fluororesins. Among fluororesins,
20  polyvinylidene fluoride is more preferable. It is preferable that the polyvinylidene
fluoride contain polyvinylidene fluoride (A) having a weight average molecular weight
of 100,000 to 1,000,000 and polyvinylidene fluoride (B) having a weight average
molecular weight of 10,000 to 500,000and that a mass ratio of the polyvinylidene

fluoride (A) to the polyvinylidene fluoride (B) ((A)/(B)) be in a range of 0.5 to 10. It is

25  more preferable that the ratio be in a range of 1 to 3. By adjusting the ratio in such a



fluoride contain polyvinylidene fluoride (A) having a weight average

nol ecul ar wei ght of 100,000 to 1,000,000 and pol yvi nyli dene E)Iﬁ@glﬁ@ (B)
. having a weight average nolecular weight of 10,000 to 500, 00 at a
- mass ratio of the polyvinylidene fluoride (A) to the polyvinylidene
fluoride (B) ((A)/(B)) be in a range of 0.5 to 10. It is 25 nore preferable
that the ratio be in a range of | to 3.8By adjusting the ratio in such a 1 3

NOV 2006 n i ameter in the nbr.ane.can be easily adjusted.
When t he f%ﬁ%’%n@%% d%frpe? rgn%t{@er%n?néﬁrgm ‘?tmekr’el %alsnﬁy %éJP%Sd‘t hi ck, the water
perneability degreases..ln contrast, when it _is toq.thin, the nenbrane may

| . .
be easily danmafdyn thibickpese! hefacmpyapg matsiabs top thicke s W& nateri al |

specifically, the thickness 5 fromthe nost inner surface to the nost outer
surf ace opemieabitityriecaresenratle contrast, svhep e évthiny themambmngeaytbe28€ilym t o 500
m When the first and second porous |ayers are adhered such that the outer

surface @imiddd. f iMhefefdror e thitla¥ey of the ARROIAR thfedd)Sspediniestlys td BEkn&ds t he
second porous |ayer, C strength of the conposite porous nenbrane increases.

Howeves, Wi H)rfos{ féﬁgéﬁ suPfade Eooqlg %%?&t@l%?ﬁd?e LEKE h?epgoﬁ—%ﬁf}gl&?ﬁﬁqs completel y,

wat er per ireabil y decCreases. erefore,” it Is pre at 1 to 50 % of

t he int_erfage rea of thg 65th I%rs relative to 100% of the interface
area i s aBWETaRly Ukp snecwd 209 eibGitP ¥ adj usting both of water perneation

capacity and fractional pore dianeter, it is preferable that the first
porous | ayer haWaen thietfissbatdseepndigorhus/layeys are ahered gachpibatghelpatepswfacen a
range of 0.2 to 1 m It is also preferable that the second porous |ayer

have a depthelf@ygiordiavayey ivaiherndrede intsreutdhanaitie sdcbndpsrangryed, 0.1 ¢ to
0.8 m The thickness of the dense |layer is preferably in a range of 50 nmto

- 5q'm ”Dg@?n%ﬁ%p&l@@&ﬁagg;gﬁe%mqselﬂﬁmg%c&%ésp PR WEer2RleMHe i BREA

pr ef er abl a range

10 second porous layers are adhered completely, water permeability decreases. Thercfore,
it is preferable that 1 to 50 % of the interface area of the both layers relative to 100% of
the interface area is adhered.

From the viewpoint of adjusting both of water permeation capacity and
fractional pore diameter, it is preferable that the first porous layer have a dense layer

15 having an average pore diameter in a range 0of 0.2 to | ym. It is also preferable that the
second porous layer have a dense layer having an average pore diameter in a range of 0.1

C to 0.8 um.
| The thickness of the dense layer is preferably in a range of 50 nm to 50 pm,
more preferably in a range of 200 nm to 30 um, and much more preferably in a range of

20 500 nmto 10 pm.

From the viewpoint of adjﬁsting both of water permeation capacity and
fractional pore diameter, it is preferable that at least one of the first and second porous
layers have the dense layer at a position which is inside from the outermost surface of the
membrane at a range of 0.1 pm to 50 pm. The membrane which has the dense layer at

25 poéition where is mside from the surface of the membrane at less than 0.1 um is not



20 500 nmto 10 m Fromthe viewpoint of adjusting both of water perneation
capacity and fractional pore diameter, it is preferable that at |east one
of the first and second porous |ayers have the dense |ayer atJ&0phd&¥tion
which is inside fromthe outernost surface of the nenbrane at a range of
0.1 mto 50 m The nenbrane which has the dense |ayer at 25 position where
is inside fromthe surface of the nenbrane at less than 0.1 mis not 1 3 NOV

2006 9 p I L5 el t t.gi .Qr has a
or obl em | RAdADS: SR BaRAT ARl ol BHBARESE, bLARA EVEH B alieid! ana™ he
like, it is easily damaged. In contrast, wh t.he dense. |l gyer is forned at
bost 11 on FREERR MeHGI Dorb e ProdBotRrt Mass RS el it dpassy o or
greater, nenbrane performance does not decrease, but it is 5 sufficient that
t he densecputyast vienithy dange lyeris porgiediap posaborcwhers i msidgdrom thesutfacsselr f ace of
the nenbrane at 50 pmin practical use. In order to inprove water

per meabi | kHeymernbrans apf(efirarca gteatdrhdémBbiant pasérnemnee dbestrbededrédssibuaitds second
porous | ayers have a support |ayer which conprises pores having C dianeters

| ncr eagi ”Quﬂi&?eﬂ%‘ﬁ#a{ the fdﬁﬁ)é.@r%é ibd ?oﬂ{ed%?ﬁggﬁﬂéﬁ%?%lg% h%sﬁlgq'{(ﬁ{l %Ee s‘&}faéé‘ff br ai d.

By 10 adoption of suc I nation structure, ness of the
menbr ane i,ncreases tréﬂlgﬁwat eﬁ Igermeati on capacity can be naintained. The
support | BFEPERRENE At im MAECHS 85%s having a dianeter in a range of 50 gm
to 150 gm The diameter of the pores other than the macro-voids is
preferably in alberdagle ipreye walen nesmebilifin it irgprelepatds Babasilgest pneofitbeige of 0.3
gmto 30 gm and nuch 15 nore preferably in a range of 0.5 gmto 20 pm 1In
addi ti on, firdiend veroad pobiualmytsrhast astygopdags veltich benwiseepors hayngi tion in the
C first porous layer is preferably in a range of I gmto 5 gm and that of
tHe por es daimdidi§ incdibRE g@ﬁuanp ol Ddé Bf thb SRV tPL 5 Of HRYREI! SBy

preferably in a range of 0.8 gmto 2 gm
10 adoption of such inclination structure, when the thickness of the membrane increases,
high water permeation capacity can be maintained.

The support layer may contain macro-voids having a diameter in a range of 50
pm to 150 um. The diameter of the pores other than the macro-voids is preferably in a
range of 0.1 um to 50 um, more preferably in a range of 0.3 pm to 30 pm, and much

15  more preferably in a range of 0.5 pm to 20 pm.

In addition, the average diameter of the pores at the outermost position in the
first porous layer is preferably in a range of 1 pm to 5 pm, and that of the pores at the
outermost position in the second porous layer is preferably in a range of (.8 pm to 2 pm.

Here, the outermost position of the first porous layer denotes a position of an

20  interface between the first and second porous layers. The outermost position of the
second porous layer denotes a position of the outermost surface of the second porous
layer when the second porous layer is the outermost of the membrane. When the
membrane comprises another porous layer on the surface of the second porous layer, the

outermost position of the second porous layer denotes a position of an interface between

25  the second and another porous layer.



Here, the outernost position of the first porous |ayer denotes a position of
an 20 interface between the first and second porous | ayers. Thg %@&§@EDSt
position of the second porous |ayer denotes a position of the ét t
surface of the second porous |ayer when the second porous |layer is the

out ernost of the nenbrane. When the nepprane conprises another porous |ayer
on the surface of the second porous |ayer, the outernost position of the
second porous | Lt i Nt

second and anotﬂ%ﬁsﬁgﬁggéﬁégggﬁgﬁ@ghﬂ%%ﬂ%ﬁggmhﬁ%ﬁﬁ%ﬁgﬁfgg%ﬁ@g%ﬁ%%%?%ggporous
menbr ane conpr.ising . the braid and the nmenbrane nmaterial is explained. The

t hi ckness GFCHAGS g@??%dtonposite porous nenbrane is preferably in a range
of 600 mto 1,200 pm in the case in which water perneability and strength
to deform 5 ar elhedkishngssod thegméirdieqmapassn porppe meptheans.s preferpllirde arange t he
conposite porous nenbrane is too |arge, the nenbrane area per unit vol unme
decr eases. ofl600qgmnta BR00 ps)énthetche iawthech dhtenpératcabilitysaml shengthtthdefdianet er  of
the hollow part is thinner, and resistance to water permneation increases.

Ther ef gy e, arb fakles 16 856R%@RhGod. DAV hED e QU il AR Me QmpPolife forbagPOSI te
porous nenbrane be in a range of 2,000 mto 5,000 m and the inner 10

5
di aneter thereof be in a range of 700 mto 000 From t he viewpoint of
achi evi ng BEPPiaee & oot e BF Pttt iy SO ectad L I e Rn PR o
t he conposite porous nenbrane is preferably 50 (nB/nR2/ h/MPa) or greater.
Wien the waEertepdiamsiards smakisrohe dipaeias o s hadlopopastis tiangsy didaeristaieds  t han
50 (nB/nRl h/ MPa), the conposite porous nenbrane has inferior filtration
capacity, watenpainiestiorincfeasespr dbeietmt, itmserefdtablegdhatshaoutepgiemeter of that i on to
filtration capacity, but the water perneate flow of 400 (nB/n2/h/MPa) is
su@ ci ent cdnfifosE p6ilols§ Blentbighe BelinlaSameairer ol 18n 8000 N6, Bukbibkgniei nt (BP) of
t he"conposite porous | ayer be

10 diameter thereof be in a range of 700 um to 3,000 pm.

From the viewpoint of achieving sufficient filtration capacity, the water
permeate flow (WF) of the composite porous membrane is preferably 50 (m*/m*/b/MPa)
or greater. When the water permeate flow of the composite porous membrane is less
than 50 (m*/m*/h/MPa), the composite porous membrane has inferior filtration capacity,

15  andis not for practical use. There is no upper limitation to filtration capacity, but the

~ water permeate flow of 400 (m’/m*/h/MPa) is sufficient for practical use.
C : It is preferable that the bubble point (BP) of the composite porous layer be
| preferably 50 (kPa) or greater. | When the bubble point is less than 50 kPa, bacteria such
as colibacillus and suspended matter permeate, and it is not suitable for practical use.

20 From the viewpoint of adjusting both of water permeation capacity and
fractional pore diameter, it is preferable that the bursting pressure by flow of the
composite porous membrane be 200 kPa or greater. When the bursting pressure by
flow is less than 200 kPa, bacteria such as colibacillus and suspended matter permeate,
and it is not suitable for practical use. There is no upper limitation, but the bursting

25  pressure by flowing of 1,000 kPa is sufficient for practical use.



preferably 50 (kPa) or greater. \When the bubble point is | ess than 50 kPa,

- bacteria such as colibacillus and suspended matter perneate, and it is not
suitable for practical use. 20 Fromthe viewpoint of adjusting ggsthﬂmmater
: perneation capacity and fractional pore dianeter, it is prefer at the
" bursting pressure by flow of the conposite porous nenbrane be 200 kPa or
greater. When the bursting pressure by {Iom/is | ess than 200 kPa, bacteria
such as colibacillus and suspended mat t & perneate, and it is not suitable

for practical u T LS Y j . ing 25
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passes through the conposite porous nenbrane at 200 kPa, the endurance
peri od be XPUsHEParogs mgmbaansrat 200\eR4 therendurrnge peréest brelJ0dipurson greder han 150
hours, bacteria such as colibacillus and 5 suspended nmatter perneate, and it
i s not sui Whbh éef aupnec pércal is lese tham HE0 dows, Metarippach ad ¢dtibhattiomd or t he
endurance period, but the endurance period of 10,000 hours is sufficient

for practigabende® maef Sornchi, SINAH[3HOE SuikBle f@f’gﬁ@ﬁ'@ 8%. t Mgetd i@%o"t\?- gh the

conposite porous nenbrane nmaintains frictional capacity before ow ng. In
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the endurance tine of applying pressure or 400 kPa is |ess than 100,

bact eri a sto&Rraglcal yst-i e g sndipancepsped denptosdhe Emepdiichecompagitd t i s not
suitable for practical use. There is no upper limtation for the endurance
time, but pdreudmembiana maimeine friddn8l0Gpadty =lidt flomémg. f or practical use.
Here, the endurance tine denotes the tinme which the 15 conposite porous

me(rbr ane nai nt ai Msdifioa! it ARblcfMRAGh the BERER PR Nﬂ@glymﬁgeﬁ%ﬁh?e of f¥@Xt,
production nmethods for the ‘conposite porous menbrane having the -
10 kPato the composite porous membrane repeatedly be 100 or more. When the
endurance time of applying pressure or 400 kPa is less than 100, bacteria such as
colibacillus and suspended matter permeate, and it is not suitable for practical use.
There is no upper limitation for the endurance time, but the duration time of 10,000 is
sufficient for practical use. Here, the endurance time denotes the time which the
15  composite porous membrane maintains frictional capacity before applying pressure.
Next, production methods for the composite porous membrane having the
C abovementioned properties are explained.
In order to produce the composite porous membrane of the present invention, it
is preferable to use a so-called wet spinning method. Specifically, it is preferable to
20  discharge a membrane forming solution from a ring nozzle, free-running at a fixed time,
immersing the membrane in a solidification solution, and thereby a porous membrane
material is produced. In order to produce a membrane, first the braid is made to pass
through the ring nozzle, and then the membrane forming solution coats the braid.

The method for producing a compeosite porous membrane of the present

25  invention is a method comprising the steps of: coating a membrane forming solution on a



. C abovenentioned properties are explained. In order to produce the conposite
porous nenbrane of the present invention, it is preferable to use a
. so-called wet spinning nethod. Specifically, it is preferable tDNIRAG
- di scharge a nmenbrane formng solution froma ring nozzle, free-running at a
fixed tinme, imrersing the nenbrane in atfolidification solution, and thereby
a porous nenbrane material is produced.”In order to produce a nenbrane,
first the aid i . : ' . .t hen the

iR Gink % RORAR; BARSryireWhPUSed REIRE AR, SoluBBidd 4

menbrane formng-so raid. e et r producing a

conposite LQus. menbrane of the present 25 invenfion is met hod conpri si ng
Che. st eps BRITERIGH GOt odiiie URGTN Hgo Sopudt G ohvae dhRioRtee 12
braid using a ring nozzle; solidifying the coated nenbrane form ng sol ution
in a sol ifgmng selugan esthe yustace of the Justigerqusdayer pying grrdngsngzalpepnd and coat i ng
anot her nenbrane formng solution on the surface of the first porous |ayer
usi ng t he solididying Azl @ategindembahé tirfopagnglttiven ia aabBdifioetidr heiohao prodgesol uti on
in a solidification solution to produce 5 the second porous |layer. In order
to form tRee bdcbad pPRUOUSch ayer on the braid, a first menbrane form ng
solution, which easily inpregnates in the braid, coats the braid, then a

second nenbrane; form ng sol ution, which is,syit.abl or form .2 _por ous

| ayer and whi chIFQPi%ﬁ%gmnrth? glElS?pPWélﬁllatyﬁEO fhre alﬁ!sz?‘rﬁlfsgﬁlgmfb{)%fﬁ%]?gl ution,
coats the resulting braid. By using . the first 10 and second nenbrane form ng
sol uti ons SHFORgWAIChranbnmmsegnatesn teibspd, coakrdherbrait, shen a yesend membemat i on

i npregnates a main portion of the braid and peeling of the nenbrane

mat eri al fioomngselubivn) whick igwuitabletfedfortivgra porpusdgyeatand whpchap eonoentrated he
braid is concerned, a concentration of polymer in the first nmenbrane

fo{m ng sohitt ihe Firstihdibrah® IdFmidd @ 1 RFDEGRStheBeRiltird braidS BYishigeherinbl y 12%
or Tess, nore preferably 10% or | ess, and nuch nore preferably 7% or

10 and second membrane forming solutions having different concentrations, the membrane

forming solution impregnates a main po;'tion of the braid and peeling of the membrane
material from the braid is prevented.
When impregnation property to the braid is concerned, a concentration of
polymer in the first membrane forming solution, which forms the membrane material, is
15  preferably 12% or less, more preferably 10% or less, and much more preferably 7% or
less. The first membrane forming solution easily impregnates in the braid by adjusting
C‘ polymer concentration to the range. In addition, when the composite porous membrane
is formed, a polymer concentration of the membrane material in voids in the braid is
similar to the polymer concentration of the first membrane forming material; therefore,
20  water permeability of the membrane during filtration can be maintained at a high level.
In addition, the membrane material is adhered to the braid with sufficient adhesive
strength.
Similarly to the first membrane forming solution, a solution, in which polymer,
which becomes the membrane material, 1s dissolved in a solvent, is used as the second

25 membrane forming solution. In order to prevént the generation of a void layer and



.less. The first nenbrane form ng solution easily inpregnates in the brald by
adjusting c polynmer concentration to the range. In addition, when th

: conposite porous menbrane is formed, a polyner concentration afd W[WeZGUB

" menbrane material in voids in the brald is simlar to the pol yner
concentration of the first menbrane for{g ng material; therefore, 20 water
pernmeability of the nmenbrane during filtration can be nmaintained at a high

level . | npagdidfiesnt &B&aﬂ?c'ﬁpét?éﬂgthr@ftﬁé bdthpdsite g@ﬂﬁ& alnitRadf 1an%féi'am4: th

sufficient adhesive strength. Sirmlarly to the first menbrane forn ng

mtorial f%&% g G B s o S R i SRS, e

formng s Iut| rder to preven generatl n of a void layer and 1 3
NOV 2006 TreTRAg @&W?rﬁoemnm%e%aﬁthegirs@%%%% oBRIRERIHHposi te por ous
menbrane, it is preferable that the second nenbrane form ng solution have a
pol ymer cdipeetficallt, thaconstitoionof pblangein thh ascont enquatirgmeformdgeehttioas i on of
the first nenbrane form ng solution. Specifically, the concentration of

pol ynes i nyiiblefor@e Aidmembkine Aetdriil Tk PELSAbIYtIDONer dretbd, 6Rd Rk Brefdisblyenbr ane
material, is preferably 12% or gr eater, and nore preferably "15% or gr eater.
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menbrane form ng sol uti re erably an organic solvent. Exanpl es of
the or ganl@ngﬁlﬁg@ﬂ@lﬁméﬁoﬁg’g’ﬁ - formani de, 10 di met hyl acetam de, and
di net hy sul foxi de. Anong these, dinethyl acetam de is preferable, because
it provides a pdheuslveninddghe ﬁe&bam:gsdqo mpmbresa tiomring selwtiopsdas prefgrably lan
addition, it is preferable to dissolve hydrophilic polyner, for exanple,

rmﬁool S Suﬁﬁmﬁ@sdl@élﬂﬂ Byampies of %6 ot ganidi oh&nt intiudé dimahd fo@hatvideyl pyrol i done
inthe first and second nenbrane form ng solutions as an additive for

contrgl i @m@@l&%ta?ﬁ@@,rﬁﬁimethy sulfoxide. Among these, dimethyl acetamide is

preferable, because it provides a porous member having high permeation flow quantity.
In addition, it is preferable to dissolve hydrophilic polymer, for example,

monools such as polyethylene glycol, diols, triols, and polyvinyl pyrolidone in the first
and second membrane forming solutions as an additive for controlling phrase separation.

15  The lower limit of the concentration of hydrophilic polymer is preferably 1% by mass,
and more preferably 5% by mass. The upper limit of the concentration of hydrophilic

(" polymer is preferably 20% by mass, and more preferably 12% by mass.
- If the temperature of the forming membrane solutions whén they are discharged

from the nozzle, is less than 20°C , there is a pfobability that the membrane forming

20  solution is gelled at low temperatures. In contrast, when the temperature exceeds 406°C,
adjusting the pore diameter is difficult, and this result causes permeation of bacteria such
as colibacillus and suspended matter, and it is not suitable for practical use. Therefore,
the temperature of the membrane forming solution is preferably in a range of 20°C to
40°C.

25 After that, after free-running the membrane forming solution coated on the braid,



15 The lower Iimt of the concentration of hydrophilic polymer is preferably
1% by mass, and nore preferably 5% by mass. The upper limt of the
concentration of hydrophilic polyner is preferably 20% by mass, andzgégore
preferably 12% by nmass. If the tenperature of the form ng menbit 4i8Ys@¥ut i ons
when they are discharged fromthe nozzle, is less than 20C, there is a
probability that the nmenbrane formng 2Q,solution is gelled at | ow
tenperatures. In contrast, when the tenperature exceeds 40C, adjusting the

pore di aneyqs irhdeMbd fd £501idifi@fen thhiod RSMbiucaS Bt BSlolERLEON of bacteria
such as colibacillus and suspended matter, and it s not “suitable for

practical use. T f : r e for.m ng solution
is preferably i nﬂg{eﬁéﬁége%@gggtﬁ%@ %ig%%%‘s&&} %%r%n{f’ﬁfg??ﬁa (fag?%]g’r ee-runni ng
t he menbrane form sol ution coated on the braid, 1 3 2006 14 it is

i mrer sed i A*E°%GET | gﬁ?‘?“‘“c%?tﬂ"dﬂ’%@l“ﬂ#i“b‘?ﬁ‘ b5 iggaaning dings, g%Ott\{l ¥EPRiEdS | ayer .
When the free-running tinme is |less than 0.01 second, filtration capacity
decr eases. stffigicat fog prastiogdpse. | Therefars, dhe fesrrunhiag fimeis pudeiably inaregetndt 4
seconds is sufficient for practical use. Therefore, the free-running tine
is prefgrabloy secord todngeormds. 5 0. 01 second to 4 seconds. As the
solidification solution, an aqueous sol ution, which contains the sol vent

used for the nmenfig wsogmqegﬂsn S, étan &hlger?ag &1 i(ﬁg Wﬁ@aﬁi@?ﬂg gliag on

ki nds of solvents use r exanp dr e I's used as the
sol vent of t nbrane form.n ol ut.ion, the conceptrat.i on of dipethyl

Soet am do PP RETE G anARE U B b e BReIE uslr dasrgng o Beabe of 1 o
to 50% From the viewpoint of inproving nechanical strength, the tenperature

of the sobFolapmts Bspd; &1 esenple; when & eseiphidelipysediap e selventpidhe t he
tenperature is too low, perneation flow quantity of the resulting nmenbrane

de(f\r_ eases,; nicndrafediveninplsehttienpie atnoeatration of dimethyl acetamide in the solidification
10 solution is preferably in a range of 1% to 50%.

From the viewpoint of improving mechanical strength, the temperature of the
solidification solution is preferably low. However, when the temperature is too low,
permeation flow quantity of the resulting membrane decreases; therefore, the temperature
of the solidification solution is generally 90°C or less, and preferably in a range of 50°C

15 to 85°C.
After solidification, it is preferable that the solvent be washed in hot water in a
( range of 60°C to 100°C. Tt is effective to adjust the temperature of a washing bath to
high temperature as possible in a range of the first porous layers are not melted and
adhered. From this viewpoint, the temperature of the washing bath is preferably 60°C
20  or greater.

It also preferable that after hot water washing, chemical washing using
hypochlorous acid and the like be performed. When hypochlorous acid is used, the
concentration is preferably in a range of 10 mg/L to 120,000 mg/L. When the
concentration of hypochlorous acid is less than 10 mg/L, the permeation flow quantity of

25  the resulting membrane decreases. There is no upper limitation for the concentration of



. of the solidification solution is generally 90C or less, and preferably in a
range of 50C 15 to 85C. After solidification, it is preferable $Q6\L [iﬂge

. solvent be washed in hot water in a C range of 60C to 100C. [ 12 ctive

" to adjust the tenperature of a washing bath to high tenperature as possible

in arange of the first porous layers are not nelted and adhered. Fromthis

vi ewpoi nt, the tenperature of the washing bath is preferably 60C 20 or

greater. | -2 f t j.ng, chem cal washing
usi ng hy&ggﬁ}%é}gﬁégégi@?g%%b%gﬂf [ggsqlg%?%né\r@ ?‘rrlr%ltlﬁy.gls%'en hypochl or ous aci d
is used, the c entration is. preferably in a_range .of 10 ng/L to, 120, 000
mg/ L. When the %}%ﬁ 1|Elétﬂr?fﬁm8% tﬁ%ﬁ%meﬁﬁb&i@ affer qngc?lé’éaéh{;‘%% Vishery/ L, the
pernmeation flow quantity of 25 the resulting nenbrane decreases. There is no
upper | i milt heti water vra rahge efofSerie A807Gn Brenlit & peferabdothat the réspighl or ous
acid, but 120,000 ng/L is sufficient for practical use. After that, it is

pr ef er abl endnlitatind bedimhdicane gaddiarbue kesihaall 00%S fur ngnetevasieter bublehot wat er
in arange of 60C to 100C. Then, it is preferable that the resulting

menbr age %ngﬂ Eflir8OGvatn H{eﬁgﬁﬁg fii&bgriéc?é& QAR RPE fiRe réciu'ﬁiea Yo l?lggr eater

but less 5 than 24 hours. W ryitng 1s carried out tess than 60C, tine

ired f. i is t | , d i t i dit i
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carried out at 100C or %;éjat_er, there is a@grobabi lity. that the menbrane

[

shrinks exsedstion] yWhan redrpingiineprriehautfat A80€r ercreatem therd 1 apvebabilitace  of
the menbrane. 10 It is preferable that the nenbrane after drying be wound on
a bobbi n ahatahskembrane Wenkstdyecsspriy durimgidsyimpund fie cackk irm in the surface
el ement - processi ng beconmes easy. As expl ai ned above, when the first porous
I a@ar and Jrig S8GBRgepOr ous | ayer are
| 10 It is preferable that the membrane after drying be wound on a bobbin or a skein.
When the membrane is wound on a skein, element-processing becomes easy.

As explained above, when the first porous layer and the second porous layer are
adhered completely, water permeability decreases; therefore, in order to prevent this, it is
preferablé that before forming the second porous layer, a solution, which does not

15  dissolve the membrane material, be coated on the surface of the first porous layer.

As the solution which does not dissolve the membrane material, an aqueous
C solution containing solvent used for the membrane forming solution is preferably used.

For example, when dimethyl acetamide is used for a solvent of the membrane forming
solution, the concentration of dimethyl acetamide in the solution, which does not dissolve

20  the membrane material, is preferably in a range of 1% to 50%. As the other solutions
which do not dissolve the membrane material, an organic solvent, a mixture containing
an organic solvent and water, and these solutions, which an additive containing glycerol
is added as a main component, are preferably used.

Next, the second porous layer is formed by coating the second membrane

25  forming solution on the surface of the first porous layer. It is not necessary to use the



.adhered conpletely, water perneability decreases; therefore, in order to
prevent this, it is preferable that before form ng the second porous | ayer,
. a solution, which does not 15 dissolve the nmenbrane material, bel&q8yvdflton
the surface of the first porous layer. As the solution which does not

di ssol ve the nenbrane material, an aqueous C solution containing solvent
used for the nenbrane form ng solution & preferably used. For exanple, when
di met hyl efam de is used for sol vent of the nmenbrane.form sol ution,
The- conceriisLErBATe o Rae AyRiathdns fer fonckatabii oo HEari doBtonot

di ssolve 20 the nenbrane nmaterial, is preferably in a range of 1%to 50%
As the ot Hé¥eTsol uti ons whi ch do not dissolve the membrane material, an
organi c solvent, a mxture containing an organic solvent and water, and

t hese sol uti ons, Whbn the pasdueddn tietedde adreied bty figlexamplel a ring nekdeshoas ia nai n
conponent, are preferably used. Next, the second porous |ayer is fornmed by

coating t he eGPk hBEHE Zﬁxefrﬁ{grﬂdﬂﬂle%}nﬁiéigé%%ﬂ@mwb&gb%g( ik ac@yRika %)ﬂi?e first

porous layer. It is not necessary to use t 16 first nenbrane
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showmn in FIG_ 1 is preferably used. The ring nozzle conprises 3 nenbers,
that is, acaPRd @syledmagade 8swhigh isaspembled adivecasty the firstelrodedpnzals 9. andisssenbl ed

adj acent to the divided plate 10, and a second divided nozzle 8, which is
assenbl ed adjdae enttidnofttherifig nstzledi vi ded nozzle 9, and is an edge portion of
the ring nozzle. The divided plate 10 is a disc shaped nenber, and conpri ses

a conduit 1, in THe Wided plahtel Pkl dscRAGSRISmerhbert Y1 &RMrREs PO6HduRN, hereof . In
addition, the divided plate 10 10 conprises a first supply port 6 for
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10 comprises a first supply port 6 for supplying the first membrane foﬁning solution, and a
second supply port 7 for supplying the second membrane forming solution, which are
formed around the conduit 1.
The divided nozzle 9 is a member having a cross-sectional shape of substantially
a T, and having a disc plane shape. At the center portion, a protruston pipe portion 13,
15  which protrudes toward the inside of the second divided nozzle 8§, is provided. The
protrusion pipe portion 13 is hollow, and this hollow portion forms a braid passage 100
C by connecting with the conduit 1. When the first divided nozzle 9 and the divided plate
10 are superimposed concentrically, that is, such that the conduit 1 and the protrusion
pipe portion 13 are connected, the braid passage 100 is formed at their center.
20 The first divided nozzle 9 comprises a hollow portion connecting to the first
supply port 6 and another hollow portion connecting to the second supply port 7, which
are formed around the braid passage 100.
If the first divided nozzle 9 and the divided plate 10 have grooves such that

- when they are superimposed concentrically, the first solution pool portion 11, which is

25  connected to the first supinly port 6, is formed. The first divided nozzle 9 and the



_ formed around the conduit 1. The divided nozzle 9 is a nmenber having a
cross-sectional shape of substantially a T, and having a di sc plane shape.
At the center portion, a protrusion pipe portion 13, 15 mhicﬁzgﬂﬂtmmpes
toward the inside of the second divided nozzle 8, is provided

protrusion pipe portion 13 is hollow, and this hollow portion forns a braid
passage 100 c¢ by connecting with the ddnduit 1. Wen the first divided

nozzle 9 and,t i de | at e 0 ar su i,MROS concentrically, that is,
such that %f‘ﬂ%edg%ﬁ t}l}ﬁta?sfq?ﬁa ARe é?%et%rsﬁé %ﬁ?}% gg?yt 48 AUREYose gnnect ed,
the braid passage 100_is forned at their center. 20 The first_ divided nozzle
9 conpri s&enesniERliBg st diseharacoimnes tsi fagnedareped e catiretisefihe yaof thes and

anot her hol | ow portion connecting to the second supply port 7, which are
for med ar bumd padsegedi( id apasemdaett®0 dirbdtionhe I additiornd ithe fistiscrhatien ®o® and the
divided plate 10 have grooves such that when they are superinposed

concent i gafon, 1144 the fisst disONdEd St PRl coRBédiédn 11, which is 25 connected
to the first supply port 6, is fornmed. The first divided nozzle 9 and the 1
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t hey are superinpose concent r1é i'st (5 I's forned
around the entlre{ of thia wal | of the brai d passage 100 jn

ci r cunt er &ARGERIIY.codiagsqlution ingmppliedip the Iﬁégtﬁlﬁ’@lf Pe Iﬁuﬁlﬁéﬂluﬁ%lls St%iitl on 11
and the first discharge port 2 are connected. 5 When the first divided
nozzl e 9 amthetfhret iwtiodguobpatien 10 the solstipeisidmpbagetl tosand thetbraid phispge and a
solution is supplied to the first supply port 6, the solution is stored in

the first 19ato#h tfidCdbchagetjopi. 11, the solution is discharged toward the
brai d passage 10 fromthe |rst di scharge port 2. The second divi ded nozzl e

8 (s also a nmenggL ¢ \Aﬁrag‘,l %lemgggoagggggﬁ%gﬁf}g%r '&s%sshg%e?ﬁﬁ&’”d sol ution

pool portion 12 at the center thereof, porti

10 comprises a second solution pool portion 12 at the center thereof, and a hollow portion
connecting to the second solution pool portion 12.  This hollow portion connects the
seconci supply port 7, via the hollow portion connecting to the second supply port 7
formed in the first divided nozzle 9. When the first and second divided nozzles 8 and 9
are superimposed concentrically, the second solution pool portion 12 is formed at the 7
15  circumferential outside of the protrusion pipe portion 13 of the first divided nozzle 9.
Specifically, a space, which is formed by the end face of the protrusion pipe portion 13 of
( B the first divided nozzle 9, the protrusion pipe portion 13, and the second divided nozzle 8,
) is the second solution pool portion 12. The second solution pool portion 12 is formed
such that the cross-sectional area thereof decreases toward the end thereof. That is, the
20  inside wall of the second divided nozzle 8 gradually inclines toward the protrusion pipe
portion 13.
In addition, the second discharge port 3 is formed at the end of the second |
solution pool portion 12.  That is; the second discharge port 3 is formed by the outer
wall at the end of the protrusion pipe port 13 and the inner wall of the second divided

25 nozzle 8.



. connecting to the second solution pool portion 12. This hollow portion
connects the second supply port 7, via the hollow portion connecting to the
. second supply port 7 formed in the first divided nozzle 9. \Wen yoheglli r st
~and second divided nozzles 8 and 9 are superinposed concentrically, the
second sol ution pool portion 12 is forngd at the 15 circunferential outside
of the protrusion pipe portion 13 of the first divided nozzle 9. _

Speci fical ly, alspagRulawti Bpréferablrth@dhdynd face eNle fpa@eusti gikepdtion 18isi on

pi pe portion 13 of the first divided nozzle 9, the protrusion pipe portion

13, and t hg,SeqRdehdatd 965oMNaE Bldd ﬁassa%esldobge ?@ﬁ@&f&dﬁﬁ’ﬂdﬂhﬁaﬂr{h@%ﬁi faRO5 L1 ON
12. The second solution pool portion 12 is fotmed such that the

cross-sectional area thereof reases._t.gwar e end.thereof . That is, the
50" o1 de GIaps esPh et BB fribH GERERal IS SPGB NoreE Y over o the
protrusion pipe_portion 13. In _addition, the second di scharge port 3 is
formed at the er#ofer wegdss Bdppiglerable that the dgenceddbelosn thipis depated Py t he
second di scharge port 3 is forned by the outer wall at the end of the

pr ot r usi onligiigpeeaptenigth} Beiawean trcendriner ofithd proafusioh @ipsemotich 1B, vhad ég thexmdnozzl e
8. 1 3 NOV 2006 18 In particular, it is preferable that the end face of the

pr ot r usi onyfthPBrakPpdss£R 158, andith@bnd fice 5 betRNW ol sch@ibePort Nenkiaud passage
100, be positioned inner than the end face 5 ~of the second di scharge port

3, that is_ t e £ . [ Vi zle 8..4h0 Ot words, it
s prof er apiatngt PheCand DhvialFFRa Be i § KPEE L0 SERG b g PTG
seal -1 ength) betwe the end face of the protrusion pipe porfion 13, that
is, the en'ezvebﬁwthﬁ“ g 5%—@%@1 lf@eae,fgr&hfr s rgdnhert eslgrbly e TWhond

di scharge port 3, that is, the end face 5 of the second divided nozzle 8,
be{in ar aﬁ@l@nd‘f@lm\ﬁd snal-tepgthsie lespthalifed mimg Weer secpmd membrank doriming sajution,

seal -length is preferably 0.6 mm and nore preferably 0.8 mm \Wen the

|'i qui dl0sealhick iédatddson the surfdraf theSirpordirdapeciodischBigbd ala®sf @fthduig

sol ution,

-coating pressure. Due to this, the second porous layer is formed with a fixed diameter
at a position where the first porous layer is formed thinner than other portions, and
discharged from the nozzle. As aresult, it is probable that a large gap will form
between the first porous layer and the second iaorous layer. From the viewpoint of

15  coating pressure, there is no upper limit of the liquid seal-length, but when it is too long,
production of the ring nozzle tends to be difficult. Therefore, the upper limit of the
(: liquid seal-length is preferably 150 mm. The Iowg:r limit of the liquid seal-length is
preferably 100 mm, and more preferably 50 mm.
When the composite porous membrane of the present invention is used for water
20  treatment, a fixing member made of synthetic resin, for example, is uéed to divide the
first side and the second side. However, when the composite porous membrane has the
above-mentioned gap, the resin flow into the gap, and the probability increases that water
. to be treated does not readily impregnate in the entirety of the composite porous

membrane. When the liquid seal-length is adjusted to a suitable value, coating pressure

25  of the discharged membrane forming solution tends to increase. Therefore, it is



10 which is coated on the surface of the first porous layer, is discharged
al rost without coating pressure. Due to this, the second porous |ayer is
formed with a fixed dianmeter at a position where the first porous layer is

" forned thinner than other portions, and discharged fromthe nq)éq\'[)ﬁ.flﬁ%s a
result, it is probable that a large gap will form between the first porous
| ayer and the second porous |ayer. From%he viewoint of 15 coating

pressure, there is no upper lint of the |iqui eal -l ength, but when it is
too | ong, PEP %8??%@“’04)1%{3%%@%@%{85‘% ettgﬁ?l‘stﬂﬁ fﬁ@omuﬁgqyeamﬂwher efore,

the upper limt of the c liquid seal-length is preferably 150 nm The | ower
linmit of tyseond ppipepla¥stt -1 ength is preferably 100 nm and nore preferably
50 nm Wen the conposite porous nmenbrane of the present invention is used

for water 20 trestapaibed #bokle xiing the dividedphae 10fthes first Htded nogsle 9, arfdr
exanple, is used to divide the first side and the second side. However,

when the CRERQPAYRILRALIASS IRICRANMIEAS L&imAROY SrlenbleRads aRBlid fbe T esi n

flowinto the gap, and the probability ihcre at wat er

does nqt readil|lyv.inpregnate.in the .enti.rety of .the ite poro

rernbr ane. | SRSRLASTRIG PR e uplieg SRluioR B it e RSB uPeh hise,
coating pressure 25 of the discharged nenbrane form ng solution tends to

i ncrease. ks @ozzle 9, and thashalow portien famedhyshe fiest diviganrozeist? adithe ge gap
bei ng forned between the first porous |ayer and the second porous |ayer. As

expl ai ned sbawbdivided notie 8 cindisttered il the eechd stlindon podtpodtion ided Aftez Hae, 9, and
second di vided nozzle 8 are concentrically superinposed, and a solution is

suppl i ed t@e sSlutibe dBEEEEA BWRRA e BRAA pdssed 11D SR M s%@o&pdikegg%e pRASIZES

t hrough the hollow portion of the first divided nozzle 9, the hol | ow

AR R S N S
SOt RRERERIRS shoke! st tnd biaid s Rappled fiom the condit 10 the brid passage. O
100. The first membrane forming solution is supplied to the first solution pool portion
11 from the first supply port 6. The second membrane forming solution is supplied to
the second solution pool portion 12 from the second supply port 7.
While the braid is continuously supplied to the conduit 1, that is, while the braid
15  moves in the braid passage 100, the first membrane forming solution is discharged from
the first discharge port 2, and is impregnated into the braid, the second membrane
C’ forming solution is discharged from the second discharge port 3 and is impregnated into
the braid.
After that, the braid, which the first and second membrane forming solutions are
20  impregnated, as explained, this-is immersed in the solidification solution, and then this is
water-washed and chemical-washed, and dried, and after that, this is wound.
Next, the solution, which does not dissolve the membrane material, 1s supplied
to the first supply port 6, this is discharged from the first discharged port 2, and coats the

surface of the first porous layer.

25 After that, the second membrane forming solution, which is supplied from the



In order to produce the conposite porous nenbrane using the ring nozzle 10
havi ng such a structure, first, the braid is supplied fromthe conduit 1 to
.. the braid passage 100. The first nmenbrane formng solution is %w?@wjgmﬁto
“the first solution pool portion 11 fromthe first supply port 6. e second
menbrane formng solution is supplied tap t he second sol ution pool portion
12 fromthe second supply port 7. Wiile“The braid is continuously supplied

to the condifighg l’n%;;%fgfnrthsand"ﬂ&ﬂe& ish fh% sQ&ﬁlidgoluéi?rsl?Eglﬁgbé’fé@ iﬂ%@{ﬁ'&ea@g&%aage

100, the first ne formng solutionis rom F Irst

di scharge port ..2, dis,ippregnated into the braid, the second nmenbrane C
form ng sogﬁtf%%@gﬁ%itﬂ%ﬁgéag@%%y%e second di scharge port 3 and is -

i npregnated into_the braid. After that, the braid, which the first and
second menbrane B¢ RPIABOSISIPQEIUS memRlrane o vidasd vallythe membzancangieriglned, this is
imersed in the solidification solution, and then this is water-washed and

chem cal - wesinpdsingtie fiisi padousdagerahi die sehadd pdrbuslaye isvexplainedNebave. t hethe
sol ution, which does not dissolve the nenbrane naterial, is supplied to the

first sspphyestiihvétiohd Sorbds HiBTARF gAY bk Tomdda thé s&bndbshalaed ARrt 2,
and coats e surface of the first pofous layer. 25 After that, the second

h
menbr ane f or.m | ug | LCh. i i frromthe 1 .3 6. 20
second s upgll{lglrb %g’r @8 ?%‘g}olgg%’ ush;{%#eergs rorﬁlml%ﬁ Elpéeé:@ glﬁc lfsgglnllﬁnln%rnldﬁ%%%/ t&?g? tl Ogn 12, is
di schar ged .and oats the surface of the first porous |ayer. The conposite
porous menfPTHHES ﬁwﬁ?ﬂa@&w‘pﬁa&%@n BPUORREEST al  conprising the first
porous | ayer and the second porous |ayer is explained above. In the 5
present invention, a porous multilayer may be forned on the second porous
| ayer. In this case, the porous nultilayer is forned in sequence in a nanner
i deptical Bxaibks of form ng the second porous layer on the first porous
| ayer.

10 Below, the present invention will be explained with reference to experimental
examples.
Properties of the composite porous membrane were examined as follows.

“%” used for showing a content and a concentration denotes “% by mass”.

15  <Largest pore diameter {(um) (Bubble point method)>
The largest pore diameter was measured using ethyl alcohol as a measuring

( medium by a method defined in JIS K 3832,

<Hot water shrinkage>
20 The length of the braid before and after immersing the braid, which was cut to 1
‘m, in hot water at 90°C for 30 minutes, was measured. Then the hot water shrinkage
was calculated from the following formula.
Hot water shrinkage (%) = (length of the braid before treatment - length of the
braid after treatment) / length of the braid before treatment X 100

25



.Exanples 10 Below, the present invention will be explained wth reference
to experinental exanples. Properties of the conposite porous nenbrane were
.. examned as follows. "% used for showi ng a content and a conca%@tw
"denotes "% by mass". 15 <Largest pore dianeter (n) (Bubble point t hod) >
The | argest pore dianeter was neasured u?i ng ethyl alcohol as a neasuring C
medi um by a nethod defined in JIS K 3833] <Hot water shri nkage> 20 The
| engt h of i fore, and after imersing the braid, which was cut to 1
m in hot f\%/g?eeéfr%ﬁeg}[tﬁg%%n%erlw m nutes, was neasured. Then the hot water
shrinkage was calculated fromthe follow ng formula. Hot water shrinkage
(% = (length ofﬁ?arﬁrsb%ﬁ WCM’BF@E’E%&%H% Solufinsd andek having ther aj d after
treatnment) / length of the braid before treatment X 100 25 1 3 NOV 2006 21
Exper i ment etmposimms ghawiThel4ble b vesmprepaed hy usisgrbolamimylidenei fhypridoAut i ons 1 and
2 having the conpositions shown in Table 1 were prepared by using
pol yvi nyl i geaketbd bpRitsinaAapinyanbiehatde Y RAR® B@le,ap(ﬂ?vinﬁrlﬁ@ﬁe fafBe BKYNAR(T )
301F), polyvinylidene fluoride B 5 (narketed by Atofina Japan, trade nane:

</90) and RERT ) REAto T GpenE el A Y S Y e ol "Sacona

menmbrane -t or i 09u5 WL R nina% S8 Yd W N-dimethyl acetamide.

Table 1
( Composition First membrane Second membrane
- forming solution forming solution
Polyvinylidene fluoride A 3% 12%
Polyvinylidene fluoride B : 2% 8%
Polyvinyl pyrolidone 2% 10%
N,N-dimethyl acetamide 93% T0%
Solution temperature 50°C 60°C
Concentration of polyvinylidene 12% 20%
fluoride in the solution -
(: 10 A polyester multifilament simple-weave braid (multifilament; total dtex 830/ 96

filament; 16 spindles) was introduced in the conduit 1 of the ring nozzle shown in FIG 1,
which was heated to 30°C and has an outer diameter of 2.5 mm and an inner diameter of
24 mm. Then, the first membrane fomﬁng solution was discharged from the first
discharge port 2, and the second membrane forming solution was discharged from the

15 - second discharge port 3. The braid coated with the first and second membrane solutions
was introduced in a solidification solution at 80°C containing 5 parts by mass of
N,N-dimethyl acetmﬁde and 95% by mass of water to produce the first porous layer to

the braid.



Pol yvi nyl i dene fluoride A 3% 12% Pol yvinylidene fluoride B 2% 8% Pol yvi nyl
pyrol i done 2% 10% N, N-di net hyl acet ani de 93% 70% Sol uti on tenperature 50C
60C Concentration of polyvinylidene 12% 20% fluoride in the ‘ES?NDM pe6 10 A
pol yester multifilament sinple-weave braid (nultifilanent; tot dt ex 830/
96 filanment; 16 spindles) was introduced in the conduit 1 of the ring
nozzle shown in FIG 1, which was heat®d to 30C and has an outer dianeter of
2.5 mm and an inner di anet 2. hefl ne form ng
sol ution was di eﬁé‘?@%‘ﬂ“ﬁ@ﬁ?‘ﬁﬁ’éh‘?‘i‘?@?r atg) b(grﬁl%tr];@l%‘? tﬁgﬁ’%l‘fhe second
menbrane form ng solution was di scharged fromthe 15 second di scharge port

3. The breampriswatheiivgt peropmlayes thetbraid vasdmamasedanP AR medl of sasiiam was

introduced in a solidification solution at 80C containing 5 parts by mass of
N, N- di nethypbcldomte aniutien anakhed Kithyhotreater af 90kt for 14 mipriagackihidead drict por ous
| ayer to the braid. 1 3 NOV 2006 22 After renoving solvent in hot water at

98C for I G)iufsR lbrﬁﬁkg%ﬁrﬁéﬂmﬁ?m&ﬁdﬂﬂlﬁg@wﬁd%t Im@rdgg&%e Weygs, the

braid was i mersed in 50,000 ng/L of sodi um hypochl orite Solution, washed

m nut 8s, RER e iR o e b6 ag’%‘ﬁ " B el o

adhered to qr enbedded in _the braid was per 1 in. The hot water shrinkage
of the BrEAIvagRdso. 1%heﬁﬁ351?%ﬁ@?1@ﬁt%ﬁ}§lhf@éwaé %hEPBhraid was 9.8 kPa. After
that, the braid conprising the first porous |ayer was introduced in the

conduit 1 of t kdtaritheg, the bridcehpriging the Firé pbroustiayeh wam snthvadatetlintthe 30C and has
an outer conduit 1 of the ring nozzle _shown in FIG 1, which was heated to 30°C and has an outer
( diameter of 2.7 mm and an inner diameter of 2.6 mm. Then, glycerin (marketed by

10 Wako Pure Chemical Industries, Ltd.; High Class) was discharged from the first
discharge port 2 as an inner solidification solution, and the second membrane forming
solution was discharged from the second discharge port 3. Thereby, the second
membrane formiﬁg solution coated the first porous Iayer. The resulting braid was
introduced in a solidification solution at 80°C containing 5 parts by mass of

15  N,N-dimethyl acetamide and 95% by mass of water to produce a composite porous
membrane. After removing solvent in hot water at 98°C for 1 minute from the braid

C‘ _ comprising the first porous layer, the braid was immersed in 50,000 mg/IL. of sodium
hypochlorite solution, washed in hot water at 90°C for 10 minutes, and this was dried at
90°C for 10 minutes, and then this was wound using a winder.

20 The outer diameter and the inner diameter of the resulting composite porous
membrane was about 2.8 mm and 1.1 mm, the thickness thereof was 900 um, the
ﬂlickness of resin layer from the braid to the surface of the composite porous membrane
was 400 um, the bubble point was 150 kPa, the water permeation capacity was 100

m’/m*/l/MPa, the bursting pressure by flow was 500 kPa, endurance time of applying

25  pressure of 400 kPa was 1,000 times, and the endurance period of applying pressure of




.diameter of 2.7 mmand an inner diameter of 2.6 mm Then, glycerin (narketed
by 10 WAko Pure Chemical Industries, Ltd.; Hi gh Cass) was discharged from
- the first discharge port 2 as an inner solidification soluti on,»i' gﬂgv tzﬁhﬁ

" second nenbrane formng solution was discharged fromthe second schar ge
port 3. Thereby, the second nenbrane form ng solution coated the first
porous | ayer. The resulting braid was “htroduced in a solidification

sol ution 081&C co ining 5 parts by mass of 15 N, N-di net hyl acetam de and
95% by rrassoo Wi‘@r’@d&fl%gsdduce a conposite porous nmenbrane. After renoving

solvent in hot water at 98C for 1 mnute fromthe braid C conprising the
first porous layer, the braid was i mmersed in 50,000 ng/L of sodium

hypochl orite solution, washed in hot water at 90C for 10 minutes, and this
was dri ed Brperogdtfl dixammpled nut es, and then this was wound using a w nder. 20
The outer dianeter and the inner diameter of the resulting conposite porous

nmenbrane was abopiie cbnthosiie piidud mbniBlanetvi® préduekd BbSmiahdre@intiagiso 4 ogm t he
t hi ckness of resin layer fromthe braid to the surface of the conposite

por ous ge m 3 . er

per rreatsi o?@%&?ﬂ%ﬁfaﬁ%&f&o e&%f ﬁ%? E#%de{%&n@“@% P l]sa?[?%g %‘rlséltl ﬁlre \gﬁ 1:y fl ow was
500 kPa, endurance tipe of applying 25 pressure qf 400, kPa 1,000 tines,
and the enkfff @erpé??%m’&fw gy‘i"%ﬁ ngt &&md@%jh@am@g%\ggia@gg@go kPa
was 2,000 hours. Experinental Exanple 2 The conposite porous nenbrane was
produced i puter dramaier of 48 mmcan inper didmaetendf 2.5 ninpodiatiuidicableaghl o 110 except
that after producing the braid conprising the first porous |ayer, drying
and washi ngimwweeeusedt perforned, and that a ring nozzle having an outer

di %r_reter of 2.8 mm an inner diranmeter of 2.7 nmm and a liquid seal-length of
1.

MM was USedThe outer diameter and the inner diameter of the resulting composite porous
10 membrane was about 2.8 mm and 1.2 mm, the thickness thereof was 800 um, the
thickness of resin layer from the braid to the surface of the composite porous membrane
was 400 um, the bubble point was 180 kPa, the water permeation capacity was 110
m*/m*/h/MPa, the bursting pressure by flow was 520 kPa, endurance time of applying

pressure of 400 kPa was 1,300 times, and the endurance period of applying pressure of

15 200 kPa was 3,000 hours.

C. INDUSTRIAL APPLICABILITY
| The composite porous membrane of the present invention has superior

mechanical properties such as adhesive strength between a braid and a filtration member,

20  to those of the prior composite porous membrane. Therefore, the composite porous
membrane can be used in severe conditions such as in many kinds of water treatments, in
which it has been thought that filtration and separation is impossible by a membrane
method, and improves the quality of filtrate. In addition, since the water permeation
capacity is high, membrane area used becomes small, and it is possible to reduce an

25  equipment cost.



. The outer dianeter and the inner dianeter of the resulting conposite porous
10 nmenbrane was about 2.8 nmand 1.2 mm the thickness thereof_was 0 m
the thickness of resin layer fromthe braid.to the surface of 3 NP 2 nposite
porous nenbrane was 400 m the bubble point was 180 kPa, the water
permeation capacity was 110 n8/nR2/h/MPa, the bursting pressure by flow was
520 kPa, endurance tinme of applying pﬁ%%sure of 400 kPa was 1, 300 tines,

and the endurange_per.iod of .applvin ressure of 15 200. kPa was 3, 000 |
our s 1 nusTar A Ao ARl H e B R Sne AR BROSE Che present |
i nvention has superior mnechanical propertjes such as adhesive strength ;
bet ween a MFRPANGARE SPRRSIE RPTOYH Jhavipg exeellenbROPETICE K b5 §38HY conposi t e
porous nenbrane. Therefore, the conposite porous nenbrane can be used in

severe compddducoths such as in many kinds of water treatnments, in which it

has been thought that filtration and separation is inpossible by a nenbrane

met hod, and inproves the quality of filtrate. In addition, since the water
perneation capacity is high, nmenbrane area used becones small, and it is

possi ble to reduce an 25 equi pnent cost. 13 NOV 1006 24 In addition,

according to the nethod for producing a conposite porous nenbrane, the
conposi te porous nenbrane havi ng excellent properties can be easily

produced. C 1 3 NOV 2006 25 CLAIMS 1. A nethod for producing a conposite
porous nenbrane conprising the steps of:




coating a nenbrane formng solution on a braid using a ring nozzle;
solidifying the coated nenbrane formng solution in a solidification

solution to produce a first porous |ayer; coating another menbr hdel 0V ol ng

solution on the surface of the first pﬁrous | ayer using the ring nozzle;
and solidifying the coated nenbrane fo ﬁing solution in a solidification
solution to produce a second porous layer. 2. A nmethod for producing a
conposite porous nmenbrane accordi ng Fg[j@ im1l, wherein the ring nozzle
conprises a braid passage in which t raid passes, a first discharge port
which is formed around the entirety of the wall of the braid passage in a
circunferential direction, and a second di scharge port which is forned at
the exit side and_ at the peripheral of the brai d passage,. concentrically
with the brai d pREhegdor woldycipgRpmppgie W%W?mgrageeewgeémg oOeRsAs:
menbrane according to claim 2 wherein after coating the first menbrane
form ng sol uti @ﬁa&lféﬂ%ﬁ@nﬁ}rﬁiedfoﬁvl%ﬁ@bﬁww o braigh usinged Fipg 802246;schar ge port,

t he second nmenbrane form ng solution, which is concentrated than the first
menbr ane f or ni sglididying themcoagaskimembtiae feraiing syluigerpial a/sadiglification sblutisetond

di scharge port to produce the first porous layer. 4. A method for producing
a conposipredyeraoiiist pervins dayeraccording to claim 3, wherein after formng the
first porous layer, a solution, which does not dissolve the nenbrane

mat eri al, coat gobhte snotherGerdbrahd CorfnitidiolPnostSthk aydhiceyf thel Fipdt yost@sf rom t he
first 1 3 NOV 2006 26 discharge port, then the second nenbrane form ng

sol uti on jeRakSinkRRe FAE Wbk BIakr @i d by supplying fromthe second di scharge
port. 5. A nethod for producing a conposite porous nenbrane according to

claima, - wher ohhiiRe Bld:dEmhbiae tiHthglsdassA% {otidRfkibh Qo fer o

the ring nozzle
produce a second porous layer.

2. A method for producing a composite porous membrane according to claim 1,
wherein the ring nozzle comprises a braid passage in which the braid passes, a first
discharge port which is formed around the entirety of the wall of the braid passage ina
circumferential direction, and a second discharge port which is formed at the exit side

and at the peripheral of the braid passage, concentricalty with the braid passage.

3. A method for producing a composite porous membrane according to claim 2,
wherein after coating the first membrane forming solution to the braid by supplying from
the first discharge port, the second membrane forming solution, which is concentrated
than the first membrane forming solution, coats the braid by supplying from the second

discharge port to produce the first porous layer.

4. A method for producing a composite porous membrane according to claim 3,
wherein after forming the first porous layer, a solution, which does not dissolve the

membrane material, coats the surface of the first porous layer by supplying from the first



end face of the second discharge port, and the distance between the end face
;of the braid passage and the end face of the second di scharge port isina
“range of 0.5 mmto 150 nm 6. A nethod for producing a conposit el pidbusds
.menbrane according to any one of clalgf 1to5 wherein after form ng at

| east one of the first porous |ayer an Qhe second porous |ayer, the
conposite porous nenbrane is imersed in a sodi um hypochlorite solution,

and washe 'S&Hﬁr%%ory\@ﬁ Mthe 8Q4nA M Shrare £ Pﬁnf@%lﬁﬁﬁo%%ﬁ%@@%‘i‘é\,ﬁd&?@% ﬁrat osite

porous menbrang ‘acéording to any one o alr s menbr ane

average. nopaninar SERRTUEHBERAEC"T 000, 000 and pol yvi nyl | dene.

fluoride (B) having a weight average nol ecul ar wei ght of 10,000 to 500, 000
at a mass ratio of polyvinylidene fluoride (A) to polyvinylidene fluoride

B A/ (B arange of . Q.5 to rretho for oduci n
o oosr s i el iweprgéwfﬂaianaomﬁosgﬁw%wg e betish ploRitg 16 Uit n
nunber of feathers of the braid.is 15 or Iess 9. A nethod for

pr oduci ngWheIEBhikG nfleél%?% h@éﬂ?aémee\%ewmrﬁf& ipgetaof,the Amgarozzle) thamdher ¢ o

5, wherein tension applied to the braid is in a range of 1 kPa to 30 kPa.
end face of the second discharge port, and the distance between the end face of the braid

passage and the end face of the second discharge port is in a range of 0.5 mm to 150 mm.

6. A method for producing a composite porous membrane according to any one of
claims 1 to 5, wherein after forming at least one of the first porous layer and the second
porous layer, the composite porous membrane is immersed in a sodium hypochlorite

solution, and washed in hot water, and dried.

7. A method for producing a composite porous membrane according to any one of
claims 1 to 5, wherein the membrane forming solution contains polyvinylidene fluoride
(A) having a weight average molecular weight of 100,000 to 1,000,000 and polyvinylidene
fluoride (B) having a weight average molecular weight of 10,000 to 500,000 at a mass
ratio of polyvinylidene fluoride (A) to polyvinylidene fluoride (B) ((A)/(B)) in a range of

0.5t0 10.

8. A method for producing a composite porous membrane according to any one of

¢laims 1 to 5, wherein a number of feathers per 1 meter of the braid is 15 or less.

9. A method for producing a composite porous membrane according to any one of

claims 1 to 5, wherein tension applied to the braid is in a range of 1 kPa to 30 kPa.





