| DESCRI PTI ON COVWPCSI TE POROUS MEMBRANE 5 TECHNI CAL FI ELD The present

I nvention relates to a conposite porous nenbrane, which is suitable for
water treatnment, as a mcro-filtration nmenbrane or an ultra-filtration
menbrane, and to a nethod for prodUC|nglthe conposite porous nenbrane. 10
BACKGROUND ART Recently, water treatment 'in a menbrane nmethod, which uses a
filtration menbrane which is excel pgRyc T@? Qaration ability and
conpactness, is drawing attention |n view of increasing interest in
environnmental pollution and tightening of regulations. 15 In order to use in
such water treatnment, a filtration nmenbrane is demanding to have not only
excel l ent separation property and perneation capacity, but al so nechani cal
properties which are higher COMPQSITEPQROUS MEMBRANE at i on menbr anes. As
conventional filtration nenbranes having excellent perneation capacity,
filtrati on nmenbranes nmade of pol ysul fone, polyacrylonitrile, cellulose
acetate, 20 polyvinylidene fluoride, and the |ike, which are produced by a
wet spknning nethod or a dry and wet spinning nmethod, have been known.
These filtration nenbranes are produced by m cro-phase separation of a

pol ymer solution and solidificati mer solution in a

non-sol vent. These filtration mnﬁ&ﬁ%@f@mm a dense layer and a
support | ayer, a&,g t hey have hig fl pore ratio,and an asy trlca struct ure.
25 Anong materia eP@FemH‘é‘éeé‘“PP Felates F%C%H%?“&MWSHBF‘}‘ hishds s4itablei de

resinis 2
' for water treatment, as a micro-filtration membrane or an ultra-filtration membrane, and

to a method for producing the composite porous membrane.
10
BACKGROUND ART
Recently, water treatinent in a membrane method, which uses a filtration
membrane which is excellent in separation ability and compactness, is drawing attention
in view of increasing 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
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 solution 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 filtration membranes, polyvinylidene fluoride resin is



suitably used for material of a separation nenbrane, since it has excellent
chem cal resistance and heat resistance. However, there is a problemthat a
filtration menbrane nade by pol yvinylidene fluoride hollow fiber nmenbrane
has inferior mechanical strength. 5 A porous nenbrane in which hollow
braids are entirely enbedded in a porous® seniperneabl e menbrane has been

suggest ed as me ane havi | nproved strength. . (Japanes nexam ned

Pat ont  ApSUEaLY LSFLTor el ok PR PRBLTB ks iy R Cait GBDES  andi
S52-120288) . However, since the braids are entirely enbedded in the porous
seni per medbsislangenanddieat resistance orBewevestheraita peeblem thas pifdaation membrang o
permeation capacity. In order to inprove water perneation capacity, a

separ at i onmadertiy polgyinylidestei fidoride hpliow dfibenmeinbeane hias infexior mechanitat he surface
of hollow braids, has been suggested (US 5,472,607). However, since this
separ at i ony3peiAr ane has a porous nenbrane only on the surface of the
braids, this has a problemthat the porous nenbrane is easily peeled 15 from

the brgids. In CoUSICLARLAMO LHIEh ABANS pASRCLL DRy SRheiIBa il pBlheCt Of

the présent inv on1s eprow e a conposite por rane I ch has
not only excellent filtratipon capacity, .but also excellent adhesi on between
a porous rsMpeImeablsem ‘Fgas@ﬁgsﬁﬂféﬁ‘ﬁﬂ?%almﬁﬂ? having mprgved sigengty £ or
produci ng the conposite porous nenbrane. 20 DI SCLOSURE OF THE | NVENTI ON The
present i riJapanessnUpexaniivedsPatentpplisatians poirs PublieationdNes. 862081676g a brai d,
and a nenbrane material; wherein the nenbrane material conprises a first
porous | ay%52-082682| and 523 1 22 88k n sowenes, sintdei thé biatdsaire aimtirely emibedded bither

surface of the braid, and a second porous |ayer
) 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). Howeyver, 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
) 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



3conprising a dense |ayer which is arranged on the first porous layer. It
Is preferable that the conposite porous nenbrane be a porous hollow fiber
menbrane which is obtained by coating the nenbrane material on the braid.
When the conposite porous nenbrane is used for water treatnent, it is
necessary to nmake liquid at 5 the first 3side flowrelative to the surface of
the nenbrane. .Due tp the flow relative,to. 'éthe surface of the nenbrane, the
nenbr ane \9?‘3*’3?1853&%8591 yerwhieh B rapgeq op e dirst pRrousia¥er ane is required to
have sufficient mechanical strength. Since the braids have _sufficient
mechani cal st r edgs prefembledhatthescamposite parousangmbiaee b a peroup hellestifiberyvent i on
has sufficient nechanical strength. 10 Since the conposite porous nenbrane
of the pr esasbranewhkichiioobtained by seatingthe memtiraxreaterakor the beaidpr Wienghe wo or
nore dense | ayers, the conposite porous nenbrane has inproved durability.

I n addi ti @Bmpbéif pUreEREMbAME ¥ dsed fo Witk f@eatimeAT itHS HedeSdarP foOfblkd lighid at
conposite porous nenbrane conprising the steps of. coating a nenbrane

form S ' j | ' zl e | G £V 104 coat ed
ror oo Tt tieh §98 Bt rebive IFkE i etnd pRAARAET  BueiS AN plileB, P02
porous | ayer: gcoat] anot her nmenbrane farnn solutiqn.on_the surface of
bhe 11 rst Wit pLiE membrape. dhromPmBgans yAplss dnd i Sined; WeTeR/e B8 coat ed
menbrane formng solution in a solidification solution to produce a second
porous | ayeembrane BreqriredrebrRysniipiemmmeaubanioalsivengd. FiSice the braids have
cross-sectional view show ng one enbodi nent of a ring nozzle used in the
met hod f orsufficiah eieshardcal ougaggh,tthe ganposite pordus ansmbriing bfthp pesenttinventiont | on.

J has sufﬁcieﬁt 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 OQUT THE I NVENTION 4 The preferred enbodi nents of
. the present invention are expl ai ned bel ow. The conposite porous nenbrane of
the present invention conprises a braid and a nmenbrane material, wherein
the nenbrane material conprises a first Eorous | ayer conprising a dense
| ayer which is arranged on the outer surface of the braid, and a 5 second

Por ous I ayer cormpil aloRd AANRnkAY SF i lelind BB ANRE SulipbRBelhy >t POrous

| ayer. Bel ow, use OSIte porous rane of "t he
present inventi i s expl ai ned in detai It is.preferable that

P onmosi ng. the. br CheicRBoAte RS mATAiTans of (e BFsP ok IRHPUOR GOmPFSF AR fnd
monofi | ament, or spun yam |In addition, the cross-sectional shape of the 10
yarn is prememisane materal wheteipthe membrgne materigh comprises lafirstpoaps laysr t he case
of using multifilanment for the braid, a multifilament having a filament

nunber in compuriging atledds layer 2Hich 5 apfangal @bihe outee safse oftthdiaid; aandhl ent
strength and water perneation capacity. Wen the nunber of filanent is |ess

than 3G t%onésmmaeﬁé&ﬁgxgsiﬁ au&fserrtstér WHid PR Rhn SRISPRE $Est %mesq ast,

when it exceeds 200, there a probability that  water perneatio

' b . d of th ' di . I f
Che. ot bri ol s of PR BRrard vt B SGRPRu nero\Pusmp B080r S BFTRRert T Toer,

regenerated fiber, natural fiber, and inorganic fiber. They can be used
i ndi vi dual Inyeniion is exBlagedde defilor two or nore thereof. 20 Exanples of the
synthetic fiber include polyan de fibers such as nylon 6, nylon 66, and
aromati ¢ pol yan Bésprefdrable thas lygmmscomposingdhe braid-used dn thel presentinvention be
terepht hal ate, polybutylene terephthalate, poly lactic acid, and poly
gl ycol aci shutifilement, ammpfilasent,ve spun garah Beadiidion thie/dross-deciidral Shaperof the
pol yol efine fibers such as pol yethyl ene and pol ypropyl ene

10  yamn 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 isaprobability 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 alcohol fibers; polyﬁnylidene 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 pol yvinylidene fluoride 5 and polytetrafluoroethylene fibers;

pol yal kyl ene paraoxybenzoate fibers; and_the |like. Exanples of the

sem -synthetic fiber include cellulose dérivative fibers such as cellul ose

i bor s sucAEOEBRubUASEREers S0l ienf Ptabeyienaafe okt PRt <!
et hod, copper - SHFRP HEBRSE-BraLbT GaeE el poreluledt AEATSER HERr el g °°°°

i ncl ude rayon fiber, cupro fiber, and polynosic fiber. Exanples of the

nat ural fi pllulesgdliacgiate cetuloga triacetatgeehitin,and chitesanifibsrs; prateip fibersstuch ae

i norganic fiber include glass, carbon, and netal fibers, and the 10 |ike.
Anong t hesso-calledipremix; andthedikeg at | east one of polyester fibers, acrylic
fibers, polyvinyl alcohol fibers, polyamde fibers, and polyolefin fibers

i s preferable, begaHSIEs bf the Pegenbrated HiN inchRAB Egtneratd RIIBREEfibéM pRRfukes Ul ar,
pol yester fibers and acrylic Tibers are nore preferable. 15 Fromthe

Vi ewpoi nt | ' 1)1 . ' f Lane.. .

fi neness OP{"P’ ‘nsgg %%#@Qq,gﬂéﬁ%agyggﬁl@%ﬁgﬂ5%{5@:@@%@1 ﬁ%{ﬁ%{" Y J""(ﬁc Eﬂ’y When t he
fi neness of tigge bra&i_d is le t hi 00 dtfxl t he deform pressure of the
menbr ane dEciuds axon fiker, Qipre fiben and pRlynesilibeTneness of the braid exceeds
1,200 dtx, there_is a probability that water perneability may decreases due
to decrease of tHzamplesef teaatrafiker inchuderflaxi fute fibers,anddb¢ iken, from t he

vi ewpoi nt of inproving durability and water perneability of the nmenbrane,

it is preferabl eExiraplesonthetinorgardic fibeniitiade glass, varbonpard faetal fibers,randglee of 8

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



to 50. When the nunber of spindles is less than 8, the deform pressure
decreases. in contrast, when it exceeds 50, there is a probability that
wat er perneability may decreases due to decrease of the inner dianeter of
the braid. 25 It is preferable that a degree of fimbe 15 or |ess per
meter. \Wien the degree 6 of fuzz excee 15 per 1 neter, defective coated.

portions are. easil erated, a .bacteria such as cplibacil]us,and

B spended Harrershin iR e Meleos R ehattd Pobfiled3ai dBfid MRa 207 1
degree of fuzz per . 1 in_of _the braid |s norepreferably, 10 or |less, and nuch
more pref hagkrip sychyps selibacillys ppd suspradedanaiior peTBeatc @Rbitds nal FBRIE ol ch
protrudes fromthe braid | oosely or by cut of the woven fibers conprising

t he brai d, prasticabnse. n Thefdepree of fiagzcpentling bf the braidds morépreferatdz 19 or desprandi ng
the braid and which protrudes fromthe braid, and foreign substances which

have a shapaclpindgs prefeablfishsiesand whi ch protrude fromthe braid. Fromthe
vi ewpoi nt of inproving an inpregnation percentage of resin contained 10 in.

the memprane ”atﬁ%xieg‘;ﬁebeﬁnt‘*?ﬁ‘zzbrd%ﬁ’tes?%ef"@ﬁl%? grﬁgmdékgog/& ﬂ@'bﬁﬁ&'i&ﬂ@lg%? the

braid is prefera 5% or less, nore pre oor less, and nuch
nore preferably . .3%or less. \Wen.ho t.er shri.nkgge percent.age ceeds 5%
Gur tng o oL SHRALe e FRF pormeRane el manks B S SEpE SATEARE Ton. e
brai d shrinks remarkably. Wien the braid shrinks remarkably, the first
porous | aytean fikarscampsisingthe braid ard Which profrudes fiom the beaid,andfpreigics. | n

contrast, since the second porous |ayer is not conpletely adhered to the
first porsnbstanegsevhich haveseshmpe offer thas fltey and whizh protrudelfrom ithe braik kabl y
(details are explained below). Due to this, the gap between the first

porous | ayer andFichethe&LsbiofaithprdviEin ingtefRdion pefefitage of fesidQdntalitd
readily inpregnate due to the gap. Tension applied to the braid influences
stabi lig Y in"thé teMtrehe TRAREANS tRE BGRE Dot water shrinkage percentage of the braid is
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 td be finer, and the deform degree thereof

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



20. and i npregnation property of fixation resin. In order to inprove them it
. is preferable that tension applied to the braid be in a range of |I kPa to
30 kPa. When tension applied to the braid is less than | kPa, problens such
as the braid is off froma guide during production processes tend to easily
happen. When tension applied to the brail exceeds 30 kPa, the braid and the

first porous |layer tend to be finer, t.he def orm degree thereof 25 tends
Lo be | ar dBF EabHEweRE teduseprpus B anis Siond BohS LAYPLIeAts tote 851 y - pue 1o
this, 7 the gap between the first porous |ayer and_the second porous_|ayer
tends to bEensigngppliedtonbe braid someredrefsrabhieing rmpge pE3 kB to 2} kPaapdmuchy 3
range of 3 kPa to 25 kPa, and nuch nore preferably in a range of 5 kPa to

20 kPa. Mmewmvmeferabiyi orangepf 5 &Ba ta20 kita. brMortover tenbionrapplied tedthe brankasur i ng
pressure applied to a part of the braid before introducing 5 in a ring

nozzl e usidag b hefRaled by RéRtring Prebdiffe Biplied to b PartOf tiabraid beféredhwbodusthgch i s

produced by knitting or weaving 16 of polyester fibers-96 filanments having

8.6 dtex A g f) ' total 830 dtex wusing a machine with a
B, AT Rl

rate o I ONS n, can be used. Next, the nenbrane material is

expl ai ned. 10 Th rgng material, conpri.ses a fir orous | ayer, vi ded
with a dense Ia‘gﬁﬁ‘%g?‘acéwxwlﬁ?eb'@{d:&h‘%ﬂ’ ¢ $£¥RE‘“HF%?rd",VX5&'HEgp second
porous |ayer provided with a dense |ayer adjacent to the first porous

| ayer. Frorhnaleester filbpes 96 filsmentsihaving 8 dtex for oiultifilament havingmtota $30idtex.  t he
menbrane material has preferably many pores which pass through the nenbrane
mat eri al awsihg 4 machinaedth doatensfcl) renalutionsfraire cambe asedt her surface of the
menbrane. The pores of the nmenbrane material may be pores, which pass

straiyght thr oughNghethennddmiiase melefial Blexplamedhave a net structure, that is,
the pore may be conplicated in the nenbrane material. Fromthe viewpoint of
| mprovigng chem Cpfhe € ibstind Aftertdl dofpRbes aSisShtBG taybd prbvided 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 membrane
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;, 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 t0 10. ltis

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



preferable that the nmenbrane material be forned by fluororesins. Anong
fluororesins, 20 polyvinylidene fluoride is nore preferable. It is

" preferable that the polyvinylidene fluoride contain polyvinylidene fluoride
(A) having a weight average nol ecul ar weight of 100,000 to 1, 000,000 and
pol yvi nyl i dene fluoride (B) having a wei§ht average nolecul ar wei ght of
10, 000 to 500, 000and that a mass ratio of the polyvirrylidene fluoride (A)
to the polfgngespPotkediameter by theanquiyrang gary hepasily adjupted. r ange of 0.5 to 10.
Itis 25 nore preferable that the ratio be in a range of | to 3. By adjusting
the rati o i n sucWhen theghicknesg ef the membrade avatarial is too thiek,thervatene can be
easily adjusted. Wen the thickness of the nenbrane material is too thick,
the water pepRedBREy decichsede C e aGitfast, Whefi 91k i@Sthin, Whemeinbrdne nifchd disily t he
menbrane may be easily danaged. Therefore, the thickness of the nmenbrane
materi al , L1 | t ﬂ“gﬁﬁ 3 t he
nost out erdsdgl{lij'1 F%c gﬁé‘#ﬁ.‘@ﬁ% %%@E%%i?%ﬁﬁ%%%% ’es a ymllffl{gé ?]gﬁ%%&of 200
mto 5Q0 en the first, and second porous | rs are adhered such that
t he oufer ?EQ}PV\QXC'@O%F“"[WE@W'&@%WB FrAYEACY @I'S‘SWW{?W} Yner surface
of the second porous |ayer strength of the conposite porous nenbrane
i ncr eases.preforablein a range of 30 pmite SUANM. 10 second porous | ayers are adhered
conpletely, water perneability decreases. Therefore, it is preferable that
1 to 50 % of théWhed ehreffarsandrsecordf parbres lapérk atecadheredrsetlnthat thetontet @0Facef  t he
Interface area is adhered. Fromthe viewpoint of adjusting both of water

per meat i OrpfGEPHFsE p¥rodd thyef Isadhéred b tHRAhFerGuABRS Sfithe sdcohd pbfdRk ¢yepl € that the
first porous |ayer have a dense |ayer 15 having an average pore di aneter in

-2 range Ofgfly gl Bm 5itg§oﬁ4u§%a?ﬁtﬁ-£§é i%%‘iséshaho%?er %\ﬁa%ﬂéﬂge Rt i layer

have a dense Tayer average pore diameter In aran

10 second porous layers are adhered completely, water permeability decreases. Therefore,
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 0f 0.2 to 1 pm. It is also preferable that the
second porous layer have a dense layer having an average pore diameter in a range of 0.1
to 0.8 um.

The thickness of the dense layer is preferably in a range of 50 nm to 50 ym,
more preferably in a range of 200 nm to 30 pm, and much more preferably in a range of

20 500 nm to 10 pm.

From the viewpoint of adj‘usting 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 pmto 50 um. The membrane which has the dense layer at

25 poéition where is inside from the surface of the membrane at less than 0.1 pm isnot



X -

to 0.8 m The thickness of the dense layer is preferably in a range of 50 nm
to 50 pm nore preferably in a range of 200 nmto 30 pm and nuch nore
preferably in a range of 20 500 nmto 10 m Fromthe viewpoint of adjusting
both of water perneation capacity and fractional pore dianeter, it is
preferable that at |east one of the fir® and second porous |ayers have the
dense layer at _a position which is inside fromthe outernost surface of the
menbr ane d’c’efﬁfﬂlbbﬁﬂg@:aﬁﬁe when ityis shocked fronpihe opsdecorhasaipseblemndn adbesipBnse | ayer
at 25 position where is inside fromthe surface of the nmenbrane at | ess than
0.1 pin i etween Bembrahesrduiring a freduction pydeess and the likhat lsceasily damaged. oln si de,

or has a problemin adhesion between nenbranes during a production process

and the | idefitrast! wheh th@densy ISl@fBoReined & posiivhrvilsdre isvhside flom theRadadefer is
fornmed at position where is inside fromthe surface of the menbrane at 50

pin or gr bP%EJ‘% 8@%‘]% .

suffici en?ﬁ%ﬁ%{nt e gggggpﬁ%lggrt&gg&&g?ne at aqgﬁﬁﬁgﬁt%hahé’iﬂgﬁssi de from
t he suLface,of he ,nenbr ane at 50 in practical,use...ln order to inprove
wat er éer ﬁgﬁﬁﬁ‘%‘&?ﬁ?tﬁﬁ&gg‘?@y@%fgﬁp@ ?ﬁ‘?algos on ‘ggiﬂ' l%‘r‘fé'd&%%g’e sﬂ’fg %%and
second porous |ayers have a support |ayer which conprises pores having

di anet er s themeadsnest 90 smimprycticalysea si de of the dense layer to a side of
the braid. By 10 adoption of such inclination structure, when the thickness
of the nmenbrane Inondee ksimsprovéwater perimeabibity, ki tprefarablethat at yeastonesf the

mai nt ai ned. The support |ayer may contain macro-voids having a dianeter in a

range of Hi}st didtsecor@borousThversthavent Rippéit l%ﬁeemme@ngghei péréaRavihe

macro-voids is preferably in a range of 0.1 pmto m nore preferably in

a range ofgifinceRThireasity BFuAR%rdH G Ride of the dense layer to a side of the braid. By

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 pm. The diameter of the pores other than the macro-voids is preferably in a
range of 0.1 pm to 50 pm, more preferably in a range of 0.3 um to 30 pm, and much
15  more preferably in a range of 0.5 pm to 20 um.
In addition, the average diameter of the pores at the outermost position in the
) first porous layer is preferably in a range of 1 um to 5 pm, and that of the pores at the
outermost position in the second porous layer is preferably in a range of 0.8 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.



15 ' nore preferably in a range of 0.5 pmto 20 pm In addition, the average
. dianmeter of the pores at the outernpst position in the first porous |ayer
is preferably in a range of 1 mto 5 m and that of the pores at the
outernost position in the second porous layer is preferably in a range of
0.8 pmto 2 W Here, the outernost positlpon of the first porous |ayer

denotes a positi f ‘| f he 14 : r ous
| ayers. The out e@%%‘gtmg%g@%%%‘f%@gm?%\éﬁg& g’?@&s’h tf g{:/ner etﬁg es gﬂ{%
position of the .out elrm) t surface of the second porous |ayer when the
second por’Bﬁ'S“P"a‘ﬁE?‘pﬁgleahe outernost of the nenbrane. When the nenbrane
conpri ses another porous |ayer on the surface of the second porous |ayer,
the outernpst pbhs thicknessfof thecentize eerapesite pesousayembrgae is preferablyisi 4 1a8g€ of an
interface between 25 the second and anot her porous layer. 10 Bel ow, the
conposi t e ¢f@08yan e h200nm, dothercasd ingviible watenipermeathilith andretrdrgtho® defertreri al i s
expl ai ned. The thickness of the entire conposite porous nenbrane is

pref er 3bl yark fal@n iA0LBnsidraél) PWhERthe ot} damlabﬁoﬁthscsﬁﬁssiiegaom&_ch wat er
perneability and strength to deform 5 are taken into consideration. Wen

h ' - ff | '
" S, SRR BB BTk e e

menbr ane aréa per unit vol ufe

diameter is snaller, the dianmeter. of the hoJlow part is thinnper, and

ol ot ancelbe Guttsdiisietssds HRART e RSP hollvePar & el GRBFASARB® ¢ hat
the outer diameter of the conposite porous nenbrane be in a range of 2,000
m to 5, 000Water pertheatien ingrrages1 0 Thereferecit i prefesalie that the auter giggeetefol k0 pm t o
3,000 pm Fromthe viewoint of achieving sufficient filtration capacity,

t he wat er comepositeperouk men{ifie sf intavangoof 2600 pmpo 50009 wmdndaheinner pr ef er abl y

50 (nB/nR/ h/ MPa)

10  diameter thereof be in a range of 700 pm 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’/h/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 and is not for practical use. There is no upper limitation to filtration capacity, but the

- water permeate flow of 400 (m*/m*M/MPa) is sufficient for practical use.

) 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.



or' greater. \Wen the water perneate flow of the conposite porous nenbrane is
| ess than 50 (nB/nR/h/MPa), the conposite porous nenbrane has inferior
filtration capacity, 15 and is not for practical use. There is no upper
limtation to filtration capacity, but the water perneate flow of 400
(m8/n2/h/ MPa) is sufficient for practicadl use. It is preferable that the

bubbl e point (BR) of..the composgi te por ayver be r ef er abl 0 (kPa) or
oreater when t rErOBUBE MEYRRRAT pd oD BilR of S4G pRine ol b and ), (o
colibacillus and suspended nmatter perneate, and it is _nqQt suitable for
practical WRetionalpare diametes, i ispigoratle @@twhfwﬁeﬁgu%sﬁwgr passeethronehthet i on
capacity and fractional pore diameter, it is preferable that the bursting
pressur e bsonfiposite pbrous membwanecs i200 kParthe enduravepeciod be 160 hms oy gregtesat er .
Wien the bursting pressure by flowis Iess than 200 kPa, bacteria such as

col i baci | | Whea it eidapmoe peridteis 16k thal Ifddiotrs, badiétia suchss kolibatilldsabtie for
practical use. There is no upper limtation, but the bursting 25 pressure by

f1 owi ng of | | gl ERt ir GRdcti i
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Vi ewpoi nt o ust1 ng wat er perneati on capacity an

di aneter, j.t.igs ef.erahl e that . n ter successivel ses .t hrough the
conpos: 1 e [T IREHH hutanee Biried: it 0 katumnreenion o 4P oBATRES iEREER, o
greater. \Wen the endurance period is |ess than 150 hours, bacteria such as
col i baci | | 19§ prastical use:s pHergethe ppdwancepariod sepoteq the time phichdhe eompefiite f or
practical use. There is no upper Ilimtation for the endurance period, but

t he endur apereupmembraneimaintaldd drittional capacisybéfors Bowingf or practical use. Here,
t he endurance period denotes the tinme which the conposite porous nenbrane
mai ntains frictimwiditapias piefdrstle tat Heenwtatncd tmadapploing préssine afgeder abl e

that the endurance tine of applying pressure of 400 10 kPa to the conposite
por ous) gTeNPFAREKE ERRASER ! Pordls métiraie FPERedYBEN 0D 3 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
) 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 composite porous membrane of the present

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



endurance tinme of applying pressure or 400 kPa is |ess than 100, bacteria

. such as colibacillus and suspended matter perneate, and it is not suitable
for practical use. There is no upper limtation for the endurance tine, but

the duration tine of 10,000 is sufficient for practical use. Here, the

endurance tine denotes the tinme which tHé 15 conposite porous menbrane

mai ntains frigctional, capacity. bef.ore applvin ressure. t, . production
net hods f oi“aldﬁ‘@‘%?rﬂﬁ% Pg%ﬁ?}(?ﬁ}g‘gy’ﬁ% ﬁﬁr‘%ﬁ?ﬁﬁﬂ%‘ ¢ i@‘ﬁ%ﬁ%ﬁ%’tﬁpﬁ)ned
properties are_explained. In gorder to produce the conposite porous nmenbrane
of the pretdifificationselutian tq prodyce the fird paraus laysriand cgadng angtha@dneqpbrass)i nnj ng
nmet hod. Specifically, it is preferable to 20 discharge a nenbrane form ng
sol uti on f foyming solwtpnerthe surfécead the first porons layef usingitheiring nozaleparsd ng t he
menbrane in a solidification solution, and thereby a porous nenbrane

mat eri al i SolidlifyHighél codtéd RieAdrareFoRhiAg e6Rition iR ABs1adiAcatidn’ sdlution@o Prciiube | S
made to pass through the ring nozzle, and then the nenbrane form ng

sol uti c [ The net hod for producing a comnmposite porous
menbr a(r?g oﬁﬂ?ﬁ%&p@?gg‘éﬁﬂ “invention is a method conprising the steps of.

coating a nenbrape form olution on a 12 braid,using a rtin 0zzl e;

S0l i fying t he TRE O i e st B lgve bt Brid SrsC wEmbHAPe (02008
solution to produce the first porous |ayer; and coating another nenbrane
forni ng sosalutions which easily imprgerates inthebiaid, spatg theobraid, thear sgeendymembrang ng
nozzle; and solidifying the coated nmenbrane formng solution in a

sol i di fi cafdrmingssalutiangwhich ip suithbiefor Tornting a pornd 1gper and whichds concentratdér t o
formthe first porous layer on the braid, a first nenbrane formng

sol ut)i on, iMah ke ﬁl%ﬁinbﬁlb}dﬂé%ﬁﬂﬁkQﬁluﬁﬂn,td%ﬂtshh@féﬂultﬁ?%}ﬁdl hByRisigdhe fiREN a
second menbrane formng solution, which is suitable for form ng a porous
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forming solution impregnates a main portion 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
} 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, is dissolved in a solvent, is used as the second

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



10 and second nenbrane form ng solutions having different concentrations,
the menbrane formng solution inpregnates a main portion of the braid and
peeling of the menbrane nmaterial fromthe braid is prevented. Wen

i mpregnation property to the braid is c?ncer ned, a concentration of polymner
in the first nmenbrane formng sol ution, hich forms the menbrane materiai,

Is 15 pr A 129 | e e f . 0 . re
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i mpregnates in the braiqd by adjusti ol ymer concentration to .the range.
| add ¢ | Ghet i seon BeE OB P en BaHEF Brlyer SORCSTARER, FHEH Brrer
concentration of the nmenbrane material in voids in the braidis simlar to
t he pol ynitrgenthae therpalymer eoincentratioh of thenfinsbingmbrane dommping selutien.al : t heref ore,
20 water permeability of the nmenbrane during filtration can be maintained at

a hi gh | ex8pecifichlly,alisicdricentrationcofipelyinica ie theasicesndanembraned fiereifg selutiteg br ai d
with sufficient adhesive strength. Simlarly to the first nmenbrane form ng
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material, 1s dissolved in a solven IS u as the second 25 nenbrane

form ng sqglcyt Lon. d t.o.preven nerati of a void | r.and |
13" obt i n Jovh prBeatst ooctilon @ ifrEf el ABoR IR B edeislyfe Bl ane.
it is preferable  that }h second menmbrane form ng sol ution have a pol ymer
concent r atPBEENLRHPR ps preferably do% ardess. t he pol yner concentration of the first
menbrane formng solution. Specifically, the concentration of polyner in

t he second nenbrihesolvenhofihe finitand second nwinitoéne formingtsolutions s praterabdy an i al |
is preferably 12% or greater, and nore preferably 15%or greater. |In order
t 0 i hcr easegdqide seladnton Ekhmples ofithiei oryanic solgsin diokide dilvethybforifamide;oncent rati on

Is preferably 25% or | ess. _
10 dimethyl acetamide, and dimethy 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 when 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 40°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 Afiter that, after free-running the membrane forming solution coated on the braid,



The solvent of the first and second nmenbrane form ng solutions is preferably
an organi c solvent. Exanples of the organic solvent include dinethyl

formam de, 10 dimethyl acetam de, and di net hy sul foxi de. Anbng these,
dimrethyl acetamide is preferable, because it provides a porous nenber

havi ng hi gh permeation flow quantity. 14 addition, it is preferable to

di ssol ve hydr.ophi lic pol yper, .for .exanpl e, . monooks, such as pol yet hyl ene

gl ycol , di? }sg{n?qqrf.egpg,a S&ﬁ@%ﬁsﬁ“gﬂﬂw r@%ﬁ"?‘ﬁSﬁéﬂﬁﬁtP‘f'f@“T ﬁ\ygﬁ and second
menbr ane form ng_solutions as an additive for controlling phrase separation.
15 The | ower |i nVhemtheiree-running timedis iless than MQhsesend. filtratien Sapasity s preferabl y
| % by mass, and nore preferably 5% by nass. The upper limt of the

concent r atdeoreasds. h{ltierefsnd upperjimiyation fosthe freeeuniing tideydtty4 sewosds iand nor e
preferably 12% by nmass. If the tenperature of the form ng nenbrane sol utions

when t hey saffeciitToNsaafal uie. OMheRGordOme!fee-rufining Hitne is prefe@bly intahang dfs a
probability that the nmenbrane formng 20 solution is gelled at | ow

t enper @t ur when the tenperature exceeds 40C, adjusting the
por e d?arre(f'glr S‘J"’?“‘S?‘P‘%%ﬁ’f’f‘s and this result causes perneation of bacteria

such as colibacjl | us suspended matter, and.it i.s.not suitable for
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is preferably in a range of 20C to 40C. 25 After that, after free-running
t he menbr ferrthe mgmbsang fooming selvent, imprefecatily ysed, Depending gnkindsiofed in a
solidification solution to produce the first porous |ayer. Wen the

f r ee- r unni solventssed Sot exsngléavhen. dithethyt acethmiide i uset ias thecsop@at dfthdecr eases.
There is no upper limtation for the free-running tine, but 4 seconds is

suf f1 ci entméRbrade #srniifigboltfi6n, tHComRERTRionloTAirhe®m§H dcetniifdin theBolidifiestRher abl y
in arange of 5 0.01 second to 4 seconds.
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 to85°C.
After solidification, it is preferable that the solvent be washed in hot water in a
) range of 60°C to 100°C. It 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



A5 the solidification solution, an aqueous solution, which contains the
solvent wused for the nenbrane form ng solvent, is preferably used.

Dependi ng on kinds of solvents used, for exanple, when dinmethyl acetam de
is used as the solvent of the nenbrane form ng solution, the concentration
of dinmethyl acetamide in the solidifici?ion 10 solution is preferably in a

range of 1% tq,50% FEr.om.t he l.nt _Qf. I mprovi nechani cal strength, the
terrperatu#‘é’pgaﬂ?ﬁ?é‘saglgﬁ‘&ilgﬁtogpi'ﬁﬁ%f ’F%ﬂt%gpﬁcg%ﬁ]ﬁﬁly | ow. However, when
the tenperature is too | ow, _perneation flow quantity of the resultjng
menbr ane decr eaddier thaieit is peferable; that thegaembrangafterchemical washing pe avashad

solution is generally 90C or less, and preferably in a range of 50C 15 to
85C. Aft erinbot waief ircarange of 6@°C to KI08€Cer dbemw itin prefedablegbanthertesbléingashed i n
hot water in a range of 60C to 100C. It is effective to adjust the

t enper at urerfibrafie BEdHed 601 b greater BitdEsstBAPEIVACFOL] asinie 36 pRlakr bit 18ss ange of
the first porous |ayers are not nelted and adhered. Fromthis viewpoint,

t he tegper th | Ay ' : It
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hypochl or qu cid and the .like be perfornped. W hypochl.orpus acjd.is used,
the - concahiaeenE, 8 prosusrian o aqrssss, A atas therefere oK unsable, 8 SnsBitriel | Vinen
the concentration of hypochlorous acid is |ess than 10 ng/L, the, perneation
f1 ow quantireduetiono s Whea the.diying i§ gasrisgioub alcl 098¢ o8 geeater, therers aprobabilitphper
limtation for the concentration of 15 hypochlorous acid, but 120,000 ng/L
i s suffi citbaitthé¢ membranetshoaks excessivily durisghditying, and fing cxatlks fooindn theaturfabe
menbrane after chem cal washing be washed in hot water in a range of 60C to

100G Therof thd membpdnef er abl e that the resulting nenbrane be dried 60C or
greater but |less than 100C for 1 mnute to greater but |ess

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
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 porbus 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



5 than 24 hours. When the drying is carried out less than 60C, tine required
for drying is too |long, and production cost increases, and it is therefore
not suitable for industrial production. Wien the drying is carried out at
100C or greater, there is a probability that the menbrane shrinks
excessively during drying, and fine cradks formin the surface of the

TR Y LT e

el enent - processi ng becones easy. As explained above, when the first porous
| ayer and layed. second porous | ayer are adhered conpletely, water

perneabi lity decreases; therefore, in order to prevent this, it is
preferabl e that Whétmthe groduction metisdsie cannigd pot, dorsexample, a ringswizekeishown whi ch
does not 15 dissolve the nenbrane material, be coated on the surface of the

first por .13y pfeferably us&E SPeltingibAMe cofhpiiaess Riembérs; gt ¢ a dRededgptieane

mat eri al, an aqueous solution containing solvent used for the nenbrane
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is used for a solven rane torm ution, cohcentration
of dinethyl acet.am de i he, sol.ution l,ch e t. di lve .20 the
rerbr ane. 6P idef Goggle BORHERS Fsslbled aeoet 1 Betiudbited aoeed smlds
solutions whjich do not dissolve the nenbrane material, an organic sol vent,
a m xt ur e adidegipertinn ofshe dngaeaze. sol vent and water, and these sol utions,
whi ch an additive containing glycerol is added as a main conponent, are
preferably used.Théadivided plates Ex isracismoshaped inember, iand tomprskslaycondwit 1 fig t he
second nmenbrane 25 form ng solution on the surface of the first porous
layet. |t which®e BaIdGRSsHsYinttRe Eéiferipoptionlfiefebf. S L InmaaRioAN@e dOHaEORagdiout i on

havi ng | ower concentration to formthe second porous |-ayer.

10 comprises a first supply port 6 for supplying the first membrane forming 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 protrusion 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

) 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 supply port 6, is formed. The first divided nozzle 9 and the



VWhen the production nethod is carried out, for exanple, a ring nozzle shown
in FIG 1 is preferably used. The ring nozzle conprises 3 nenbers, that is,
a divided plate 5 10, a first divided nozzle 9, which is assenbl ed adj acent
to the divided plate 10, and a second divided nozzle 8, which is assenbl ed
adj acent to the first divided nozzle 9,17and is an edge portion of the ring

nozzle. The.diyvided . plate 10 s di sg, sh d nber, and cqnprises a

condui t 1,9“'?4%%%39 Wb e peslitspcl hat when Wy gt WsRmPRESeof - | n
addition, the djvided plate 10 10 conprises a first supply port 6 for

suppl yi ngcensentrically, arshdisehargeport Ads Honed pronnd heendirety ebthe walppf theport 7
for supplying the second nenbrane form ng solution, which are fornmed around
t he condubtaidpassage H0vindedronnsferentidl dirsctiorne thadditiauj the fiastGolutisn pectt i onal
shape of substantially a T, and having a disc plane shape. At the center

portion, BofioAlIUNdRe BisPBisBRArgé Poit 2re comed@dch protrudes toward the inside
of the second divided nozzle 8, 1s provided. The protrusion pipe portion 13

is hol{ow, and ' A ' f . 2| onnect i ng
w th the. condui D B BB 1 g NG RE DAF sk mele "0 ¢
10 are superinppsgd caonceptrically, that is, such thaf the conduit 1 and the
pr ot r usi OHOH%PJ@ﬂﬁ&Tﬁ&FO @%‘ésﬁﬁ@é‘iéﬁﬁrﬁwp ot ¢ Auesolutionys stoged o g
at their center. 20 The first divided nozzle 9 conprises a hollow portion
connect i nip the firkiesolutiontpook pertion 1pothe selution issdisahiarged ioward\thebraid passagsnnect i ng
to the second supply port 7, which are fornmed around the braid passage 100.
| f the fid8tfrosh thedirst discharge ore?id t he di vi ded plate 10 have grooves such
that when they are superinposed concentrically, the first solution pool

portiion 11, whi qfje isécond A E6ZzRB isclh%ioﬂﬁmﬁﬂnb&thw dis®Mdpeland s formed.

The first divided nozzle 9 and the
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
second 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 _
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
) 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.



divided plate 10 al so have a ring-shaped slit such that when they are
superi nposed concentrically, a first discharge port 2 is forned around the
entirety of the wall of the braid passage 100 in a circunferenti al

direction. In addition, the first sol Utt n pool portion 11 and the first
di scharge port 2 are connected. 5 Wen e first divided nozzle 9 and the
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al so a nenber havi n% a di sc shape, and 10 conpri ses a secaond sol ution pool

portion 12f3ke segend-discharga prat ddhat iathe eadifage Hof thesesapd divd &% to the

second sol ution pool portion 12. This hollow portion connects the second
supply port 7, \nathehsvonds, itaswpferable that thendistancegt (belavdhis éscdendtedlppl y port 7
formed in the first divided nozzle 9. Wien the first and second divi ded

nozzl es 8 gl Skal-Rnpth) BEEVdeHRIRSA faON6RRE prdtAlsion pip&Borties 98 thadk, thé efd pool
portion 12 1s formed at the 15 circunferential outside of the protrusion

pi pe porti flinh S LY L L , : e, which
is formed cg'}h%ﬁréaﬂif &aé&%gclgbb ﬁéh%f%fggﬁ?ge %Fg%ﬁg%%%ﬁfgy’o@ l?’ﬁggfi rst

di vi ded nozzle 9 e _protrusi,o i ortion 13, dth econd . di vi ded
noszl o . SidaeesotBE shipPd sridetrezplc BEoh o Fones £5 e B3RS oMBE ! on ool
portion 12 is formed such that the cross-sectional_ area thereof decreases
towar d t hdowgnlimpaf dasr liquid sealilength isgrefgrabli 9. §anipeand wererpreferabln®d myi ded
nozzle 8 gradually inclines toward the protrusion pipe portion 13. In

addi ti on, When thedmuitl shab-bingthgis l¢ss thand).5 mnk,ahersstond membranedorrhinglsehsienpond
solution pool portion 12. That is; the second discharge port 3 is forned by

the ouger whieh s @atddth the SurBicelof ehefisgt poroulayey, Redifhaiged alraold withut nner wal |
of the second divided 25 nozzle 8.

-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 a result, it is probable that a large gap will form
between the first porous layer and the second porous 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 lower 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 ﬁsed 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



18 In particular, it is preferable that the end face of the protrusion pipe
portion 13, that is5, the end face 100 of the braid passage 100, be
positioned inner than the end face 5 of the second discharge port 3, that
is the end face 5 of the second divided nozzle 8. 1In other words, it is
preferabl e that the distance 4 (below, tifs is denoted by 5 |iquid

seal -l ength tween the end fagce of. th rotrusi Qn pipe portion.13, that
is, the eanSS °EWB%P&N&&&%@@H&@@P%W‘F@@ﬁﬁfﬁe@’“s? rf"i‘fgthgecond
di scharge port 3, that is, the end face 5 of the second divided nozzle 8,
be in a ra?RgENdPorPuSlayeT-to 150 nm The lower limt of the liquid

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

| i qui d seal - | engik explained aboveg whén thendivided plate t@yrthe fisstrilivaded roazlei9and
solution, 10 which is coated on the surface of the first porous layer, is

di schar gedsebi@ Aividéd i2gle 8 £€ bhdtdrRiafl§ Sipe@impdsed, #daoftiohiesipsiedth por ous
|l ayer is fornmed with a fixed dianmeter “at a position where the first porous

| ayer ig f ' . I ' .

nova o5 aote SEcard VBB pok (7T iR Bl BossMMro B WORARRLporkBEIE .
first porouys l.ayer, and the secqn oroys layer.. Fromthe.vie int of 15
coating pr g-?é 9?‘5&“‘(% 4]?‘% ﬁ’%ﬁﬂ'@% POTHPR {P‘H%;’eflﬂ’é' tf“? ﬁ}ﬁ H“’ O%lgrfpg‘i"ﬁl t'{“But
when it is too long, production of the ring nozzle tends to be difficult.
Ther ef or e, sacrad d nazglet8, gnd stored 1nitb|mmos<gsplum@hg@cﬂ podtionr k&% eddigryhat50 mm
The lower |imt of the liquid seal-length is preferably 100 nm and nore

pr ef er abl ytheGohation\dischaitghéd taveay alss braidopassass 00drdm thecsecénd dischargeent 13.
invention is used for water 20 treatnent, a fixing nmenber nade of synthetic

resin, for exanpiperdestofit6duceThéleothpissiteProus mcbhbranél@sing'therig w@siend si de.
However, when the conposite porous nenbrane has the above-nentioned gap,

(1 B bk b AR i R AR AT B 0,
rermorane. YHen H1celd Gl e TorhSLhlces i BRLERD B2 e AR LSS
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
) 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, is supplied
to the first supply port 6, this is discharged from the first discharged porf 2, and coats the

surface of the first porous layer.

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



25 of the discharged nenbrane form ng solution tends to increase. Therefore,
it is 19 possible to prevent a |large gap being fornmed between the first
porous | ayer and the second porous |ayer. As expl ai ned above, when the
divided plate 10, the first divided nozzle 9, and second divided nozzle 8
are concentrically superinposed, and aZolution is supplied to 5 the second

supply port 7, the suppli sol.ut ,on passes .t hrough t.he .hol | pw, porti on of
Cher T ot Sfo0f sutbin B0 P e i3t 1t I B RRE s b o B A yTRehBeed 8

di vide nozzle 9 and the, second divided nozzle 8, and stored in the second
sol uti on Fos thesurtacsofthe fiyst parous Jayer.  t he sol uti on di scharged toward the
brai d passes 100 fromthe second discharge port 13. In order to produce the
conposi t e por ouFhercompesite powiusgnerhbrané prpvided avith the niewbrage gateniah st ruct ure,
first, the braid is supplied fromthe conduit 1 to the braid passage 100.
The fir st comphising thef s porcussiayétiandihé &cﬁh@?_bﬂoﬁﬁla@@r isheplairiedtabsed. Utlh @e pool
portion 11 fromthe first supply port 6. The second nenbrane form ng

Suppl y° poP T R o R e e o P °1

supply port inuously suppliedto the conduit 1,

that is, ile the braid 5 moves in.the braid passage,100.. the flrst

oo ane. U8 FshyBE BptRe SIIEYE farmegdnSrughes alnanRt e Mt obort 2,
and is inpregnated into the braid, the second nenbrane formng solution is
di schar gedormingthefecand porensdayes eathe fipgbperoys Jayeri s i npregnated into the
braid. After that, the braid, which the first and second nenbrane form ng
solutions are 20 inpregnated, as explained, this is imersed in the
solidification solution, and then this is water-washed and chem cal - washed,
and idri edExamglesf ter that, this is wound. Next, the solution, which does not

di ssol ve the nenbrane material, is supplied
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



to the first supply port 6, this is discharged fromthe first discharged
port 2, and coats the surface of the first porous |layer. 25 After that, the
second nmenbrane form ng solution, which is supplied fromthe 20 second
supply port 7, and stored in the second solution pool portion 12, is

di scharged and coats the surface of th&lfirst porous |ayer. The conposite
por ous nmenbrane proyide ith the menbrane material conprising the first
por ous Ia%"eﬂﬂ’&&@'ﬁé"%&ﬁ\% porous |ayer is explained above. Inthe 5
present invention, a porous nultilayer may be formed on the second porous
layer. In this Jdasdirstand speangunembrape forning salutiensneend Hhhavieghece in a nanner
I dentical to that of formng the second porous |ayer on the first porous

| ayer. ExawpipesitioiOshostmony, Tablecl pergeeparedbre nsing polyvinylidenesfhpdrader®d wi t h
reference to experinental exanples. Properties of the conposite porous

nmenbrane VHagketedty AfMind Japp), trad®name: SOTNARD 30 IF), po19VingHdéhedRivrRIEB and a

concentration denotes "% by mass". 15 <Largest pore dianeter (pn) (Bubble

e ek R e
whi ch vvgs (El?fokett?fletiy ﬁ%\gﬁ@n trade name:; '9§?"@6$’ﬁ5&“ﬁh%aﬁ © was ?reasur ed.

Then .t he hot water shrinkage was calculated fromthe follow ng fornula. Hot

wat er shrinkage (% = (length of the braid before treatnment - |ength of the
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-dimethy] acetamide 93% 70%
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 fomiihg 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 acetamide and 95% by mass of water to produce the first porous layer to

the braid.



braid after treatnent) / length of the braid before treatnment X 100 25 21
Experinental Exanple | The first and second nenbrane form ng solutions 1 and
2 having the conpositions shown in Table 1 were prepared by using

pol yvi nylidene fluoride A (marketed by Atofina Japan, trade nanme: KYNAR(r)
301 F), polyvinylidene fluoride B 5 (na?%keted by Atofina Japan, trade nane:

KYNAR(r) 9000LD), . polyvinyl pyrqlidone (marketed hy |SP Ltd., trade nane:
K-90), and N, N-d’i‘fPFEt"FW?V‘%é‘PlHFth%.hOtI“HE‘FEa"%r#ﬁBgF’PPWﬁ%% e A8y ane Second
menbrane form ng sol utionform ng solution Polyvinylidene fluoride A3%2%
Pol yvi ny| icdmpeisingihe firse p@Rus baypn the biraid wasimsnerseshia 504090 me/K-of isadiumy |

acet am de93%0% Sol uti on tenperature50C60C Concentration of polyvinylidene
12920% f | hypocidorite sblueion,olvashed withthofwater ue90%€r fanlDimihutes andtthisiwasldeedeav e
braid (nultifilanment; total dtex 830/ 96 filament; 16 spindles) was

L SoUE =B R DO ot 0 G VBE G U TR e opiE e
5 adhered to or embedded in the braid was 1 per 1 m. The hot water shrinkage of the
braid was 1%. The tension applied to the braid was 9.8 kPa.
After that, the braid comprising the first porous layer 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 2.7 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 forming solution coated the first porous layer. 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

\ comprising the first porous layer, the braid was immersed in 50,000 mg/L 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
thickness 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



2.4 mm Then, the first menbrane form ng solution was discharged fromthe
first discharge port 2, and the second nenbrane form ng sol ution was

di scharged fromthe 15 second discharge port 3. The braid coated with the
first and second nenbrane solutions was introduced in a solidification
solution at 80C containing 5 parts by ndds of N, N-di methyl acetani de and
95% by nma f  wat 0. produce the first porous layer to the braid. 22

Af t er reng)aoﬁﬁ)as‘ﬁs%wiok‘ﬁ’rﬁot water at 98C for 1 minute fromthe braid
conprising the first porous |layer, the braid was i mrersed in 50,000 ng/L of
sodi um hypochlorite solution, washed with hot water at 90C for 10 m nutes,
and this was dried at 90C for 10 mnutes, and then this was wound using a
wi nder. THeéxperigreneal Ekafpler2 5 adhered to or enbedded in the braid was 1 per 1
in. The hot water shrinkage of the braid was 1% The tension applied to the

braid was 9.8 kPphe dnykité férous etbrhrid \dasclﬁﬂﬂﬁéeﬂii{iﬁ rhaifef id_eﬁﬁcalw tlhﬂﬁoff ayer

was ihntroduced in the” conduit 1 of the ring nozzle shown in FIG1, \(/j\{r]ich
of 2. 6 m g ExaiB £ hadith Bl ofi B Ging e el RPN e BRET T

Ltd.; H gh C ass s.discharged fromthe first i,scharge porf 2 as an
Chner So IRAPPLIEY o AitE W Hereot BEQTRE bR A Pwvg@ha%mi on was
di scharged fromthe second discharge port 3. Thereby, the second nenbrane
form ng sodulerdiametene©ls mum, &1 inper \es of 27 anm, Miba ligeidisealrdgngth of 4.0was
introduced in a solidification solution at 80C containing 5 parts by mass of
15 N, N- di natdwyhs asedt am de and 95% by nmass of water to produce a conposite
porous nenbrane. After renoving solvent in hot water at 98C for 1 mnute

fromthe braid mt&%&aabhaﬁﬂksﬁn&mmeﬂmresm&ﬁﬁg%ﬁbesi&embmr sed in

50, 000 nmg/L of sodium hypochlorite solution, washed In hot water at 90C

for 10 gm WEABrandWhsaBbst 28 Furfl kh& ¥ 23hm, 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.

| 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 reducé an

25  equipment cost.



90C for 10 mnutes, and then this was wound using a w nder. 20 The outer

di aneter and the inner dianeter of the resulting conposite porous nenbrane
was about 2.8 mmand 1.1 nmm the thickness thereof was 900 tun, the

t hi ckness of resin layer fromthe braid to the surface of the conposite
porous nenbrane was 400 m the bubble B#int was 150 kPa, the water
perneation capacity was 100 ,.nB [ h/ e the burstin ressure by flow was
500 kPa, endur aﬁ['E‘ fuoB. gcording gﬂntﬁa"?gf‘%'rf&g{?ﬁ&m&g aZFﬁg“pE’F’gB PASYS, 000 ti nes,
and the endurance period of applying pressure of = 23 200 kPa was 2, 000
hours. Ex aénﬁmm,aq%e ERmppSIts PRTaUsEneBbigne hawing exealisnt RrapertseCalle 99s¥uced i n
a manner identical to that of 5 Experinental Exanple 1, except that after
produci ng prdudedai d conprising the first porous |ayer, drying and washing
were not perfornmed, and that a ring nozzle having an outer dianeter of 2.8
nun, an inner diameter of 2.7 mm and a liquid seal-length of 1.0 mm was
used. The outer dianeter and the inner dianmeter of the resulting conposite
porous 10 nmenbrane was about 2.8 mmand 1.2 mm the thickness thereof was
800 m the thickness of resin layer fromthe braid to the surface of the
conposite porous nenbrane was 400 m the bubble point was 180 kPa, the

wat er perneation capacity was 110 nB/ nR/ h/MPa, the bursting pressure by

fl ow was 520 kPa, endurance tine 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. | NDUSTRI AL APPLI CABI LI TY The conposite porous nenbrane of the
present invention has superior

)



mechani cal properties such as adhesive strength between a braid and a
filtration nenber, 20 to those of the prior conposite porous nenbrane.
Therefore, the conposite porous nenbrane can be used in severe conditions
such as in many kinds of water treatnments, in which it has been thought
that filtration and separation is inposgfble by a nenbrane nethod, and
inproves the quality of filtrate. In ggg't'on, since the water perneation
capacity is high, nmenbrane area used s small, and it is possible to
reduce an 25 equi pnent cost. 24 In addition, according to the nethod for
produci ng b conpdS§Pmpositsmerans membrane comprasing abrid.cand sopembrane mateidd havi ng
excel l ent properties can be easily produced. 25 CLAIMS 1. A conposite
por ous menbr ane wherpinithe mgmbrdme analerial cdmarisesebfishponons layenéompriisinga n t he
menbrane material conprises a first porous |layer conprising a dense |ayer

which is ajengé@B§er Which iCarfiniged of tHel Aifiér suffaéd6f the Bldld, 2m0th ResHRTpotudAy&GUS
| ayer conprising a dense |layer which is arranged on the first porous |ayer.

2. A COMDASirhii il Pl REE AR IPEOLHRTn L flsEhdlos lET e N Lhe [T 1ot

porous | ayer dense aving an  average pore dianeter in a
range of 0.2 pmto 1 pm and the second porous |ayer conprises a dense
| ayer having an average pore dianeter in a range of 0.1 pmto 0.8 pan. 3. A
conposite £orous menbrane according to claim?2, wherein at |east one of the
first and BecondA gempesite peyausInemplrangaccoedingtq elgis 1.avherein the Sestmeraus i s
i nside fromthe

layer comprises a dense layer having an average pore diameter in a range of 0.2 pmto 1

pm, and the second porous layer comprises a dense layer having an average pore

diameter in a range of 0.1 pm to 0.8 pm.

3. A composite porous membrane according to claim 2, wherein at least one of the
first and second porous layers has the dense layer at position where is inside from the

outermost surface of the composite porous membrane at a range of 0.1 um to 50 um.

4, A composite porous membrane according to claim 3, wherein the average
diameter of the pores at outermost position in the first porous layer is in a range of 1 pm
to 5 um, and the average diameter of the pores at outermost position in the second porous

layer is in a range of 0.8 pm to 2 pm.
5. A composite porous membrane according to any one of claims 1 to 4, wherein

the water permeate flow (WF) is 50 m*/m?/l/MPa or greater, and the bubble point (BP) is

50 kPa or greater.

6. A composite porous membrane according to any one of claims 1 to 4, wherein



out ernost surface of the conposite porous nmenbrane at a range of 0.1 pmto
50 pm 4. A conposite porous nenbrane according to claim3, wherein the
average dianeter of the pores at outernost position in the first porous
|l ayer is in a range of 1 pm to 5 pm agg t he average di aneter of the pores
at outernost position in the second pordtis layer is in arange of 0.8 mto
2 pm 5. oSl | or QU rding to any one of clains 1 to 4,
wherein t egtca)t\%gtta p%ﬁ“ﬁ%g}’glowlg%ro?\r@f%? DE 8/ e/ h/ MPa or greater, and the
bubbl e point (BP) is 50 kPa or greater. 6. A conposite porous nenbrane
according to any one of clains 1 to 4, wherein 26 the bursting pressure by
flowis 200 kPa or greater. 7. A conposite porous nenbrane according to any
one of cl & s 1 A compositie@ordus membrape depondiog topany oak ofelaimeak tord, svheeinsi vel y
passes through the conposite porous nenbrane at 200 kPa is 150 hours -or
greater. %he hdugdicepetiod M’éﬁﬂﬁatél‘%ﬁbée%ﬁi@el@rmediﬂﬂ@uﬁl@ﬂﬁ@ﬁnﬁﬂfit@fm@hﬁi m 1to

4, wherein the endurance tine of applying pressure of 40 Pa to the

conposi t e fanitise HEIOVIENSs 156 BEasSH g¥earst. 100 or rmore.

8. A composite porous membrane according to any one of claims 1 to 4, wherein
the endurance time of applying pressure of 400 kPa to the composite porous membrane

repeatedly is 100 or more.





