DESCRI PTI ON COVPCSI TE POROUS MEMBRANE 5 TECHNI CAL FI ELD The present
invention relates to a conposite porous nenbrane, which is suitable for
water treatnent, as a mcro-filtration nmenbrane or an ultra-filtration
menbrane, and to a nethod for producing the conposite porous nenbrane. 10
BACKGROUND ART Recently, water treatnent lin a nenbrane nethod, which uses a
filtration nmenbrane which is excelkﬁﬁ%pg&ﬂiégfration ability and
conpactness, is drawing attention i ; ncreasing 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 ERafpd %‘Pﬁq)(ﬁiOQS%FﬁBﬁANﬁr ation nmenbranes. As
conventional filtration nmenbranes having excellent permeation capacity,
filtration nmenbranes nmade of polysul fone, polyacrylonitrile, cellulose
acetate, 20 polyvinylidene fluoride, and the |ike, which are produced by a
wet spinning nethod or a dry and wet spinning nethod, have been known.
These filtration nenbranes are produced by m cro- phase separation of a
pol ynmer solution and solidification of the polyner solution in a

non-sol vent. These filtrati on nmenMEUENICANMEED a dense |ayer and a
support | ayer, and they have high pore rati o and an asynnetrical structure.
25 Among mat er | a*rgf fé"seﬁt nfoh' %15@:&% §§%§9§1Pe s%L:%Y)} | byfASs fditiBe! de
resinis 2 suita use erla |on menbtr ane, “since

has excel |l ent chem cal reS|sta e and heat reS|st However, ther |s a
pr obl em t 3{ w&zt?r tre[artra@r?to?ﬁ mpgﬁgatlon membrane or an u lra 1ltration membrane an

( 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, 1s 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



made by pol yvinylidene fluoride hollow fiber nmenbrane has inferior
mechani cal strength. 5 A porous nenbrane in which hollow braids are
entirely enbedded in a porous sem perneabl e nenbrane has been suggested as
a nmenbrane having inproved strength. (Japanese Unexam ned Patent
Applications, First Publication Nos. 552081076, 552-082682, and
552-120288). However, since the braids are entirely enbedded in the porous
seni per neabiteblrustst foneateridl of p sepanationenembrane franceat pasexceliant shemicalr 10
perneation capacity. In order to inprove water perneation capacity, a

separ at i ORedigtfileaddd hehirewisiabe. HPOEVREIhErRNDA BFOD]dnS that 8 il ¥&tbromembans ur f ace
of hol |l ow braids, has been suggested (US 5,472,607). However, since this

separ at | O%ﬁ@jﬂﬁgﬁg@e@%%gyé pﬁﬁ‘&@‘}ﬁ&em%'b}’ 2Mas Ed?@riér%&fh%ﬁic%f the

braids, this e porous nenbrane 1's easily peeled 15 from
the braids. In consideration of the above-described problens, an object of

t he preserﬁrengthventi on is to provide a conposite porous nenbrane, which has
not only excellent filtration capacity, but also excellent adhesi on between
a porolis nenbr arfepanods mebaant inavldchnkaleembaids qoe eptectyi @sbedded ima peohod f or
produci ng the conposite porous nenbrane. 20 DI SCLOSURE OF THE | NVENTI ON The

present i R¥RiKdrRRatle W%n%ﬁn@hé%%@& SudoRstE@hON %Meﬂ%i@ﬁﬁfrb%dﬁﬁreﬂ?hb raid,

and a nmenbrane material; wherein the nmenbrane material conprises a Tirst

porous | ayer congkisin nse layer-.whi,ch.i s _akran e outer
surface of(?at%e%ﬁéli]ed‘,mgﬁ% Igé?g?@l?ﬁc%bo?é&ﬁslrﬁt ?ygycag"“@‘é%s%f’ggb@? dense | ayer
which is arranged on the first porous layer. It is preferable that.the
conposite Sé@rQéiég%e@f’ér%ﬁi’el%)@gg)- pdiQRVeRSIMcE e praids 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
( 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
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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 nake liquid at 5 the first side flowrelative to the surface of
the menbrane. Due to the flowrelative to the surface of the nenbrane, the
menbrane vibrates and is strained; thergfore, the mnenbrane is required to
have sufficient nmechanical strength. Since the braids have sufficient

mechani Cf?l'cpﬁbfi@iﬁlgtafBengé'iﬁ?fmeﬁiisiaﬁraﬁh%é@@_ﬁtmfﬁd}ﬁuﬂfay&be present invention
has sufficient nmechanical strength. I0 Since the conposite porous nenbrane

of the present inYenldaniGRNREL S6fpdd poPRRGEARGIBLER Lalon BEREKSIHRD L0 oF
nore dense | ayers, € COomposit e porou menbr ane has rnproved durability.
In addition, the present invention, provides a nethod for producing a
conposi temeﬁﬂi‘%ﬂf‘swh’é’ ? abaned by cpatinggthe meeny ré?)%maﬁe.nab%me%alg- m¥indhe
formng solution on a 15 braid using a ring nozzle; solidifying the coated
menbr ane tomposite pwbus membiane as wwelifdi Watentreatmesy litlis necessavy pr mdke Bqudfat r st
porous | ayer; coating another nmenbrane formng solution on the surface of
the figst (1RO[ABUSIAE AV relhBivB D THBSuFthACoMAE Flefibrafkd $RleitdiHe/floW réihve Ot ed
menbrane formng solution in a solidification solution to produce a second
porous | ayer. 20 BRLEF SCRI PTI ON TH WNGS . FLG, | is a

Cross- sec¥ eoﬁlilﬁzacgf’ c rﬁae,élﬁeemg B%C%E?ﬁa “'81&“%‘%%%“"'.‘?0@‘2{%0‘83‘&‘8 in the
met hod for producing a conposite _porous nenbrane of the present invention.
25 BEST MorEnimaye @Amqu@n%@ne stHECienivEsehamqabstrengih. pSincsthe braidsdidde nent s of
the present invention are expl ai ned bel ow. The conposite porous nenbrane of
t he pr esentfficiene nfechanicad spengilethachnpoditegpocousanembianaofthapresentahyentdoar ei n
the nenbrane material conprises a first porous |ayer

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



conprising a dense |layer which is arranged on the outer surface of the
braid, and a 5 second porous |ayer conprising a dense |layer which is
arranged on the first porous layer. Below, the braid used in the conposite
porous nenbrane of the present invention is explained in detail. It is
preferable that yarn conposing the braid4sused in the present invention be
mul tifilanment, nonofilanment, or spun yam |In addition, the cross-sectional
shape of the 10Tlyaprefesredrenfbedmunts af the praestiapentionakd explaiaed belowr r equl ar
shape. In the case of using multifilanment for the braid, a nmultifilanment

having a filamente éﬂﬁmgﬁ -Bﬂro%s nfReRad ofifle Efésglg(?n\!/e%tieﬁ %B@Eﬁ@ésea braRIGRdSe it

has excellent strength wat er perneationh capacity. W t he nunber of

filament is |less than 30, the. defor ressure, of the tifilament

oo oases 3 PHIDGHE ARE T hb e OE robiahs BeteraSmris O rbRIEAY 1y ¢ ha
wat er perneation capacity may be degraded due to decrease of the inner

di anet er . EmTsingsa mnwh@emgmh ia hrrapgedtdnethp puier syrfase of éheslrardnard & f i ber,
sem -synthetic fiber, regenerated fiber, natural fiber, and inorganic

fiber. sThegceaipdiousBger conystisimgaladrsy |Hler whichasiratdedon thé fikst@ofus layes
thereof. 20 Exanples of the synthetic fiber include polyamde fibers such as

nyl on 6, nylon . i 1 i X r.fhers such as
pol yet hyl ene tef@%ﬂ?ﬁgﬁa é?%g%%ﬁvgﬁ%%ﬁgﬁgéﬁg%%gﬁ%ﬂ%@g%%sﬁ%bF@é*gﬁtic aci d,
and poly glycol acid fibgrs; afrylic fibers such as polyacrylonitrile
fiber; poﬂygﬂgFmdée¥P%€W indthlas pol yet hyl ene and pol ypropyl ene fibers;

pol yvi nyl al cohol fibers; polyvinylidene chloride fibers; polyvinyl chloride
fibers; 25 pol yut&tprafesatile that yamshmpoking thd breidsysed inithe pressntinvérndondesuch as
pol yvinylidene fluoride 5 and polytetrafluoroethyl ene fibers; polyal kyl ene
paf aoxy benagrifRarhéhemdnoflashehl)or bjeeyankx AdaRid tHehPoss aetticMNiGE bEtHeI ber

include cellul ose derivative fibers such as cellulose diacetate, cellul ose
triacqpat &t il freferatPd 1Gild 9388 HolIBG! 5r alitRpGbPsHapler s such as
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 alcohol fibers; polyvinylidene chloride fibers; polyvinyl chloride fibers;

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



so-called prom x; and the like. 5 Exanples of the regenerated fibers include
regenerated cellul ose fibers produced by viscose nethod, copper-anmonia

nmet hod, or organic solvent nethod, specifically include rayon fiber, cupro
fiber, and polynosic fiber. Exanples of the natural fiber include flax, jute
fibers, and the |like. Exanples of the indrganic fiber include glass, carbon,
and netal fibers, and the 10 like. Anpong these, a fiber conprising at |east
one of pol amgiadytetrafberesthpleny fibersf pdipalkylengpiargexybehzedte bbers; dndishe bke.

pol yam de fibers, and polyolefin fibers is preferable, because it has

excel | ent chem cgtanijsied 61 thE S€mi-$yhtidictiibes irtluderelMRSE eérivative fiverndctagy Y1 i C
fibers are nore preferable. 15 Fromthe viewpoint of inproving durability

ange of - sag e HABHR PRI o PRATRA Syl af el o BEELZRAPY ' 500

dtx, the deform pressure_ of the nenbrane decreases. In contrast, when the

fineness ofo-¢ledpromix; arddiedkes 200 dix, there is a probability that water
perneability may decreases due to decrease of the inner dianmeter of the

brai d. 520 I n addExdnypies 6f ther¢denerated\ifternincluile regeneraiedgetuloshfibérs pragucediat er
perneability of the nenbrane, it is preferable that a nunber of spindles of

the braid Pevisfhst ARG cBppe-anirfomd meiN of HganieiBREenCheMBE NPe&fichlsy | €SS
than 8, the deform pressure decreases. In contrast, when it exceeds 50,

there is a. P:(uﬁb?bi I gl A tchat ﬁgrer (feor rreabci li)etry may decreases due to
decrease of “t4& TP i AfE of® I?léyrbqsél .25 It is preferable that a
degree of fuzz be 15 or |ess per 1 neter. Wien the degree 6 of fuzz exceeds

15 per | meter, lramenles ofthe pawe fibsr inchids flax oJutelibary agd s ldiced, and

bacteria such as colibacillus and suspended matter perneate, and it is not

sultable for prEcimpled ofithe inofgamiclfiberdaclode glazy cardon) andmethl fithees, andite i s

nore preferably 10 or |less, and

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
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much nore preferably 5 or less. 5 Here the term"fuzz" denotes a fiber which
protrudes fromthe braid | oosely or by cut of the woven fibers conprising
the braid, matter in a fiber shape which is other than fibers conprising
the braid and which protrudes fromthe braid, and foreign substances which
have a shape other than fiber and which grotrude fromthe braid. Fromthe
vi ewpoi nt of inproving an inpregnation percentage of resin contained 10 in

t he menbr apefurBegddeds 15 pert hieldr pdefectiveicoxrad portoRE bfkagty pafeeated,agé of t he
braid is preferably be 5% or less, nore preferably 4% or |ess, and much

more pref eﬁaac*?évflg Rih A c%ﬁ&%ﬁlus\%ﬁ@u@hmﬁﬁ?@%%@,%dﬁﬁs%rElﬁ&%l egeeds 5%

during a hot er washing process, one process of production, the

braid shrinks . .remarkaply, We he braid shrinks remarkably, the first
porous | ayRRSUGRhuss qciﬁgreég‘??é%%pqrdﬂa ot?ﬁlée Pl 1g mogp gbelﬁrs{ﬂﬁmﬂm &ss, qnd
contrast, since the second porous |ayer is not conpletely adhered to the

first poroush mwyepreferablyseerdnss. por ous | ayer does not shrink remarkably
(details are explained below). Due to this, the gap between the first

porous 4 ayer andHeRahs RERTGuRLTRHSte 8Yer whithRa®®les Fdkn ﬂﬂﬂirﬂdd&_ﬁs‘éltyrtﬁt
readily inpregnate due to the gap. Tension applied to the braid influences

stability {n f.orim ne roces 20. and..i mregnati o . of
fixation ri%%f“];llt.oﬁﬂrllgg]f) Heer}nﬁf)%gi%ﬂép gl\silggt?lﬁeel?ﬁaldi’ fn%ftgnglraeﬁtéerr ghﬁip% ‘plglglgfgc%%er{si on
applied to the braid be in a range of /1 kPa to 30 kPa. Wen tension applied
to the brathgnifiberscomprising the braid and whichmsotsudas from thedbraidaand forigh t from a

gui de during production processes tend to easily happen. Wen tension
appl i ed t osutbs@nbesawhiick heeea shapd ®thePahant fiter kndiwthichnmrotrhde fromahe brardbus | ayer
tend to be finer, and the deform degree thereof 25 tends to be | arger, but

t hd second POT OUBrdn@HRIviEWFSinh\ K infRbAh i fAFrelAdt on: pekiéfitdge of Risth cohtaihdde dap
between the first porous layer and the second porous |ayer tends to be

| 2192 10 TR SRl LA ot Sy PR 3

Mor eover, tension applied to the braj
preferably bepSE’)A) or fiess, more prefreraiagl 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 to be larger, but the second porous layer does not deform remarkably. Due to this,



| . 0000000000000 .
can be measured by neasuring pressure applied to a part of the braid before
introducing 5 in aring nozzle using a tension neter. As the braid, for
exanple, a braid, which is produced by knitting or weaving 16 of polyester
fibers-96 filanents having 8.6 dtex or nmultifilanment having a total 830 dtex
using a machine with a rate of 10 revoluytions/mn, can be used. Next, the
menbrane material is explained. 10 The nenbrane naterial conprises a first

porous | ayiey g4 eetiveedtheiflrkt porélgnsger ahdyiey seashidp@ois lagert teedsatherlarger f ace of
the braid, and a second porous |layer provided with a dense |ayer adjacent

to the fiFghsiBALBHRed t?ﬁgé b aﬁﬁ%&rgﬁrﬁﬁmkr}traﬁée SEDkEY -olnﬁ oY bh& ebd

filtration capacity, rrlé rane "materiral has preferably nmany pores which
pass through th rane nmateri al %15 onnect, bet ween. one .suyface and
other Sdrars oEcTomb N Aranes ot kPerioclthaes NFeprE: travioh aBismb s Bt my “be
pores, which pass straight through the nenbrane material, or have a net
st r uct ur e can hamedasyred g mraseringpyressurecappped taa part ohthethraiddbefra mrodieiagi al .
From the vi ewpoint of inproving chem cal resistance and heat resistance, it

i s preferabhinghabzleRRingRteranemerteri al be formed by fluororesins. Among
fluororesins, 20 polyvinylidene fluoride is nore preferable. It is

pref erabl e t hat -W\H i 1,uQk i I AVAR\AN fd uori de
(%) having a weisnie SodEAamtIEs brbi Bhis3s BELE DB Y MEEE S ana
pol yvi nylidene flugQride (B) having a_wejght average nolecul ar weight of

10, 000 ¢ 0 5Bk ARerEA I amRs bayine £ dEX %@uwﬁwpmawa&?emaﬂ Babfiee (A
to the polyvinylidene fluoride (B) ((A)/(B)) be in a range of 0.5 to 10. It
is 25 nor esipgef macthhewithatratetod 10 a¢vodutimsimnacandregesedf 1 to 3. By adj usting
the ratio in such a 8 range, a pore dianeter in the nenbrane can be easily
adfusted. Wien Nt 1the aleffesneGhattidl iSBXHsiae@ material is too thick, the
water perneability decreases. In contrast, when it is too thin, the

menbrgge may be ©ashl¥brane 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 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 is, 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
0f 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
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damaged. Therefore, the thickness of the nenbrane material, specifically,
the thickness 5 fromthe nost inner surface to the nost outer surface of the
menbrane material is preferably in a range of 200 mto 500 m Wen the
first and second porous |ayers are adhered such that the outer surface of
the first porous |layer is adhered to the inner surface of the second porous
| ayer, strength of the conposite porouS nenbrane increases. However, when
the first _and 10 § por.ous g}/ers atbe ad&ered rrpl etely, water

per neabi | FFP§SARY® Hé}?eelf‘?)‘p ane;can P fi% that 1 to 50 % of the
interface area of the both | ayers relative to 100% of the interface area is
adher ed. From t Weenitesihinknessatf thaijgmibrang maserialds tagethick, theratert i on capaci ty

and fractional pore dianmeter, it is preferable that the first porous |ayer
have a demgmehbijiey ddcredsas/i g caﬂtrm,awmﬂt potoe tifih athe nffinbraneemapbgeasiy 0.2 to 1
gm It is also preferable that the second porous |ayer have a dense | ayer

h . . o] 1
T A i i b e

preferabl in,aran nto 30 m ch nore prefer ny|na
P nge Sor o a0 acnniiner elas (g autst v%&mﬂ&rm%flﬁgg ih of wat er
pernmeati on capacity and fractl onal pore dianeter, is preferable that at

| east onepreferalily in Arangead @208 pootedPqrmous | ayers have the dense | ayer at a
position which is inside fromthe outernost surface of the nenbrane at a

range of 0.1 m WhehQhd'irsT Bl §ROIM porOusHyes Seadidnel SRRkt iRy Qtetduridbe
position where is inside fromthe surface of the nmenbrane at Iess than 0.1 m

is not 9, gﬁﬂt%@kﬁxs lgfe??élécﬁxe}%% thd mhgrusﬁﬂpa%%{dthfe secbs tdr};%r&&étlﬁ or has a

probl emih a en menbranes rin titon pro 55 and t he
| t . 't %A%éle qtlstﬁf: g,g%g 1fe Rg):#quggrg agi@r%gsh tl—?c?we(:jv%? SvShelna%e fi rslt amg ormed at
posi tion r
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 of 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 pm.
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 nm to 10 pm.
From the viewpoint of adjusting 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  position where is inside from the surface of the membrane at less than 0.1 um is not
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the nenbrane at 50 pmwor greater, nmenbrane performance does not decrease,

but it is 5 sufficient that the dense |ayer be fornmed at a position which is
inside fromthe surface of the nmenbrane at 50 pmin practical use. In order
to inprove water perneability, it is preferable that at | east one of the
first and second porous |ayers have a sgpport |ayer which conprises pores
having dianeters increasing gradually froma side of the dense layer to a
si de of tBeef&raeledbecaxselwhé}ﬂ%téh@@kéaffrérﬁqﬂe bitside "GHHa9 A pPaILtGLiH hBhesipeN t he

t hi ckness of the nenb rane |ncreases hi gh wat er perneatlon capaC|ty can be
nalntalne% tThe su ort yer ipntaln na%ﬁﬁ g E hav. ehan?ter in a
range of y eﬁH‘nr’?e 180°S gﬁ?éo RBPEYCCET 2 X PSR, r lﬂ%ﬁ] the
macro-voids is preferably in a  range of 0.1 mto 50 pm nore preferably in
a range ofontrast.gvhenghgdensmlaysnis intraed atpasision whese @rlaﬁd«yfrpm thesgHae off 0.5 pm
to 20 pm In addition, the average dianeter of the pores at the outernost
posi tion itle tnbmbranie ras 50 por erygedtary afenitBany grformbahge does aot deegmasafbulitisto 5 pm
and that of the pores at the outernost position in the second porous |ayer
is preger @Qﬂélén@tl‘% t fRN sé)lfa Qs foHl&Pat_za dﬁﬁich%ﬂﬁsﬁk”ﬁ%h{@étsuﬁﬁ’&' 4¢ on of
the first porous |ayer eno es a positi I nterface between the
first and _second poro ers.. The outernnst position of the second porous
| ayer dendi&e %baﬁlaﬁ@h‘ pE?‘FéICBILHSSr nost surface of the second porous

| ayer when the second porous |ayer is the outernost of the nenbrane. Wen
the nenbrane cdwprdestsimmovehwateppermesbilidyatis prefetableghatiagdeasioinetafdhesecond
porous |ayer, the outernpst position of the second porous |ayer denotes a

posi tion dirstandisaédmdipaecushefenciave adapphie 1 5RE Mhithasoehpized paes havigg's | ayer. 10
Bel ow, the conposite porous nenbrane conprising the braid and the menbrane

mat eri al %n?é"t@x's%d?@%mgg@}ﬁdﬁaﬁ'l&%?x‘?§§1défofftﬁt‘3dé?f§£ \dyer A HESHE Gie BRAQUSBYENDT ane

Is preferably I'n

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 pm, more preferably in a range of 0.3 pm to 30 um, and much

15  more preferably in a range of 0.5 um 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 pm 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 um to 2 um.

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.



of 600 mto 1,200 pm in the case in which water perneability and strength
to deform 5 are taken into consideration. Wen the outer dianeter of the
conposite porous nmenbrane is too |arge, the nmenbrane area per unit vol une
decreases. In contrast, when the outer dianeter is smaller, the dianmeter of
the hollow part is thinner, and resistari@e to water perneation increases.
Therefore, it is preferable that the outer dianmeter of the conposite porous
menbr ane be in aBelawghesbmpofGOpgrnut membOde compaisgtthe biarhand the mtimhrasteer

t hereof be in a range of 700 mto 3,000 pm Fromthe vi ewpoi nt of achieving
suffici entmitbhalrlgkkgam@apam ty, the water perneate flow (W) of the
conposite porous nenbrane is preferably 50 (nB/n2/h/MPa) or greater. Wen
t he wat er perne e 50
(n8/ 2/ h/ MPa) , ﬁmee %%%r%l%sgl gﬁp%“?ggg&ﬁnéﬁteg’%&# kbl rl“’% albg"f ﬁ’t | %‘ﬁg@
capacity, nd is n for ractical .use. There is.no ypper tatlon to
filtrati orpjfé&@aenw p, frethe Gasein Whiphaates W%wb&ftyaegsvmm f§Bh) i s
sufficient for practical use. It is preferable that the bubble point (BP) of
t he cofiposir¢ takenrimosohsigeratidme Whet dreahitgr dbdinétkiPaf) the compesitegporovshen t he
bubbl e point is less than 50 kPa, bacteria such as colibacillus and
suspended f{&hbeine REOTRAESE, thd AémbraneSarBPperaitiit RIMiBe HdreeRClInGRhtrikiSwhed0 From
the viewpoi nt of adjusting both of water perneation capacity and fractional
por e dla r.ef er that th sure b t he
Cormos! 1 o BePUITE iR ifan it Be WBhe PR Y PR TRE st st el s our o
by flowis less than 200 kPa, bacteria such as colibacillus and suspended
matter per'Wi&k Rermeation increasesn oI hetgfergpit és preferablathat thyjoutes diamgtenef thes no
upper limtation, but the bursting 25 pressure by flowing of 1,000 kPa is
sufifici entcdnqrosiie potous alemisane elin afaoge 0fHiz000 pmroiSH00qfm ehid dlsd inmgr bot h of
wat er perneation capacity and fractional pore dianeter, it is preferable

that when diahefer HessTBE ity & kahgP dF 706 phiot3 Q6D ile  conposite porous menbrane
at 200 kPa, the endurance period be 150 hours or greater.

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*/h/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.
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When the endurance period is |ess than 150 hours, bacteria such as
colibacillus and 5 suspended matter perneate, and it is not suitable for
practical use. There is no upper Ilimtation for the endurance period, but

t he endurance period of 10,000 hours is sufficient for practical use. Here,
the endurance period denotes the time whijch the conposite porous nenbrane
mai ntains frictional capacity before flowing. In addition, it is preferable

that the endur ane@n he®iipRRRIFMLRSHRE BSH WF Svaldr péRfeatibd dafaifyantihe conposite
porous nenbrane repeatedly be 100 or nore. When'the endurance tine of

applying p 0.kPg.i n I

ol i bact 1 | HA e s i Drete¥aTs MR LR Soept SEL RN ety Vet Bt
practical use. _There is no upper limtation for the endurance tinme, but the
duration t$9RPasite POrqys aenabrang 4ti400ikBas the spdysange; pegigd hﬁslé.g hQuFseor greqeer.
endurance tine denotes the time which the 15 conposite porous nenbrane

mai nt ai ns Whientheeraturazp period/isBefsahan Hfdhopirs) bagters sunheas cobadillusemdduct i on
nmet hods for the conposite porous nenbrane having the abovenentioned

Proper i esgapénded Rhatiel Bemeatt, MdRNs AR sQRIL G gﬁgﬁicﬁpﬁgéps %&eﬁ?ﬁ&ﬂ?p&eﬁbr ane
of the present invention, it 1s preferable to use a so-called wet” spinning

nmet hod. Speci fi.call it.is preferab to, 20 dischar, nmenbr.ane..f.orm ng
S0l uts on [ EBHPUST ardps drtyrael bRl B g eunes oot oD o0 TR fiRes SHAERhhe
menbrane in a solidification solution, and thereby a porous nenbrane

mat eri al i ®rprastigelase. | Hersy therendurapecoprrind denpiesthedtitae Whighsthe corapesilgi d i s
made to pass through the ring nozzle, and then the nenbrane form ng

sol uti on cpabss tnemblaneimaintbiis frietihiad cdpacitp befducilowing. conposi t e por ous
menbrane of the present 25 invention is a nethod conprising the steps of:

coating a nmenbr apeaddRigH ftgs ?xgrfléélé‘t%le tha? Eheaenilil@ran!?é i ot apPYing Predifre 1200 ©;

solidifying the coated nmenb ormng solution in a  Solidification

oL PSR S b RO B ey W BT Ry TR e
nozzle; angndurance 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



solidifying the coated nenbrane formng solution in a solidification
solution to produce 5 the second porous layer. In order to formthe first
porous |ayer on the braid, a first nmenbrane form ng solution, which easily
i npregnates in the braid, coats the braid, then a second nmenbrane formng
solution, which is suitable for formng a porous |ayer and which is
concentrated than the first menbrane fbdmng solution, coats the resulting

braid. By using the first 10 and. second nmbrane form ng sol utions having
di f f er ent PEShESRE paEIpZZler splidpfyngt ﬁeoatﬁmmb@mseofpmnaﬁo U9RdRAat es a main

portion of the braid and peeling of the nenbrane material fromthe braid is
pr event ed solWifeatiomzobgioattd produce ferfirgt parouhlaydr andicéating ancthenmembeane
concentration of polymer in the first nmenbrane form ng solution, which

forms thefom@iThg 8018tEREE teNurfabSof the ﬁpgtg%%@bb%r %31‘,’4%@1% HESRozA®RAd Pr ef erably
10% or | ess, and much nore preferably 7% or l'ess. The first nenbrane form ng

201Uk Lon S5l TR BHRR it Rk R B PRSP BE SBTERLL

pol ynmer concentration of the nmenbrane material in voids in the braid is
simla? t&hasseonbperpeylayeficentrati on of the first nenbrane forning material;
therefore, 20 water perneability of the nenbrane during filtration can be
mai nt ai ned at alimogler toefoeh.the first podiub laysr o the braidba firse meaiteaneformingadher ed
to the braid with sufficient adhesive strength. Simlarly to the first

menbr ane fs@l'hﬂw,ﬂlvl%@l:; gééélgggagfe\%gie? I;i]ﬁ 3 brail, Watle BPdef,gﬁén a seBh@ hehftrees the

menbr ane materi al, a solvent, 1s used as the second 25
menbr ane f.ornin

Tayor - and Imp I o i issbite Rttt RFPptsr B8 THE bampeetBihor ous
mepbrane, it is preferable that the second nenbrane form ng solution have a
pol ymer c&radhe fisst mambrapg fomming solutiogeeoathths resdtingodroider Byowsirgthe difston of
the first nenbrane form ng sol ution.
10  and second membrane forming solutions having different concentrations, the membrane
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



Specifically, the concentration of polymer in the second nenbrane form ng
solution, 5 which forns the nenbrane material, is preferably 12% or greater
and nore preferably 15%or greater. In order to increase perneation flow
gquantity, in general, the polyner concentration is preferably 25% or |ess.
The solvent of the first and second nmenbrane form ng solutions is preferably
an organi c solvent. Exanples of the orb%nic sol vent include dinethyl

formam de,, 10 dipet hyl acet am de, .and, di met hy sul f oxi de. Anp t hese,
oyl e enine el it dng EEpoY e BPIR dea bt d RS
havi ng high pernmeation flow quantity. In addition, it is preferable to
di ssol ve thtithephtdndmpubyanefomiing selutiom have aipelpoescengentraionpwhycbtiny| ene
glycol, diols, triols, and polyvinyl pyrolidone in the first and second

menbr ane fagdiitheh helpalymetsonsentiation df the istiémbanAe fehlihg\elphsrase separati on.
15 The lower Iimt of the concentration of hydrophilic polymer is preferably

conoent r atPesagyBn U, GRE Atk pdhvher TS seckhR pRBiane [finE el

preferably 12% by ss. |f the tenperature of the form ng nenbrane, sol utions
when t%eywar@ %@éﬂ%ﬂg@aLraﬁF&ﬁtﬁ% Ingrelfrably; 2% GRgreRigh ANSAOTe PISlERRYi s a
probability that the nmenbrane formng 20 solution is gelled at | ow

t enper at ut 8%. origreatemt lastderwharrdabeparorpionflowauentity cdgen@el, thaphlymer ng t he
pore dianeter is difficult, and this result causes perneation of bacteria

such as g@ﬁdegggtii(l,r{g?r@@g,b;;}ugmr@,gm,s_rmtter, and it is not suitable for
practical use. Therefore, "the tenperature of the nmenbrane form ng sol ution

is preferably i e 4 f t ; . r nni ng
t he nenbrane fo;IT %grslé]l%go Oufﬁ %%ﬁ%g(%%(?seeﬁmgén: eﬁér@re af? 15:{1151?%5111}1?{ %gﬂr&rm%%iye% in a
sofidification solution to produce the first, porous |ayer. \When the

frge-runnP’rf-?@ntq veng |%§3§nﬁlﬁ%fdf5¢9nga§@c%9mptmﬂqdﬁ {mp Y]c{QH%‘Pt‘{% decr eases.

There is no upper limtation for the free-running tine, but 4 seconds is
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 probability 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 After that, after free-running the membrane forming solution coated on the braid,



sufficient for practical use. Therefore, the free-running tine is preferably
in arange of 5 0.01 second to 4 seconds. As the solidification solution,
an aqueous sol ution, which contains the solvent used for the nmenbrane
formng solvent, is preferably used. Depending on kinds of solvents used,
for exanple, when dinethyl acetam de is used as the solvent of the nenbrane
formng solution, the concentration of dinethyl acetam de in the
solidification 10 solution is preferabl$ in arange of 1%to 50% Fromthe

Vi ewpoi nt .of .i nprowvi.n hani.cal ,strenagth, th epper at yre of the

ol 14 11 cdl P IR O e ol e uch Ak ARTBGRRL Fe "t erper at ure i s
too low, perneation flow quantity of the resulting nmenbrane decreases;
therefore, the tWhpethstipeaunyngtime isdess dhani Got F%ﬁn‘gﬁlgﬁl%cqpéc@éner ally 90C
or less, and preferably in a range of 50C 15 to 85C. After solidification,
it is prefdeczbies. t Aaeretibao spperdimitdimnasthe dreerrutming tiateg but hsezondsainge of 60C
to 100C. It is effective to adjust the tenperature of a washing bath to

hi gh t enpegatdiif faSpa@aal fle. Mhefef6RNGR fRb-bhfing kihklis g%mspl iA¥%Ghsgeddfe not
melted and adhered. Fromthis viewpolint, the ténperature of the washing

bat h iiap[ﬂe(ﬁgrablé 60C 20 or greater. It also preferable that after hot
wat er Rasti g CRREH ¢85S hi ng using hypochl orous acid and the |ike be

performed. When hypochl orous acid is used, the concentration is preferably
in a range of 10481&3 solidifigat@ncobition; an agugens sdetion; shidmraniainoihe golvent
hypochl orous acid is less than 10 ng/L, the perneation flow quantity of 25
t he resul tissdforehidmenmbrardoaamgSolveng ispreferatdy usgder Dependiag b kifdsoft he
concentration of 15 hypochlorous acid, but 120,000 ng/L is sufficient for

practi cal s’dﬁ%nﬁéfg&&_rfo %ga{mplé,twﬂe%_d?ﬁl@ h?&é@taﬁniﬁ@@% uée?%s %B%T\%ﬂ?oﬁfh%_er chem cal

washi ng be was in water in a range of Then, it is

preferabl em}:rplgltang (‘)armrir?gs gcl)litﬂicr)]r% the concentration 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 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



menbrane be dried 60C or greater but |ess than 100C for 1 mnute to greater
but less 5 than 24 hours. Wien the drying is carried out | ess 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 nenbrane
shrinks excessively during drying, and ¥ine cracks formin the surface of
the nenbrane. 10 It is pre£erab|e t hat t he nbrane after drying be wound on
a bobbi n Bypoghlogausracid, e h2Q.He0 meflplsagisient der practisg! Weskei n,

el enent - processi ng becones easy. As expl ained above, when the first porous

| ayer and the sAftenthapor iopsefemplerthatrtbe medibenredficonidneical washivg sy washed
perneability decreases; therefore, in order to prevent this, it is

pr ef er abl g fdiabatdtah @rrndedMONA th NOOIECOTHENDREPHS raI€ that alesieémﬁﬁ?n, whi ch
does not 15 di ssolve the nenbrane material, be coated on the surface of the

first porous,l ayer. .. e _sol uti whi;ch nat. di ssol v nbr ane
mat eri al ,mgﬁlbé egogu@e%?&g gt(}r o eorr?t%g}eﬁf {nhcgénslgﬁﬁ(zmrqu%lgnél?? %rgrg%télh[ﬁlél Pane
formng solution is preferably used. =~ For exanple, when dinethyl acetam de
is used ftean24dwntientWhen thealryiagdy camded etdessghanst(] Gﬂlﬁﬁ,re‘ﬂlhéﬂdé)@/h@’é(m& ation
of dinethyl acetam de in the solution, which does not dissolve 20 the

menbr ane isabeiorg] and produeticar @st increases, amihig & thérefidre hot SilébleAsr indastaalher
solutions which do not dissolve the nenbrane material, an organic sol vent,

a m xtur escent@ddi Wheﬁﬂae_clfrgi%g:i&aﬁﬁled’ €1E‘t_tat40g°(%\g1t StateAMkrt RESFroBMiliyl ONS,

whi ch an gddl tive containing ycerol 1s a as a nain conponent’, are
pr ef er abl ed, xt, the second norous Javer i.s.forned by coating the
Pecond el HRanaBbEhe sk 35FORNaR RN AsHE g el 5 O e

|l ayer. It is not necessary to use the 16 first nmenbrane form ng sol ution
haVi ng | ofkthesesmelane.at i on to form the second porous layer. Wen the

production nmethod is carried out, for exanple, a ring nozzle shown in
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
preferable 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
1s 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



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 adjacent
to the divided plate 10, and a second divided nozzle 8, which is assenbl ed
adjacent to the first divided nozzle 9, and is an edge portion of the ring
nozzle. The divided plate 10 is a disc shaped nenber, and conprises a
conduit 1, in which the braid passes, i the center portion thereof. In

addition, the diyide l.ate 1Q O.copprises a first fség |y port 6 for
suppl yi ng frsenempane hormipg selubien havige Osyen coRsentration o 1o gb%sega'a{w%rt 7
for supplying the second menbrane form ng solution, which are forned around

t he conduilayet. The divi ded nozzle 9 is a nenber having a cross-sectional
shape of substantially a T, and having a disc plane shape. At the center

portion, a prot rWaéRtheprefucBeh ireibdlis carrid@ owl) feiexRipld, Ui HogesHowh e | nsi de
of the second divided nozzle 8, is provided. The protrusion pipe portion 13

i's holl owg;and.thi I POKL I fo I Al 0 cting
w th the E5adit PeRerdbsSRhe e Bk e Mathenis L T uRBRERE Beh D o HOEEEC,

10 are_superinposed concentrically, that is, such that the conduit | and the
prot r ui od 0, piftse divided perzied, wyhuck isseemblen adipgenbiodihg dpadedplate 18pands f or med

at their center. 20 The first divided nozzle 9 conprises a hollow portion
connect i nget¢and dieidkd nezzle 8 uphich ipmsembled ndjacen tdithe fivst divded ao2zloP, andinect i ng
to the second supply port 7, which are forned around the braid passage 100.

I'f the firgteqdt pbARA JTWZife RoANd the divided plate 10 have grooves such
that when they are superinposed concentrically, the first solution pool

o e gL GRS ol

ri png-shaped slit such that when they are_ superinposed concentrically, a
first di sovielythedsaid passes, indheeepterporinn thergokntlpaddijiops the divided platsrl 0t he
brai d passage 100 in a circunferential direction. In addition, the first
sol ut i1®n moniprises 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
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portion 11 and the first discharge port 2 are connected. 5 Wien the first
di vided nozzle 9 and the divided plate 10 are superinposed concentrically,
and a solution is supplied to the first supply port 6, the solution is
stored in the first solution pool portion 11, the solution is discharged
toward the braid passage 10 fromthe first discharge port 2. The second

di vided nozzle 8 is also a nenber havind7a di sc shape, and 10 conprises a

d | ut.i ' 12 the.. t f d a. holl ti
Connoct | nd8ed REECLBRANEYS B ARBADRSAILOIEn bH "I ey LCROREBPSSRL | on

connects the second supply port 7, via the hollow portion connecting to the
second suppheentioeally7 a firgirdischaigs pohte? siformmeddirounibithe gotiretzothe wadlofithee i r st
and second divided nozzles 8 and 9 are superinposed concentrically, the

second solbiid Passeel1 00 hicRBurhferériial Airétidnat I Akiidtén, ¢he firstEuwer pedl out si de
of the protrusion pipe portion 13 of the first divided nozzle 9.

Speci fi cal ] .. I &S, for nd face of the protrusion

pi pe port iﬂ%ﬂﬁlﬁ?%ﬁﬁeﬁ% @Eﬁﬂ%ﬂﬂ%ﬁ%ﬁ%ﬁﬁ%ﬁéﬁ t he protrusion pipe portion
13, and the secapd divided nozzle 8 is the second | uti on_pool portion
12. The second sBPERf lrﬁbwufsémngﬁ 9.gd e Gisided piate, 0 preHmgritpppsed
cross-sectional area thereof decreases toward the end thereof That is, the

20 i nsi de agatdntnéaltyhend ecolmtonisisugphiedozhé Eirsd sgppdyl pait|6y thersolutionss storeedr d t he
protrusion pipe portion 13. In addition, the second discharge port 3 is

formed at il BRI sAlitibh BosIgPich 1 B Theddl@Tbnie AlscRREEd RiWatd the Bral passagé he

second di scharge port 3 is fornmed by the outer wall at the end of the

f
pr ot r usi Orﬁonf.}ffﬁ?’éﬁ?ﬁ%t%?sfﬁ%}ge%?ﬁ?i nner wall of the second divided 25 nozzle

8. 18 In pa eférable that the end face of the protrusion

pige portion 13, that is, the end face 100 of the braid passage, 100, be
pog‘i tioned i nnermmﬁoﬁ‘i@"&é mogelg 8gs alge aw%éaw&gai@wg@a%gaaén 3, that

is the end face 5 of the second divided nozzle 8.
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.



In other words, it is preferable that the distance 4 (below, this is denoted
by 5 liquid seal-length) between the end face of the protrusion pipe portion
13, that is, the end of the braid passage 100, and the end face 5 of the
second di scharge port 3, that i.s, the end face 5 of the second divi ded
nozzle 8, be in a range of 0.5 mMmto 150 mMm The Ilower |imt of the liquid
seal -length is preferably 0.6 mm and nb$e preferably 0.8 mMmm ( Wen the

l'i quid seal-le th is ess.th 5 sec rane. formn

Sout on. - 10°wilh BpreulaEdRiscreSrole ot P BREOT Rt PITIOY BoF QOB Poler | i s
dlscharged aInDst W thout <coating pressure. Due to this, the second porous
layer is ftbatindhendifage § 0k efithdibeié passageat 0G bpesitioned inherrthan the end fage 5Bor ous

| ayer is formed thinner than other portions, and discharged fromthe

nozzl e. Asfthd R8bid disthargSpdtt 9k ie tHeltad facd RoHthe@agondidividédndnzld®t ween t he
first porous |ayer and the second porous | ayer. Fromthe viewpoint of 15

coating pressurg, o{h'&?(a%rdsangpon gﬂélelﬂhe le dlitle Aktah 04 *Be éﬂ%ﬁ??hér{??é% but

when it |s too I"ong,” produc I Ng nozz Fficult.

Ther ef imt of the dseal-lenthls referab

The | oder i %eagfengﬂ% betvfisn dheend a%ﬂﬁﬂlﬁ PrQirusigngtt ?amlg)nﬁéo&wf tﬁ%am??o
preferably 50 mm When the conposite porous nenbrane of the present

i nvent i on dfshaisrer fassagedt08y andthie endfeacedrf theasecond digchregdport dtiat 1efthsynt het i ¢
resin, for exanple, is used to divide the first side and the second side.

However, wngfadeEoftERaDINH AiAAEPHZESTINe NS ralde df1DeS maPRVISOTRMt | amed gap,
the resin flowinto the gap, and the probability i ncreases that water to be

treated dqgﬁglﬁl(i)%ﬁ o??}gé 11 udh T2 S &‘e}a% 8 %tr#uﬁd&\%' etsd}gﬁe A %' por ous

menbr ane e l'iqg Séal - ngt jUS e va

oating pressure 25, of har ged rrenbr ne formng solution t nds to
ncrease. YHER Bediduid sqa s]f'@g%gl (f%glmﬂ 2 th¢ 8srend meny i”@fefu OFRingse %l@naromed

between the first porous layer and the second porous |ayer. As expl ained
above | Owhewhithis adiated dadthe barfaseiod thet finst parows lagiery isdlischarged labn@st wathgut

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 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 used 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



A

L

second di vided nozzle 8 are concentrically superinposed, and a solution is
supplied to 5 the second supply port 7, the supplied solution passes

t hrough the hollow portion of the first divided nozzle 9, and the holl ow
portion forned by the first divide nozzle 9 and the second divided nozzle
8, and stored in the second solution pool portion 12. After that, the
solution discharged toward the braid pages 100 fromthe second discharge
port 13. In order to produce the conposite porous nmenbrane using the ring
nozzl e 10 poasiblegtopuerenta brgaigapuvaing farmed betvween theaficst perossifayei and the om t he
conduit 1 to the braid passage 100. The first nenbrane formng solution is

suppl i ed tsecédiEpdrotislay&O! ution pool portion 11 fromthe first supply port
6. The second nenbrane form ng solution is supplied to the second solution

pool portion 12

conti nuously sup‘%% 8@351 & ?tﬁoe ton%yﬁl’?' d‘{wagiélta?elovmv%lrlsge&tg @8%?%1%9 aﬁi nov

in the braid passa 100, the first nbranefo solution is scharged
from the *?Qrgf‘?lﬂl‘ggi?&?%%sﬁé‘? gongentzigal Y%“Heﬁﬁ}ﬂ@@“ﬁg‘%%aﬁ%l%o? F?eS“BP]é‘?‘iJ‘O t he
second nmenbrane formng solution is discharged fromthe second di scharge

port 35andhe sedonysepplntped 7, ttecsupplied smlwaticoh pad$esehronplathe hohlewlporiich ofshe ch t he
first and second nenbrane form ng solutions are 20 inpregnated, as

expl ai ned, filkWii%ided nobPBYSSH fhB hbh@w%h'idii foh58d b theSrstidiv iR no2Ae othgmhd hi s is
wat er - washed and cheni cal - washed dried, and after that, thi s |s wound.

Next, th I h odoe t d | t

su)p;pl i ede é%%go%%ég?qepﬁozéuép?%dssﬁgﬁ%fl 5, hsétssﬁf(\gn%i % T@}Ogcq?g B%rg‘ofq?%e” gr }har >st

di scharged port 2, and coats the surface of the first porous |ayer. 25
After thatthe ﬁw@tlgréé@ﬁ@r%dﬂ@m%the&rwﬁmssg@ L0Q fram thmmﬁdudsscwﬁﬁ PPEd3from t he

20 - second supply port 7, and stored in the second solution pool portion 12,
is (di schar ged and ordaxad @rctdmee ther doag®siné poroes friembranearsogsthé apgnozzlbe
conposite porous nmenbrane provided with the nmenbrane nateri al
10 having such a structure, first, the braid is supplied from the conduit 1 to the braid passage
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
( 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 port 2, and coats the

surface of the first porous layer.

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



conprising the first porous |ayer and the second porous |ayer is explained
above. In the 5 present invention, a porous nultilayer may be fornmed on the
second porous layer. In this case, the porous nmultilayer is forned in
sequence in a manner identical to that of formng the second porous | ayer
on the first porous |ayer. Exanples 10 Below, the present invention wll be
explained with reference to experimentaﬁO exanpl es. Properties of the

conposite porous nbr ane re examned as fallows. "% .used. for show ng a
content a C%‘d;%wgg’rﬂ%ﬁia&\é\%ﬂ’é?&”etg‘e's@féoﬂ spipbign P°°‘1%°@B%P§é§§wﬁ‘8¥8€ net er
(}Lm (Bubble point net hod&: The | argest pore dianeter was neasured using
et hyl al coivets the surfape S the firgt poreus laeby a net hod defined in JI'S K 3832. <Hot
wat er shrinkage> 20 The |l ength of the braid before and after i mrersing the

brai d, which wasTidonigdsite pbrous menib@ineabeide@ivithQke febsthemhatetisls, was
measured. Then the hot water shrinkage was calculated fromthe follow ng

formul a Ho i 9. = L : ea t -

| engt h of %oaﬁéﬁkgﬂrgatlﬁg 'ii'g‘??) gg)%ts ?é%f{ ﬁ%éntl.ﬁ%%? &fhed(r)éﬁr{zl&ga p{rﬁgeg)tgﬁrqglitng& g%‘#‘{?i eth??{egat ment
X 100 25 21 ExPeri ment al Exan‘ﬁl. | The first .and second nenbrane form ng
sol ut i dns RTESERYINYERIQN, APOFQHSE m Bﬁys&mﬁy BRETEIFGRD thh SEBR BOTOUGAET priBpar ed by
usi ng polyvinylidene fluoride A (marketed by Atofina Japan, trade nane:
KYNAR(r) 3ibils daje, thoparousmbltdeyree is fooned theseBuénogrina eanadr idgntigabta that dfapan,
trade nane: KYNAR(r) 9000LD), polyvinyl pyrolidone (marketed by ISP Ltd.,
trade naneforiindQhe s@ddd NofSudidiet by theafst potbeelayer.

( Examples
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



Table | Conposition First nmenbrane Second nenbrane form ng solution formng
solution Polyvinylidene fluoride A 3% 12% Pol yvinylidene fluoride B 2% 8%
Pol yvi nyl pyrolidone 2% 10% N, N-di net hyl acetam de 93% 70% Sol uti on
tenperature 50C 60C Concentration of polyvinylidene 12% 20% fluoride in
the solution 10 A polyester nmultifilament sinple-weave braid (nultifilanent;
total dtex 830/ 96 filanent; 16 spindl gé) was introduced in the conduit 1
of the ri nozzl hown.in FIG 1, which was heated to 30C and has an outer
di anet er pf.ng’eﬂﬁl@ﬁﬁmglr?]i nner dianmeter of 2.4 mm Then, the first
menbrane form ng_sol ution was di scharged fromthe first discharge port 2,
and the second Haiandrsseendgembrane itomming solytieph hrgdd haviggthehe 15 second
di scharge port 3. The braid coated with the first and second nmenbrane

sol uti ons conmamsitiohs sishiaeth Tablel seld phepared bl asing Politvimylidehe A0 idxoAt ai ni ng 5
parts by mass of N, N-di methyl acetam de and 95% by mass of water to produce

the first Q(Q%El%ec’d ﬁ)ax%ﬁﬁaQaP%rg%a?igﬁrge: gﬁﬁ@%blﬁﬁgﬁ%g@#iﬁ%&%ide% hot

wat er at r 1’ mnute raid conpri si irst porous |ayer,

the braid was i rsed. in 50,00 /L i ochlorite salution,
unshedow AR R Sfotie Yo fare Fine: bt ST e Soledhpdelo ' S0c ¢ or
10 m nutes, and then this was wound using a wi nder. The degree of fuzz 5
adher ed t dmrketerbleyitdHLidn trade nemai K-Whsand WA-dimeéthyl arelemidst. wat er shri nkage
of the braid was 1% The tension applied to the braid was 9.8 kPa.

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% 70%
Solution temperature 50°C 60°C
Concentration of polyvinylidene 12% 20%
fluoride in the solution J

( 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 forming 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.



|

After that, the braid conprising the first porous |ayer was introduced in
the conduit | of the ring nozzle shown in FIG 1, which was heated to 30C
and has an outer diameter of 2.7 nmand an inner dianeter of 2.6 nm Then,
glycerin (marketed by 10 Wako Pure Chemi cal Industries, Ltd.; H gh C ass)
was di scharged fromthe first discharge port 2 as an inner solidification
solution, and the second nenbrane formpg solution was discharged fromthe
second di scharge port 3. Thereby, the second nenbrane form ng sol ution
coated the firstAfiaremsvingyelveniliichot eatdr at 98 (oforil dninvate fromtthieblaied i n a
solidification solution at 80C containing 5 parts by mass of 15 N, N-di net hyl

acetam de @ n%ﬁf’gtﬁé‘ ﬁ%?ﬁrcﬁlfs 14RE Ghe biRiPHA< HEReRed HROSHC x?lglg%f)éé%iun{feﬁbr ane.

After renoving solvent in hot ‘water at 98C for 1 mnute mthe braid
conprising the fi.fst, porous.|laye t.he braid was Jjmersed in, 50, 000. ng/ L of
sodrum - nypeermatiee BB Rk RIS ARl P Bs R R e
and this was dried at. 90C for 10 m nutes, and then this was wound using a
wi nder. 26t PREC dan ¥y mifiutaseant thamthis as woned ugihg awtinderof Thedegres of fugag

conposite porous nenbrane was about 2.8 mmand 1.1 mm the thickness

t her eof Waslh8fd t96t emnbeddet ih dlertesid vafs Ireailnm| aTae hor wiket siginkagd of the t he
surface of the conposite porous nenbrane was 400 pm the bubble point was

150 kPa, t fo, € ' ' n2/ h/ MPa, the bursting
pressure ﬁ?gﬁﬁgﬁfV%s Eg%é%ggga@ﬁ%ﬁﬁ%ﬁ%%mgﬁkég%%sggglying 25 pressure of 400
kPa was 1,000 tipgs,, an he .endur.ance period of applyin ressure of 23
200 kPa vas 2, 00BHSHRs! eéaiercpwgﬁ@gs ﬂﬁxﬁﬁbp%mzs o’ wéwgre ‘t“‘é’ﬁdBF}Efus
menbrane was produced in a manner identical to that of 5 Experinenta
Exanpl e 1,coaduiéptof theatingmazzie shovainiFg 1t whidbrwiastheatedpo 387 Ggnd hes dni quder
por.ous | ayer, drying and washing were not performed, and that a ring nozzle
haVing an diguter ofik.amehehd ah idheB diEfetdvf2061en, di PRl gycerin @nafkemd band a
liquid seal-length of 1.0

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*/h/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



mm was used. The outer dianeter and the inner dianeter of the resulting
conposite porous 10 nenbrane was about 2.8 mmand 1.2 nm the thickness

t hereof 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 water perneation capacity was 110 nB/ne/h/MPa, the bursting
pressure by flow was 520 kPa, endurance23ine of applying pressure of 400
kPa was 1,300 tinmes, and the endurance period of applying pressure of 15
200 kPa was( BPHOAs B@d0houtsNDUSTRI AL APPLI CABI LI TY The conposite porous
menbrane of the present invention has superior nmechanical properties such
as adhesive strength between a braid and a filtration nmenber, 20 to those
of the prior conposite porous nenbrane. Therefore, the conposite porous
menbrane can be ung inls§vere conditions such as in many kinds of water

t r eat ment S*PPHICHA EFTR*®as been thought that filtration and separation is
i npossi bl e by a nenbrane nethod, and inproves the quality of filtrate. In
addi tion, si nceThasomaesite paseuremembrane vvas aceduged in hmghnerrigdeniicalie thated used
beconmes small, and it is possible to reduce an 25 equi pment cost. 24 In
addi ti®n, ExpehentabExample, sxiebothal sfter pradtichrigntle draid smapiising fierfass nenbr ane,
t he conposite porous nenbrane having excellent properties can be easily

pr oduced. . GRS i Sl - br.ai d, and
a menbr anggééllts ng% %@Y%ﬁﬁ?e, n: g tﬁée?er:rg r anéﬁ?raﬁr{i‘{enr%pg?t%co ‘?‘??e‘l’?‘ag’“% é’E?lst

porous | a%gtrer %\r/rllel:t]g' oq"r}.é rrrllrllriransl}ljxgr Cfa?r’xetéﬁrnof 2.7 mm, and a liquid seal-length of 1.0

mm was used.
The 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 pum, 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  tothose 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.
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outer surface, and a first thickness, and a second porous |ayer having an
i nner surface, an outer surface, and a second thickness, the first porous
| ayer is arranged on the outer surface of the braid and the second porous
| ayer is arranged on the first porous |layer, the first porous |ayer
including a dense layer with a thickness less than the first thickness,
sai d dense | ayer having an average poreé&~“dianeter in the range of fromO0.2

pmto 1 pm and th econd ro ng a dense.layer with a
Ph cknese | eas. ¢ intirE: AcoRBhe I he Siad AF pifidy e BRigits BYEbF ng an
average pore dianmeter in a range of from0.1 pmto 0.8 m 2. A conposite
por ous nmenBERREANS IS CaMPYSitaPEPYs Membrans dpeng ewélewamr@peryéﬁ parnbeeasily ow (\WF)
is 50 nB8/ n2/h/MPa or greater, and the bubble point (BP) is 50 kPa or
greater. podémdnposite porous nenbrane according to claim1l, wherein the
bursting pressure by flowis 200 kPa or greater 4. A conposite porous
menbrane according to claim1, wherein the endurance period when water
successi vel y passes through the conposite porous nenbrane at 200 kPa is 150
hours or greater. 5. A conposite porous nenbrane according to claiml,
wherein the endurance tine of applying pressure of 400 kPa to the conposite
porous nenbrane repeatedly is 100 or nore. 6. A conposite porous nenbrane
according to claim1l, wherein said nenbrane has at |east one of first and
second dense layers located 0.1 to 50 pminside the outer surface of its
respective porous |layer. 7. A conposite porous nenbrane according to claim
1, wherein said brand is conposed of multifilanment, nonofilanment, or spun
yam 26 8. A conposite porous nenbrane according to claim1l, wherein said
braid is

(




conposed of multifilament, nonofilament, or spun yarn, said yam having a
filament nunber in a range of from30 to 200. 9. A conposite porous
menbrane conprising a braid and a nenbrane material wherein: the nenbrane
material conprises a first porous |layer having an inner surface, an outer
surface, and a first thickness, and a second porous |ayer having an inner
surface, an outer surface, and a second thickness, the first porous |ayer
is arranged on the outer surface of t3%e braid and the second porous |ayer
is arranged on the first porous layer, the first porous layer including a
dense layer with a thickness I ess than the first thickness, said dense

| ayer having an average pore di améledIM$h the range of from0.2 mto 1 pm
and the second porous |ayer including a dense |ayer with a thickness |ess
than the, second thickness i d dense | ay havi.ng an avera pore di aneter
in a ranbe of F?Iam%tefor%mea% CRTPENAE BHE A TR Ir AR ER e, second

por ous | wherinhas about %to about 50% adhesion to the outer surface of

the first pomﬂyﬁwhwemag;QnalA?ﬁpH&gﬁlfﬁﬁpewucmsyegﬁaﬁaOu%ﬁ&%ﬁ ing, to claim

9, wherein the avera ores-a er nos pr|t|on in
the firsPuipiouEacs, %@ﬁrst thickness, prdpyeecend norowﬁxeé gVIRgAN HHET SR PRI age
di amet er oitér suffacep atids s@ond tHickne®zst position in the second porous layer is

n a range ofyQch L. BRI Ao APPRILLFRAILYS. WEINLANS. Acger ding to

claim9, wherern ¢ second dense
| ayers | paaesddyqy islarmnged oo thefirstporans layies tn first poreusrlpyes enqb#dlmg sdenegpect i ve

porous | ﬁy@rwmﬂ@thwkn@@rms@%atn&h@ﬁfsouﬁcmeﬁbgaam&naé:ﬁ%mamgtaa avkragdn 9, wherein
said brand ? %P nofilament, or span yam 13. A
conp05|t%r58Pgﬁ%rggﬁﬁf 5?@ % HAth 9 wherein said braid is
conposed of nthé sdchbnd nenons l,aycmndﬂdlhgnénmqe layer wﬁthra thigkness kessithgmthe havi ng a
fil ament second thickness, said dense layer having an average pore diameter in a range of from 0.1

pum to 0.8 um.

2. A composite porous membrane according to claim 1, wherein the water permeate
flow (WF) is 50 m*/m*/h/MPa or greater, and the bubble point (BP) is 50 kPa or greater.

3. A composite porous membrane according to claim 1, wherein the bursting
pressure by flow is 200 kPa or greater

4. A composite porous membrane according to claim 1, wherein the endurance
period when water successively passes through the composite porous membrane at 200
kPa is 150 hours or greater.

5. A composite porous membrane according to claim 1, wherein the endurance time
of applying pressure of 400 kPa to the composite porous membrane repeatedly is 100 or

more.

6. A composite porous membrane according to claim 1, wherein said membrane has
at least one of first and second dense layers located 0.1 to 50 um inside the outer surface
of its respective porous layer.

7. A composite porous membrane according to claim 1, wherein said brand is
composed of multifilament, monofilament, or spun yarn.
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nunber

in a range of from30 to 200.

26

8. A composite porous membrane according to claim 1, wherein said braid is
composed of multifilament, monofilament, or spun yarn, said yarn having a filament
number in a range of from 30 to 200.

9. A composite porous membrane comprising a braid and a membrane material
wherein:

the membrane material comprises a first porous layer having an inner surface, an
outer surface, and a first thickness, and a second porous layer having an inner surface, an
outer surface, and a second thickness,

the first porous layer is arranged on the outer surface of the braid and the second
porous layer is arranged on the first porous layer, the first porous layer including a dense
layer with a thickness less than the first thickness, said dense layer having an average
pore diameter in the range of from 0.2 um to 1 pm, and

the second porous layer including a dense layer with a thickness less than the
second thickness, said dense layer having an average pore diameter in a range of from 0.1
pum to 0.8 pm, and the inner surface of the second porous layer has about 1% to about
50% adhesion to the outer surface of the first porous layer.

10. A composite porous membrane according to claim 9, wherein the average
diameter of the pores at an outermost position in the first porous layer is in a range of 1
um 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 pum to 2 pm.

11. A composite porous membrane according to claim 9, wherein said membrane has
at least one of first and second dense layers located 0.1 pm to 50 pm inside the outer
surface of its respective porous layer.

12. A composite porous membrane according to claim 9, wherein said brand is
composed of multifilament, monofilament, or span yarn.

13. A composite porous membrane according to claim 9, wherein said braid is
composed of multifilament, monofilament, or spun yarn, said yarn having a filament
number in a range of from 30 to 200.



