" 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 nenbrane or an
ultra-filtration nmenbrane, and to a nmethod for producing the

conposite porous nenbrane. 10 BAW@?%%Iﬁﬁpently, wat er
i

treatnment in a nenbrane nethod, which uses a tration nenbrane
which is excellent in separation ability and conpactness, is draw ng
attention in view of increasing interest in environnental pollution
and tightening of regulations. 15 In order to use in such' water
treatnment, a filtration nmenbr@aMPOSIIEPORIDUEY MBMEBRENBOt  only
excel l ent separation property and perneation capacity, but also
mechani cal properties which are higher than those of ordinal
filtration nmenbranes. As conventional filtration nmenbranes having
excel | ént perneation capacity, filtration nenbranes nmade of
pol ysul fone, polyacrylonitrile, cellul ose acetate, 20 pol yvinylidene
fluoride, and the like, which are b t spinning nethod
or a dry and wet spinning nethod,?%ggﬁﬁgggﬁyQﬂd§ﬁ. These filtration
menbr anes are p&ﬁduced by m cro-phase separation of a polynmer
sol ution and sol i-8F PFE5YS %‘h’er&ffontrﬁ 1e5612)5RBHPOSBE BeTays membrane, which is suitable
.non-solvent. These filtration nmenbranes conprise a dense |ayer and a
support | dgeMateftratmest, ang aipioghlptee nrembrenandamnltmsfltmtivn matbrane, and
structure. 25 Anong materials for these filtration nmenbranes,
pol yvi nyl itel@meethod doi piodpeisigrihé sodposiuipoadalsymerabehntor material of a
separation menbrane, since it has excellent chemi cal resistance and
heat I@esistance. However, there is a problemthat a filtration
menbr ane

BACKGROUND ART

Recently, water treatment in a membrane method, which uses a filtration
membrane which is excellent in separation ability and compaciness, 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. h

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 nmenbrane has been
suggested as a nenbrane having i nproved strength. (Japanese

Unexam ned Patent Applications, First Publication Nos. 552-081076,
552- 082682 sudallyssed faongs)ial Heveepamtios neatbrile sihtaltdss ag@llent dHeadival
enbedded in the porous sem perneabl e nenbrane, this porous nenbrane

has a problresistaice/@idetieal Eespeim¥BAt HOWeSaPRGI ¥ a PrébiOndREt 4 BltilafBE BYSnbrane
wat er perneation capacity, a separation nenbrane, in whic a porous

menbr ane i $,RMeq)M Q01; f ids,. has been .
suggest ed (US %é‘%%gv%g%%%@g%%ug}vn%%} %&bqé%p}éﬁsé? “OR" Wgﬁgﬂ?ﬂi

has a porogﬁerﬁgbrane only on the surface of the braids, this has a
problemth e porous nenbrane is easily peeled 15 fromthe braids.

In cong deration of the above-described problens, an object of the
present’ inventi SnPTEUS Breprbaaneda vehielohellasy beridsoare estirebntmbersledida phrous
has not only excellent filtration capacity, but also excellent

adhesi on bsaeermeabjomeusraenimsdeen augtested aah thentitghdeshaitingstboved strength.
properties, and a nethod for producing the conposite porous nenbrane.

20 DI SCLOSURprfdFe UrexAbMelH@Nt KRpeliefiRs6 Hirsk Pﬁﬁa%ﬁgeg mnfg,g%ﬁﬂ% 1696,

conposite porous nmenbrane conprising a ‘braid, rane

material ; g4epehERA BEd ?%@@?gﬁ)m%&h@ SﬁEPEﬂe%?gid ald L %%eé?%h{%geﬁded in the

| ayer conprising a 25 dense er which’i's "arranged“on
PR N D N A R
t hat ﬁ@e cp%%ggtiiénec p%gi%l;l_s menbrane be a porous hol |l ow fi ber
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



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 side flow
relative to the surface of the menbrane. RBue to the flowrelative to
the surface of the nenbrane, the nenbrane vibrates and is strained;

t heref ore, cotreprisimgrbdemse liyer viteh JsegrahBediay ek pbediygechani cal
strength. Since the braids have sufficient nechanical Strength, the

conposi te porous IeheanshOthat Be 0%51@;%@&& P{)f&‘é?ﬂ'}e&r%}an S? ﬁ&fgﬁ%gbﬁﬁﬂ\% fiber

mechani cal strength.” 10 Since the conposite porous e

present in 1 j . menbrane material conprising . two_or
nore dense ay%@g?%%ﬁ‘gﬂgzoﬁg%éﬁ%g {BHEgLhe e F%énﬁﬁ%é’i?%%b@éd— When the
durability. In addition, the present invention provides a nethod for
produci ng §CBRPESPIEYS FSFtiers Hprdios veaaritertmen, it enesespy tofmake liquid at
coat i n% a nmenbrane formng solution on a 15 braid using a ring

nozzl e;” sofedimsysidg foreretative ol thrembfaanef the mmdrnigrasal UDLOH he fildw relative to
solidification solution to produce a first porous |ayer; coating

anot her nethersanfacé of thiengembaheltth® megibrideyisitidsasa i@§tr§i£‘§; ftﬂe%%for@ HOUS
| ayer using the ring nozzle; and solidifying the coated nenbrane

form ng somdmbeshd 8 réqisryitg kkd i i oduce secon
porous |ayer. 20 BRI E %Ehé%%%#ﬁgﬁ&%%%%\%tﬁ?%l écm(featihg éaldsdha"e
Cross-sectd i | ne, enbodi ment of a ring nozzle used in
the met hodguﬁgkﬁfﬁgﬁ@%“%ﬂ?%g%%@. (BB E POTIHS TR RNETS p1 {he Preseatiapention

i nvention., 25 BEST MDE FOR CARRYI NG OQUT THE | NVENTION 4 The
preferred h@%ﬁ%ﬁ%ﬁ%ﬁ&ec i t‘ﬁF% nt invention are expl ai ned bel ow.

The cQ osite porous nenbrane of the present invention conprises a
brai d gﬁd a nenmbPehidergpopsg porphe meitbrateeofitbarbresere imameoh abmprises the
conprises a first porous |ayer

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 so;uﬁon 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 |ayer which is arranged on the outer surface of
the braid, and a 5 second porous |ayer conprising a dense |ayer which
is arranged on the first porous layer. Below, the braid used in the
conposite porous nmenbrane of the present 4 nvention is explained in
detail. It is preferable that yam conposing the braid used in the
present inventi onllxeprefered dmbelmants oftofresemtnenti @1 arsRUPl e bel dwy,
addition, the cross-sectional shape of the 10 yarn is preferably a

round shape, hol I'Ti camnpediteigor@@uh@hbimhaBethe RedeHEING &S Bt i
MUl tifilanent for the braid a miltrirlanes o nuvemoplontidda braid and

excellent strength and water perneati on capaci

filanment i S:. thap 30, the,.deform pressure of the multifil anent
decr eases. %P n%@%ﬁl % a@?n,se\}\ﬁgﬁ “l'ht‘&’elf? @E@‘ngd;@bt%etoi'}@ir gurjage;of the braid, and a
probabgéit that water perneation capacity nay be degraded due to
decreast oF°IPORE POIHTRY 8 ORRFEINE Fslensp laxsT phidhte arrangad ail the Girsttpoeous layer.
braid include synthetic fiber, sem-synthetic fiber, regenerated
fiber, natural fBekrvy, thadrdidhoseganitios forbposite PosynseadmianslsLhe present
individually or in conmbination of two or nore thereof. 20 Exanpl es of

t he synt hetnvenfisibBrexipahedis qediyam de fibers such as nylon 6, nylon

66, and aromatic pol yam des fiber; polyester fibers such as

pol yethyl ene ter RRhbRaLALS kY B ERL S SRNKOALAE prROhMnbdifih Be

acid, and poly glycol acid fibers; ers  suc

ol yacryl oni.iid i ol yal efine_fibers h a ol yet hyl ene and
o1yt ooy Sttt BfSotPal & LIS ab 17 s3E0n B BieYSratipaRLihaps of the

chl or i1 e fibers; e?ol %vi n%)l ‘Eh}:‘ or i d%el fibers; 25 polyurethane fibers;

phenol'ic PIBRISTEFTRGY Gt Qune sharsehrdlosy; on an &reglanshana- i dene fluori de 5

and pol ytetrafl uoroethylene fibers; polyal kyl ene paraoxybenzoate

fibers; and the IRitRe cagefmsingsmultifilameens don the prei et inultifiliveentimagingde

cellul ose derivative fibers such as cellulose diacetate, cellul ose

t ri acet at dllampitmumberid aghngeoszio) tbidbors preferable) Bechidedt hassdxehll@s 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; poly\}inylidene chloride fibers; polyviny! 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

i ncl ude regenerated cellul ose fibers produced by viscose nethod,
copper -ammoni a net hod, or organic solvent nethod, specifically

i nclude rayon fiber, cupto fiber, and pol ¥nosic fiber. Exanples of
the natural fiber include flax, jute fibers, and the Iike. Exanples
of the i norgamayteirbnorontdiylude fers polyalkyens pariddybeiz-ahte fivbRF snd BRdike.
the 10 like. Anobng these, a fiber conprising at |east one of

pol yester fibers,Eagipib 6f feRemSsyntRRlAHAY 1@&&&'&% i i
pol yam de fi bers, andIMpoI yol ef i nsjfni1 bers is I|l]ocr ef eré POeS,E dggg%hvgeﬁqefs such as

has excel | } i ToX n rticyl ar ester filhers

and acryli ?EPP@E}?EH agéégter’ r%%l;"g&%p%} %ert%[& %%@E@ngrcﬁﬂ’ﬁaﬁgll%ﬁe%%?’ﬁtf{%fs such as
improving durahility .and hesi on of the nenbrane, the fineness of

the braid isg-cﬁﬁgqhggé%lpcyaprﬂ%ﬁ} nge of 500 to 1,200 dtx. \Wen the
fineness of the braid is |ess than 500 dtx, the deform pressure of

the mendrane decragwies ofithe taganerated fibstsdnclube régenemtsicctifloshibérs piadiuced

exceeds 1,200 dtx, there is a probability that water perneability

may decr eadgyistoee mothdes c@ame-anfnddiemetioar oﬂ&%ﬁﬁb@b]v@ﬁt b ol peslficAl
In addition, fromthe viewpoint of inproving durability and water

per meabi | i yeclud¥ ralbe fiBBBLARS ber tankt BErrdRke that a nunber of
spi ndl es of the b?ai d be i%'a’a ra’naélespgy8 to 50. When the nunber of

spindles is |ess : [ u decreases. .l.n ..contrast,
when it exceeds E%Qx%? ﬁgrogkllgkgngﬁ%?fo‘] a@?ﬁ??@ﬁ%ﬁd}n%v\é & aﬁ‘éb’ﬁéé{ﬁ lity
may decreases rease of.t iameter of the braid. 25

It is preferabl g%feiﬁtagleg%ﬁgberlé‘gr%fmftﬂ% EI%@’(?:{P?({%?& tazben, ad metatdibers, and the
When the degree 6 of fuzz exceeds 15 per 1 neter, defective coated
porti dis aPke-easi | y generated, and bacteria such as colibacillus and
suspended matter perneate, and it is not suitable for practical use.
The degree of fudmopgrthase] mfibér ¢omepriving i léast ome ef poledser dibleys, AQyHE fibers,

' ess, and 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 dix. 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 qf 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



much nore preferably 5 or less. 5 Here the teen "fuzz" denotes a
fiber which protrudes fromthe braid |oosely or by cut of the woven
fibers conprising the braid, nmatter 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
protrude froffuzhexdreds d5 pEr bradtdre dyfeeivpaioatedPorti SRR ¥ EAGlyaRnerated, and

i npregnati on percentage of resin contained 0 in the nenbrane

mat er | al | | et idnah s cOmbacil el AANR e SEREARC Bl 1 G R ALG. k3

preferably be 5% or |ess, nore preferab nmuch o

preferably 3% SSy ter. shrinkage, per cent gge. exceeds
5% during pg‘a/(ﬁ;g{al \l/{/%ae'?efn\l/?/as |%eg5¥ﬁ6¥%3%rslsl}l W%ﬁ‘%?dsgdﬂ%reﬁ%g’@gg’ Yt or less, and
production,_ the brai dfshl;i [}ks remar kably. When the braid shrinks

r emar kabl y PYHEPTG REIRRE 2s0n 188%er . which is inpregnated into the

braid, also 15 shrinks. In contrast, since the second porous |ayer is
not coml etely adhErdee teomt ez idenotes pdibeuwhichypestrudes drometertdaidd6@Ls or

| ayer does not shrink remarkably (details are explained below). Due

to this, thgcgaplthetmeen fies tompiisipiRUSaaYaReran ke sﬁﬁ%omclﬁ%r dis
| ayer increase, and resin does not readily inpregnate due to the

gap. Tensi eunafiirk e&npﬁsihg%@sﬁidiaﬂmmﬁgmd%& glrah# éh%éb{iia PN -

menbr ane process 20 and Tnpregnation property on resim:

order to i It raple. that. tension applied to the
brai d be i ﬁng’@ér@ﬁgggﬁggfh v 5251‘?%66@%3&%%‘? We%%%@ﬁ@ﬁ%ﬁl%%ﬂleﬂaﬂdhe
braid is less thgn | .KPa, probl gms such as the braid is off froma
gui de during pr TR (R WePaTE §€ JEPTox g AITPEEIRY O RpseRfagy/Plagsin contained
t ensi gr& ap I'hed to the brajd exceeds 30 kPa, the braid and the first
por ou ay‘glrt F SHanbrgnemateripd fo thehaaidnkot getershridkegeamredntageoff t125brhidrisls
to be larger, but the second porous |ayer does not deformremarkably.
Due to t hiReferablyhe gopr Isss.mers rbferably $% qoesymd mye mdRelpriehealse eyt
porous layer tends to be large. Tension applied to the braid is nore
pr ef er abl yessn dVhempet whteBshriRagt peRbntkReex BELE ICHrdE BothhREEK ARty

in a range of 5 kPa to 20 kPa. Moreover, tension applied to the braid
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,



can be measured by neasuring pressure applied to a part of the braid
before introducing 5 in a ring nozzle using a tension neter. As the
braid, for exanple, a braid, which is produced by knitting or weaving
16 of polyester fibers-96 filaments having 8.6 dtex or nultifil ament
havi ng a to#al 830 dtex, using a machine with a rate of 10

revol ut i ondPHERP PERrFenhe SEd pomasiayet ted thersbeamdeonmtsdey@ltends to be Jarge.
expl ai ned. 10 The nenbrane material conprises a first porous |ayer
provi ded wiliehsiandgpied té tedraiddj moenpref@abiien Ovme oFBHMAGS 28fPhNS d much
braid, and a second porous |ayer provided with a dense |ayer

adj acent t endrb@réferablly RO§ RiSe bAY RPa t&zgglraa.h %%&%P!ta siq‘g{aaég%‘g?igﬁc}éh@gwd

sufficient filtration capacity, the ne ane nmteri

many por es . yi& hda thr . nbr ane terial. and .15 connect
bet ween one surfacgt?%ﬁ1 éﬁ%@ﬁrelé §rue?@§%3ppg1‘edtqﬁé %rﬁ?ﬁ%&alwoﬁdﬁggd%‘fng
t he rrergjrape a eri%l:gursra btee gores whi ch pass straight through the

menbr arfe nateri ar o’ PRefeley ucture, that is, the pore may be

conplicated in the nenbrane material. Fromthe viewpoint of
i mprovi ng cheni c&fS the8raid.datexaamnle. idreidy ehichtiapreluctd by knipief @reddving 16
that the nmenbrane materi.al be fornmed by fluororesins. Anong

f 1 uor or esi #fspoly@eriabors-06 filamemehiving BiccHet sr ARIERSHHAR] o8 to'tag 888 dtex
preferable that the polyvinylidene fluoride contain polyvinylidene

fluoride (Wndawidedink weh ghite 3Y €0 A8 IS G4h i of 100, 000 to
1, 000, 000 and pol yvi nylidene fluoride (I131) hai%ar?g%a&g%i ght average

mol ecul ar wei ghtN@it,%ﬂQ?%aﬂeﬁ%Qﬁ%%a l&irrféicf a mass ratio of the

pol yvi nyl i dene fluoride to the pol'yvinylidene fluoride (B)
((A/¢B)) bein f 0.5.to 10..1t i.s 25 nore preferable that
the ratio be in %é%ﬁ%@r‘%ﬁ Thgtgriaf Copprisey "i‘,llé-‘fslt RGO LAYERPIAYIqad Withep dense
range, a ﬁore jametter in the %gnbrane can be easily adjusted. Wen
the t hi ckh&§E 2SRt RABriehairse of fhebraid, auska sasprk porone layat provided with a

per nmeabi | it ecreases. In contrast, when it is too thin, the
nenbr ane e éy%raegjqc)gnt 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 preferabie 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 arange of 0.5 to 10. Itis

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



damaged. Therefore, the thickness of the nmenbrane material,
specifically, the thickness 5 fromthe nost inner surface to the nost
outer surface of the nenbrane material is preferably in a range of
200 mto 500 pm Wen the first and second porous |ayers are adhered
such that the outer surface of the first 8porous | ayer is adhered to

the i nner shideas@off alaifer SF AN BRLAUS LAVEL i strenath of the

conposi te porous nenbrane i nCreases. first and 10

second porous |aygrs are, adhered conpletely, water perneability
decreases. Ther e%"gﬁ%rf %}]ei qncggesﬁro fhergenarang gpatarial ds o thicks thelveater

interface area of . the both | ayers relative to 100% of the interface
area i s adRETEEDULLY slerrensesyi dwpusitrast, ofhead] isgo6 tign,ibé menfbraat By be easily
perneation capacity and fractional pore dianeter, it is preferable

t hat the fésmagedor dleréfaye thehthicknessde isemeAbedne kRatBAM SHEctafy eth@ﬂﬁck_ness
pore diameter in arange of 0.2 to 1 m It is also preferable that

the seconffopaheufost aURE shHiduR 18 1280S8 olu?%%ﬁnﬁ?evc%( e Bt ab\%%rrheg g@ﬁg&%

dianeter in arange of 0.1 to 0.8 gm The thrckness o

| ayer is psefesiablyal 209 amto 50 m nore preferably in
a range 0195 2060 n?ntgr%b&rﬁ; angm?rgocﬁ&on’ﬁ?‘e preferably in a range of 20

500 nmto 10 gm reo%tpe vi(ivgooigt of adjusting both of water -
perneati on capaci ty ana™ Y AAL $5e8RAPOIYS davgrsadre edhered suchgthairthé enmbheface

that at least gne of the first and second porous Ilayers have the
dense | ay&t B T5t Borqusilgyer ihadhsradgo ithssinger $urave bhitheaut @IdmBbusKyEACce
of the nenbrane at a range of 0.1 pmto 50 pm The nenbrane which

has the déWsesthaythe eampssitsgoihisonembene iicedsasi deoddRR WS BLHaG8d
of the menbrane at less than 0.1 pmis not 9 preferable, because

when 18 i se®ind plogmlisf lapens tafeeadhetedl denpl &6l yD dmitd pRERLILE, | si
bet ween nenbranes during a producti (%Jn prygcesspand tﬁgyldfgf(%,g&lgt ?gereforc,

casi |y daimigptbierkble AN (S0 v HRRDihIEIORSLoS BY BEu! 18 TN 100% of

position where is inside fromthe surface o
the interface area is adhered.

From' the viewpoint of adjusting both of water permeation capacity and
fractional pore diameter, it is preferable that the first porous layer have a dense layer
15 having an average pore diameter in a range 0of 0.2 to I um. It is also preferable that the
second porous layer have a dense layer having an average pore diameter in a range of 0.1
t0 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 pm, and much more preferably in a range of
20 500 nm to 10 um.

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 héve 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 pym.  The membrane whi'ch has the dense layer at

25 position where is inside from the surface of the membrane at less than 0.1 um 1s not



the nenbrane at 50 mor greater, nenbrane perfornmance does not
decrease, but it is 5 sufficient that the dense |ayer be forned at a
position which is inside fromthe surface of the nenbrane at 50 min
practical use. In order to inprove water gerneability, it is
preferable that at |east one of the first and second porous |ayers

have a suppueferdtdydecaist othea dnipsheksd BORLHCANIA or Bb@ABIBISn in adhesi
increasing gradually froma side of the dense Ig%er to a si%rémo? te%lgn

braid. By IRtwetanhéfbradks st} 4 ' i r en the
t hi cknes>s/ of the rrerrbragfralse incr%g&?g{slé} Hi gﬂe%\%\aaﬂg?ﬁ%%eﬁé@f LY Sapierd-y In
can be nai | l.ayer contai n macro:-voi ds having a
di aneter i %Bgﬁ%g’g‘alé&{;@e ?ggé%%%%l %’&nﬁg%%%mﬂ?lh FR8r1s YriderfEorp gheosprface of
ot her than,t he cro-v bds is preferably in a range of 0.1 mto 50

m nore prgfeelfnslg'ggfmﬁ? g FEhYfettedie e irane praformanacidensaiot d&creaseebut it is
preferably in a range of 0.5 mto 20 m In addition, the average

di anet e ofuifigisnpdebthesenstiayen tedformet atposasiionwhithtihBisidbiffesh (HROOMS: of
| ayer is preferably in a range of | mto 5 m and that of the pores

at the outhennesbrapesi 50 pm inpriddiealageond porous |ayer is preferably
inarange of 0.8 mto 2 m Here, the outernost position of the first

porous | ayer denpi&deoR@Htdvelatef éﬁealﬁﬂg’é %igé’%&%%bt%ﬁé%gge@% tﬁlefoifrthsé

and second porous | ayers. The outernost positi
porous | aygist 4eNQE5d BoRAS L of _the outernost surface of the.
second porous |ayer a%en§ht1v8821§¥%ﬁ(§ulﬁpoofg{?¥eli%( ioh coOwppIaes ROGEhANRE  of
t he menbr en the nmenprane conprises anot her porous |ayer on
the surf agdg&&F t\é?sr%crseg%l{}% gr aﬁ?f?@ﬁgoﬁlﬁg‘? of the depsp layergem Spbs?ﬁt?:@hra@i By
t he sg&ond ﬁor. ous_l ayer denotes a position of an interface between
25 t he’ segRAHANG 315 iprdmafion giurtyraywhen the thigsheswof theenanmaas ineeeases,
porous nenbrane conprising the braid and the nenbrane material is
expl ai ned higihwater perrration ofipactip cenbé meintainpdsi t e por ous menbrane is
preferably in a range
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 um to 30 um, and much
15 more preferably in a range of 0.5 pm to 20 pm.

In addition, the average diameter of the pores at the outermost position in the
first porous layer is preferably in a range of 1 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 pym.

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 ontermost 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 m in the case in which water perneability and
strength to deform 5 are taken into consideration. Wen the outer

di aneter of the conposite porous nenbrane is too |arge, the nenbrane
area per unit volune decreases. In contragt, when the outer dianeter
is smaller, the dianmeter of the hollow part is thinner, and

resi stance to waBdowptier®gipositc pRone aeefhrant@ngiriigs the brdi® and the membrane
preferable that the outer dianeter of the conposite porous nenbrane

be in a rapgRess] idcQ0%mpm to 5,000 m and the inner 10 di aneter
thereof be in a range of 700 mto 3,000 pm Fromthe viewpoint of

hi evi fficient,fi ' ity,. th t g fl
(i) “of The. conpoerclarss B HRRRE R bttt TP BE (T ey Rpnee
or greater. %@n t he ﬁ@&jer perneate flqw of the conposite porous
menbr ane i 8f PREEM tonhA0bamy irpthaerss imdlich pater permpebilits apdpiaength to deform

menbrane has inferior filtration capacity, 15 and is not for
practi dal @sdakahigteconsideratignperWhemihe autepdidnoetés o thatompogiepacisy,
but the water perneate flow of 400 (nB8/n2/h/MPa) is sufficient for

practical membrite issoplagfes tiabhembhate adwepddwhhthehipat tcréBE). qh cbhfast, when
conposite porous |ayer be preferably 50 (kPa) or greater. \Wen the

bubbl e poi ik duser! BSBelhRN Rk Re dRRIE O eibw Bt 6OhiRachLd #&%{Jsgagge to

suspended matter perneate, and it Is not suitable“for practica

20, o Gy UL L 00, DAL Sl BT FERL-ERcaRack

and fracti ona? pore ai anet e s
nenbr ane be 200 kPa or

pressure b flov¥ of the c](JJrrBOEi te ?oro%%

greater. \WEPTHE POINSINTELERR 88 th & Fange of EGR0;van (3,809 wah apdthedmaer
bacteria such as colibacillus and suspended nmatter perneate, and it

i s nottOsuidiappier thereqdibgdn ipgargaef/ 00 t@3,080 wen.upper i nitation, but
the bursting 25 pressure by flowng of 1,000 kPa is sufficient for
practical use. 1HronFhomidvmint afigebieningoci:ffdentstliragorbetpaciof, il eter
perneation capacity and fractional pore dianeter, it is preferable
that when paaheste SloocEVB) ubthy cpanseite Hetb0sGBnibime is BrATASbIYS IR AHYMPa)

menbrane at 200 kPa, the endurance period be 150 hours or greater.
or greater. When the water permeate flow of the composite porous membrane is less
than 50 (m3/m2/h/I\/IPa), 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 practica) use.

20 From the viewpoint of adjusting both of water permeation c‘apacity 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 miatter permeate,

and 1t 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.



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 |imtation for the endurance
period, but the endurance period of 10,000 hours is sufficient for
practical use. Here, the endurance period denotes the tinme which the

conposi te  por OUSFFRMEHeANSwRRHh Y RichSsting ibeH Sdk: Pg]egﬂa' i Bl
flowwng. In addition, it is pref erzjibl eét hat theee u(r\eg%c%pét%ia%}e%?d

appl yi ng pressid . Qsi t.e porous nbr ane
repeat edl y fge 1%%1 Igéreﬁo%?é‘g\ﬁﬁgs {egée}a&gﬁ%a&%gﬁgew {5 6‘6753155&3%7???5 through the
pressure or_400 %Pa is | ess than %q#)b cteria such_as colibacillus
and suspend:é’ajpr?ﬁ{?gproﬂféfﬁeé]i}fr@?e%&éi g egaduance pgsiad BeokSOdomes ercaspater.
use. There is no upper. limtation for the endurance tinme, but the
duration tiWecnhthelmdopmer periad isflessithan 1 500koups, detiedakueises. cobbad]lug i
endurance tine denotes the time which the 15 conposite porous

menbr anz nebspcaded nfatter pérarale, eabids hot shitde Grapmlithgsedr G588 no u per
Next, production methods for the conposite porous nenbrane having the

abovenent i GiRgthtPhABEHel HTuAhEe Bbiede chdlrPdSieriod rl@%@%oﬁ%%s sufficient
conposi te porous membrane of the present invention, it 1 preferaple

to use a s@s i.nni d. .Specificall it.1s .
pr ef er abl e??lg&h%ggéﬁg% h:}?%rg’ndég %%‘?%%rg%ep % 18?%%36%@16&%{1%?‘}&?#‘6% SOTRPoTYe
nozzl e, free-runni at a.fixed.tinme, imersing the nmenbrane in a

sol i di fi caP?§® S%ﬁ’ﬁnﬁﬁﬂ%fnaﬁﬁnf Efé‘i“t@ﬂ?] FPRIHo Oﬁ?éiﬁi’r’lgﬁe material is
produced. In order tq produce a nenbrane, first the braid is nade to
pass through thg“ pldifomdl i necterable thadhe epdurargeitan f dnplying greselraof 600
coats the braid. The nethod for producing a conposite porous nmenbrane
of t hdOpr ekRato ths compesits prroismambetnieocpaatby bs | 0ot merest ePherdfhe
coating a nenbrane formng solution on a 12 braid using a ring

nozzl e; sodrdirdngengnd itappbehe graseurbbane) kP4 1184 8l Ub0, ®ActeRa duch as
solidification solution to produce the first porous |ayer; and

? iO?ts ![ ng o?(r)ﬂ‘gmlégi}g? ﬁ.ﬁkg ?l?}%e?{]éearr?%ﬂ;ffg pﬁglgg%t%%g ‘F’]’tgis BesHb AR pRk il Bse,
There is no upper limitation for the endurance time, but the duration time of 1 0,000 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
1s preferable to use a so-called wet spmning method.  Specifically, it is preferable to
20  discharge a membrane forming solution from a rin g 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 layer on the braid, a first nenbrane formng solution,
which easily inpregnates in the braid, coats the braid, then a second
menbrane formng solution, which is suitable for form ng a porous
| ayer and vibra@hsis: £8A06 @ i i ' neniy ane form n

1 Ry R P B IR 868 e de 2 on

d
solution, coats the resulting bra

nmenbr ane f } i Viin i fferent concentrations, the
menbr ane %@%ﬂﬁéﬁgﬂ"&dﬁagﬁ@ O?B‘%ﬂ%{?és’fdmﬁ%ﬁs AYFSr MrPabng erethpy mprbrane

and peeling of. the nmenbrane ?'aterial fromthe braid is prevented.

When i rrpre%ﬁ%?lflgﬁowl%é’inttge P of pheafingt perous tayer naing the ropnoente: asd on
of pol yner féql the first nenbrane form ng solution, which forms the
menbr ane miPeAANE thescoats! membmmalibynia g $olatioh 655 solidifieatRhebRIARIY prd¥ee
or less, and nmuch nore preferably 7% or |less. The first nenbrane

f or mi ngP sokhgtseomndparioliy layepr egnates in the braid by adjusting

pol ymer concentration to the range. In addition, when the conposite

porous nmenbrane Id srdbPfdREm tBe ﬁ?gtﬁégﬁfus 9%?%?%15%%%8&{; t heem ragg%c?nql?ng

material in voids in the braid is® sim

concentrati : | St nbrane form.ng nmaterial; therefore, 20
wat er per n%cggtllﬁ’ t\{/}ﬁg}% %Slillg mr%g%&nﬁﬁa Irb{hﬁibﬁﬁlgf Fals fgﬁ PEd.tapn deecond membrane
mai nt ai nedfo l.na%s%;‘%h | evel,.. In %ddi tion, the nenbrane material is
adher ed t 0 UHESLPPAT PR isspitehle fr faanmgiarorows lapergnt wisiinis @ntentaed
the first rrH{re%ne form ng solution, a solution, in which polyner,

whi ch bec otﬂ‘g% Fshppmbse fpaniagisalutionscadtstho rasetirigrbraids o IByaiting h8 first
used as the second 25 nenbrane formng solution. In. order to

preveh? tHadgeepndanembrapt farmviop dolusipes hanigs didferéaf cahdinBiddsChfYhembrane
nmechani cal strength of the conposite porous nenbrane, it iIs

pr ef er abl domtihgtsolutien $epesaate® BREAR Poft RN BMEe SRl ! gﬁ?%’ g{ ﬁleprﬁér?{gre?%ee

concentration, which is larger than the polyner co ron o
first menbiadel fenithetra ¥hiQRnted.

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

E

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 polynmer in the second nmenbrane
formng solution, 5 which forns the nmenbrane material, is preferably
12% or greater, and nore preferably 15%or greater. In order to

i ncrease perneation flow quantity, in gerﬁr al, the polyner
concentration is preferably 25% or |ess. “fhe solvent of the first and

second ne ] ' | f I n . organi c sol.vent..
Beanpl es. of i et theE o 3En i oBLR BuBtils By SRR utnel § ¥ reteraie
di rethyl a ] nd_ di_net sul foxi de. Anong these, dinethyl
acet ani de ?@t%%?g?cggie@%r ecg?%@ﬁlg EEO?‘H’r yeé PQ?WTCF%CW#B@F: ‘Waigh iy

hi gh permeation flqQw quantity. |In addition, it is preferable to

di ssol ve hifgsgphst BEefoncerfration piphelirshmeodiranesorhingsolution.

pol yet hyl ene glycol, diols, triols, and polyvinyl pyrolidone in the
first andSeesebeallyathebramenttasion afpolmbartin drsseasndmemBeing f¥eniho solution,
controlling phrase separation. 15 The lower [imt of the

concentr at whithabrihy teafbinbi e ROANIR] is b Bfa8FLIBRlY otk all 'FH(?:%’
nore preferably 5% by nass. The upperlpli;?mt )gf tﬁeg%egnc’%gra i(?rl;g%’ bly

hydr ophi | i g504RR! [ 9 . and..nore_preferabl
150 by s I SR o R BRhe B B, B b e B bR Botmer
when t hey i.scharge 0 he.nozzle, is less than 20C , there

is a proba%ﬁe’fﬂ%aﬁoﬁlalg%f%%raﬁ@rﬁr‘%ﬁéleﬁﬁrm' ng 20 solution is gelled at

| ow tenperatures,. In._contrast, when the tenperature exceeds 40C,

adj usting the pol® IRI%FECEEhS firstipnd seeend T,negl«%éﬁntelfi)@linesmlhltiomailawsferably an
perneation of bacteria such as colibacillus and suspended matter,

and it isoagAmeselvensi e Bxemplrsadtthe alganiseolveheinelude dimethylefoireampteat ur e
of the menbrane form ng solution is preferably in a range of 20C to

40C. DB Afdimethyhatetaraidecand dieestiuniontiiel N nBREIMSRE dhithj INBeaaliad json
coated on the braid,. 14 it is imersed in a solidification solution

: ﬁaﬁr 8d3({ péif??ﬁgd’ fbf&(iia}utﬁg gﬁﬂg\rz]ihgisper_oﬁ%ﬁﬁnffﬂaﬁhmﬁghfg%iﬁﬁhﬂga&ohfﬁow o iiind
: , pacity decreases. ere I's no upper
limtation for theqditieh; it WiHRGdit Paisiie l%(d?gpqgﬁgsoliyl%er, for example,
monools such as polyethylene glycol, diols, triols, and peolyvinyl 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  solutionis 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 a range of 5 0.01 second to 4 seconds. As the
solidification solution, an aqueous solution, which contains the
solvent used for the nmenbrane form ng soJ vent, is preferably used.
Dependi ng on kinds of solvents used, for %xarrpl e, when di net hyl

acet am de i3 iig@leAsd irf'@scﬁﬂi?@a@ibn%&&igg to ﬁ?ot%%{:gﬁq% f{rgil.rgrg;ré‘ Iggéﬁ‘ﬂtlgo”’

the concentration of dinethyl acetam i e sol

solution is prefe ly, in a range.of .1%to 50% From the viewpoint of

i mprovi ng nechani %%nil?erﬁﬁeﬁﬂ?fm&%nf’éﬁwlﬁ%?'g‘?%gé’lé?CQ%ﬁlwopdﬁP@@é’ti on
solution is, preferably | ow However, when the tenperature is too |ow,
per meat i on FFERGuanktiersisge upher iiation fry theefrtr-amairgdimedsed seconds is
therefore, the tenperature of the solidification solution is

general | y gofficent/fespractarud ups. ef Breadfbye, e fee-AMgeaimEAGrefthabl PirBhfange of
After solidification, it is preferable that the solvent be washed in

hot wat®er iO0lasecond@ges edcoBBS to 100C. It is effective to adjust the
tenperature of a washing bath to high tenperature as possible in a

range of the firsis ROLONUSHEEANSS nd .adhered. FEro
this viewoint, the tenperat %&eﬁéﬁfoﬁh%&)\%\%ﬁﬁgﬁf@?rﬁ whic ?Oé‘?@fl%gefglﬁ"ﬁ?f
20 or grea eLt. al so.preferable that.after hot water washing,
chem col - abie for tn B AbRie Bidine SaleRt i Rreraply hesd: | lspetipg of Sindsaf
When hypochllor ous %ci dis used, the concentration is preferably in a
range of 1BPNEIE e fE>60wisnyhen dimethyl srstaneidn sowred as thersobfent of the
hypochl orous acid is |less than 10 ng/L, the perneation flow quantity
of 25 t he PéRprAaigrrmgnokriondthercoasesmtithef dimahylacempide initht t6ltdiBhtion
for the concentration of 15 hypochlorous acid, but 120,000 ng/L is
suf f i difent slwEorpisgeticrmly inserangé bL£1%itha0%.it is preferable that the
menbrane after chem cal washing be washed in hot water in a range of
60C to 100C. TheRsoni theivaewpsthes Ao ding ekt A3HLidtR dhe temperature of the
solidification solution is preferably low. However, when the temperature is too low,
permeation flow quantity of the resulting membrane decreases; therefore, the temperature
of the solidification solution is generally 90°C or less, and preferably in a range of 50°C
15  to 85°C.
After solidification, it is preferablie 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 greafer.

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 1s preferably in a range of 10 mg/L to 120,000 mg/L. When the
conceptration of hypochiorous acid is less than 10 mg/L, the permeation flow guantity of

25  theresulting 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. Wen the drying is carried out |ess
than 60C, tinme required for drying is too |ong, and production cost
increases, and it is therefore not suitable for industrial

production. Wen the drying is carried outs at 100C or greater, there
is a probabilit t hat the nenbrane shrinks excessively during

dryi ng, and¥Ppiieoronseérisl. bek a0.¢00uhe/Lsigrstfitceent 6r privicabuder ane. 10 |t
is preferable that the nmenbrane after drying be wound on a bobbin or
a skein. Wien t Hdtarehdly dnepicferaiiv tht Ci @embRind aftel ﬁf&ﬂ&ai%é&ﬁﬁﬁ%eﬂgﬁhed
beconmes easy. As expl ai ned. above, when the first porous |ayer and the
second por guisot! vter ind Ring@ENEORCRMPLE! Ghiy MRULLEPIIBARNL LY,
decreases; therefore, in order to prevent tllzns, It 1s pretérable

t hat befor i ] [ | ayer o utian, which does
ot 15 df sesTvENi e 36 SRR PRERHR *Bther 1 PeRYon] eRBuiclp et i s
the first por | ayer t he. sal uti on which does not dissolve the
enbr ane nﬁ‘%%ﬂ%o}u’%n \é’&ﬁ'@a}?ﬁ*f WE|13 caERd eBhiess tham §0 Yol tirentequised faralrying
the menbrane formng solution is preferably used. For exanple, when
di net hyl aééealAngeand pigssetigneosainsoiavenyandit it therefereioametabty fiir figustrial
solution, the concentration of dinethyl acetam de in the solution,

whi ch doespraductiting s SVhen 26 drivegieahriad 6uratient @by gicitep1REe G@Qb%ﬂaﬂiliﬁ(
range of 1%to 50% As the other solutions which do not dissolve the

nenbr ane rhitehe alemBBnOEGaIKs @x8QEMERL durfhg Hrfih bl SdCHY gL
organi ¢ solvent and water, and theslgt sol it irﬁlng’, vmcf?d(}h&gélﬂsggﬁ???%hg surface

cont ai ni NGrghy/eehPrand S added as a main conponent, are preferably
used. Next, the second porous layer is fornmed by coating the second

menbr ppe 25 formy lLutien gn the surface of the first porous )
Iayer.?@lt i's no!tﬂ %&5%%5%% ag%s}jée’?}flfé’n‘i%ﬁlerfqr?%tbﬁm% % brhpiimer a skein.
sol ution S?]\éi n@FI ower concentration to formthe second porous |ayer.
Wien the pfoGUEETSRBPASHYPERCel f slednglrmentgrosersing beconzesréasy nozzl e

shown in .
' As explained above, when the first porous layer and the second porous Jayer are

adhered completely, water permeability decreases; therefore, in order to prevent this, it is
preferable that before forming the second porous layer, é solution, which does not
15 dissolve the membrane material, be coated on the surface of the first porous layer.
As fhe 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 dimethy! acetamide is used for a solvent of the membrane forming
solution, the concentration of dimethy] 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 2 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



FIG 1 is preferably used. The ring nozzle conprises 3 nenbers, that
is, adivided plate 5 10, a first divided nozzle 9, which is
assenbl ed adjacent to the divided plate 10, and a second divi ded
nozzle 8, which is assenbl ed adjacent to the first divided nozzle 9,
and is an edge portion of the ring nozzl®. The divided plate 10 is a
di sc shape and comprises.a conduit 1, in . which the braid
passes, | nq%r%?;&g%haélf r}gwflﬁ&ﬁh&’ﬁ’& PEYIAL T?‘Hera‘iﬂ’&F‘?qt@ﬂpntt‘h T8} VE deepnd pataus
10 10 conprises a first supply port 6 for supplying the first

menbr ane fotMing sol ution, and a second supply port 7 for supplying

t he second nenbrane form ng solution, which are forned around the
conduit 1. The diWheetheediction niethal iveatried dug\fonekaanyle,essns eedzicdhatvn in
shape of substantially a T, and having a disc plane shape. At the
center por FIGn] isppfepiblysken PIiReimoidzzRtokdrise : 1 -
toward the insi dsgp of t hg second dir\[/gqu:led nc())iigpl e %5%1%1?50%%? %ﬁﬂged plate
protrusy onjpi : | J i: I rtion forns, a
br ai d passage 10 ERtcrale @ et s ed AifecaPlo B B Ml ] 81
di vi ded nozzl .and, t he, di vided. pl at 0 .are superi npased .
concentri céﬁ%f)?fi %f‘ﬁg?d pQezled; whip é{)asf%’gblﬁi Adigpent fo g’ﬁé{rﬁ Vided et 8rimd is
pi pe portion 13 are connected, the braid passage 100 is forned at

their cent®edgsPorfien pf thepng Razgled nozzle 9 conprises a hol | ow

portion connecting to the first supply port 6 and another holl ow
portion connecti ﬁgﬁ diyideideplate d Orisla dispphapedan¢mber, sl edmprises afeondaol | in
around the braid passage 100. If the f i r s t divided nozzle 9 and
the di vi dedhiphabebrhidpirasss irgtheaester soreion thatof. WneRIdNEY, t8E Bivided plate 10
superi nposed concentrically, the first solution pool portion 11,

whi ch10s &&éﬁﬁ&@@@i&ﬁ@u})ﬁlytﬂ%ﬁ & 'fcfr%{l%;iﬁgiiﬂgltﬂe Hf&'i }neﬁlbéé-irﬁa fo%ﬁ%‘?sglug&i and a

first divided nozzle 9 and the 17 ed plate 10 al so

o el By P DT B SR ERR R, i
STt el oty 2 ¢ pespage 100, @ cf reunferenta
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



portion 11 and the first discharge port 2 are connected. 5 Wen the
first divided nozzle 9 and the divided plate 10 are superi nposed
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 pgssage 10 fromthe first

di schar ge ponh i. The second divided nozzle 8 is also a nenber having
a di sc shafeVidehalaie 1@ sispihiaxes rimgsbepaislis ohalt therwhantheparet suparidposid
the center thereof, and a hollow portion connecting to the second
sol ution peohceptricallyna fR2st dittihardeloromisorhéDitoeRO ARSI BF HESFANSF the
supply port 7, via the hollow portion connecting to the second supply
port 7 fobradiphssab@e0l in 8 tirbhhFdgRian Q5&RnY- 1 i qh% hifst E?lﬁ{;gn pod

second di vided nozzles 8 and 9 are superinposed concentrica

second sol ytkeR Pogla fﬂg%&tﬁs&%&gﬁﬁﬂ%aﬁ%gﬁrﬁecﬁ 15 circunferenti al

outside of the protrusion pipe first divided nozzle

9. Specifically spa ich is formed by the end face of the
protru?icon pi pe &,ﬁ% @ﬁ%’%’f ‘ﬁ?ldegﬁgzzfl‘? gpd me\F?llﬂléﬁd A5 ] Garg sup¢rémposed
protrusion pipe portion 13, and the second divided nozzle 8 is the
second sol SATCERIBHY. 364 sadwticrpis sTpelieslde dredfisbsupiplyoporp 60the politibe s stded
is formed such that the cross-sectional area thereof decreases .
toward t hendhelfirfieobwion pbaportion 1t hehe 201uitios i saatdedabwhiiehs %%anssage
di vi ded nozzle 8 gradually inclines toward the protrusion pipe

portion 130 fremadldifiriteischbhe seepnd di scharge port 3 is formed at the
end of the second solution pool portion 12. That is; the second

di scharge port 3rASsehORABE M 1d181e0 ks ﬁ%é%b%hégvzr%:%%gc g‘;ﬂﬁegg}jﬁ o5

protrusion pipe port 13 and the 1 nner wal

nozzl ey 8. ] tgular. it s preferapble that the end face of
the protr oftprists BREcttolion ool forlloR 15 offhs ettt hsess 199 ot imeportion

brai d pasgage é.‘oo, %le %osi%i qned inner than the end face 5 of the
second di SERNYEE B scond,spiutian peRl RowEPTY bk e Bhipholigye persionragnukots ded

nozzl e 8. )
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,
1s 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 portionn 12,  That is; the second discharge port 3 is formed by the outer
wall at the end of the protrusion pipe porﬁ 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 -l1ength) 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 discharge port 3, that is, the
end face 5 of the second divided nozzle 88 be in a range of 0.5 nmto
150 mm The lowsr limt of .the_|liquid seal-length is preferably 0.6
mm and nore pr\é\ﬁgrpgg[f%}ﬁ%f?’élsrﬁﬁefer%ﬁ%ﬁlaltﬂ@qnﬁ(}fﬂ?%o%téapqu@ﬁ@mmlp%mlégs13,
than 0.5 the second nmenbrane formng solution, 10 which is coated
on the sur f3tésdhe enrbiace 189 opthedusidipageses 108, i mohiamge thret thastthe end face 5
W thout coating pressure. Due to this, the second porous |ayer is
formed wit kfthefserent! disalnegeport 8] that ek éridRcybF el 280dd disldcAH2HS 8

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

nozzl e. Asa resulld othet vJo‘idsE)ItQE)ﬁfélf@d'raEI'E%atQhé @irslgﬁc@@gl%éﬁgﬂ!vl th£535 E?%or%ac% Ry

between the first porous |ayer and the second poro aye

Vi ewpoiqt : o@t, J e, e. s ng upper. limt qof the

{1 i d seal THancRRheRY oANERE t Fend 06L 67 b pRArsRBTHine peifonr . Wi g end
nozzl e ten tQ be diffi t. Therefore, the upper limt of the

liquid s eaﬁlﬁ.‘%g’ﬁ?‘ﬁ PResagy ipér%ﬂl ’fBe i@{ypaﬁﬁﬁ of free sesomat diseharge part 8 Hbat is, the
liquid seal -]ength is preferably 100 nm and nore preferably 50 mm
When the ¢ &¢ ¢ Of gy wgendhdividedimozole & heimpa eseabf Difvient fod30iBmus Gle
for water 20 treatnent, a fixing nenber nmade of synthetic resin, for
exanpl e, il9wesbnhit of theViquisl sehblenpihris preférdblyan6 nthensias e réreA8ly 0.8 mm.
However, when the conposite porous nenbrane has the above-nentioned

gap, the r@hemtifd byuid Béa)-ledpeh gaRss BRG0P IR ﬁﬂé@%@%ﬁ@iﬁ%%ﬁﬁm,

water to be treated does not readily inpregnate 1 n the enti

th [} VRi i.qui d .seal:length is .
b ust gt o icn BUGCAME o shane: offierd dSrdd IS S8R FRP ot P

menbr ane f i ti ends .t o increase., Therefore, jt is 19,
possi bl e 'tggétg%e eeasgﬁ%[ Igg %]ieo glésb BSeieRe s BB ayen Wemnadiuath p fixed dismstes

BT B B B S o Y S ot
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 difﬁcu]t. 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 thé probability increases that water
to be treated does not readily impregnate in the entirety of the composite porous
membrane. When the liquid seai-length is adjusted to a suitable value, coating pressure

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



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

sol ution passes through the hollow portion of the first divided
nozzle 9, and the holl ow portion formed by the first divide nozzle 9
and the second divided nozzle 8, and stored in the second sol ution
pool portion 12. After that, the solution discharged toward the

brai d passd¥ssihie frrrrveie lawge@ap bingdfhangkbgortn tha firbtrp @t eSbydrQnd the
produce the conposite porous nenbrane using the ring nozzle 10 having
such a str wetemdporbus #yert he braid is supplied fromthe conduit 1 to
the braid passage 100. The first nenbrane formng solution is

suppli ed to the fAs shpiaRkabboR, %946 ROG 108 le&g‘lé rtﬁe”}ﬁ}rsggiv{i%é Hozaletf LY

port 6. The second nmenbrane formn ol uthon 18 sUpp

second sol yLi LQn._12 fromthe second supply port 7. Wile
the braid %@@n@?ﬁﬁ%%@%eguaﬁ%F‘i’%cﬁn‘{P’ﬁaﬁ}ﬁéuR%mSF - pnd agglutios is sipplied to

the braid .15 m)v(?s 10 the7braid passage_ 100, the first nmenbrane

form ng st SESRRY Surp ¥ PRY g suppligd s9hietian passesdhroubh tigehqblomt p@tioanfithe
is inpregnated into the braid, the second nenbrane formng solution

i s di schar §&4 diYided npezle 8canddhe heldtwpgaiqmiotmad Byithe Brsi AIPIR 248D and the
into the braid. After that, the braid, which the first and second

menbr ane f srcohddivdbdinooss amd st26d (T ERMIEBIuRS [p%?spfaﬁiiaﬁ%. tRipg; s
immersed in the solidification solution, and then this is i

wat er - was hihed sahfioahRsihased Wewedhe BRGd ﬁ%é;[sgsdl O@ﬂ?r\?e 15( eré;o%;r@%pé%{gtia 18301it 13,

wound. Next, the solution, which does dr sso
material, is suppli.ed 4 i r.st_suppl ort 6, this is discharged
fromthe first Sflhl schar gOeI% Ofﬁo‘gc%téléif:gnalﬁ%m%é)é’% %‘Pstlﬁ'émg’?ﬂ? psipg s npgpoge st
porouggl ayer: 25 After that, the second nepbrane form ng sol ution,
i on s SEine st Sheni b6t UEdrands supiey oh thorondvdl so Sredaitpassage
t he seconqoﬁol%%%gn Pool portion 12, is discharged and coats the
surface of “the U5t mepbiree i fagpeng sohon snpwsliedtopbe dinst sokmion anel portion
provided with the nenbrane materi al
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 Iayer.

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



conprising the first porous |ayer and the second porous |ayer is
expl ai ned above. In the 5 present invention, a porous nultilayer may
be formed on the second porous layer. In this case, the porous

mul tilayer is formed in sequence in a manner identical to that of
form ng the second porous | ayer on the fppst porous |ayer. Exanples

10 Bel ow, the present invention will be explained wwth reference to
exper i ment &cong:sapplyeort Rreogsiorédin thé s¢dond salmpios ipbel yation $2 riedizxeharged and
were exanm ned as follows. "% used for showing a content and a

concent r at coats tenutrfase dPtheirsBRsous lasld. <Lar gest pore di aneter (m
(Bubbl e point nethod)> The | argest pore di aneter was neasured using

et hyl al cohol as i L i | .

3655, chot water ohrrRpost SO RGRH, oo R RS bRl el
after inmmefsi - ' whj.ch cut to I i in hot .wafer at

90C f or 3060;?1“{1%%@ fale\%ﬁarg{ ﬁ"er%%lra@%ﬁ R lss?ﬁﬂtl’fm%ﬁf;éﬂo"ﬁasm the
calculated fromthe following fornmula. Hot water shrinkage (% =

(lengt B of PEFE" BPEPHORER BT Mk axssmay hedagned o theweconst perquaifayer  In
treatment) / length of the braid before treatnment X 100 25 21

Exper i nentis @@t porpug mlfilayestis fnthed e semhenesinr amenfaidéngal to that of
solutions 1 and 2 having the conpositions shown in Table I were

prepar ed Wypruaigrhe padopdipoyhisdene of ltheofiistdgorbus (7@ ket ed by Atofina
Japan, trade nane: KYNAR(D 301F), polyvinylidene fluoride B 5
(marketed by Atofina Japan, trade nane: KYNAR(r) 9000LD), pol yvinyl
pyrolidone (marketed by ISP Ltd., trade nane: K-90), and

N, N-di met fpylapaget am de.
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 treatiment X 100

25



Table 1 Conposition First nmenbrane Second nmenbrane form ng solution
formng solution Polyvinylidene fluoride A 3% 12% Pol yvi nylidene
fluoride B 2% 8% Pol yvi nyl pyrolidone 2% 10% N, N-di net hyl acetam de
93% 70% Sol ution tenperature 50C 60C Concentration of

pol yvi nyl i dene 12% 20% fluoride in the <dlution 10 A polyester

mul tifilanment sinple-weave braid (nmultifilament; total dtex 830/ 96
filament; Pgﬁmata@yamkek ntroduced in the conduit 1 of the ring
nozzle shown in FIG 1, which was heated to 30C and has an outer

di aneter of 2.5 rirediet and seooret meinhraredomohg s@8lufionsih and Déayinghee f i r st
menbrane form ng solution was di scharged fromthe first discharge
port 2, andompesisesosibviEhiTa8Re] (efdfragars® byt poRsisl om
the 15 secondbdi scharge port 3. Thed]ﬂty)rgeiud cgat eg vvithl%'ilﬁgﬂf@iﬁrg%?d%%d
second me ' Sl Geg | difi 40N .

sol ution g?h %I(I)k%ce?g;r#%ﬂlo%?%éa%& bg??%sﬁﬁgé{nass%@%m gf’{%?ﬁil}fi%ﬁac%?%ﬁe@e
and 95% by f ter to produce the first | ayer to the
brai d. —22° RREFS et Rng Gy Bt Sar s AR S Aoerbiing) pramidene
fromthe braid conprising the first porous |ayer, the braid was

i mer sed i 3] ?@8@?&5?@&“@%}1%: Knpbend oF. Nedimethl wcetamidgashed wi t h
hot water at 90C for 10 mnutes, and this was dried at 90C for 10

m nutes, and then this was wound using a wi nder. The degree of fuzz 5
adhered to or enbedded in the braid was | per 1 in. The hot water
shrinkage of the braid was 1 % The tggmgeon applied to the braid was
9.8 kPa.

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

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
2.4 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 1 of the ring nozzle shown in FIG 1, which
was heated to 30C and has an outer dianmeter of 2.7 mmand an inner
dianeter of 2.6 nm Then, glycerin (marketed by 10 Wako Pure Chem cal
I ndustries, Ltd.; Hi gh Cass) was discharged fromthe first

di scharge port 2 as an inner solidification solution, and the second
menbr ane forning Adlsr tnonAngeelventsn hat wedr ar WiCtfoe | seiaoedrsth Sedtahge
port 3. Thereby, the second nenbrane form ng solution coated the

first porowonpnaing thetferst msobd laner, tredirgidwas inﬁﬁ&rﬁ&ﬂﬂ%ﬁbdﬂ%?& og sodium
solidification solution at 80C containing 5 parts by mass of 1

N, N- di met hyHypacigloaies st@utddtd valedwitABe s waer %Cf’b 110? 1? rﬁ}xﬂﬁ% f%g’v@fl Lhis was dried

conposite porous nmenbrane. After renoving sol ven

98C for 1 mootEedy ; j rising . the first porqus_ |ayer,
the braid was i mer se'lé I?ﬁesg%?%gj&nnglﬂ agfwoélggi”ﬁ%g FYBEERI orliedegree of fuzz
sol uti of, in ho ter at 90C for 10 m nutes, and this was
dried gﬂt" g@%}g gFé %erﬂ#’ﬁtﬁfegs}? DEratdues | Bers! Was Thehet watsi syizkage nfite.
20 The out E%Fgl aneter and the inner dianmeter of the resulting

conposite ¥&s Ifenbf bhiengias apple toxh@brand emel9 8. Pamm  t he t hi ckness
t hereof was 900 pin, the thickness of resin layer fromthe braid to

the surface of t Wdtordimobe benipooapsising ik BREpordaS 1ABOWR idAauiibhlg
i 100

poi nt was 150 kPa, the water perneation capacity was

B/ nR/ h/ MRayndultel bfiths tringthoBrRSHHHE iR Y1 [10Wh yrance
time of applying 25 pressure of 400 kPa Ms@%%g%ﬁ%ﬁgg?@ananfﬁ%sanouter

endur ance digkied o AR ¥ f 200 kPa was 2,000 hours.
Experi ment al ExarchpI e 2 T%dednl%lofr?r%giiﬁ e%foegrogéss%%br%@ %\V@%er&@%%%@ Ph

a manngr | i ip of.. 5 pey.i tal Exanple 1, except that
T B Sl SR TES L R Pt
and washi NG ere no(z)_I per formed, . apnd that a ring nozzle having an
outer di after &Pt 3t THIST solifdRcationmeluionoindzthy servnd amantrate fpuinihg
seal -length of 1.0
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 acetarnide 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

3, 2 .
nr’/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 thereof was 800 m the thickness of resin |ayer from
the braid to the surface of the conposite porous nmenbrane was 400 m
t he bubbl e point was 180 kPa, the water psgrneation capacity was 110
n8/ m2/ h/ MPa, the bursting pressure by flow was 520 kPa, endurance
time of appPikRa wambe@heursf 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
i nvention has superior mechanical properties such as adhesive

strength bg&p@gﬁ@gﬂpggggpﬁnp a filtration nenber, 20 to those of the
pri or conposite porous nenbrane. Therefore, the conposite porous

menbr ane can be j Y btions such as .in many ki nds  of

wat er treat nent s,qﬁlg%()b\%ﬁ?%%ﬁ%r? ui%@ gjx?é%rﬁa Wﬁoﬂaﬁ?ceﬁﬁﬁﬁ nﬁ"?‘%’? HJFFB??I A Hhat of
separatd on.i s i ozlsébl e by a rreng_é?n met hod, and inproves the

qual ity of ¥R PRgral Examplgd; exsRt & ITAGIGRG the bsaid eeaprieme the first
capacity is high, nenbrane area used beconmes small, and it is

possi bl e tRprPetlayer. skivipg 2ad tashimgtwaro sot p@fbrmied, awdidhat oring aceds Hivige an
to the nmethod for producing a conposite porous nenbrane, the

conposi t e @éendismeriof 2rfemig wh ignee Xitahdtenst N aRL! 41desiGad sQe-182%h b¥1.0
produced. 25 CLAIMS 1. A conposite porous nmenbrane conprising a

brai d, andnm weieane material, wherein: the nenbrane materia
conprises a first porous |ayer having an inner surface, an outer

|S lrJ] Lfe?C:‘hr ?gge? ;’I;‘qﬂ%ﬁt%{'&ﬁhﬁf‘e? 3nd %dinﬁms(ﬁ&gggr BP {h%lf'gsullt%}/gecronrllgo\{sgtg %o%rl]ls
IQ membrane was about 2.8 mm and 1.2 mm, the thickness thereof was 800 pm, 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?/b/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 reducé an

25  equipment cost.



surface, and a second thickness, the first porous |ayer is arranged
on the outer surface of the braid and the second porous |layer is
arranged on the first porous |ayer, the first porous |ayer including
a dense layer with a thickness |ess th§g¥the first thickness, said
dense | ayer having an average pore dia r in the range of fromao.?2
pmto |l m and t ciond | ' dense | ayer wth a
t hi ckness | ess tﬂgﬁﬁghe §gg%%%ﬂg%i?%g%%é@?hgg#ﬁgﬁ%ﬁ§§&?av%%%ﬁﬁﬁﬂﬁg an
aver age por. { t i range of from0Q.1 pmto 0.8 gin, an .
average di ity gl%ggft%%ﬁé’ﬁl@%?‘éesp ?“%‘HBmESEﬁ‘%S’ﬁB% eﬁ&@ieﬁ? BYOPETYICE 15N be easily
porous layer is in a range of froml pinto 5 m and an average

di anet er oﬁ”@h@eﬁores at the outernost position in the second porous
| ayer is in a range of from0.8 pmto 2 pm and the nmenbrane has at

| east one of first and second dense | ayers located 0.1 to 50 pm
inside the outer surface of its respective porous layer. 2. A
conposi te porous nenbrane according to claim1, wherein the water
perneate flow (W) is 50 nB/n2/h/MPa or greater, and the bubble
point (13P) is 50 kPa or greater. 3. A conposite porous nmenbrane
according to claim1, wherein the bursting pressure by flowis 200
kPa or greater 4. A conposite porous nenbrane according to claiml1,
wherein the endurance period when water successively passes through
t he conposite porous nenbrane at 200 kPa is 150 hours or greater. 5.
A conposite porous nenbrane according to claim 1, wherein the
endurance tinme of applying pressure of 400 kPa to the conposite

por ous nenbrane repeatedly is 100 or nore. 6. A conposite porous
menbrane according to claim 1, wherein said brand is conposed of

mul tifilanment, nonofil anent, or spun yarn. 26



7. A conposite porous nenbrane according to claim1, wherein said
braid is conmposed of nmultifilament, nonofilament, or spun yam said
yarn having a filanent nunber in a rasge of from30 to 200. 8. A
conposite porous nmenbrane conprising a braid and a nmenbrane nateri al
wherein: the nenbrane materi al COHE&%&@% a first porous |ayer having
an inner surface, an outer surface, a first thickness, and a
second porous | ayer having an inner surface, an outer surface, and a
second thickpess, the first porous |ayer js, arranged on the outer
surface lof tAEOHPEIIG PRFRFS DIEI0EME SHBPT T DRFaid) 2iida merabrans mAlGEH. whertine
first poroushé meedbrardeBatbiid) SbmpPiXNeOH Sirdt g_bﬁ%ﬁs 296 HA91n8%nAnSe B8 ace | MVler
with a thickness [ ess than the first thickneSs, sai'd dense | ayer

havi ng awfasgetnge fper@ickersamader ssopnd pryopsalarrs fewingrasningerosugfaes, gn [outgm
and t he sseeeng dR0kOM% thQkfsks i ncl uding a dense |ayer with a thickness
| ess than the second thickness, said dense |ayer having an average
pore di anet ghe fistgporeusgleyastis farremged.ob tfenotisr Guidace mf thodraihend mheesecond
surface C r has_abgut. 1% t 0 about. 50% adhgsji on
fo | thorBlsrt MebraRleBrbat: b Bl Bl MR BB A R P e
por ous teypbwihe thickossdilesy thao thd ArstritBcknedeseél derbd &ayaw kavirgeardiveragt @oreof
t he porss at_antouternP§I Qﬁfitio? in the first porous layer is in a
range of AT 5 52N8ROT HRY V-4 WA Y 4P di aneter of the pores at

out er nost pmrgej $dcond pm-otm&ys:emalmdin@@rc%gﬁe legarerith & éliiﬂc:ﬁssr l@fblg@an mée ddcold
ginto 2m 10. A GO Sit orous nmenbrane accaqrding to, clai ,

Wher ei n{EkEFSHAIbASTTE 14745 hfinE Yesreraes RRreRarsSisTaR aBes B Od e & 08
l'ayers |@cated 0.1 gmto 50 minside the outer surface of its
respective porous layer. 11. A conposite porous nmenbrane according to
cl ai m 8, wheldivRragar tmstea Rlthe Porcs Aghe ayermost pasitionfin thedtiporous layer is in

monof i | APBRL of A5mSIAAN 19 8, apdan as?‘veg %iege‘? gg’ﬂ{e%ﬁs%fmro%&%n@& 6e%nng

to claim8, wherein said braid i npose ifilanment,
nmonof i | @rvengesorsy pospusriayeaisnin agaiigd of&em Okfawh tg2 ami padanent nunber in a
range of the membrane has at least one of first and second dense layers located 0.1 to 50 pm

inside the outer surface of its respective porous layer.

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.

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

moie.

6. A composite porous membrane according to claim 1, wherein said brand is composed

of multifilament, monofilament, or spun yarn.
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7. 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.

8. 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 pmto | 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 pm fo 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.

9. A composite porous membrane according to claim 8, wherein the average diameter of
the pores at an outermost position in the first porous layer is in a range of I um to 5 pm, and

the average diameter of the pores at outermost position in the second porous layer is in a range

of 0.8 um to 2 pm.

10. A composite porous membrane according to claim 8, wherein said membrane has at
least one of first and second dense layers located 0.1 um to 50 pm inside the outer surface of

its respective porous layer,

It. A composite porous membrane according to claim 8, wherein said brand is composed

of multifilament, monofilament, or span yarn.

12, A composite porous membrane according to claim 8, 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.



