|  DESCRI PTI ON COVPOSI TE POROUS MEMBRANE AND METHOD FOR PRODUCI NG THE
SAME 5 TECHNI CAL FI ELD The present invention relates to a conposite
porous nenbrane, which is suitable for water treatnent, as a
mcro-filtration menbrane or an ultra-fjltrati on nenbrane, and to a

met hod for producing the conposite porous nenbrane. 10 BACKGROUND ART
Recently, water treatnent in a nenbprenriPEOMNd, Which uses a filtration
menbrane which is excellent in separation ability and conpactness, is
drawing attention in view of increasing interest in environnental

pol lution and tightening of regulations. 15 In order to use in such water

treat ment, i i (S ding to _have not onl excellent
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properties which are higher than those of ordinal filtration nenbranes. As
conventional filtration menbranes haviaMEexcel | ent permeation capacity,
filtrati on nmenbranes made of pol ysul fone, polyacrylonitrile, cellul ose
acet atbe, 20 pol yvinylidene fluoride, and the like, which are produced by a
wet spinning nethod or a dry and wet spinning nmet hod, have been known.
These filtration nenbranes are @gﬂﬁ EfEr o- phase separation of a
pol ymer solutlon and solldlflcatlon 0 %e pol ymer sol ution |n a

non- sol vent . % {%g nbr.anes conprise a dense |a and a

support Iayer i JE’ ngﬁ g0 A& PR au%weggyﬁﬁew Fbé§QHMbk

structur or water treatment, as a micro-filtration membrane or an ultra-filtration membrane, and
to a method for producing the composite porous membrane.

10

BACKGROUND ART
Recently, water treatment in a membrane method, which uses a filtration
membrane which is excellent in separation ability and compactness, is drawing attention
in view of increasing interest in environmental po}lution and tightening of regulations.

15 In order 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 Jayer

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



25 Anmong materials for these filtration nenbranes, polyvinylidene fluoride
resinis 2 suitably used for nmaterial of a separation nenbrane. since it
has excell ent chemi cal resistance and heat resistance. However, there is
a problemthat a filtrati on nmenbrane de by pol yvinylidene fluoride

hol | ow fi ber nmenbrane has inferior nmechanical strength. 5 A porous

menbr ane uitablii wled ey &ﬂ&i&r@ia%pﬁéﬁoﬁ&khgﬁén& s‘?ﬁ@%‘?ﬂgfsdegcgllll&t RRLRR

sem perneabl e nenbrane has been suggested as a nenbrane having I ifproved

strength. m_ped,,Pat ent plications, First. Publication
NosS. SSZ-f)eg%@E?E&gcg%aggegégff “an 0@%‘5—‘!&5@%3@? pr %@@F?fﬁﬁrﬁ%‘ PHadbEpg; ds
are entiregl é Enbelgged d.n the | p?lrﬁus sen per meabl e nmenbrane, this porous
menbr ane HASC BY pPminghfsns foride holowdibsememrnedwgs infexor mechaniget t o

i nprove water perneation capacity, a separation nmenbrane, in which a
porous mefsngHe i s provi ded on the surface of hollow braids, has been
suggested (US 5,472,607). However, since this separation nmenbrane has a

por ouss membr aneA@otans diembrige HULKiE Boltdw bhgdstir@bdifrelyt dbhifediadinfa ﬁ&B{}é em
that the porous nmenbrane is easily peeled 15 fromthe braids. |
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invention is to provide a conpos orous nenbr ane, nly
excel | ent i ion.capacity, hut.al excel | ent _adhesi on between a
por ous ey dé'ﬁgeggh%fmgnﬁ? °n‘é‘}Pd’Bﬁ@t%a |‘Fé?“yﬂ‘i9ﬂ8?ﬁ°és$5%ﬂ%ﬂo§5net hod for
produci ngﬁfﬁﬁcéﬁposi te porous nenbrane. 20 DI SCLOSURE OF THE | NVENTI ON
The pres - t MO BA288s  Hewemsssince thedhreds arreritirelpembodied isithg a

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 exceilent 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



braid, and a nmenbrane material; wherein the nmenbrane material conprises a
first porous |layer conprising a 25 dense |ayer which is arranged on the
outer surface of the braid, and a second porous |ayer conprising a dense
| ayer which is arranged on the first porous layer. It is preferable that
t he conposite porous nenbrane be a porotis hollow fiber nenbrane which is

obt ai ned &ynmEddhd Qgeﬁsgzaﬁyeg?m%&r;gaggﬁ eﬁio%'th@%{%tg)gfq%ﬂi d. Wen the

conposite porous nenbr is use wat er YTt is necessary to
make liquid at S.the-fi.rs jde flowrelative to the surface of the

menbr ane. Due tlglw{gfef&fbé?/\}qi‘h&tcpwow PYTARS BgMbEae bsfa noneushodorafiker t he
menbrane vibrates and is strained; therefore, the nenbrane is required to
have suf f TEPEMANE YdiFHisiobiainas etrgting 18 mebtahe maeriall on ieavisraids UfWhei @Bt
mechani cal strength, the conposite porous nenbrane of the present

i nvent i onconipsite pdrous menibranecih ascdcfok waitdr eRginiont, lilisHeb&Barl he nﬁﬂgﬂaﬁiidta?
porous nenbrane of the present invention conprises the fenbrane ‘materi al

conprissi n@e fivd sie oW R1ARRIS heP)(Bfage of MBE nRAMSL. { DHROLIHS noTEIRANE has
i mproved durability. , In additi or?,e?htzﬁpr esen é'i ﬁ%‘gen{"ﬁﬁ%ﬂBY“d%lﬁﬁ}é%‘oa

met hod f ; j shte Qrous, menbr gne cqQ ising the steps of.
e BirpaLe rﬂel%%{:g?lg’ot:hutrrfe TahF Yorajes 383&? %Féﬂg%) athesetpienthenozz| e;

coating a nenbrane formng s

sol i di fyilggm he coat ed ({TEQ_{t%rane form n%'sol ution in a solidification

sol ution B@Bﬁﬂ?crgq‘éfr‘f odiavp sithigient meehanicabstrangth. arfindeethe hendstave f or mi ng
solution on_the surface of the first porous |layer using the ring nozzle;
and sol i dfY9eY meshanied strensthethd compositrpurag meahbitane of ihe presedl indédionat i on

solution to produce a second porous layer. 20 BRI EF DESCRI PTION OF THE
DRAW NGS 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
F1G. 1 is a cross-sectiona] view showing one embodiment of a 1ng nozzle used

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

25 BEST MODE FOR CARRYING OUT THE INVENTION



FIG | is a cross-sectional view show ng one enbodi nent of a ring nozzle
used in the nethod for producing a conposite porous nenbrane of the
present invention. 25 BEST MODE FOR CARRYI NG QUT THE | NVENTION 4 The
preferred enbodi nents of the present inyention are explained bel ow. The
conposite porous nenbrane of the present invention conprises a braid and

a nmembrane mat eTh@hrefapfiaresi dﬁrﬁ&atfrgf;@% %ﬁeﬂ%@éﬁiﬁi@h apeo‘%g)yirzeﬁeﬁo&i Fst

porous |ayer conprising a dense ich'is arran e outer

surface of the i d a 5 secqnd us |l ayer conprising a, dense |ayer
which is arrangjgﬁa‘a'a %O(r}:n’f(%gepﬂoélf 58 6@&&%6‘!‘5?5856 JIvsRon Famprises @ bradand n t he
conposi te porous menbr_a&ne of the present invention is explained in
detail. |1§meR Baigple Whaksin \ng mestiprssalgrieleonmrisesa fiss goraws ayer pr esent
invention be nultifilanment, nonofilanment, or spun yam In addition, the
cr oss- sectdmprainghderse ddyer mehichli® agramgeid onphebetenbirfacaof thiengaid hapes hol | ow,
or an irregular shape. In the case of using nultifilanment for the braid, a

nul tifi | aseesid peréuaiByar cdrhpradi®d déHdERBer Which i§ ﬁﬁ‘ﬁ%eefon W it ﬁ%@ﬁ fayer.

preferabl e, because it has excellent Strength and water perheatio

capacity. Wien ghguni, : i | (&1 an 30 e deform
pressure of the ‘ﬂ\gj ti ?&?gg@%?ﬂget@?g@%isﬁePﬁlsozlaﬁ?{]e@sr?x}d?/é}gﬁpfcfergxceeds 200,
there 15 4'% wat er perneation capacity nay be degraded

. pr.obabi | i h
due to de' r%’ﬁ%@r‘gfi’?@h‘é‘%&?{ma@% di amet er. Exanples of the materials of the

brai d include slynt hetic fiber, sem-synthetic fiber, regenerated fiber,
natural fiber, HHPricstiathatyimsemposing thedusidhsedietic presefitwindimgibhpeor i n
conbi nation of two or nore thereof. 20 Exanpl es of the synthetic fiber
i ncl ude pobldiirdentf nbeoSlament) oaspunplaan En adgition, the cross-sectional shape of the
10 yam is preferably a round shape, hollow, or an irregular shape.
In the case of using multifilament for the braid, a multifilament having a
filament number in a range of 30 to 200 is preferable, because it has excellent strength
and water permeation capacity. When the number of filament is less than 30, the
deform pressure of the multifilament decreases. In contrast, when it exceeds 200, there
15 is a 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; polyviny! chloride fibers;

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



66, and aromati c polyam des fiber; polyester fibers such as pol yet hyl ene
terepht hal ate, polybutylene terephthalate, poly lactic acid, and poly
glycol acid fibers; acrylic fibers such as polyacrylonitrile fiber;

pol yol efine fibers such as polyethyl enegand pol ypropyl ene fibers;

pol yvi nyl al cohol fibers; polyvinylidene chloride fibers; polyvinyl

chloride tndpoiyictdBupokihylat fives; poNeksiend PaRBkIKentsREiBersS ddQROTIES! N
fi bers such as polyvinylidene fluoride 5 and pol ytetrafl uoroethyl ene

fibers; polyal kylgnficpar ARMALIZARLE AldGlad UluldIE abilifive BRAIRLER O e

sem -synthetic fiber 1nc e ce ose derivative o
cellul ose diacetate., cellulose triacetate, .chitin,_ and chitqgsan fibers;
protein ff%ﬁ Ses‘ﬁ%%taé ceb\glpﬁeat]qaggatﬁr 15-and fitpsan fibegse proteipfibasisush af t he
regenerated fjibers include regenerated cellul ose fibers produced by

vi scose nBeHRlEd ReppEandMifollica met hod, or organi ¢ sol vent net hod,
specifically include rayon fiber, cupro fiber, and polynosic fiber.

Exanpl®s of t heErampleabf flichegentroddufiters inalude iregenefatddaeuload Hbérh prdduked
Exanpl es of the inorganic fiber include glass, carbon, and netal fibers,

and the &9 visck® mARBASLopP&SRamanih 'n&@l{iocﬁ Bfrgfgaacg%h\%f‘t 1#1?@%3, s‘f)@(g(f)i?{illgm de

pol yester fibers, acrylic fibers, polyvinyl ers,

fibers, aﬂﬁhﬂfé'r %?A"gﬁ's‘{ahédﬁg‘?f‘.ﬁ%%?%“%‘ﬁ%@‘{s@&ﬁ%r because it has excellent

chem cal resistance. fibers and acrylic fibers

are nore preferable. 15 From 't vi ewpoint of inproving durability and

adhesi on of theﬁﬁgﬁﬁlreﬁﬂgt,hetnﬁ‘é’mlﬂ B s side dax; ke Bbets.dnddhgphkserably in a

range of 500 to_1,200 dtx. Wen the fineness of the braid is |ess than

500 dtx, the deF&#mpiss ebigiroresnic fiberinolbdelastserbonsesl métal fitkostandshe when

the fineness of the braid exceeds 1,200 dtx, there is a probability that
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 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 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
10 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 Itis preferable that a degree of fuzz be 15 or less per | meter. When the degree



wat er perneability may decreases due to decrease of the inner dianmeter of
the braid. 20 In addition, fromthe viewoint of inproving durability and
wat er perneability of the nenbrane, it is preferable that a nunber of
spindles of the braid be in a range of § to 50. Wen the number of
spindles is less than 8, the deform pressure decreases. In contrast, when

it exceedofhifkz eixbesds 15pen 1 picddrabéfeitive doBRH pBRiddE aRSIABABéderdtyd, HRY
decreases due to decrease of the inner dianeter of the braid. 25 It is

pref er abl ea¢ibak s@cl%&"oﬁﬁa&lflusf %Zsu%?engigd eratt%:jygﬁz ? ¢, andrﬂats%r ts Or ﬁfé e

degree 6 of fuzz exceeds 15 per nmet er e coa I'ons are

por moat o e S o OSGHESLREE PR Aopidhe be s e i %a@&éfo 6%, oz

per | in of %he braid is nore preferably 10 or less, and nuch nore
pr ef er abl ynushgponedseferaglyppeleshie term "fuzz" denotes a fiber which
protrudes fromthe braid | oosely or by cut of the woven fibers conprising
the braid, matt é&leré thederim biarz Sdempeeswtfibeh whichqirtieudes thioan theibegid So@elyori Si ng
the braid and which protrudes fromthe braid, and foreign substances

whi ch haveyaussfghe walvee fibkRaBniprisRi tﬁ@&awhﬁhepﬁa%ﬁw%hé e%m?s &g d-

From t he viewpoi nt of inproving an i mpr egnat i on percentage of resin
cont ai ned t4h05Heps &gg ﬁ%'qé){h%%? r@% r haqt er._shrinkage
per cent age oflfﬁe R p?e era ll%gt %égn?gggnmﬁb?ﬁﬁ%Fégkrably 4%
or |ess, ng ref er abl | e mater shrinkage
per cent ag&" EXH Sﬁglgog‘l}%agﬁ AiS ﬁ%PcaP %‘“6 aﬂg&li'ﬂ'::ﬁg’m‘ﬁ’ G thepraih i s one
process of production, the braid shrinks remarkably. Wen the braid
shrinks remar kabFgm thaydewpet obigmsawng &% émpreghation nercentage efresireepnitamed t he
braid, also 15 shrinks. In contrast, since the second porous |ayer is not
conpl édel yn tteerabrane makerial ia the brapab,r}mm svatenykrinkapb persenagdofithe busd isayer
does not shrink remarkably (details are expl ai ned
preferably be 5% or less, more preferably 4% or less, and much more preferably 3% or
less. When hot water shrinkage percentage exceeds 5%, during a hot water washing
process, which is one process of production, the braid shrinks remarkably. When the
braid shrinks remarkably, the first porous layer, which is impregnated into the braid, also
15 shrinks. In contrast, since the second porous layer is not completely adhered to the first
porous layer, the second porous layer does not shrink remarkably (details are explained
below). Due to this, the gap between the first porous layer and the second porous layer
increase, and resin does not readily impregnate due to the gap.
Tension applied to the braid influences stability in forming membrane process
20 and impregnation property of fixation resin. In order to improve them, it is preferable
that tension applied to the braid be in a range of 1 kPato 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,



below). Due to this, the gap between the first porous |ayer and the second
porous | ayer increase, and resin does not readily inpregnate due to the
gap. Tension applied to the braid influences stability in form ng nmenbrane
process 20 and inpregnation property of fixation resin. In order to
inprove them it is preferable that tension applied to the braid be in a

range of Rhegp teow@h thrst Phens Ia@Sﬁmh@@éﬂdn@(f)or&@lzg)é?t&ﬁ?it@bé BrgefSS than
| kPa, problens such as the braid is off froma guide during production

pr ocesses Tegsign bgpIRATH khe & ' i 0 br gi d exceeds
30 kPa, the braid and théﬂgﬁﬁgﬁmgg@gﬁgaﬁgétgﬂF@ggk?%9Bé)?#Rg%fmgﬁﬂl he

def orm de f: t Q0.b rge but the second porous |ayer
does not %ﬁgpﬁﬁé@gﬁﬂggﬁnﬁ%&éﬁ?& ?M"Ea 7&4%??@6@&?5155&%%‘1 hidebraid t
porous | ayer, and the second porous |ayer tends to be |arge. Tension
applied t 5 hemgasured bY%smpRuENg PEssEra BPRliadio a nastred eheobrail befaretiotr@fickiga, and
much nore preferably in a range of 5 kPa to 20 kPa. Moreover, tension
appl i et t ¥ 4 ABg pezziciusiegm tansionmaserr ed by measuring pressure applied to a
part of the braid before introducing 5 in a ring nozzle using a tension

meter. As the bAaie brhidr f(ﬁéﬁm@%le,, a Bralf, 3itlch 1Sk S bgléﬂfgﬁ‘rgge%t \gga\@}g' fging

or weaving 16 of polyester fibers-96 filanents havi :
L1 1) O e S 8 S LA RO P 1o
ayer ad; 0ght HesiR BT Bl QbR R Giabersedng s second porods
From the vi ewpcl P BF M@t RvsarF ceplaneds i |t ration capaci (y. the
menbrane material has preferably many pores which pass through the
menbrihe mat er i Ee megbrane 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. 1t is preferable that the polyvinylidene
fluoride contain polyvinylidene fluoride (A) having a weight average molecular weight
of 100,000 to 1,000,000 and polyvinylidene fluoride (B) having a weilght 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 10 10. It is

25  more preferable that the ratio be in a range of 1 10 3. By adjusting the ratio in such a



15 connect between one surface and anot her surface of the nenbrane. The
pores of the nenbrane nmaterial nmay be pores, which pass straight through
the nenbrane material, or have a net structure, that is, the pore nay be
conplicated in the nenbrane nmaterial . rom the viewpoint of inproving
chem cal resistance and heat resistance; it is preferable that the

menbr ane raagerd @jrebme@érﬁﬁ%&ﬁe&bfﬁggggﬁg% gb%ﬂy@‘@@@dfl uororesins, 20
e. S

pol yvi nyli dene fluoride is nore prefera preferable that the

pol yvi nyli dene f ' t ai,n pol yvinylidene fluaride (A) having a

wei ght aver age rr[ﬂeg?tgﬁ tgl%k\ﬁggl;g@tthe ’glFm¥EE?61F na isjtop fyckydbe water

pol yvi nyl i.dene f.luoride (B) having a weight average nolecul ar wei ght of
10, 000 toP"s’H’G,g?)‘EﬂbVa ST A RQRERSTaYhes TR ttdiip dhe/miemptand emey befdasidy | de ( A)
to the polyvinylidene fluoride (B) ((A)/(B)) be in a range of 0.5 to 10.
It is 25 frsmasehr eflBerafiire thtrthicknkes ofdbé metwbrane ndateddl0eoiichll}, Ahedthid®ess
adjusting the ratio in such a 8 range, a pore dianeter in the nenbrane

can bé eafsomyhaniossineet, sullentotthe nidsi &h&%&a@éoﬁtﬂ@n@@%ﬂﬁa@ﬁ%ﬁgi al is too
thick, the water perneability decreases. In contrast, when It Ts too

thin, theyraREYIANE: FRYe BE L ged. Therefore, the thickness of the
rrenbraneepnaterigl , spggi flzg(gﬂnfx Stoﬁgp}?hi ckness 5 fromthe nost inner

surface to the er surface of the nmenbrane naterial is preferably
in a range of 2\@8@ teh%%trﬁﬁ SEERI Ropus ARy arsdhered suchyihaisthe oner pufasas
g .
| ayers ar(ﬁtﬁdper ed sugb\, that the outer surface of the first porous |ayer
i s adher et PO BOTOHR Kyesisradbered &7 thetienes swidang of theosesondig@nys lager, engt h of
the conposite porous nenbrane increases. However, when the first and 10
second pot§B&th|odyle eompasite ghmue teatimpledherkeyses WaHowe T WRabiHeifiryt M@CT eases.
Therefore, it is preferable that | to 50 %of the interface area of the
bot h 10ay eesondgicabnsileydrs akQi%e @l colnpRté 1D Witk A&SmRAR Bty decAIBET eq’herefore,
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 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
to 0.8 um.
The thickness of the dense layer is preferably in a range of 50 nm to 50 um,
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 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 pm is not



From t he vi ewpoi nt of adjusting both of water perneation capacity and
fractional pore dianeter, it is preferable that the first porous |ayer
have a dense | ayer 15 having an average pore dianeter in a range of 0.2 to
| gm It is also preferable that the sgcond porous | ayer have a dense

| ayer having an average pore dianeter ifi a range of 0. 1 to 0.8 pm The

t hi ckness pedfertable, BRASR WS il f Youh -yt o 50
(err)ym rliore preferably iﬁ gsﬁgﬂgg f?ﬁ?ﬁ&“ﬁ%&%@%&@ﬁ%n agirlf&&%ch nor e
pr ef er abl g4 e O, run to 10 From t.he vi ewpoi nt of

adj ust i ngxgﬂcﬁ% ﬁﬂo eﬁ%f&g? df)]g’r?[grgg qdye %%rgg?s[sﬁg]ﬁl& like, 3¢ Fasxidapeeed. dilamet er |
it is prefertable th?ﬁ (?t | east. (%ne of the first and second porous |ayers
have the GeWES: M thedense fayer isiformegat pasitien phstede insidsrirarh shonrfceroft
surface of the nenbrane at a range of 0. 1 gmto 50 pm The nenbrane

whi ch has thejBergbigge al Hem oagreaBrpoenbians petiemence doessnal dedreas) birar jgur f ace
of the nmenbrane at less than 0.1 pmis not 9 preferable, because when it

i s shotkedufficient thaetho dessedsyer be fitardat RHOALSMWHhAE RS eOtiom B %’éﬁfﬁge of
menbranes during a production process and the like, 1t is easily danmaged,

In contraﬁhnmﬂg@ﬁehhg”gg@§ﬁg&§%§5&£s formed at position where is inside

fromthe surface of the nenbrane at 50 gin or greater, nenbrane
per f ormance doeg N9 but it . is 5 suff t that the dense | ayer

2Crease, . Lcien
be forned at a posi %ri tgﬁ RIVERYi HCHE?E’&%]“VH(BHRTE%T@!?& thatat lgast opgal Whenbr ane
t 50 ' pt ' | | d to i t bilit it
a gm i.n_practic use, In order to inprove water perneability, it is
ref er abl érﬁl ﬁ%‘fseﬁm BOFops Epiers dave # aapportlayer ayhichsenoprisepposa baviager s have a
P ; . ! . . .
support | ayer which conprises Fores having dianeters increasing gradually
from asi déiagreternincrtesing gradyelly fromassidieofithe tibresehayair tb a Byle b0 dRAHI OByOf
such inclination structure, when the thickness of the menbrane increases,
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
umto 150 um. The diameter of the pores other than the macro-voids is preferably in a
range of 0.1 um to 50 um, more preferably in a range of 0.3 pm to 30 pm, and much
15 more preferably in a range of 0.5 um to 20 pm.
In addition, the average diameter of the pores at the outermost position in the
first porous layer is preferably in a range of 1 pm to 5 um, 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
Jayer 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.



hi gh water perneation capacity can be maintained. The support |ayer may
contain macro-voids having a dianeter in a range of 50 (err)mto 150
(err)m The diameter of the pores other than the nmacro-voids is preferably
ina range of 0.1 ILmto 50 W, nore pieferably in a range of 0.3 gmto
10 Pin, and nuch 15 nore preferably in a range of 0.5 pmto 20 (err)m In

addi ti on, the aBelagehedionimiste poious ARnedRontprish U bR the Gfnitrde | N
the first porous layer is preferably in arange of I ginto 5 pin, and

that of thRAlRexplaifdae outernpst position in the second porous layer is
preferably in a range of 0.8 ~Lrn to 2 ~Lrn. Here, the outernost position
of the first po .|;ayer notes a posjtion of a 20 interface between
the first and sgg%ﬁ%‘lkﬁ%?soﬂgﬁ? spur o ﬂﬂlecﬁ?f%‘fsﬂﬁg’f’grﬁﬂgfstﬁrﬁﬁ‘?r%’ﬁy frerangecond
porous | ayer denotes a position of the outernost surface of the second
porous | éﬁ@o WA 11208 Hawda the ¢hse Bushichyateripsrmenbilititad swenstivfo deferm

menbr ane. When the nenbrane conprises anot her porous |ayer on the surface
of the seawnekguonmumnidymtiont h¥heo ttecourerstiamerei f tha cofpbdie peasgnd por ous

| ayer denotes a position of an interface between 25 the second and

anot her pgiefibsaredy &o lafe, tH8eh@Hbrahd\fres PENRTH ¥ RuMe HOYSastE ML ARGHER WhdrS| NY
the braid and the nenbrane material is explained. The thickness of the

o oh° - R RIBRGAS SIRIDY A ubief & 6L AR ol s FAREE anf Lotk T £ 0

1,200 ~Lm in the case in per nea ef orm
5 are taken . into cansideratio en the outer dianeter of the conposite
por ous rrewg}eéﬁgmilesagf’%bmlr%ﬁsﬁ%, nrtl'f?ée ﬂ’@nﬁﬂ%ﬂ@yeé?e@%gﬁég‘%lﬂﬁ‘f"tr dysnsisreridbcr eases.
In contrast, when the outer dianmeter is smaller, the dianmeter of the

hol | ow paftmpestempermtsmenbrane beinst mageof H00Gumde S0 mmatandith¢ mperases.

Therefore, it is preferable that the outer dianeter of the
10 diameter thereof be in a range of 700 um to 3,000 um.

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 (m3/m2/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 laver 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.



conposite porous nenbrane be in a range of 2,000 Ima to 5,000 [Lm and the
i nner 10 dianeter thereof be in a range of 700 gmto 3,000 ~Lrn. Fromthe
vi ewpoi nt of achieving sufficient filtration capacity, the water perneate
flow (W) of the conposite porous rrerrbr@ne is preferably 50 ( M3/ M/ h/ MPa)
or greater. \Wen the water perneate flow of the conposite porous nenbrane

is less than 5EréMNBhé 0RABLMPES adjh g%%fﬂjﬁs&:%tgr&%ﬁ%??n;%g? J@Qaen has

inferior filtration capacity, 15 and”is not for pra .dThere isS no

upper lim ! | t.ion iy, but the water perneate flow of
400 (m 3/ ﬁ‘h‘%ﬁ%ﬁe ‘if"é’g’é{ﬁ mpe a?l%rtﬁ% Ve vealeT Syseessivelyinassss drravalbibe t hat
t he bubbl e poi nt (BP) ofwghe conposite porous |aver be preferably 50
(kPa) or (PERCEHC PYRRRHME raé‘ﬁlﬁb% & Hie andurages perinsrbesi$ Odears dragreater a such
as colibacillus and suspended matter perneate, and it is not suitable for
practi cal When the@ndyurancet pegiodiielepoihat 150 hadf,Umtierg sbeh 45 oiibuéelles agder meat i on
capacity and fractional pore dianeter, it is preferable that the bursting

pressube bysgehowd dbnérRrmeAaRAIit S nBOLUMIBI TBIRLANG] B& . 20 ekeha nfupgieat er .
When the bursting pressure by flowis Iess than 200 kPa, ebalctneru?c'gérsuch as

col i baci I st MQ%H&E&%H@& e e%ﬁz’anc%ﬁ%i({daoefj @[ﬁb@hoﬁgsi itigl? ?:nggg Lr e

practical use. There is no er limtation,

by fl ow ng_of 000 kPa,is sufficient for practjcal use. Fromthe

Vi ewpoi nt q%%prgéfcﬁg‘t’?eng%(ﬁ’ﬁﬁeo n FP Feéﬁhec‘élﬁéﬂﬁ’t’%}] thrgomppsitet i onal
pore dianeter, it is preferable that when water successively passes

t hrough t RETOUS Shgrelappemamtains rictipen sapacity befove RPwing he endur ance period be
150 hours or greater. Wen the endurance period is | ess than 150 hours,
bacteria such adn additimat islpreferable that shespreinehede taietofapplgfERAt Guredstdioot i S
not suitable for practical use. There is no upper Ilimtation for the

endur afice kpats 0@, cobipositgoreiivembife RehRdlyte 110 HPbrRoUhmehshesuf f i ci ent
for practical use. Here, the endurance period denotes the tine which the
CoNnposi t € epdurance 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



porous nmenbrane maintains frictional capacity before flow ng. In addition,
it is preferable that the endurance tinme of applying pressure of 400 10
kPa to the conposite porous nmenbrane repeatedly be 100 or nore. \Wen the
endurance tinme of applying pressure or 0 kPa is less than 100, bacteria
such as colibacillus and suspended mattér perneate, and it is not

cul a0l o pag il O, AR BRGEEHLIOL ) B0uf gt F,

endurance tinme, but the duration tine o I Cl

ractical ine denotes the tinme which the 15
(F:) onposit e S%“i‘?gﬁ?ﬁfr’%‘e%ﬁ%@ﬁe‘g %a%? %lﬁ]%sér? RO Sgﬂbéﬁr ; alpg apibermempiangi ng

pressure. .oduct,i on t hods for the conposite porous nenbrane
havi ng t hg)&g%%%%lﬁé?ﬂ P%Hﬁéub{ggfp‘é{ﬁg? b&st peeovs \ayienhsing thel imeonadete; and pr oduce
t he conposite_porous nenbrane of the present invention, it is preferable
to use a SYILEINEdekentcd prairany fopnhimgdohBipadn hissiifiyationt sohRicAre hedaubh € t o
20 di scharge a nenbrane form ng solution froma ring nozzle, free-running
at a f3 xethetseemnd porowsrlaiyerg t he nenbrane in a solidification solution, and
t hereby a porous nenbrane material is produced. In order to produce a

menbrane, firstiffi@eDlodofhn ke MRASrHS ]B?%s({ h0 'b?agc?,% ﬁr%?xgglgp&%?g gqfwlajﬁg and

t hen the nmenbrane form ng sol uti'on coa e br
produci Ngs@uGSHRAS L QUS nbr ape, of . the present 25 invention is a
met hod conprisi’ng thé step ; ! on a
Chod AR sl AR A0E heie e BhSine s Bemngean membrn

12 Dbraid;usi ngg il & i ng‘l n(g}z.zl e, .solidifying the coated nmenbrane form ng
sol ution MRS solytion, Mhich is spitabls for forming a porsda davet el Whicktis parcenisatbdiyer ;
and coating another nenbrane formng solution on the surface of the first
por ous | ag'@p thesfissymembraniefgrmiog sbletion o atsshd iegltistg Bepid.heBg Qﬁﬁg%d@@pr ane
formng solution in a solidification solution to produce 5 the second
por oul) | agmstsecond 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 1o prevent the generation of a void layer and



In order to formthe first porous layer on the braid, a first nmenbrane
formng solution, which easily inpregnates in the braid, coats the braid,
then a second nmenbrane formng solution, which is suitable for formng a
porous | ayer and which is concentrated ;4 han the first nmenbrane form ng
solution, coats the resulting braid. By using the first 10 and second

menbr ane bbrairi sgfisiehthedasicapsticngthdiffthes @ibosito RERAL h&h&ﬂgé}%h gtibgre?eﬁﬂﬁéa”e
a peell

form ng solution inpregnates a main portion of the bral ng of

t he menbr ' el revented. \Wen..inpregpation
property ?gﬁ %hhe(ra%%)% @Eﬁﬂfgh@?&@ﬁg%é& hgoégan\%ea Oﬁﬁm?rocf?nfﬁn%aﬂBPyWE‘%Qi‘% t he
first rren‘ﬁ{rg%%hf O{hm' ng, sol ution, .\/\hi@ﬁ; forms the nenbrane material, is 15
pr ef er abl y' 8290 g} f #LEMETSPRCSHER ) Ghihg T dpesmbrprastormpgsohiton. nor e
preferably 7%.or less. The first nmenbrane form ng solution easily

i mpr egnat egesificallye thscaneenssatian pfipely mgr ingbe yerend cemteaier fatring sotutiohe r ange.
In addition, when the conposite porous nenbrane is fornmed, a polyner
concend r awhioh fofms the membmaemateiat s plefdrably QD %sor gediéteaky Abfk préfersly | ar
to the polynmer concentration of the first nmenbrane formng material;

t her ef or e 1 5%br\ié fér. pf?ﬁ BRRPd inkxaQf Cﬁ%ﬁiﬁ@m@ﬂgﬁ@%hggegérht {h%ltpiows}n&an be

mai ntai ned at a high level. 1In ad nmat ef 1 a adher ed

to the br%&emrﬁttbﬂsi%ﬁfgﬂégﬂgﬁ/dF}ﬁfe;%s(\gﬁ strength. Simlarly to the first

menbrane formng so in which polyner, which becones
t he nmenbrane ma riﬁl E& di ssolved in a solvent, is used as the second
fHEPl¥gH

25 menbrane for sy apdseeRund mempraps Erminggolytiansinpiesnaldy an voi d
| ayer and 13 _obtain sufficient mechanical strength of the conposite
por ous neRifRBKeCoent. i Exsmpdesrafitheorgamiatsolyint isdudadinrethy fanmnfide,ni ng
sol ution have a polymer concentration, which is I|arger than the pol yner
conceHl r atlingsthdfacttamidd, nsd dimenty autfoxfder niABgorahee] @ifhethyl 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 maiter, 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,



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 1 5% or greater. In order to increase
perneation flow quantity, in general, t pol ymer concentration is
preferably 25% or |ess. The sol vent of e first and second nenbrane

form ng saliginoreset sn ReeiERaion BhitioRYBRIGeS es of the
organi ¢ sol vent include dinet hyIS folromamﬁde, cl%%g’?%oﬁ@gqégéét am de, and

di met hy sul f oxi A -di hyl agetam de | preferable, because
it provides a pmetﬂléﬂprreﬂgn%er §hlg%/t|1%§qﬁe§%hﬁréﬁﬁaa§??odﬁ’ hﬁ&ﬁoaﬁéﬁﬁc?‘ﬁ’y. I'n

addi tion, di#{ is preferable to Fi ssal ng gﬁ‘/drophi lic polymer, for exanple,
monool s sUEAYEES pot JFEE RVIHRReRfieighon g dhestreq-rynging tiagdbup lisgaandsy is
pyrolidone [n the first and second nenbrane formng solutions as an

addi tive F¥ICkghitrdractisg yshr atkerstparthe fronrunnirfy titheid mraferablly i 4 ragfe bhe
concentration of hydrophilic polynmer is preferably 1% by mass, and nore

pr ef er abl Y.B%ebondragdsecdl. upper linmt of the concentration of hydrophilic
polymer is preferably 20% by nass, and nore preferably 12% by nass. If the

tenperature of iRehd QIRMAHER QLIRS a@%b%d&@é}u%ﬁgﬁlggﬁ{?rﬁéﬁf dgpaned

fromthe nozzle, is less than 20C , rer1s a pr

menbr ane i kon.is gelled at. law te atures. In contrast,
when tho PaTeP heiertRalt ol ens if nETrRGY Rl popepetiigmendindsot
difficult,_and this . result causes perneation of bacteria such as

col i baci | PUEET Ysedy, 5 &xarmplepwhensdimesihy apgtamideripnsediastthbsadvénoof theact i cal
use. Therefore, the tenperature of the menbrane forming solution is

pr ef er abl Yerbrane fappiagsplupion the cometiratih i dimethyhadetansitie & thes6BdifidARnNg
the nenbrane formng solution coated on the braid, 14 it is imersed in a
sol i difi caelbven sqireferably ina mangderCiesthiso%:i r st porous | ayer.

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

15 to 85°C.

After solidification, it is preferable that the solvent be washed in hot water in a
range of 60°C to 100°C. 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



When the free-running tine is less than 0.01 second, filtration capacity
decreases. There is no upper limtation for the free-running tine, but 4
seconds is sufficient for practical use. Therefore, the free-running tine
is preferably in a range of 5 0.01 secpnd to 4 seconds. As the
solidification solution, an aqueous solution, which contains the sol vent

used for mlygodmﬁ@n@ma,fmrrig@,go§ggylﬁmmﬁéﬁﬂg?{é%ﬁ%ayu&ged. Dependi ng on

ki nds of solvents used, for exarple, acetam de is used as
t he solvent of t f i ng, sol ution, the concentration of

di met hyl acet ant erinﬂ{a?’gg{es%ggf fagfefnglhélgpf’ BiFmRAnEATSE Flygmical washingrbeovashed a
range of lin% to 150.% From%qtglﬁ Vi evvgqoi nt, of inproving nmechanical strength,
t he tenpera{‘?fr‘@a G NATanes Frtpd8Yion Esnuttioprefesable tdraethatrksuitingy.

However, when the tenperature is too |low, perneation flow quantity of the
resul ti ngMBHRsARERe drérd @RSy gredtartet Esethat HB0t@fpdrminuteao podatélRt less
solidification solution is generally 90'C or less, and preferably in a

range df HGMQ4 Hikirs 0 WhertheAkjiag is@inic &itGALHOR 60°C. lise g%qﬁ‘fg%ﬁi’%?) (Iﬁgfn@at the

sol vent be washed in hot water in a range of 60'Cto 1
ef fectiveidigo dsHglatd ploQut f - ' bat h t igh tenperature
as possible in agjr ange of t ﬂe S?f"?%?segb?@dgﬁﬁg?g@ge %?tesuﬁ%f]e %ﬁf“é‘fﬁtrﬁd
adhered. Ef %ms ' oint. the tepperature of the washing bath is
pr ef er abl g Oggb '20%?’{ g’Fedi}”BS 15 ?fl%f{@ﬁ abﬁ(gd gzr%rtﬂrﬁat?fhﬁlerealﬁta@mbﬂbﬂh%t er
washi ng, &he 1 cal washing using , hypochl orous acid and the |ike be
per f or med’ af/\ﬁ%ﬁ“?ﬂ}b‘@ﬁﬁ?@?‘ﬁ‘é@‘%ﬁ’ddﬂ slugisg dryingyand fion ceacks &irinoin thesurface
preferably in a range of 10 ng/L to 120,000 ng/L. Wien the concentration
of hypochP%ﬂ‘é@%ﬁf@m@P-i s less than 10 ng/L, the perneation flow quantity of
25 the resulting menmbrane decreases. There is no upper linmtation for the
concell rati on oftis 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 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 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 Jayer. It is not necessary to use the



15 hypochl orous acid, but 120,000 ng/L is sufficient for practical use.
After that, it is preferable that the nenbrane after chem cal washing be
washed in hot water in a range of 60'C to 100'C. Then, it is preferable
that the resulting nenbrane be dried QO'C or greater but |less than
100(err)C for I mnute to greater but ®ss 5 than 24 hours. Wen the

drying isfigahhd L OFNN i.re or dryin is too

| ong, and prodl??? ?ﬁ%gggﬁoﬁlﬁﬁa@g?ﬁ I%ﬁ%{l Ei&g%'tu 3?%¥0Wetﬂﬁ§?cogﬁipP%Fe f or
industria? eproduction. Wen the drying is carried out at 100" C or
greater, Héte is a probability that the menbrane shrinks excessively
during drying, d fine cracks formin the surface of the nenbrane. 10 It
i s preferable tNgtePiBePREREMTacthed tSrcagnad v forexample, 2onn@ndabixhowarina
skein. Wen the nenbrane is wound on a skein, elenent-processing becones

easy. As &Pl bismpeeferbbvesedwhhe tihgnbizlstommisess thayisirs,and i¢, halisiaeopidie
porous | ayer are adhered conpletely, water perneability decreases;

t her ef$r e 10j afigt diefdet dopzleVewhichhi Ssedblel 8diabEfRh ' form ng
t he second porous |ayer, a solﬁtion,emhfch‘@oes ﬁg?qﬁﬁdﬁ?éﬁgfﬁggﬁﬁg

The sol ut | ag a aiedbz2R: ¥is b b AR 8 e o s e EP1ad Bodel® geitbios
sol ution %g@%@rgr{}%&sﬁgggﬁ%mﬁﬁd for the nenbrane formng solution is

pr ef er abl fhen di nethyl acetamide is used for a

sol vent of the pmenbrane formng solution, the concentration of dinethyl
acet ani de in t h&h&divised plate dfichdisoshappdmenibes ahd eo@Pritdse qumdiit 4nia
material, is preferably in a range of]%to 50% As the other solutions

whi ch do wbichdhsbmid/mastéseimberbemereporasrethertof. alh MIdHRR, eI idedplated o1 Xt Ur e
containing an organic solvent and water, and these sol utions, which an

addi t10ve campridenadgstglpsigmott 6 fof sasiafe a MsRERbEASRARERS soldfifn, RhghHE abl ¥

used.
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
protrusien pipe portion 13 is hollow, and this hollow portion forms a braid passage 100
by ponnecting 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 1o 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



Next, the second porous |ayer is fornmed by coating the second nenbrane 25
formng solution on the surface of the first porous layer. It is not
necessary to use the 16 first nenbrane form ng solution having | ower
concentration to formthe second por ou§ 4 | ayer. \When the production nethod
is carried out. for exanple, a ring nozzle shown in FIG | is preferably

used. Thedivided ﬁMEZD@]s@Qﬁﬁéhﬁﬁ%sﬁaﬁEﬁ@?%P tﬁﬁi%&eh?het rtggyl%eg,ggp&ggfftte 5 10,

a first divided nozzle 9, which is asse ed adj] ace Vi ded plate

10, and |\ - , ich is assenbl ed adjacent to the
first di \alllC %%gﬁggglgi’\é fg,g[dda{%%%%ogln‘? %?&%n oq’?‘i"gﬁt%&cmt”ﬁ@' ‘?ﬂ‘ﬁﬁwﬁhﬁﬁ?ﬁ. The
di vi ded p{)&'ﬁde 10 i? @.di sc sh&ped, nber, anpd conprises a conduit 1, in
whi ch t he BIRH5385SIRdn acoymierentiat direcigns | Braddiegne the finshsodefitinepiogh, t he
divided plate 10 10 conprises a first supply port 6 for supplying the
first menbRTHAR 1{ apdihedfirsodisehiarge, poatitiam commested. suppl y port 7 for supplying
t he second nenbrane form ng solution, which are formed around the conduit

1. The di vi ded Wiz tle Brsi divRlednobaé 9Rad kdiidided Sk ﬁﬁ%isf?ﬁ@"m}tﬁ?@@e of
substantially a T, and having a disc plane shape. At the center portion,

a prot r us¢@emtiPAlRahA h uEidn is ' he,lnside,of the
second di vi ded noz)gl e 8, 1Is p; OVPH%\%‘. Ig%ée)ﬁ%}' %@ﬁ?%rﬁg%?’gé‘g%ﬁ?‘? fscfﬁorf% IS
hol | ow, apdnd Ri {)/{ﬁ rtion fgorns,a. braid passage 10 by .connecti ng
with the condﬁl}st? S“t’l]% @’%&;ﬁ%,% lrlsﬁmdﬁo%)f%{?@ds fis %edégﬁ’ﬁﬁi ‘gﬁ«?“ﬂ?’ PRGREF pl ate
10 are su f i rrpﬂcl)s?d %onﬁent rically, that is, such that the conduit | and
the protrusi&R PpiH d56R86ROE 3- ar e connected, the braid passage 100 is
fornmed at their_center. 20 The first divided nozzle 9 conprises a hollow
portion connectThegpesend diwideil nozzle 8 ipghya prentbebhaving adit kkapehatd ow porti on
connecting to the second supply port 7, which
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 formred 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 poo! 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.



formed around the braid passage 100. If the first divided nozzle 9 and
?Lg d?vided plate 10 have grooves such that when they are superinposed 4
concentrically, the first solution pool portion 11, which is 25 connecLe
to the first supply port 6, is formed. e first divided nozzle 9 and the
17 divided plate 10 al so have a ring-shaped slit such that when they are

. SOy . . Dot g
uperinposed ctmpatitulag ik preferable il s SENTBEOSE RO blotision oY 105 1 ’yn
tshg en{riprety of the wall of )ﬁt he braid passage 1OOE)| n a C|prﬁgu¢r§€ren i al

i i inti i i 00l ...portion. | | and the first
Gl Sehar go aeis, BRANARR 100U e Bral bl 1R, BRisiidhRl it hp e Shcklogedt  he

i Vi rinposed. concentrically, and a solution is
om0 R P e RO ER LGRS B 1
solution pool portion 11, the solution is discharged toward_the braid
passage 10 froff YHE Wpids+it insefereblycthatghe distantid (sdownthiciis denlred bpzzl e 8
is also a menber having a disc shape, and 10 conprises a second sol ution
pool pbr t ligyid sgaldengthicbatwedrethe eixk fago bf thenslo@udion hipe/pBRIdh lg?thaFRn{h%(éhh ng to
the second sol ution pool portion 12. This hollow portion connects the

second supfihy bpsid paséage/ 60, bh@tHa@hH ‘?é(&e%o(gtethé’ n@eocg)gﬁ gﬁgﬂélg\% g%x? g;@%* 1}%? gnd

supply port 7 fornmed in the first divi and

i Wi . i mposed. concentrically, the
second sop Litioe " eF e Sahdlbiady nfiefe £LIRIN TRk CLEMER e ik emen

oLt SRR o BRSPS Ry Db okt o SRS, o1
P PO R Panid S s e e Qﬁé,zt'a? setiosd %&aﬁgggﬁ%;;;& sahiton, pool
portion 1374 Had s _ _ _
portion 12. The second solution pool portion 12 is forned sugh that the
cr ossl&ecyhishas ceatesbon the sedicedd thecfisesoroonher, iStsaateihensqiwitiaat 1S, the
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  ofthe discharged membrane forming solution tends to increase. Therefore, it is



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 di scharge port 3 is forned by the outer wall at the end of the
protrusion pipe port 13 and the inner wh? | of the second divided 25

nozzl e 8. pb&sibleRo BANWES vesarh B referable that the end face of the
prot r usi orlljbpilpe %gr t] lltl)t(r:lﬂlil%,re g[ahtg{:fn. sf?“? AWECTr e drst porays lawse and ied passage

100, be pQsiti ihhner than the end face 5 of the second di scharge port
3, that igakﬁg%@g S#agﬁ'S of the second divided nozzle 8. In other words,
it is preferable that the distance 4 (below, this is denoted by 5 liquid
seal -1 engt h) betAtSERIiNed abave, hes thf divied ptand | QshofirsPiReIANHEED, 43 t hat
is, the end of the braid passage 100, and the end face of the’ second

5
di schar ge sgsond dividedhmizzlesy art:I&Snceﬁ&itail?@@péinﬂ%s&&eana%%?H'ﬁ o0 Vé'ug;‘éﬁ%d“t%zz' e 8,
I [imt o tﬁe 1 qui

be in a range of 0.5 mMmmto 150 nm The ower

seal - | Bngthe sesordl Ripplyaidry7.Q ; erably 0.8 nm . Wen the
i qui d seal-lengthp?gqﬁts§ ??gﬁggéﬁgﬁﬁl ﬁggée 6W3EHéH%9§H@“FB?%Pﬁ@e

sol ution, f i | n.the surface of the first porous |ayer, is
di schar ged] ;gldﬁgfdhvéz?ﬁ%?ﬁ ‘?glgg}‘}luﬂa’ R?F'é%‘ég’l"@ﬁgbﬁéhet forst divisle norzle Sewd ik

porous |layer jis.fornmed wth fixed diameter at a position where the
first por %%8“41 g%&%#'& $taredria the seaendotohwiongmol pamisn 1andAfie sehar ged

fromthe Asa result, it is probable that a large gap will form

0zz] e.
bet ween t SPIUFI@@ drsherged towped thertvtaitltpassee ¢ 00 ropOthe Becohd YifkcharkE Emttl he
vi ewpoi nt of 15 coating pressure, there is no upper limt of the l1quid

seal - | engt h, buln ailertoiptoduse tiRaconsegite F%QQ%Hb%lesirngEe ﬁhgg%#}%zzl e tends

to be difficult. Therefore, the upper Iimt of the |rqui al-Tength is
pr ef elfabl favigdsueia sthietukQ\Weét, th Bidid ?Jsu&;Bﬁed £G4 go%%lui-tlletg %ehbrlalsd 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 afier 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



preferably 100 mm and nore preferably 50 nm Wen the conposite porous
menbrane of the present invention is used for water 20 treatnent, a
fixing menber made of synthetic resin, for exanple, is used to divide the
first side and the second side. However,, when the conposite porous

menbr ane has the above-nentioned gap, the resin flowinto the gap, and

the pr obakéddntupplgHBASE Snd Q];afetci\e@‘i}?ef secoifll Pfattdn§BLEo n@ﬁgggﬁfﬁi&aﬁgﬁ dnd

inpregnate in the entirety o he conposite porous
liquid segha i i ed to,a suitable value, coating pressure 25 of
t he dischar%gg ne#%?%ﬁgﬂ%giiPﬁﬁmg&ﬁﬁfion tends to increase. Therefore, it
is 19 possibl eaiho &%event a |l arge gap bei ngg\t_ormed between the first
porous | ayer and”f REUPSHERREPUSERBURFangprovidedaviduipe aianslttambmaterialvhen t he
divided plate 10, the first divided nozzle 9, and second divided nozzle 8
are concefPMpBaNg phestinsepiroysdgpet, and ik secemd poroanialer is erphired abdve. 5 14 g
second supply port 7, the supplied solution passes through the holl ow
porti ok obreskre ifivansiond pireetn TRl mAy bRAS i ddE AL | rt rmed by
the first divide nozzle 9 and the second divided ﬁ%ﬁ‘?ﬁg’o&ugg#&gs%red in
the seconghisedsdtiheRoRA0 i hat, the splution discharged
(o oS myBbferdt rotthed M A hen i KBpbEa kol

toward the braid passes 1 romthe sec rder to

produce tﬁﬁ 2Ol it e porous nmenbrane using the ring nozzle 10 havi ng such
a structur e,q é??jgtssfzéqnﬁlémﬁ(}uéi?@efgné}ﬁfp%sf%‘HO'FSrlé‘Wrt he conduit Ito the braid

passage 100. The first menbrane form ng solution is supplied to the first
sol ution pool portion 11 fromthe first supply port 6. The second

menbrane form ng solution is supplied to the second solution pool portion
12 from t Ksamplésnd supply port 7. Wiile the braid is continuously supplied
to the conduit 1, that is, while the braid 15 noves in the braid passage

100, the first Beloby giegrésentihtichidalwilliRexpRirfddSHlafage,de 8 ' perimental

examples.

Properties of the composite porous membrane were examined as follows.

[T VAL H M
% 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

23



the first discharge port 2, and is inpregnated into the braid, the second
menbrane formng solution is discharged fromthe second di scharge port 3
and is inpregnated into the braid. After that, the braid, which the first
and second nenbrane form ng sol utions e 20 inpregnated, as expl ained,
this is imersed in the solidification“olution, and then this is
mater-masﬂggﬂﬁﬁgnghﬁghﬁg@1mashed, and dried, and after that, this is
wound. Next, the solution, which does not dissolve the menbrane materi al,

is supplied to LL suppl ort.6,.this is discharged fromthe first
di schar ged portTégﬁgian%%ﬁ?ggBﬁéﬁg@ﬁ¥@HEE@6Pﬁ¥W§SiPP%?hﬁﬁﬂéﬁ? | ayer. 25
After that, the.second nmenbrane form ng solution, which is supplied from
the 20 sg%ﬂ%fmé‘l]‘ﬁﬁg?wﬁé‘? fabte 1 3yfac prepawed biynisingepodpinyiflesofiubiidinA pool
portion 12, is discharged and coats the surface of the first porous

| ayer. Thémabeieddy aofpor bpsn,meadbmame: KYNAR@SONY, holyvenymasiy Aasidees er i al
conprising the first porous |ayer and the second porous |ayer is explained

above.5 | n(thirketed bpras®i Jabhy,aride 9Bme AK RN AU® 9TUbL | i idbgd med on
t he second porous | ayer. Fn this cage, t he porou%D%3¥§ﬁP§§éypﬁgL@%rned in

sequence [RarRettBBYESP L HENT orthat . of rpfgrm the second porous | ayer
on the fi ﬁst porogs ?%}%’wd@gﬁ%{ Ie(s%i@jdé&% ,m?tﬁg aﬁ?‘@%’é‘fﬁ i nvention wiil
be explained with reference to experinmental exanples. Properties of the

conposi te porous nenbrane were exam ned as follows. "% used for show ng

a content and a concentration denotes "% by mass". 15 <Largest pore

di ameter (nm) (Bubble point nethod)> Tablel

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 multifilarnent 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.



re diameter was nmeasured using ethyl alcohol as a neasuring
lggitﬁ{gssg ggthod defined in JIS K 3832. <Hot water shrinkage> 20 Thet t
I ength of the braid before and after imersing the braid, which Mﬁs cu t ?
I m in hot water at 90C for 30 m nutes, was nmeasured. Then the hop Eﬁ e
shrinkage was calculated fromthe foll%ﬁnng formul a. Hot water shrinkage

T, SR ST TRl © 1

treatment) / length of t rai ef ore _ _

' =X e-l. The first and second nenbrane form ng solutions |
E)r(lgerZI Egc}cﬁ}apﬁﬁlg%%%bg?rﬂ%h ersﬂ’&(bﬁa‘ah”a?mfﬂedmﬁﬁaoﬁe e1zik efsdumsi ng
pol yvi nyl i dene fluoride A ﬁmar keted by Atofina Japz_in, trade nane:
KYNAR( er r J'YBRFhIqHe solution,iwashediwih het walei atP0BCHof hamedtes afy thid whi mfl;dé gpan ,
trade nane: KYNAR(err) 9000LD), polyvinyl pyrolidone (marketed by I
Ltd., tra@e9¢i&nier 1&ng0ytes, and thenNhidivee thtnd asiapariinger. T4k BepretBIAGS! L1 ON

First nmenbrane Second nenbrane formng solution formng sofution

: ; : 20 9 i.nylid i de. B 2% 800
Pol Ji nyl pyrol i one 206 1006 N Ha met For” Becnderab VG Simer el Wi on

tenper at ubRiPREEC1800She tension applied to the braid was 9.8 kPa.

After that, the braid comprising the first porous layer was introduced in the
conduit | of the ring nozzle shown in FIG 1, which was heated to 30°C and has an outer
diameter of 2.7 mm and an inner diameter of 2.6 mm. Then, glycerin (marketed by

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

15 N,N-dimethyl acetamide and 95% by mass of water to produce a composite porous
membrane. After removing solvent in hot water at 98°C for 1 minute from the braid
comprising the first porous layer, the braid was immersed in 50,000 mg/L of sodium
hypochlorite solution, washed in hot water at 90°C for 10 minutes, and this was dried at
90°C for 10 minutes, and then this was wound using a winder.

20 The outer diameter and the inner diameter of the resulting composite porous
membrane was about 2.8 mm and 1.1 mm, the thickness thereof was 900 um, the
thickness of resin layer from the braid to the surface of the composite porous membrane
was 400 pm, 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



Concentration of polyvinylidene 12% 20% fluoride in the solution 10 A
polyester nultifilanment sinple-weave braid (multifilanment; total dtex 830/
96 filanment; 16 spindles) was introduced in the conduit | of the ring
nozzle shown in FIG 1, which was heated to 300C and has an outer dianeter
of 2.5 mn and an inner dianeter of 2.4 mm Then, the first nmenbrane

form ng sobokpevadagdirpgparged fromthe first discharge port 2, and the
second menbrane form ng solution was di scharged fromthe 15 second

di scharge port 3. The braid coated with the first and second nenbrane
solutions was introduced in a solidification solution at 80" C containing
5 pans by ss of N, Ndinethyl acetam de and 95% by nass of water to

pr oduce tlﬁgap?rilwg?tab&%@elzayer to the braid. 22 After renoving sol vent
in hot water at 980C for | mnute fromthe braid conprising the first

porous |ayer, t fAbegompdsittgmrousmrembeint WabdPrdd0ed i 4 mafines MBI to that of
hypochl orite sol ution, washed with hot water at 900C for 10 m nutes, and

this was @xpetmestal E%@IEQ[eﬂ&p%Mﬁgrc@ﬂgingglgﬂ%%gi @#@ﬁgﬁ/@ﬂggr sing a

wi nder. The degree of fuzz 5 adhered tO or e raid was | per

| in. The ri-She i . he _.braid S % The tension applied
to the br B R oade et AARRE e nonticBoRpel and gt pro aGT R bOPnE 50

por ous Ia}gg{% aﬁ%i ntréaguced in the conduit | of the ring nozzle shown in
FIG 1, whith' WL of 18- 80 108en Aifmelar oA Tomireand ailigrisisepl-lofigth .of 11ém and
an inner dianeter of 2.6 nm Then, glycerin (marketed by 10 Wako Pure
Cheni cal MHR¥@eurEk, Ltd.; Hi gh O ass) was discharged fromthe first

di scharge port 2 as an inner solidification solution, and the second

menbrane for m nghe sutendianreterasd diesinhardiatettr oMbt REUBRGRBEpILECHAEGE Por t
3. Thereby, the second
10 membrane was about 2.8 mm and 1.2 mm, the thickness thereof was 800 um, the
thickness of resin layer from the braid to the surface of the composite porous membrane
was 400 pm, the bubble point was 180 kPa, the water permeation capacity was 110

m*/m*/h/MPa, the bursting pressure by flow was 520 kPa, endurance time of applying

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

15 200 kPa was 3,000 hours.

INDUSTRIAL APPLICABILITY
The composite porous membrane of the present invention has superior
mechanical properties such as adhesive strength between a braid and a filtration member,
20 to those of the prior composite porous membrane. Therefore, the composite porous
membrane can be used in severe conditions such as in many kinds of water treatments, in
which it has been thought that filtration and separation is impossible by a membrane
method, and improves the quality of filtrate. In addition, since the water permeation

capacity is high, membrane area used becomes small, and it is possible to reduce an

25  equipment cost.



menbrane form ng solution coated the first porous layer. The resulting
braid was introduced in a solidification solution at 80(err)C containing
5 parts by mass of 15 N, N-di net hyl acetam de and 95% by nass of water to
produce a conposite porous nenbrane. After renoving solvent in hot water
at 98" Cfor | mnute fromthe braid cg%brising the first porous |ayer,

the braid was i I sodi ochlorlte sol ution,
washed in hot vvamtgggﬁgtgn %p%gpgqgiﬁhr]?g{” ;P #g OMRESIEPCEYSat 90" C
for 10 m w% t hen this was und using a w nder. 20 The outer

di aneter an e |nncé FURASHRBPROS grem er*@gmgthﬁﬂle@bm@gmeecmb@wiy

menbr ane was, about 2.8 mmand LI nm the thickness thereof was 900 Pin,

the thi cPHRAEEs resin | ayer fromthe braid to the surface of the
conposite porous nmenbrane was 400 gm the bubble point was 150 kPa, the
wat er perneation capacity was 100 m 3/ M2 /h/MPa, the bursting pressure by
fl ow was 500 kPa, endurance tinme of applying 25 pressure of 400 kPa was 1
000 tinmes, and the endurance period of applying pressure of 23 200 kPa
was 2,000 hours. Experinental Exanple 2 The conposite porous nenbrane was
produced in a manner identical to that of 5 Experinental Exanple 1,

except that after producing the braid conprising the first porous |ayer,
dryi ng and washi ng were not perforned, and that a ring nozzle having an
outer dianmeter of 2.8 nm an inner dianeter of 2.7 mm and a liquid

seal -length of 1.0 mmwas used. The outer dianeter and the inner dianeter
of the resulting conposite porous 10 nenbrane was about 2.8 mmand 1.2
mm the thickness thereof was 800 ~Lrn, the thickness of resin |ayer from
the braid to the surface of the conposite porous nenbrane



was 400 pm the bubble point was 180 kPa, the water perneation capacity
was | 10 m3/M /h/MPa, the bursting pressure by flow was 520 kPa,
endurance tine of applying pressure of 400 kPa was 1,300 tines, and the
endurance period of applying pressure of 15 200 kPa was 3, 000 hours.

| NDUSTRI AL APPLI CABI LI TY The conposite B%rous menbrane of the present

i nvention has superior mechani cal prﬁﬁgfﬁdges such as adhesive strength
between a braid and a filtration nmenber, 0 to those of the prior
conposi t e porous, menbrane. Therefore, the conposite porous nenbrane can be
used in severe (:‘%?I%PP?SEIH’OE‘WEW%“?’FF FRIPRTIS gl Braid, and o enerhbread nertial; | n
which it has been thought that filtration and separation is inpossible by
a nmenbrane net Pr{‘}&,fel&ﬂ%? mapbave matdrizl qoapiises adirsf pdrbuisliager cdothpRigigtd on,
since the water perneation capacity is high, nmenbrane area used becones

smal |, andlense lagerpoiseh bl ranged @dihe@uan sBFaRUHRTBAl & LiRgdition,
according to the nethod for producing a conposite pérgﬁés%ﬁ%ﬁgrpgﬁoésqﬂ%

conposbt e cpmpeisinpe ARIFALAR E erties can be easily
pr oduced. glglp CLAING 1. %ert(}gﬁrrplgg;i%e%g%argﬁéhe%gtfﬂoéﬁlgq&%%ri sing a braid,

and a nenbrane material; wherein the nenbrane material conprises a first
porous | ayer conprising a dense layer which is arranged on the outer
surface of, the grfai d, and a second porous |layer 5 conprising a dense |ayer
whi ch is afrang OBFPQSH%P?TPP%WEBMW@PW%JOzlaim I¢ oibpresii the ey gisus
menbr ane ?ccordi ng to claim1, wherein the first porous

ayer comprises a dense layer having an average pore diameter in a range of (0.2 um to 1

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

10 diameter in a range of 0.1 um to 0.8 pm.

3. A composite porous membrane according to claim 2, wherein at least one of the

first and second porous layers has the dense layer at position where is inside from the
outermost surface of the composite porous membrane at a range of 0.] pm to 50 pum.

15
4. A composite porous membrane according to claim 3, wherein the average
diameter of the pores at outermost position in the first porous layer is in a range of 1 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 uym.
20

5. A composite porous membrane according to any one of claims | to 4, wherein

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

50 kPa or greater.

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



| ayer conprises a dense |ayer having an average pore dianeter in a range
of 0.2 mtol m and the second porous |ayer conprises a dense |ayer
havi ng an average pore 10 dianeter in a range of 0.1 mto 0.8 m 3. A
conposite porous nmenbrane according to féajn12, wherein at | east one of
the first and second porous |ayers has“the dense | ayer at position where

IS Insidethd QiR : o) e conposite porous nenbrane at
a range of 0.1 %@e%}ﬁmé%fg% g%afr%roérle%ter'porous menbrane according to
claim3, wherein the average dianmeter of the pores at outernpbst position
inthe first porous layer is in arange of | m to 5 m and the average

di anmeter qof the pores at outernost position in the second porous |ayer is
in a rangg' of 0AECIMRA§Ite pRouS preBbranersagrdiigtte apppoes cleindy et adeesisi ng t o
any one of clainms | to 4, wherein the water perneate flow (W) is 50

mB/ 2/ h/ M eaduganeapeniod wheh whter budobistrepopabes(tBRugh the RhgoSRe Porofl €at er .
25 6. A conposite porous nenbrane according to any one of clains 1 to 4,

wher ei i 2fmenitiendut 2901kPg iP1 TR EoYedtbOW 1S 200 kPa or greater. 7. A
conposite porous nmenbrane according to any one of clains | to 4, wherein
t he endurance period when water successively passes through the conposite
porous 5 nmenbrane at 200 kPa is 150 hours or greater. 8. A conposite

por ous megbrane acccordj ng to any.one of clains | to 4, wherein the
endur ance®ti ne OYCHESPYS AYOPs membrane secudingipany eng sfclamsposid svheminous

menbrane . repeatedly is 100 or nore.
the endurance fime of applying pressure of 400 kPa to the composite porous membrane

repeatedly is 100 or more.
10
9. A method for producing a composite porous membrane comprising the steps of:
coating a membrane forming solution on a braid using a ring nozzle;
solidifying the coated membrane forming solution in a solidification solution to
produce a first porous layer;
15 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 10. A method for producing a composite porous membrane according to claim 9,
wherein the ring nozzle comprises a braid passage in which the braid passes, a first
discharge port which is formed around the entirety of the wall of the braid passage in a
circumferential direction, and a second discharge port which is formed at the exit side

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

25



10 9. A nmethod for producing a conposite porous nenbrane conprising the
steps of coating a nenbrane form ng solution on a braid using a ring
nozzle; solidifying the coated nenbrane formng solution in a
solidification solution to produce a I?lgr st porous |ayer; 15 coating
anot her nenbrane form ng solution on t surface of the first porous

| ayer using. t he ard# i i di.fyi t he .coat ed nenbrane form ng
y Althé@flod! %%Jll'@ducgf{%da t.s(ﬁllloﬂo(g[tg ¥b%8 aneénebrgnesaé:(c’%rﬁibngp%rc w 10

solution in a solidification ution to* produ ayer.

claimo. “harornetenBSREHE i e Gl ehiipdpansiesiycon s Gomi he

braid pas&lesf, a first discharge port which is fornmed around the entirety
of the waF®1gpt dischagepod, hesseqnd membrane foroung soletier, athich iseotdenmratednd a
second di scharge port which is forned at the exit side and at the

per i pher athagithe fiest membing desaige solaton,eobisitablaid W ipplyaes oA tfle BASRG0e. 25
27 H A nmethod for producing a conposite porous men‘gr ane according to

cl ai m30, disvitwegepart af freduceand fikd pbidds fdyest nmenbrane formng solution to
the braid by supplying from the first di scharge port, the second nenbrane

form ng solution, which is concentrated than the first nmenbrane formng
solution, coats the braid by supplying fromthe second 5 discharge port to
produce t fi rik@gr{gﬁjs | ayer. 12. A method for producing a conposite
por ous nen®r ane FUChBFAYCIE 3iGhmpestte pgrerememBrangaceqydmgig clatr I r st
por ous Ia&gr, .a sol ution, which does not dissolve the nenbrane material,
coats t he™afFFinfier fermipgtheifirst posensdaxer) mgedwtidoy whindpdogs ngt dissivd the fir st
membrane material, coats the surface of the first porous layer by supplying from the first
10 discharge port, then the second membrane forming solution coats the resulting braid by

supplying from the second discharge port.

13. A method for producing a composite porous membrane according to claim 12,
wherein the end face of the braid passage is positioned inner of the ring nozz]é than the
15 end face of the second discharge port, and the distance between the end face of the braid

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

14, A method for producing a composite porous membrane according to any one of
claims 9 to 13, wherein after forming at least one of the first porous layer and the second
20 porous layer, the composite porous membrane is immersed in a sodium hypochlorite

solution, and washed in hot water, and dried.

15. A method for producing a composite porous membrane according to any one of
claims 9 to 13, wherein the membrane forming solution contains polyvinylidene fluoride

25 (A)having a weight average molecular weight of 100,000 to 1,000,000 and



10 di scharge port, then the second nenbrane form ng solution coats the
resulting braid by supplying fromthe second di scharge port. 13. A nethod
for producing a conposite porous nmenbrane according to claim1l2, wherein
the end face of the braid passage is pogktioned inner of the ring nozzle
than the 15 end face of the second di s¢harge port, and the distance

bet ween t helpngylieeae fabigd | : d the end face qf the second
di schar ge portﬁws in a ?ang%h%?h%fgaﬁgﬁgﬁm%gﬁIWﬂFmﬁTﬁym tﬁgﬁﬂéwoﬂﬁr

pr oduci ng QRN ! 0 mbr.ane gccordjng to any one of clainms 9 to
13, Merei’?(’afte?ﬁf‘%%g?npaﬁ‘é’ o Pl R ADrR Hegridete o pelyvptidens flugyisie (Bhd t he

second 20 .| ayer, conposite porous nenbrane is imrersed in a
sodiun1hyé@@ﬂﬁ%ﬁ?l%émgsptggdﬂﬂoand washed in hot water, and dried. 15. A
met hod for producing a conposite porous nenbrane according to any one of
claims 9 to 13, wherein the nenbrane form ng solution contains
polyvigylidene fluoride 25 (A) having a weight average nol ecul ar wei ght
of 10050006t 0 1A0M@tHaAGasddddng PebMibbsié dotlaREd ' aying a
wei ght average nol ecul ar meightgof 13,60 0to 56%@%5%Q§?&§%%§E¥Wf i% of
pol yvi nyl ictheme 9ftb 49! WHG e mi vianyl idene fluoride . (B). _ ((A)/(B)) in a
range of 0.5 to 10.” 5 16, A n@?ﬁ?%;‘?&or Sp‘?%ﬁd@?tﬁbo thEgFPﬂ)‘iéﬁ Beordessous
menbrane according to any one of clainms 9 to 13, wherein a nunber of
feathers per | neter of the braid is 15 or less. 17. A nethod for
producinglz conposi te porous nenbrane according to any one of clains 9 to
13, wherei i t enétBADAM T Rsadycing feompesitd posus meanbramga cofdidg foRaytope 39 kPa.
10 . _

claims 9 to 13, wherein tension applied to the braid is in a range of 1 kPa to 30 kPa.

10





