Por ous nenbrane of vinylidene fluoride resin and process for producing the
sanme BACKGROUND OF THE I NVENTION 5 (Field of the Invention) The present
invention relates to a porous nenbrane made of a vinylidene fluoride resin,
which is excellent in fractionating capability, pernmeating capability and
is suitable for use in the field of water treatnment such as, for exanple,
wat er purification, preparation of drinking water, preparation of 10 water
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characteristics.

(Description of the Prior Art)

15 In recent years, the technology of separating means utilizing a porous
membrane having a selective permeability has been remarkably developed.
Such a separating technology is utilized in practice as a series of purifying
systems, including separating process, cleansing process and sterilizing process,
in the field of, for example, manufacture of drinking water, ultra-pure water and

20 medicines and microorganism elimination and finishing of brewed products. In
those fields of application, fining (a high level processing) of water and increase
of safety and increase of precision are required at a high level and the use of
porous membranes is being widely spread. In view of those situations, required
characteristics of the porous membrane have come to be sophisticated. Of those

25 membrane characteristics, the permeating capability and the fractionating
capability are considered particularly important. As far as the permeating
capability and the fractionating capability are concerned, they must be balanced
relative to each other so that particles as small as possible can be removed at a
high rate of pure water permeate flow and, in order to achieve this, the continuity

30  of pores and the membrane surface structure are important.
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In the water purifying treatnment, for the purpose of sterilization of
perneate and prevention of bio-fouling in the nenbrane, a disinfectant such
as, for exanple, sodiumhypochlorite is added to a nenbrane nodul e portion
and/or the nenbrane itself is rinsed with acid, alkali, chlorine or surface
active agent, 5 and, accordingly, the porous nenbrane is also required to
have a chem cal resistance. In the preparation of tap water, since

pat hogeni ¢ organi sns tolerant to chlorine such as, for exanple,
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As herei nabove di scussed, the physical strength of the porous nenbrane and

t he chepi cateatdd wagt havbeoars to Bpehsiesd sidcd) 900etlehdemarls hadk drgsensthance are
nostly attributable to the characteristics of material used to formthe

por ous menthanpordust mhembpaereausinchaved 4 r acffictemt isepanating ororascesnafg t he
por ous nenbrane depends on the nethod of preparing such porous nenbrane. As
a nmet hod ofchamiktaniptia ¢idedtvw fo peaventmbr adreixdarsabf gawf wateal intd rbe drdatesh rate
of pure water perneate flow, a stretch opening nethod may be -<2>
water and, also, a high physical strength enoughto avoid thread breakage.
As discussed above, some important characteristics required for the
15 porous membrane to have includes the separating or screening precision,
permeating performance, physical strength and chemical strength (chemical
resistance).  Accordingly, development of a porous membrane with the
utilization of polyvinylidene fluoride has recently come to be advanced. The
porous membrane utilizing the vinylidene fluoride resin is excellent not only in
20  strength, elongation and chemical resistance, but also in resistance to oxidant and
can, therefore, be utilized in a high level water treatment using ozone that has
recently gained public interest.
As hereinabove discussed, the physical strength of the porous
membrane and the chemical strength thereof represented by the chemical
25  resistance are mostly attributable to the characteristics of material used to form
the porous membrane, but the permeating and fractionating performances of the
porous membrane depends on the method of preparing such porous membrane.

As a method of making a hollow fiber membrane capable of realizing

a high rate of pure water permeate flow, a stretch opening method may be
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enunerated. This nmethod is characterized in that material for the nmenbrane
I's anneal ed and stretched under a specific condition and, as a result, a
hol | ow fi ber nmenbrane having a multiplicity of slit shaped m cropores
formed therein having been bounded by mcrofibrils and nodes defined by
stacked | anel | ae can be 5 manufactured. (See, for exanple, the Patent
Docunment 1 quoted below.) However, the hollow fiber nenbrane so

manuf act ur ed accordin% to the nethod referred to above involves such a

pr obl em t hghusicried.asThisrmethod isfchgracterigsidnig thai materiad fer thd memhtane isa
direction of fibers, the strength in g circunferential direction tends to
be reduced 28BeAsdendisitgtched under psppeific comdrton ard.asrergtl. adollenasben be
reduced as the ﬁgg size inﬁ. ses refore, it. is difficylt.to
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is largely well known. The nenbrane nufacturing nethod uti such a
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phase separation process and a thermal induced phasé separation process. In

t he non- soldieotion ndndedo hasediwedac@tsidoralpllyoc & sparticuiar,f since thelsyreapth
solution containing a polynmer and a solvent m xed together brings about a
phase deépatendsotv be raducesiuas thef poteasige increasasc antly thereforé,nid s eliffbynli togr ess
of a 25 non-sol vent and evaporation of a solvent to external atnosphere. As
a nethod ehamdactiecc vith mlge anetbpdrwfemed e ndhuame the tholkowe fihes mEmbuate a
non-sol vent induced phase separation process, the nethod is known, in which
after a pdlaying agrackcesdlynagesptibie sirgegthi n Adse.osinentalibough dbe puse vestenpl e,

N, N-di nmethyl acetam de or, hhe i ke, non-sol vent i nduced e{wahse separati on
is initiatdRNAMESIoN sate_isHhigh, the pore size 1s largely distributed and the porcs so

formed represents a slit-like shape, there is a problem that substances of an
15 elongated shape tends to be easily transmitted, resulting in reduction in
separating or screening precision.

As a method of manufacturing a separating membrane excellent in
permeating and fractionating performances, the case in which phase separation is
utilized is largely well known. The membrane manufacturing method utilizing

20 such a phase separation can be generally classified into a non-solvent induced
phase separation process and a thermal induced phase separation process.

In the non-solvent induced phase separation process, a uniform
polymer solution containing a polymer and a solvent mixed together brings about
a phase separation as a result of change in concentration induced by ingress of a

25 non-solvent and evaporation of a solvent to external atmosphere. As a method
of manufacturing a separating membrane with the use of such a non-solvent
induced phase separation process, the method is known, in which after a
polysulfone resin is dissolved in a solvent such as, for example, N, N-dimethyl

acetamide or the like, non-solvent induced phase separation is initiated within a
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coagul ation bath to thereby formthe separati ng nenbrane. (See, for exanple,
t he Patent Docunent 2 quoted bel ow.) However, the non-sol vent induced phase
separation process generally has such problens associated with the physi cal
properties of the nenbrane, the process controllability and the cost because
it is 5 difficult to control the phase separation within the non-sol vent,
the cost of manufacture is high because of the necessity of use of the
non-sol vent, and, macrovoids tend to occur. On the other hand, the thernal
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control is hi eve during act ure acconpani ed
reduction ighdrwsiadtgiddolddeyr, On the other hand, with the thernmal induced
phase separation process, the use of the non-solvent is not needed and,

therefore, the proa@gsiheosthePHagl] lthé thémshlt iRlucadt lﬁb@@@?é@ﬁbﬁt pocasse
excel l ent, acconpanied by a high reproducibility. (c) Control of the pore

si ze 25 camgeheratlglintluiled thedfallpwing steps.eve and distribution of the pore size
is so sharp as to bring about an excellent pore form ng characteristic. The
t her mal10i nduced1phasenis@prarait a polyimer arka salwonk hdvingaahezht boidingt peintrid
i nduced phase separation and a liquid-liquid type thermal induced phase
separ at i on mgltedviiihigh temepesaturéiem devel ops depends on the conpatibility -<4>
(2) Cooling is carried out at a proper rate in order to induce the phase
separation to thereby solidify the polymer; and
(3) The solvent used is extracted.
15 Advantages of the thermal induced phase separation process as
compared with the non-solvent induced phase separation process are as follows:
(a) Formation of macrovoid, which constitute a cause of reduction in
strength of the membrane, can be prevented. (b) With the non-solvent induced
phase separation process, the use of a non-solvent other than a solvent is needed
20 and, therefore, a control is difficult to achieve during the manufacture
accompanied by reduction in reproducibility. On the other hand, with the
thermal induced phase separation process, the use of the non-solvent is not
needed and, therefore, the process controllability and the cost characteristic are
excellent, accompanied by a high reproducibility. (¢) Control of the pore size
25 can be relatively easy to achieve and distribution of the pore size is so sharp as to
bring about an excellent pore forming characteristic.
The thermal induced phase separation includes a solid-liquid type

thermal induced phase separation and a liquid-liquid type thermal induced phase

separation and which one of them develops depends on the compatibility
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bet ween the pol yner and the solvent. Wiere the conpatibility between the
pol ynmer and the solvent is very high, the solid-liquid type thermal induced
phase separation will devel op, but when such conpatibility is | owered, the
liquid-liquid type thermal induced phase separation devel ops and the both
will eventually 5 becone inconpatible with each other. In general, since in
the liquid-liquid type thermal induced phase separation proceed, the phase
separation proceeds as a result of the spinodal deconposition, the
liquid-li qlbietimeypdimpabfmctrdanédhprsai;\eentseg‘éhqeitrhn ¢rappatililitya bebaear ¢he hat
t he co-continuous structure tends to develop easily as conpared with the
sol i d- | i quip@lxmet #rd theri@licend ipreehighptheaolignliquid type theomal indiged phase i s
possi bl e to manuyfactyre the ﬁegaration menbr ane, excellent in_ excellent pore
forming chaeparaten il develepn bukwhep sueh sompatibibisy és ksyared e Jigaidtliquid
uniformty. In _other wgrds, {n order to nuf acture th epar.ati on nbr ane
excel | ent 1Pt dasrEal  ifgusssh phisrseRaraioh Kexelops and s Beft sviHasreatually | s
desirable to sel ect a prgper.,comhi nation of a pol.yner and.a .solve t hat
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liquid-liquidtype thermal induced phase separation process is well known
in theart.a ¢(Sel, if a5 possibid ¢o hbeufRatued tthd Sepacaivaninedisané askcbiémtwin

However, the porous nenbrane so manufactured w th such process is equal to
or higher texaell80Q@de HHmRingr dla8adtBlastensckueh ds; dart examapled ppeer comtimityi e not
smaller than 1 m a series of exam nations nmade by the inventor of the
present i nuahormityhadn rothesavetils: hatorderctp pumuiactunentbe sseparationt membaamainber
of pores that are not communicated with each other, that is, -<5>
excellent in permeating performance and fractionating performance, it is
desirable to select a proper combination of a polymer and a solvent that leads to
15 development of the liquid-liquid type thermal induced phase separation.
However, since the region in which the polymer and the solvent lead to
development of the liquid-liquid type thermal induced phase separation is limited,
selection of a proper combination of the polymer with the solvent is known to be
important where the separation membrane is desired to be manufactured with
20  such method referred to above. (See, for example, the Non-patent Document 1
quoted below.)

The method of making the porous membrane made of a vinylidene
fluoride resin, which utilizes the liquid-liquid type thermal induced phase
separation process is well known in the art. (See, for example, the Patent

25  Document 3 quoted below.) However, the porous membrane so manufactured
with such process is equal to or higher than 30000 L/m’/hr/98 kPa and a
fractionated particle size not smaller than 1 pm, a series of examinations made by

the inventor of the present invention has revealed that such porous membrane

contain a number of pores that are not communicated with each other, that is,
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cl osed pores and, yet, the pores of the substantially sane size appear on
opposite surfaces of the nenbrane and, therefore, such porous nenbrane is

i ncapabl e of exhibiting a high rate of pure water transm ssion relative to
the fractionated particle size. 5 Also, since the vinylidene fluoride resin
i s hydrophobic, water wll not perneate through the nenbrane of

pol yvinylidene fluoride unless it is treated otherw se, and, therefore, a
hydrophilizing treatment is required in order for a hydrophilic liquid

i ncl udi ng wkised porespaike yettthe phresurfithe lsabstamtial bnsamd kize fappeadm gppositer at ur e
is avail able as patent docunents believed to 10 be relevant to the present
i nvent i on. spaeastolDheunembrane apl, thergfarpesiichapeays masnpraaeiis anggpable of

HO5- 49878, publ i shed rch 2,.1993. Patent Docunent 2: JP ajé-open Pat ent
Publ i cat i ofXN§Iting 1 highysate of,pHIG kel WpRTMIssioN Redajave 1 thefEaationgtsdhent 3:
JP Lai d-open Patent Publication No. 2005-194461, published July 21, 2005.
Pat ent Doc RARIHC 82€3p | aj d- open Patent Publication No. 2003- 138422,
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i nconveni ences i nhereht 1n t ior art and 1s 1 nten to provide
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permneating Capability, fractionating capability, "physical strength and
chem cal strengt h Bigfdlbovsinitiabtatuleois avatlable dshsaténtedstudiert@beliedadeat ment

such as, for 30 exanple, water purification, preparation of drinking water,
pr epar avi obeatlewanteto the present invention.
Patent Document 1: JP Laid-open Patent Publication No.
H05-49878, published March 2, 1993.
Patent Document 2: JP Laid-open Patent Publication No.
H11-104235, published April 20, 1999,
15 Patent Document 3: JP Laid-open Patent Publication No.
2005-194461, published July 21, 2005.
Patent Document 4: JP  Laid-open Patent Publication No.

2003-138422, published May 14, 2003.

Patent Document 5: JP  Laid-open Patent Publication No.
20  2005-200623, published July 28, 2005.
Non-patent Document 1: “Chemical Engineering” published by Kagaku

Kogyosha, the issue of June, 1998, pp. 453 to
464.

SUMMARY OF THE INVENTION

25 The present invention has therefore been developed in view of the
foregoing problems and inconveniences inherent in the prior art and is intended
to provide inexpensively and readily, a porous membrane which is excellent in
permeating capability, fractionating capability, physical strength and chemical
strength and is suitable for use in the field of water treatment such as, for

30 example, water purification, preparation of drinking water, preparation of water
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-<6> for industrial use and wastewater treatnment and which is al so excellent
I n aspects of production controllability, cost and pore formng
characteristics. In order to alleviate the foregoing problenms and

i nconveni ences, the present invention provides a porous nenbrane nade of a
vinylidene fluoride 5 resin and having a particle cutoff not smaller than
0.2 m which nenbrane has first and second surfaces opposite to each other,
the first surface having round or oval mcropores of a size, of which the
aver age r af¢roindustwiebnse ared wapiewaksti tseatment and whiictois also ex¢ellont ithaspectse r ange
of 1 : 1to5: 1; whereas the second surface has substantially slit shaped
mi cr opor es Of prodystien copgrolakility eoplandporsiapping ¢uraderngjsr axis and t he

mnor axis is not smaller than 5 : 1. At this tinme, the porous nenhrane is
breferably made of 1B SHEhHbAISHREE ToRACHE PHPIERS @Finwwa@menqqsu de
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vi nyl i dene uor i resin and a sol vent a type ca 'e o

devel opi ng thifeH dxdls Isl Withih theREngdSf I thFIUCaghaRasthe 2ORd JifAEd has
menbr ane havi ng characteristics conparable with or better than those of the

porous nenbikbientiilyashiedhipel efohipoads, ot which the tayemgeapaidl Bewfeent tir
liquid-liquid type thermal induced phase separation, provided that a

sol ventl9  imegogaxis anfdhe nohesaxinds ant smgleghanrdg: hgeAt this eimpe,ahe ployous

conbi ned. 25 The present invention ains at manufacturing the porous nenbrane
of a vi nymaebrant |lis@retesably snadé af i mblended gindymed esotaitneg thharingkideriest i cs,
whi ch nmakes use of a porous nenbrane maki ng stock solution containing a

vi nyl i dene fluprideesie inasquantity 96904at99 wilérajuha bydeaphili¢ essimirga guantity
aggregating_agent. in which he i porganic particles and the aggregatin
aggm ghas %ﬁ lgfq ilﬂiwt)%t o Ads@nthst ogﬁgc resi% referred to above ?s préJ crably a g

vinylpyrrolidone resin, and the porous membrane is preferably in the form of a

15  hollow fiber membrane.

The inventors of the present invention focused attention on and
intensively examined the compatibility of the various components forming a
stock solution used to manufacture the porous membrane and, as a result, have
found that even where a combination of a vinylidene fluoride resin and a solvent

20 is of a type capable of developing the solid-liquid type thermal induced phase
separation, a membrane having characteristics comparable with or better than
those of the porous membrane obtained the combination is of a type capable of
the liquid-liquid type thermal induced phase separation, provided that a solvent,
inorganic particles and an aggregating agent are properly combined.

25 The present invention aims at manufacturing the porous membrane of
a vinylidene fluoride resin having the above described characteristics, which
makes use of a porous membrane making stock solution containing a vinylidene
fluoride resin, a solvent, inorganic particles and an aggregating agent, in which

the inorganic particles and the aggregating agent has an affinity to each other and
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-<7> the solvent and the aggregating agent are insoluble relative each other
or have an upper critical solution tenperature, and which includes a step
of solidifying after a phase separation has been induced by cooling, a step
of stretching the porous nenbrane before the solvent, the inorganic
particles and the aggregating agent 5 are extracted conpletely. According
to the present invention, it is possible to industrially steadily and

i nexpensi vely manufacture the porous nmenbrane excellent in fractionating
capabi | i t y thepsnlnenitandgthe agghigating agaut pieyinseablestelativgt tachThbenusrehafe art he
porous nenbrane of the present invention nmakes it possible to achieve 10
filtrationURperchfieh splutionfgmperatpeg, apfl yehish ingludesn gtop efsalidifygng after

Gener at | on 2 IS ERCPREHRR B BREEATHECRADP NEEE | 4 Sieh, O EHENINg b fogeing
invention will. bec nore clearl understood.fromthe follow.n

descr i pti ofGROBAE e PR O e s TORGIa PATticles Ghd iR 2RBFFRAHNE ABFBhct i on
with the acconpa é g dr%\"vi ngs. However, the enbodi nents and the draw ngs
are gi vgn %?%%i\f (F %mB ?)lg'se of illustration and explanation, and are not
to be taken as |imj] e e h nt.. i-pv, i i .

what soever, which s%%‘%gd{n tt{?)ctgg %‘%%‘%‘ﬁtmﬁ}]‘&éﬁég’ tlhelE' p%é#}bggdtoc%(?d%rmﬁ%/n t he

acconpanyi g agggw?ﬁg%nekié&%ﬁeﬁ gﬁgﬂﬁg&gﬁglﬁgé $oPbiss %a%&&%&e%&dﬂ e 20

parts throug severa nd: 1 1s a scanni ng electron

m crogr aph feReioh M@ Baftbilfy, Serilcaifg YapabilibP hRd PhyBEr taghf arTnd gy belene
fluoride resin manufactured 1 n accordance wth a nethod i'n Exanple 3; Fig.

2 is a scanhhé t@rehse ehdrabrafie Co0 tic PhestAOh Behtivh ndkRE 13 Usdssitte ab ackeve por ous
menbrane of a vinylidene fluoride resin manufactured in accordance wth a

met hod 1on EX@rayide aB;a high pGre svaterswawsmisgion! et and withra giglp firastiomatingz an
i nner surface of a porous nenbrane of a vinylidene fluoride resin
manuf act ur gérionmanon thisweducinmgtthe gostatfHockhi watEx gemdratin.
BRIEF DESCRIPTION OF THE DRAWINGS
In any event, the present invention will become more clearly
understood from the following description of preferred embodiments thereof,
15 when taken in conjunction with the accompanying drawings. However, the
embodiments and the drawings are given only for the purpose of illustration and
explanation, and are not to be taken as limiting the scope of the present invention
in any way whatsoever, which scope is to be determined by the appended claims.
In the accompanying drawings, like reference numerals are used to denote like
20  parts throughout the several views, and:
Fig. 1 is a scanning electron micrograph showing an outer surface of
a porous membrane of a vinylidene fluoride resin manufactured in accordance
with a method in Example 3;
Fig. 2 is a scanning electron micrograph showing an inner surface of
25 a porous membrane of a vinylidene fluoride resin manufactured in accordance
with a method in Example 3;
Fig. 3 is a scanning electron micrograph showing an inner surface of

a porous membrane of a vinylidene fluoride resin manufactured in accordance

with a method in Example 3;
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-<s> Fig. 4 is a scanning electron m crograph showi ng a cross-section of a
porous nenbrane of a vinylidene fluoride resin manufactured in accordance
with a method in Exanple 3; Fig. 5 is a scanning electron m crograph
showi ng an i nner surface of 5 a porous nenbrane of a vinylidene fluoride
resin manufactured in accordance wth a nmethod in Conparison 2; and Fig. 6
is an IR chart of a hollow fiber nmenbrane manufactured in accordance with a
met hod in Exanple 1. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 10 The porous
menbr ane of a vi nylFigeAds filsganniog elestion miwroguiphghowinga crpssesestioni ofi@ent i on
i ncludes first and second surfaces qpposite to each other in which the
first surfdOEOUFRCHbERTS O @ ¥instidgne Huatde redn sanragiuresk inacspedpnce xtifhy,
bet ween the mmj or, .axj s aqd the mnor axis, is within the range of 1 : 1 to 5
1; and @Hﬁeé@@dﬁéﬁgﬂﬂ?ﬁéé has micropores of substantially slit shape of
average ratio 15 b%ﬁgﬁgn t he na%or aﬁis and the m,nor. axis. not smaller than
3 ASCARRING Gleety

5 : 1. The porous e R9Y QN PUcTogr Aty ShAyying An JnDer SEEACH0b
Th nh th tood ti. h high f ti ti
Capabi1 Pty oporou® HeRbrandrol b AR Al ARGEN O8R Reiftured BEASIRENES, ova
h , of ' . G. th ' [ dth ' 20
oo s wi (R B HELORARbNZ: BRI ECCN 10T T8 O s e an act | ve. spot

deci sive of whethefieoly Mok BR! LhAHLREROMGE HBOMARTIAG HARIRLOFRIED

Al so, the porous neffbrane o e present I nvention ha rate

wat er transigtsiaffe witcAmethddia Begepe 1surface having the slit shaped
m cropores formed by a structure containing mcrofibrils of a kind, of

whi ch the 9YES@BEPTHONAOBANEPREFERREDEMBODIMERNNTS the minor axis is not
smaller than 5 : 1, has a high rate of hole area. The porous nenbrane of

the present inventiThe batousgnembirarfeealt aivas/lidase dluohidghepiaraveatding te apabi | ity
relative to the fractionated particle size. Accordingly, it is possible to
manuf act ur eresest mewdntameirtvhwd asgfisst inghsecprd atacag opapsibt [to teachradhérain ng a
particle cutoff not smaller than 1 m Al so,
which the first surface has micropores of a round or oval shape of average ratio,
between the major axis and the minor axis, is within the range of 1 : 1 to 5 : 1;
and the second surface has micropores of substantially slit shape of average ratio
15  between the major axis and the minor axis not smaller than 5 : 1. The porous
membrane has a particle cutotf not smaller than 0.2 pm.
The porous membrane of the present invention has a high
fractionating capability since the first surface having the micropores of a round
or oval shape, of which the average ratio between the major axis and the minor
20 axis is within the range of 1 : 1 to 5 : 1, contributes as an active spot decisive of
whether or not particulates are to be passed therethrough. Also, the porous
membrane of the present invention has a high rate of pure water transmission
because the second surface having the slit shaped micropores formed by a
structure containing microfibrils of a kind, of which the average ratio between
25 the major axis and the minor axis is not smaller than 5 : 1, has a high rate of hole
area. The porous membrane of the present invention having such features has a
high permeating capability relative to the fractionated particle size.

Accordingly, it is possible to manufacture the membrane having a high

permeating capability and having a particle cutoff not smaller than 1 pm. Also,
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-<9> since increase of the pore size allows a gaseous nedi um such as, for
exanple, air to be perneated under a pressure equal to or |ower than 100
kPa even in a wet condition, rinsing is possible with a physical neans such
as, for exanple, gas backwashing. 5 The round or oval mcropores of a type,
of which the average ratio between the major axis and the mnor axis is
within the range of 1 : 1 to 5 : 1, as referred to herei nabove, stand for

m cropores, in which an average of values neasured by taking

phot oni cr ogimephiscreaseaef thegwire sime dllowvesl a gaseays ofedivre such a5, fos exampde, Wit h t he
use of an electron mcroscope (at a magnification of, for 10 exanple, x1000)
as shown i o bEemmeptsgrupier ¢f preprireiaqual Kupr beer thapi 10 kPa ewemdmmi wet rat i os
bet ween maj or ,axes and nj nor es of al] mcropores viewaple wthin the
field of vicepdigony ﬁ@smotSop@%Sia@e R & pﬁmczﬁéﬁsms Aech AL fosrcxgaple gas
procedures until the nunber of the m cropores neasured exceeds 30, is within
t he range $pg@wgﬂqng0 5: 1. 15 Also, the slit shaped nicropores of a type,

of which the avera rati bet ween t he maj,or axisfang.cﬁjh m nor axi.s i s not
smal l er’than 5 : 1, r?"H'?jePIP ggéﬂfgncrﬁgpléqsnéifgm 0, QRPN AV FRY i n
whi ch f I . . Ki . i I t
101 2, *$85E8, e D ST et s B RIBE L GO PTp 113 ' o2
T ot oo apndbEfred, APABIARL DRl for WidEATHRNPin SHIEH Borflaol WiV 00

mej Or axes nduf8d"By @KRg PhotShfERRPEME of QF MBSt Aol larbss ]bﬁttlﬁgrﬂ@f‘t ed in

a direction of fibers and viewable™within the field of view o

phot omi cr oguehbs vtk thepeat iofidart ReedtRre @RicRScBpOqaH W esaghifitdtidnhefnysber of
the mcropores nmeasured exceeds 30, is not snmaller than 5 : 1. 25 The cross

secti onost rexatpies of00N) easTehdwania tis: piieferapi Yofotheatirdt haueérodi iteiFsg.ohal

network structure having a pore size greater than that of the first surface

havi ng t he measnringratiesabetmeen apajoeaxeband mapohaves af &Y mietapoced viestablect ur e,

an asymretrical structure, or a finger-like structure or voids. Also, the

voi d rati o,witltindheificld adovigme of db¢ photorsisaegraphs, Hind rapeapog dos foegbingne, is
procedures until the number of the micropores measured exceeds 30, is within
therangeof 1 : 1to 5: 1.

15 Also, the slit shaped micropores of a type, of which the average ratio
between the major axis and the minor axis is not smaller than 5 : 1, as referred to
hereinabove, stand for micropores, in which an average ot values measured by
taking photomicrographs of at least two local areas of the second surface with the
use of an electron microscope (at a magnification of, for example, x500) as

20 shown in the micrographs of the second surface in Figs. 1 to 5, measuring ratios
between major axes and minor axes of micropores, formed by microfibrils
oriented in a direction of fibers and viewable within the field of view of the
photomicrographs and repeating the foregoing procedures until the number of the
micropores measured exceeds 30, is not smaller than 5 : 1.

25 The cross section structure of the membrane is preferably of a
three-dimensional network structure having a pore size greater than that of the
first surface having the round or oval micropores, but may have a symmetrical

structure, an asymmetrical structure, or a finger-like structure or voids. Also,

the void ratio, which is a volume ratio of space within the porous membrane, is
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-<10> within the range of 50 to 95% and, preferably, within the range of 70
to 90% If the void ratio is equal to or smaller than 50% it is difficult
to secure a sufficient pure water transmission rate, but if it exceeds 90%
the strength of the nmenbrane wll |ower and breakage and fracture occurs
during enforcenent of nmenbrane 5 filtration and, therefore, the nenbrane

| acks durability. Arrangenment of the surface having the round or oval

m cropores, of which the average ratio between the major axis and the m nor
axi s i s w tthintheranggrféloo 95% andt prederably, within tierangefafdd tol%g 1he slit
shaped m cropores, .of which the averﬁge rati.o, between the major axis and
the minor &b¢ ¥oidsrafigiis ¢aunl teror sramlerghan 50Pe, gt imdifHowhio serawe aiwdligener or

Hovever DB VRS (G RO B g ifd SSErs e, Buriranh BB cibrane
wever, S Y t ’
i bl e . th ti f ti dth ti t t [
Feaponsi bl eilcloatcniy BnRaed dnd dRm? effiits dhFiaBc AU Y MR oval
' ' f t ' ' bject to be 15
cepar at ea. iRl efd e, ARy GeRt 8ebcduSr on T permeating
per f or mance 1 esul t | AgfaALACHOH L BRI HE RRRN SBSHARRESpoklS EUI f ace

havi ng the round or ovaf m Ccropores, responsi bl e for e Separating

function, iyhiPh %@walage qlétméﬁéeeanﬁhmﬁgi%wgﬁisg@ﬁ hﬂeeag]g[gong %;inse PR tfgenor ane

of the present invention nmay be enployed I a hollow fi ber

menbrane Okaged 61 : MRHBraNand RSy Fhce hd\ndthd QW shhp&P i ERPBIANST Which
preferably enpl oyed since the hollow fi ber menbrane can be efficiently

packed, whehehyerge iritié detectrefticemhjoraxi®nhd ahe nsitiof agie i8md spRilller i ary
vol ume can be obtained. The vinylidene fluoride resin enployed in the

practi ae of5 t hkspetesentne 2bovavibot other i@ nsidsiandcontsaleni mgy ebevichyhgedkene
fluoride honopol yner and/or a vinylidene fluoride copolyner. The vinylidene
fl uori de rakepending onchediltermg gyistenal | Hpveivekisimts the surfaye hateing the vauridde
copolyners. For the vinylidene fluoride copolyners, copolyners of
vi nyl i dene cayabhmisrepereson ecsphasibleafor the senacating fwﬁpnwgdgfa/@)gws&@ﬂ@mi ng of
vinyl Tl uorsitr%(cafuré ?st ge%}c)g#ﬁ{)ﬁeetlo?%g Bﬁ)’fsica] strength, the surface having the round or
oval micropores is preferably arranged on the side facing an object to be
15  separated. In particular, in order to suppress a reduction in permeating
performance resulting from deposition of contaminant substances, the surface
having the round or oval micropores, which is responsible for the separating
function, is preferably disposed on the outermost layer.
The porous membrane of the present invention may be employed in
20  the form of a hollow fiber membrane or a flat membrane. However, the hollow
fiber membrane is preferably employed since the hollow fiber membrane can be
efficiently packed, whereby an increased effective membrane surface area per
unitary volume can be obtained.
The vinylidene fluoride resin employed in the practice of the present
25 invention is a resin containing a vinylidene fluoride homopolymer and/or a
vinylidene fluoride copolymer. The vinylidene fluoride resin may contain a
plurality of kinds of vinylidene fluoride copolymers. For the vinylidene

fluoride copolymers, copolymers of vinylidene and at least one chemical,

selected from the group consisting of vinyl fluoride, tetrafluoroethylene,
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-<11> hexaf | uor opropyl ene and chlorotrifl uoroethyl ene may be enunerated.

Al so, the weight average nol ecul ar weight of the vinylidene fluoride resin
may be suitably selected in consideration of the strength and the
perneati ng performance of the porous nenbrane required, but where the

wei ght average nol ecul ar weight 5 increases, the nenbrane form ng
characteristic will decrease and where the weight average nol ecul ar wei ght
decreases, the strength will decrease. For this reason, the weight average
mol ecul ar \wekafaoropropydénsy asl ghlarathiflwordethyleng say be Bmmnerateﬂ.loagmome In the
case of the field of water treatnent, in which the _porous nenbrane is

subj ect ed treighicavicsage mokesalaryeighhel theivinylidane thearideorests) wapilbersuifablyht i s
preferably wthin the range of .100000 to 700000 and nore referably within
the range &f eqisgonoeansidsalinm of SRt 3R he inegendag peHOTMAREE Fhihge

nown Lot MEas Ridtwasr roayisedy Bl e thPgroists raeedeq R Pea (v akBnent 4
o asent 5 1 Makestan 0 HeABERY Kufrihg “dh-BIRI RIS Abd R AR Bt et o1
Gubst ance. oree R Mt ce OHEHP NG R IRV EERIRS P BRET
Pol b opy ! OB TREMEY ScF IR0 TR MR DHCRRE il B rangs O 11 ene
sul fonat e, 5pehlUbORRIO0YE! | TAlthyeRsans el KR dRtarerGreddiRM, ihahIGRHRS { he

pol yvinyl pyrrolidone resin is preferred. The pol yvinyl pyrrolidone resin

that may beoesiy e&eibianet e Pbetdd o oheltl PEleaihg, IV NWE@RALt | SveRage
pol yvi nyl pyrrolidone honmopol yner or a copolynmer 25 of pol yvinyl

pyr r ol ildoneneleculanyeigtiteis profevdbylyerithiablhe rangy lof TOOGR o 700000 fagich mbie

pol yvi nyl pyrrolidone honopol yner is preferred. The wei ght average nol ecul ar
wei ght of tpnefeeable svithan itlse ramge 180000 t@b0§000.nited to a particul ar val ue.

It may be suitably selected in, consideration of the strength and the
permeati ng per f or nehbehpdrophdisiegtreaimeent that may be employed in the practice of

the present invention may be any type well known to those skilled in the art.
(See, for example, the Patent Document 4 quoted above.)

15 The hydrophilic resin employed in the practice of the present
invention is a resin having an extremely strong affinity with water and includes a
polyvinyl pyrrolidone resin, polyvinyl alcohol, a saponified substance of
ethylene-polyvinyl acetate copolymer, polyethylene glycol, polyglycolic
monoester, a copolymer of polyethylene glycol and polypropylene glycol,

20 polyacrylic acid, polymethacrylic acid, polystyrene sulfonate, cellulose
derivatives and polysorbate. Of them, the use of the polyvinyl pyrrolidone resin
is preferred.

The polyvinyl pyrrolidone resin that may be employed in the practice
of the present invention is a polyvinyl pyrrolidone homopolymer or a copolymer

25 of polyvinyl pyrrolidone and any other copolymerizable vinyl monomer. Of
them, the polyvinyl pyrrolidone homopolymer is preferred.

The weight average molecular weight of those resins is not
specifically limited to a particular value. It may be suitably selected in

consideration of the strength and the permeating performance of the membrane
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-<12> required, but in ternms of the processability to formthe porous
menbrane, it is preferably within the range of 5000 to 2000000. Al so, of
the vinyl pyrrolidone resins, a water soluble resin such as, for exanple,
pol yvi nyl pyrrolidone has a high possibility of being slowy dissol ved when
used in a water system Were 5 ingress of the water soluble resin so

di ssolved into the side of a processing liquid may forma problem it is
preferred for the water soluble resin to be insolubilized. The treatnent to
i nsol ubi | i requpmdybuhyh teyms of ithio peodensdbilitystoafarno e pomis myembraneolityisi ny|
pyrrolidone with the use of gamma_ rays, a cross-linking with the use of

ul travi ol eprefagablywithin tlagrrange ofr YYHL 10 20000§0i n AMbo.cof thehanyl pyreolidanset i s
carried 10 out in the presence of strong alkali or persulfate. O them the
chemical &9SRS-34 WaGInEpIkle) tesinngjichedss fioF gxkample, molywinybayrielidens das & he

ol Ubt 1| it 0 ShYau0 0 TRt R RHE% Mhebl BAER L SFasle e
Phase ST wlihugs WENRS, oL SRRl RUCR BlSSRuRCRRLE |
separ et o) SR P BB ADOS IR S5 igaBtese
cepan e on 195 e PAAEE A 15, PESIBATSHONE S IBLELR R o,
SR oL SNSRI IRIERHERI U onve Nkl R sy (e

solid-liqu separation wt ene de- propyl ene

hexaf | uori ¢@r&ARE YAR or 2CHeARBANGRSs-liflkiNgt Ml whRiDes Algt ABSmdnk 1§ c8N¥d
phosphate may be enunerated. Al so, for thé solvent which can assune the

l'i qui d-1bi quid iphdre peapacatdfostrong rallall yori ﬁ&ﬂshtf@ll&e fhfahésie, thbexhdmibghzoat e
may be enunerated and for the solvent which can assune the solid -liquid
phase 25 sepassdirkong wiitihingheerpdiate iswieferestetd dahieviedtbe pnsapybidizatibrexaf | uor i de
copolymer, propyl salicylate and pyridine may be enunerated. O them the
use of a water solThd sobeghtdhat mayhbassmployedxanthicepragtibeitofr tleaprasart or
c-caprolactone js preferred in the practice of the present invention. \Were

the water dovenbioa issempéoied of us&ind whateeamagduse thepthsysal tindesad abasa he
solvent fr 22?)§r2‘§0rrl).or %\H‘?ile the type of the thermal induced phase separation includes a
15  solid-liquid phase separation and a liquid-liquid phase separation, either of them
may be employed in the practice of the present invention. For the solvent which
can assume the solid-liquid phase separation with polyvinylidene fluoride,
acetophenone, isophorone, cyclohexanone, dimethyl phthalate, diethyl phthalate,
y-butyrolactone and e-caprolactone may be enumerated. For the solvent which
20 can assume the solid-liquid phase separation with a polyvinylidene
fluoride-propylene hexafluoride copolymer, acetophenone, dibutyl sebacate and
tricresyl phosphate may be enumerated. Also, for the solvent which can assume
the liquid-liquid phase separation with polyvinylidene fluoride, hexyl benzoate
may be enumerated and for the solvent which can assume the solid -liquid phase
25  separation with the polyvinylidene fluoride-propylene hexafluoride copolymer,
propyl salicylate and pyridine may be enumerated. Of them, the use of a water
soluble solvent such as, for example, y-butyrolactone or g-caprolactone is

preferred in the practice of the present invention. Where the water soluble

solvent is used, water may be employed to extract the solvent from the porous
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-<13> nenbrane after the nenbrane has been manufactured, and the extracted
sol vent can be disposed by a biological treatnent. On the other hand, where
the solvent insoluble with water is enpl oyed, the use of an organic sol vent
such as, for exanple, acetone is necessary to extract the solvent fromthe
porous nenbrane 5 after the nenbrane has been manufactured, and, therefore,
depending on the properties of the solvent used, an expl osi on-proof
facility would be required. In view of the foregoing reasons, the use of
t he wat er swimbtase sfiier #mt miembpand bas beeromanafadturddsand the sxtedoted solventns of
aspects of safety, equipnents and cost. The inorganic particles that may be
enpl oyed i K20 he disnased bE adpiotagical trpapgneatentOn thecothenhargd, evhere the selvert t he
m cropores.in_the porous nmenbrane and are preferably of a kind that can be
easily ext rnml@ge With Walghile anaplgdedntigeuse of anaprapals splyepbineh 96+ f®ut i on
l.es of the inor I.cl es include those of

s, Sfebdf it flialn SHELRE Sty bl
oxi gﬁmoih;é%ﬂﬁﬁ% ,m?lrﬁwnsﬁﬁsz Eﬁg mug%ifgg‘ras f?a_ﬁgé‘?fe?oa?: ﬁg& gnﬁ oggglfeum
siggr F?Steln\e/g e&mgﬂbgélgesg’?{ 0 t%%e ’cﬂ&n%g)sﬁll o’ﬁg(g& i’icﬂlﬁgyf&ilﬁ \f/&: %‘H %‘Ie nf o
cach of her \guoF R B8l raRnt, TR K. WARE St RAL e f-RiRE b

vi nyl i dene afliH@udtdM JBR I tBffls bPBsRelVENafay CeiipmenRatidtios, zed with each

other, making it possible to manufacture the uniformy porous nenbrane and

are therefore suitdaMe irpamiy gsariidlct Migatnmpy fhrcérpRyell ihhBle pRacRiesofTiEdr ane
having a further increased pore size. Because of such aggregative property,

silicaios suedeabinveatiph ayedtilieed bhehd microporss ipaht ipok@s memibeanxadinid afee Si ze
of the inorganic particles (which is represented by the 25 coagul ati ng
particl e sipreferably hdf &dard dhat ken ibeoesshyi expacted ovh dimwmioglst drel haggraegat i ve
property) may be suitably selected in consideration of the pore size of the
porous mentelativelyesarew, disiribhdos aige pafticlhesiaé.t r dxamples i afn theethorgasic  t he
I norgani c particles having the particle size not greater than 0.01 mare
sel ected; ipattigles Hwdedeothose @f miligap feplaipmt sikieates alwminwm siHcyar magnesigm of f i s
not o . . . .
silicate, calcium carbonate, magnesium carbonate, calcium phosphate, hydroxide
15 or metal oxide of, example, iron and zinc and salts such as, for example, sodium,
kalium and calcium. In particular, the inorganic particles having an aggregative,
when added to the composition of a kind, in which the vinylidene fluoride resin
and the solvent usually separate in phase from each other, gain an increased
stability in a condition, in which the vinylidene fluoride resin and the solvent are
20  compatibilized with cach other, making it possible to manufacture the uniformly
porous membrane and are therefore suitably employed in the manufacture of the
porous membrane having a further increased pore size. Because of such
aggregative property, silica is suitably employed for the inorganic particles.
The particle size of the inorganic particles (which is represented by the
25 coagulating particle size in the case of the inorganic particles having the
aggregative property) may be suitably selected in consideration of the pore size
of the porous membrane desired, In the case of the ultrafiltration membrane,
the inorganic particles having the particle size not greater than 0.01 pm are

selected; in the case of the microfiltration of which the particle cutoff is not
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-<14> greater than 1 m the inorganic particles having the particle size
within the range of 0.01 to Imare selected; and in the case of the

macr oporous nenbrane of which the particle cutoff greater than 1 gm the

i norganic particle having the coagulating particle size greater than I m
are selected. Also, for the purpose 5 of the particle size control of the
porous nenbrane, particularly that of increasing the comrunication of the
pores thereof, the inorganic particles having different coagul ati n%w
particle sigreaiemthanhé wing dhe tingrganisr paioles hawipgcthet partinle sige gwithiar theat i ng
per formance %i s one of features ni fested E{hthe porous nenbrane of
the presentay Péio lie age seleeled; ard phihe; G@se of theomacPorers membiane o
menbr ane of .the present.invention, the higher the magnitude of the effect as
Conpar ed wOMRR(DS PATRE EORTLATSAATARAR DL, She i ERR A CIC Yo FhS o) o
cutoff of the r Ous nbrane of the present ipveniiop,is.not snaller than
0-2°m *pr SPRSUBGE WRrITIR SifeieRies b TuSRCA: ssTUETRL  Risoy S heriithB, o 0
gm The_.aggregating:age t bg e ed | ract| o] h 15
resent 5 ntnflonaride Rarpealdlott s ABMaSCmdRuls, SPahirady i "§t) s
has an affj i LG SRS ' rs ' ease

t he aggregé‘?%éﬁn%?h ﬁ% e |hﬁglrlganinc()flgtglg3 iog‘ll'S:@Fr%E’S{h?Zlggﬁé “fés]‘?#ﬁ?loe%rg‘é‘{" pge wth

t he sol venty; : Lt s t Iof | ly,
td1ﬂéreh@%o§%hl?t‘;w§§5rtfc'lé Eﬂzﬁih}aﬁoigﬁﬁem]gg? %S’%Hf?ﬁéla WYRh régfict @

t he aggregating agen referab the conposition having

the characttggh pthfating) pérforniancdOviich G4 9ne b Teh@res maniftited byl the Yopedd bl e
with the vinylidene fluoride resin, (4) it has a boiling point higher than

t he tenper ahembrant othihe predent ihvottioneniee praatdri the pargslercuantf dfhithe poirvent
di ssolve together, and (5) it has a hydrophilic group. Exanples of the
aggr egabi ngnambriane hafv thegptdsentc heveationy thet highef 1he anapnit)det af (i) effdétsaussed
above i ncl ude polglhydri c al cohols such as, for exanple, ethylene 25 glycol,
propyl ene goyyaired withahhiolihe apnyentionadatty etlhthisrespgicy,abé partitle cyodf of:
pol yglycerin fatty acid esters such as, for exanple, decaglyceryl
nonol aur at éhe Py erabraficent the yrresant inyentjomds nessmpklers tean §2 1wy
exanpl e, pol yoxyet hyl.ene gl ycerin nopostearate; polyaoxyethyl ene al kyl
et hers sucwr%ffe,rﬁbﬁwﬁe%%r@gem lytgxly‘gﬂm p@ﬁ%@mralnr‘;ﬂilereﬁrt h?.ﬂ] HAY
pol yoxyet hyl ene Cet"}(llle %tggl'eer,ghting agent that may be employed in the practice of the
15  present invention is a composition having such characteristics that (1) it has an
affinity to the inorganic particles, preferably enough to increase the aggregative
of the inorganic particles, and (2) it is incompatible with the solvent or has an
upper critical solution temperature. Additionally, the aggregating agent is
preferably in the form of the composition having the characteristics (3) to (5)
20  discussed below. (3) It is incompatible with the vinylidene fluoride resin, {(4) it
has a boiling point higher than the temperature at which the vinylidene fluoride
resin and the solvent dissolve together, and (5) it has a hydrophilic group.
Examples of the aggregating agent having the characteristics (1) and (3) to (5)
discussed above include polyhydric alcohols such as, for example, ethylene
25 glycol, propylene glycol, triethylene glycol, polyethylene glycol and glycerin;
polyglycerin fatty acid esters such as, for example, decaglyceryl monolaurate;
polyoxymethylene glycerin fatty acid esters such as, for example,

polyoxyethylene glycerin monostearate; polyoxyethylene alkyl ethers such as, for

example, polyoxyethylene lauryli ether and polyoxyethylene cetyl ether;
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-<15> pol yoxyet hyl ene pol yoxypropyl ene al kyl ethers such as, for exanple,

pol yoxyet hyl ene pol yoxypropyl ene cetyl ether; polyoxyethyl ene al kyl phenyl

et hers such as, for exanple, polyoxyethyl ene nonyl phenyl ether; and

pol yoxyet hyl ene sorbitan fatty acid esters such as, for exanple,

pol yoxyet hyl ene 5 sorbitan nonopal mtate. O them the aggregating agent

having the <characteristic (2) discussed above is preferably selected. The

upper critical solution tenperature referred to in the characteristic (2)

di scussed @otxaxyetuteneanpalypsyprapyiene ealksl acthess asucthi @b, t fly  praple,

separation takes place in.the case of a conmbinatigon in which the 10

conpat i bi | iP@YWCﬁWZe%IRP&RXYﬁHPXIHBC atfdvle gHhish polyerreteyisng ealkylpheny!

tenperature,, The term "conpatibl.e (or, co tibility)" hereinahove an

her ei naf t eCthEERASE §5nt i%e%ﬁwlﬁeﬁplyﬂymﬁﬂgﬂgoméﬁ Y h&WNeggr@ht i ng
n

0o oo SO s S AR BRI o
?% “whi ih"ﬂga*bﬂ?fgn RRRI Ry SO aﬂf*?%?ﬁg%f‘egﬁwiﬁﬁéé d‘ Hﬂ%ﬂf@?@ﬁ ) th
t(raﬁgfalrg?hr\e@ﬁg%aﬁ%érrgsﬁlgégpgféfﬁ“?laﬁpgge\im hfé;flﬂﬁlly‘é%ﬁegt%ﬂ‘ tgatp(raepa\rMet aI nsgl u!t igon.

The heating tenperatps e yyas: Sefititdl SoMGdf! @érﬂg)aﬁﬁlr&erfef‘é@dﬂﬁo inDigeh 1S
10C | ower than | owest one of the respective bolling points of the 20 sol vent

and the agghefRidrivéicaad¥ discud¥eldaibolvbensils Wnl @ipel dinip eefpéatiat uehHiek tHe ve
m nutes at the heating tenperature, the inside of the sanple tube was

observed Whabe niactieyesak@sdpldck tmahphase s€parasmbinaves absehicadihd he
conbi nati on of such solvent and such aggregati ng agent was deened to be

i nconpabi bloempatibilityaxfithetsbbent dhd the agpregatingasgene thangosndith itempedfaturai f or m
singl e phase, the sanple 25 tube, after having been withdrawn fromthe high
t enper at ur dheotermof‘tempaizhla, (or wsnpasdlikiy ) Adereihebavenped dregeioafier weddlis t he
uni form singl e phase solution started turning unclear was defined _ as the
upper cri t iiBgnded|tar meant Eapdhatsoleent e g \AggTCEakagT agend geate §&t Miedgent
enpl oyed in the pragtice of the resent inventiop preferably do not

di ssol ve witP&et %haﬁ}%@pe&tcr{twgl ?@HH@P demperagyre reterred to herein’is measured

in the following manner. Specifically, a dispersion liquid containing the solvent

15  and the aggregating agent, both of which had been checkweighed so as to attain a

predetermined weight fraction, was filled into a sample tube and was then heated

within a high temperature controlled bath filled with silicone oil to prepare a

solution. The heating temperature was set to a predetermined temperature,

which is 10°C lower than lowest one of the respective boiling points of the

20  solvent and the aggregating agent. After the solution had been retained for five

minutes at the heating temperature, the inside of the sample tube was observed

with naked eyes and, if two phase separation was observed, the combination of

such solvent and such aggregating agent was deemed to be incompatible with

each other. Also, in the case of a condition of uniform single phase, the sample

25 tube, after having been withdrawn from the high temperature controlled bath,

was cooled and the temperature at which the uniform single phase solution
started turning unclear was defined as the upper critical solution temperature.

The solvent and the aggregating agent employed in the practice of the

present invention preferably do not dissolve with each other at the temperature at
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-<16> which the thermal induced phase separation takes place and, in terns
of the process, the conbination thereof, which has the upper critical
solution tenperature higher than 30C, and preferably does not dissolve with
each other higher than OC and nore preferably in any tenperature region
thereof, is 5 selected. In the general nmenbrane form ng techni que, since it
becones difficult to manufacture the uniform porous nenbrane, there is a
tendency that the stock solution tending to exhibit a characteristic

coi nci di ngwhieh thérdhermeal siedueeed phasg 3§pardiien dakesd place vanslyshyteirms mft the

sel ected. However, in the practice of the present inventiqgn, the solution
exhi bi t i ng Prefesshaheceanbiation shergpEc el paevihsuippet agriicalpsobsiosct ed by

o 08, e e wb o s e et b g
T T
SRR AR L I T
oo .9 MRS e A e L NS BopPSgRictorn
copabl, oh sl PG S0P Seblpndld omdee U Bl D)

the region dgdcubdt@d plevtitistly lid Gt deRBRIC FBRRREA! A thé pIAREad ¥heS Braddht OW
that the control is diffi‘cult to achieve. Also, it i's extrenely inportant

to select anwmneipal theostlified ieRRibiaRathe chathc@eivet ¢P) aicusyed | praviodsllyi G d
phase separation and this is not easy. On the other hand, 't he solvent

enpl oyad i et fdeqredidtyi empbbyinpethprwoeginic paetidleorxhibitid® thapdakacteristic

exhi biting the characteristic (2) discussed previously in conbination wth
t he aggr egdaliscngsedgeaviourlyy be any ki nd capabl e of devel oping either the
l'iquid-1iquid phase_separation or the solid-liquid phase separation in
cooperation wth tWaenithgl cemhinationoel dbe rsodvant and the aggrdgeting agsttng

nmet hod of the resent .invention evec{j when, t he, sol vent capabl e of

devel opi ng whigh ng. p t;hj\gacaerlstlc (2) as discussed previously 1s employed, the porous

membrane having both of a high separating performance and a high permeating
15  performance can be easily and inexpensively manufactured. As a method of
manufacturing the porous membranes having both of the high separating
performance and the high permeating, the method has been shown, in which the
combination of the solvent and the vinylidene fluoride resin capable of
developing the liquid-liquid type thermal induced phase separation (See, for
20 example, the Patent Document 3 quoted above.), but the region of the
liquid-liquid phase separation is generally so narrow that the control is difficuit to
achieve. Also, it is extremely important to select a proper combination capable
of developing the liquid-liquid phase separation and this is not easy. On the
other hand, the solvent employed in the practice of the present invention, if
25 capable of exhibiting the characteristic (2) discussed previously in combination
with the aggregating agent, may be any kind capable of developing either the
liquid-liquid phase separation or the solid-liquid phase separation in cooperation
with the vinylidene fluoride resin. In the membrane making method of the

present invention, even when the solvent capable of developing the solid-liquid
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-<17> phase separation, the porous nenbrane having separating and perneating
performances both conparable with or higher than those exhibited by the
porous rmenbrane whi ch has been manufactured by the conventional nenbrane
maki ng method utilizing the liquid-1iquid phase separation. Accordingly,
the range of 5 selection of conponents formng the stock solution for the
manuf acture of the porous nenbrane expands, naking it possible to
facilitate the manufacture of the porous nenbrane excellent in separating
and per neaphasg pepitationndbe. pdvone meprrand dwving separatimgbiandt permedtinghe

sol vent and the aggregating agent, which may be enployed in the practice of
t he presenperfauapnsesboth gempacable ¥ themhighshthem thoseexhipited dytbatperous
(non-aqueous sol vent). and et hyl ene gl ycal, (water sol uble), conbj nati on of

y- butyr ol Jembrane watigh hap been ayaniigeteredcst the qanveariond) Iﬁsm%ya%makmg

" thar bl BT DR RGN L oo, AGTRDLCIR s
i i . t : ti

ng; :itélj‘r;?sl%svfw? c%%%févsﬁﬁsoﬁ%ﬁvé T SBlerCRAuGOE L afa%gﬁa@incaﬁﬁ@%jjr dg

resin, sol @é)néu,s lﬂlgrﬁlg?%%né@agg%@pgé ﬁ;ﬁ%{s%% ?(ggéaﬁﬁ%gtgé @ge#‘?‘y#é‘ﬂ%?%ﬁ f\{/d]el ch

have been fBRsls' BiRhbrlRO¥eeelldRY i Sepithliablafd SRIHEhGHE Pordpnhncd, Mg ded

that the porous nenbrane so manu ractic y acceptable

strengt h aRde@fieMININE cdmBhatidaidrere Qa%emsaxﬁieth%gﬁi@hngmgeﬁewmew'h{a? of the
pores open trom one surface of the porous nenbrane to The opposite Surface

t her eof exibet&mpioysdiah the pexdtietofathet Sres&ttinSéntich, dasiudeth pebRatidACEE
Al t hough the conposition of the stock solution for the manufacture of the

por ous 1oenbeand benzoatr Ynaepguedius gsobvertthand cdthyicaal glstolupwatee sofubdglcha of t he
conponents referred to above, it is preferred 25 that the vinylidene
fluori de resmbinatidneokp! mgptolactohe (waier gahibde )rad: glytesn (watee sohdpde)eayalt i ng
agent = 20 to 40 : 25 to 60 : 10 to 30 : 20 to 50, provided that the total
of the comgoedmbinatipatglog-capralartons faiatesdubleyanddelycedn {wat¢resaloblednt , t he
I norganic particles and the aggregat iqr;}g .agent is assuned to be 130 (the sane
assunpt i on QGipihenednthe precticg dnescd dByeitang ilye usg of e sombinationodf of t he
the water soluble solvent and the water soluble aggregating agent is preferred.
15 The composition of the stock solution for the manufacture of the
porous membrane, which includes the vinylidene fluoride resin, solvent,
inorganic particles and aggregating agent, all of which have been described
above, may be suitably selected as desired, provided that the porous membrane
so manufactured can have a practically acceptable strength and also have a
20  desired pore size and that the continuity of the pores open from one surface of the
porous membrane to the opposite surface thereof exists to such an extent as to
satisfy a desired performance. Although the composition of the stock solution
for the manufacture of the porous membrane may vary depending on the
chemical structure of each of the components referred to above, it is preferred
25 that the vinylidene fluoride resin : the solvent : the inorganic particles : the
aggregating agent = 20 to 40 : 25 to 60 : 10 to 30 : 20 to 50, provided that the
total of the composition ratios of the vinylidene fluoride resin, the solvent, the

inorganic particles and the aggregating agent is assumed to be 130 (the same

assumption applies to the subsequent description). If the composition of the
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-<18> stock solution for the manufacture of the porous nmenbrane departs from
this range, the stability at the tinme of spinning the stock solution for

t he manufacture of the porous nenbrane is |owered, naking it difficult to
spin the uniform hollow fibers and, also, if the anount of the vinylidene
fluoride resin used is 5 larger than the anount descri bed above, there is a
tendency that the perneating characteristic and the fractionating
characteristic of the hollow fibers eventually obtained will be badly
proporti onatosl sadutder Hoothe manpdactuteoofjithe pereusi Membrahe ldeparts ifbmmsthisan be
spun. The stock solutjon for the manufacture of the porous nenbrane, of 10
t he conpositangsn thestrbdity gt theetiiersl spiamag the stocksohuamiortthe manufegiure t he

R e R S
anti oxi anlth, a V%Jbabsor(ggagt g hI ubri cant (an a_nhidbl 0 in@gal%ent ?Fgld'

pi grent s onCU9Rs fbgiSdnRdyAlsq.pili the Moy of the yinylideng t T8 P8R B esent
[ ipn. ;15 T ' h f fath nmb :
of TheSconpaet e r Oy seRut Shndy dERE brCHHERS, tlat Tne BraNSIRE
Lhe i nor 9aRkGencRRik GnSne Hhc 258 R BALIAARE the TRUIS RbBADAXGARRE' | Ped,
are kneaded I'na tTwo-axle endi ng®equi pment,” plastm1 or "a m Xer. Ffhe

kneadi ng t epRgh&l Yif bé bapg}gﬁgat%égﬁog%egfto%a@' Pﬁlegteg\gﬂitﬁﬁuélli‘%é’idi‘bffdrﬂlene

fluoride resin and the so e dissolve any-of the various

conponent s hpiloWhEb@R QYA bdepan! bed m xture will not deconpose. After the
stock solution for the manufacture of the porous nenbrane has been kneaded,

bubbl es are sufficiEid btocksvbwésh faditheeinghefichire dffte Yo nienyeraghli 60 punp
such as, for exanple, a gear punp. After having been weighed, the stock

sol uti an f dhe tbmpositioh antludmgahe tviney |ptene dhiorileiresing thessalberg xtheldderganhr ough a
sheet die or a nozzle of a double ring structure to forma desired shape.
VWere it i padedes antl the dggregdinlg agent apbersjnaboyasiesersbade diaymf equiredshe f or
exanple, air or nitrogen, or a liquid having a boiling point higher than
t he tenper added wih vaniews pdditresclindoding en agtoxidantyeniy dnabsaaheritact ur e
is extruded, i.s simul tal?eou_sl y extruded froma center portion of the nozzle
of the lubricant, an antiblocking agent and pigments or dyes, provided that they do not
ruin the object of the present invention.
15 The stock solution for the manufacture of the porous membrane, of
the composition including the vinylidene fluoride resin, the solvent, the inorganic
particles and the aggregating agent as hereinabove described, are kneaded in a
two-axle blending equipment, plastmil or a mixer. The kneading temperature is
chosen to be of a value at which the vinylidene fluoride resin and the solvent can
20  be dissolved and any of the various components of the above described mixture
will not decompose. After the stock solution for the manufacture of the porous
membrane has been kneaded, bubbles are sufficiently removed and weighed by
the use of a weighing pump such as, for example, a gear pump. After having
been weighed, the stock solution for the manufacture of the porous membrane is
25 extruded through a sheet die or a nozzle of a double ring structure to form a
desired shape. Where it is desired to form hollow fibers, a gaseous medium
such as, for example, air or nitrogen, or a liquid having a boiling point higher

than the temperature, at which the stock solution for the membrane manufacture

is extruded, is simultaneously extruded from a center portion of the nozzle of the
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-<19> double ring structure. The liquid that nmay be used when bei ng extruded
from the center portion of the nozzle of the double ring structure is
preferably enployed in the formof a non-solvent or a poor solvent that is
not soluble or poorly soluble with the vinylidene fluoride resin. By way of
exanpl e, 5 polyval ent al cohol such as, for exanple, tetraethylene glycol,
propyl ene glycol or glycerin may be enunerated therefor. By so selecting,
the thermal induced phase segarat iion of an inner surface of the hollow

fi ber obt aideublepring stystuand, The Higuid shat mandespsedcvher being endrudadefranst
surface can be made coarse _to thereby _provjide a |arge pore size

ef fecti vel yhe THEBIEE P10, 0%@6 EBQﬁ%eOf ke khaIng BHUCse rig apkeferabior ni ng

e s SO BT Bha nSHREE Bt b B PG BSuAE b
et vt o RS SUE SR R T BB, A7, B TBE e e
S0 o 5 P 000, LETRIESLASE HE RN Bl TR or

ol vent comi T By Pr ioiErALR IICREIoK "By o PEIcCUHET MRE sheralay iflthikd e

contact Wi tihabd1§éseatddn bPAnMRREr SRHRNGT Me hdiltgy \ibky | duianed proelisdantesi n. a
portion corresponding to the interface between the above described m xture

and the nonhé&eforenthef ariduR tetieeoltapostadfdcbecadltbd amdet @atseP@ theselyebr ane

w Il have an uneven structure, resulting in the possibility that no high

separ at i ng ppoeides ange pordsizoffectiedly. THhecpores 89 madkd bodatse aed egigemebol i ng

wWithin an air nmedium introducing into a liquid, and introducing into a

| i qui d 18f t amploaainngn dooeingethe plats slegpethmaerghoms @ thersuiface, ehwhacly thme of

those methods may be enployed, but it is preferred that the 25 atnospheric

t enper at ur @veEageaatie betveeenihe ingohaxisand theaiser axie iy eetpenaltantkan$ : 1t he

| iquid used for cooljng be.contralled so that, since the cooljing rate

affects the strengtht SREuErDRlded artisle exaudest Busugh fsy shivet disor 0728l t he

pore size control, 1the coqling rate can.he controlled. For the liguid used

Por cool 1 ngS Asaompanisd b AT SePRglOn gl d TBHiFoF Rricerme At d6rmy  be

a cooling |igqui . . i
solvent as a result of change in temperature induced by, for example, cooling,

15 with the vinylidene fluoride resin being solidified subsequently. When the
mixture of the vinylidene fluoride resin with the solvent compatible with such
vinylidene fluoride resin solidifies in contact with inside of the poor solvent of
the vinylidene fluoride resin, a portion corresponding to the interface between the
above described mixture and the non-solvent forms a dense layer and the

20 resultant porous membrane will have an uneven structure, resulting in the
possibility that no high separating precision can be obtained. The cooling
method includes cooling within an air medium, introducing into a liquid, and
introducing into a liquid after having once been passed through an air medium
and any one of those methods may be employed, but it is preferred that the

25  atmospheric temperature be controlled with a hot air and/or the temperature of
the liquid used for cooling be controlled so that, since the cooling rate affects the
strength and elongation of the porous membrane and, also, the pore size control,
the cooling rate can be controlled. For the hquid used for cooling, water and

organic liquid may be enumerated. The liquid may be a cooling liquid
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-<20> containing a plurality of conponents in which at |east one or nore
conponents are dissolved. Considering the environnental aspect and the
aspect of manufacturing cost, the use of water is preferable. It is to be
noted that where the use is made of a water soluble solvent and water is
used in a cooling bath, a 5 mxed liquid, in which at |east one or nore of
salts is/are dissolved or which contain a plurality of salts, may be

enpl oyed advant ageous|y. When a brine _solution is enployed during the
coagul at i n§OBtEPAE & Plugaly 0fi gmepensenfoieWhicheal keast org Op XROTE RGEPNEREen t he

For m t ho. paroulSTrSFand o dafih iy FRYIFUAMERa] HisPEENSIBdIONF aBRIEct Pl ne

Cuppr o5sea MAERR R othane B OF eleh e DS B oo hiEe o Eubyr

For mat ton o ERer e T kad SelBfe STk ARLVAE ISR poBlHe SalRptr
suppr eeged 1Ry |EHE, WL EREEA pleest O R FRRCBY ol DA Lick e A ehe o

]l e TSR YO e

nitrate, chlorate,” lactate or acetate an

ei ther an RyRfRUSsTRploPéd datihg INECodgulafiRg sRPAMIsDossiHH 16 IeMGhtheTaiodi um
sul fate and potassium sul fate may be enunerated. Then, inclusion of a step

of draw ng olff@(chaﬁ%&li)emeﬁif ane vdatem(ade-soRentyohsie dharwatel sohiblé Golechtas
her ei nabove described, before the solvent, the inorganic particles and the

coagul ant agakihg fitapessibdeto forhr thetprdoeomendirehy in whicke fanatioardfzhel dei¥een t he
porous nenbrane is drawn before the conpletion of the extraction, it is
expect dd t hapertihéhp onerolsrane sbrface résulting fromaanfaboupirfedng ad thé atrectardisgh
perneability. The draw nﬁ, Is preferably carried out at a tenperature 25

wi t hi n t he sippigesesk (Uheohiphecthanwalt eonerntrasigpe the igwer thenfagh ol exehanges0C, it
I's not desirable hecause the draw ng ts are consjderable and, also, the
degree of bs%?f@a&eowaﬁr %ﬁwagétearﬁ@?lﬁﬁ@ Xt preHHngbin feynaiion Philis ed,

d wh the t ture js. | .th 0C, it.is difficult to d tab
and uni  or AOJUSREMOGHIS S b BRRRISN P i derspdpvarandhe membratpan o

drawing is rtr:%qtsfngtfro% %Eaﬁ'grﬂﬁt fixing of the structure is suppressed. The term “salt”
15  referred to herein is a monovalent or multivalent compound such as, for example,
halogenide, hydrosulfate, nitrate, chlorate, lactate or acetate and may be
employed in the form of either an hydrous salt or salt hydrate. For example,

salts such as sodium sulfate and potassium sulfate may be enumerated.
Then, inclusion of a step of drawing the porous membrane from the
20 molded article so formed as hereinabove described, before the solvent, the
inorganic particles and the coagulant agent have been extracted completely, is
characterized. When the porous membrane is drawn before the completion of
the extraction, it is expected that the porous membrane finally manufactured can
have a high permeability. The drawing is preferably carried out at a temperature
25  within the range of 0 to 160°C. Where the temperature is higher than 160°C, it
is not desirable because the drawing spots are considerable and, also, the degree
of elongation at breakage and the water permeability are lowered, and where the
temperature is lower than 0°C, it is difficult to draw stably and uniformly, and

only structurally fragile portions break. When the drawing is made at a drawing
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-<21> factor of 1.1 to 4, preferably 1.1 to 3.5 and nore preferably 1.1 to 3
at a tenperature preferably within the range of 30 to 120C and, nore
preferably, wthin the range of 30 to 100C, the intended porous menbrane
can be obtained. The drawing factor referred to above stands for a

magni fication determned fromb5 the length of the porous nenbrane when the
latter is nost drawn during the drawing step. Al so, although performance of
t he drawﬁn% inaliquidis desirable because the tenperature can be easily
control | ed facter edyl Betapds fsetesablyi hlatgdseand mede wpretarablyald,l tor3 exanpl e,
steam For the liquid, water is, preferabl enploied because it can be
conveni ent teTaPeratuie preterablypwithin the t‘éfiﬂ‘l“@el(ag gPyieol 261C andomare| msefarablymei ght

O L7 SRR ST LB, LA e ™
CorL 0 Al i e SRR oSG o 19
o oreons! M S eI BT PR A A (1
205 202! AL o ADSLIRNRC SITa F ¢ ANTR, 2
nor the aggegioa|k Rcﬁgs%nthe t@ih?@rat{hﬂe dah éiﬁfyfﬁﬂlﬁkdl&dgﬁﬁﬂayhﬁ fGived

menbrane containing the I norganic particles. e porous” nmenbrane 20

cont ai ni ng i he ghikdgamedivd@rsuck! &5 .fof R&afPl,| ahy Fortdie HEWTET e RCti on
can be enhanced as the cl osed pores present in the nenbrane section split

at the ingieRpritty Raiplogédbeadidetihenn beagshveniont, il gRMNideNoPPS]yRtHyesne Al SO,
it is possible to change the coarse pores present on one surface of the

por ous 1oenipliyed ofnd dowtheleshldr woighedr nhe likporansbandyarftegesusly kepeyaeat i ng
performance of the porous 25 nenbrane can be increased significantly. In the
practi ce ofwhdre theedwmtingisvperforomed iat 4 $emppedaturabhightn tham®X0e phisous
menbrane containing the solvent, the inorganic particles and the

aggr egat i nglrayyey in prinked; Hquid, contgisingoa phuraligy of diquid gnedisnposuels afedrbr ane
whi ch has been drawn i s advant ag}gous in t&g’ﬁﬁp si hce voi dg have i ncreased in
the surfacdniXgd ligiud gongnningewa pelys eaglygol may be employed. In

the present invention, it is preferable to draw the porous membrane containing
15  the solvent and the aggregating agent. The porous membrane containing the
solvent and the aggregating agent is less susceptible to breakage during the
drawing as compared with that of the porous membrane containing neither the
solvent nor the aggregating agent. Also, it is preferable to draw the porous
membrane containing the inorganic particles. In the porous membrane
20 containing the inorganic particles, the continuity in the membrane section can be
enhanced as the closed pores present in the membrane section split at the
inorganic particles and then transform into continuous pores.  Also, it is possible
to change the coarse pores present on one surface of the porous membrane into
the slit shaped micropores and, hence, the permeating performance of the porous
25 membrane can be increased significantly. In the practice of the present
invention, it is preferable to draw the porous membrane containing the solvent,
the inorganic particles and the aggregating agent. In addition, a method of
extracting the porous membrane which has been drawn is advantageous in that

since voids have increased in the surface and inside of the porous membrane as a
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-<22> result of the drawing, an extracted solvent is easy to perneate into
the porous nenbrane. Thereafter, fromthe nolded article so forned as

her ei nabove described, the porous nenbrane is obtained by extracting the
solvent, the 5 inorganic particles and the aggregating agent. The
extraction of those conponents may be perfornmed continuously during a
process step together with the operation to extrude and solidify, or nay be
performed subsequent to winding of the nolded article once around a frane
or a skei nresoit eff ther dravdngpan edtraeteidciadverias desy o pecowasdate dhaiporous a
casing of a predeterm ned configuration and 10 then nodul ari zed. The sol vent
used to exfeERraBach of the conponent used nust be a non-sol vent of the

vinylidene fluoride, resin at.the extracting tenperature.., Al thou t he
extracting sol vent efﬁ{l feﬁm‘ﬁeﬁgﬁdmﬁ’ e(gﬂatr%lecﬁ@ formeds 35, Eﬁlgg&’q}ie t he

in'the ctai‘l e%?lrﬂ’%ﬁQ?B%?nirﬁpg Bl ?5‘1?%‘59@93%%%3?5&%%%322@{% glé‘%aeﬁﬁnth%;”‘é' and.
3@?"%? ” ﬁsisﬁkﬁni?ﬁgxﬁﬁ%%ﬂf e i"ﬁ;%%gﬁﬁi%é‘pé?%t-lﬁﬁifh%es%%f%ﬁ% I 22t on
the case of OnPRACRS iy B pREERCH Copinhdu ey BERCRY filp Bl i 1"

acet one_or (REbRARAbn (B SRHSRIAKEG: A bOpLitGRasfutakebf 19ARERAL | O

agent being water so e, 20 water nuner at ed. The porous nenbrane

is, after LRggenVd&PaaRe bAYEardREh Manteest 4 BREIRODr afled 8 MbldRdcafidict i on as
wound around the frame or skein. Also, the porous nenbrane of the present

i nvention Ay been sitémmodabanvithieal esbing lo€ s paideteraiett 8bniisurhton tdirl

pur pose of increasing the proportion of an a type crystalline structure of
t he porous tieninodukrirade dhetshivent nydd werarac? Badh ofdthiedempesient uisl mustesul t
that the inventors of the present invention have exam ned the chem cal

r esi st ance befa nhe-spbeatiof rtgerbailayiédamdﬂu@ﬁde hesin i iy cxragting tonpetaturesi n,
the inventors have found that not only the crystallinity index but also the
crystal | i néAlgougbtthe extrgating sabvent mayt gidles leperding rassthst eheprical stipathrer

i ntensi ve exam n%i on has reviewed that the chem cal resistance increases
or the like of the components to be extracted, acetone or methanol may be

employed in the case of the solvent being, for example, a non-aqueous solvent

15 and a water soluble solvent may be employed in the case of the solvent being

water.  Also, in the case of the inorganic particles being silica, extraction with

the use of an alkaline solution is suitably employed. In addition, in the case of

the aggregating agent being poorly water soluble, hexane, acetone or methanol

may be enumerated and in the case of the aggregating agent being water soluble,

20 water may be enumerated. The porous membrane is, after those processes have
been worked thereon, dried in a condition as wound around the frame or skein.

Also, the porous membrane of the present invention may be suitably

heat treated. The heat treatment is for the purpose of increasing the proportion

of an « type crystalline structure of the porous membrane made of the vinylidene

25 fluoride resin. As a result that the inventors of the present invention have

examined the chemical resistance of the porous membrane made of the

vinylidene fluoride resin, the inventors have found that not only the crystallinity

index but also the crystalline structure contributes to the chemical resistance.

Further intensive examination has reviewed that the chemical resistance increases
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-<23> when the a type crystalline structure is present at a rate higher than
that of the R type crystalline structure. Increase of the chem ca

resi stance when the a type crystalline structure is present at a rate

hi gher than that of the (3 type crystalline structure appears to have
resulted fromthe follow ng reason. As conpared with 5 the (3 type
crystalline structure, the a type crystalline structure contains hydrogen
atonms and fluorine atons bejng del ocalized and, accordingly, it appears that
is why depdiearthe s typs aystallisststiusturrds geesent alse sate higher tbanéhat\mftgg B since
the proportion of the a type crystalline structure, which is non polar, is

hi gher t hafyP& FEStabng sEryglire: r ylarenass od tBe chemigal resiptanse crhemMegy&rbeat ons
cocurs. Ol t SEysIRRE stgies ke PrSPah s FuRdiahe Hamandroh Be 1DBIR A orNTEne

fl u_ori de in acco_rdance '_th t he ;Br frentthi nﬁnt.i op has an excel | ent . he_rri cal
F esi st ance SURRGT ARPGYS 1 have RuRe oL the fOlBN IR ToR0R o A RImRAS] Willne | on
i o1 82 Y BIGP ehBINAC Rl 168 9L By Sefeurd ot TbeR LT, )

L0, PerT of maidigs ARA'AGAR Mofls BElnb /11O JHRITAEARAY ! dRRERUBLY 10 L1

extraction of the solvent and aggregating agent, rane is,

after the %@Md@goﬁf@ﬁﬁ&? of "OIBHid @AM is! 3cafl O hhBtHek 2Bl sideetry and is

subsequent|ly “held i n the %ree condition. If the heat treatment 1s performed

while the presstsioiRithanetype debelline arddid vaaokid neA poldreisTRighdP sk | nkage

t akes pl acé acconpani ed by strains, which lead to change in the crystalline
structure ithattdfef nymr assabline savdtoe) e whiclVbydraRacitbinsalndyfluotinaamher m from

the a type crystalline structure to the (3 type crystalline structure
occur s,10t harpdelocalizeshanaf int¢rmdlecypepaolayigttaidn ooeurss it uppears that thheopousous
menbrane increases and, therefore, it may occur that the desired effects
can no | ongeembrane 28adb0dithe polysazlideneeHuonde inacpeuslooee ivoth dic present
crystalline structure in the porous nenbrane made of polyvinylidene
fluoride inngddipndhae anvwexeslienk chpmied nesistaneat i & viewcaf rthisd thuiPosgus he
Fol | owi ng GHIRPREBR QTAPE FSFrgT HRETE08 BaFSEIAPeS) redted Tn  frée Eondion,
i.e.,, in a condition in which the porous membrane is not fixed. By way of
15  example, it is possible to perform the heat treatment on the porous membrane
simultaneously with extraction of the solvent and aggregating agent, if the porous
membrane is, after the drawing process, wound temporarily onto the frame or
skein and is subsequently held in the free condition. If the heat treatment is
performed while the porous membrane is held in a fixed condition, thermal
20  shrinkage takes place accompanied by strains, which lead to change in the
crystalline structure in the microscopic environment. More specifically,
transform from the a type crystalline structure to the B type crystalline structure
occurs, the proportion of the B type crystalline structure in the porous membrane
increases and, therefore, it may occur that the desired effects can no longer be
25  obtained.
Measurement of the proportion of the crystalline structure in the
porous membrane made of polyvinylidene fluoride in accordance with the

present invention is carried out by the following manner. It is represented by a

value of R, calculated by the following equation (1) using the absorbance (Az4:3)
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-<24> of 763 cm 1l and the absorbance (A840) of 840 cm 1, both obtai ned by
the IR neasurenent. R =A763/A840 ........ (1) where A763 represents the
absorbance attributable to the a type crystalline 5 structure and A840
represents the absorbance attributable to the R type crystalline structure.
(See, for exanple, the Patent Docunent 5 quoted above.) The value of R is
i ndi cative of the proportion of the a type and Rtype within a crystalline
region of the polyvjnylidene fluoride. Fromthe IR chart of the porous
nenbr ane slﬁ?é‘vﬁﬁ% aE; gnd ghe sbsprhance (dwarnfb®4hesan - betbeebiainednbyithallRval ues
into the IRchart in the vicinity of 763 cnm'i and 780 cm 1 and, then, the
hei ght of (HEASUEIMEMct eristic absorption peak attributable to the a type
crystalline structure in the \\I/\ggi_txrof 763 cmhis read out. Al ong
therewith, a line is drawn bet n 7@%%@”'\'/&( nimal values in the IR

h i h i Ciy ni f 0 92 - h h .

chart 10, Ut AL R e AR e e ek i,

t t i i oW i i ... The R
o1 UECUEe, il o Rt R B O arhBEE b Pl 9o T,
e Tl

atom nei ggﬁrq{,i i@qna;aaw@pﬂl@eepﬂi‘fpo@ti&%k%ﬁ&t S¢ e gct?p&%ﬂﬁﬂéggfsﬁmﬁl ymer

nol ecule 20 lie at a position of trance relative t uorine atons (

hydrogen atrggioh bpniet polyvireylRrakbanerigar b@oithithe 1R détge vfati ok Siis

fluorine atons) bond to a carbon atom neighboring to the other side of the
backbone canémbranesghatvneindtigi 6j otinefis dfdvas bettanprespdction)mingrhal vaiaes in
fluorine atons (or hydrogen atons) bond to the l:}ackbone carbon and two or
mor e st1@ri ¢hsiRwhartrieshe véciedy odir®3cant iandetB0t aneantd, Bemythe heighhef thd ecul ar
chain is a TG-TG  type and the dipole nonment of the C- F2 bond and the C -
H2 bond hashemsirsistic\absempiivomsak attiribuiable fecdie cnwepaysthllise strichure in dres
relative to the nplecul ar, chain. Wien the IR analysis is conducted on the
pol yvi nyl i JBRBYTPludPB demy el Feasholhg g theppwithy \asling| isndragen betwieen

D act erl Sl echVe Sintmalvalses T the TR BarGhRhe OXis BRETD ci” hndo¥s Gt Y ©
and, then the characteristic absorption peak attributable to the B type crystalline
15  structure in the vanity of 840 cm’ is read out, resulting in the R,. The R, in the
present invention is preferably equal to or higher than 1.5.

The « type crystalline structure of the polyvinylidene fluoride resin is
characterized in that hydrogen atoms (or fluorine atoms) bond to a carbon atom
neighboring to one side of a backbone carbon contained in the polymer molecule

20 lie at a position of trance relative to fluorine atoms (or hydrogen atoms) bond to
the backbone carbon while hydrogen atoms (or fluorine atoms) bond to a carbon
atom neighboring to the other side of the backbone carbon lie at a position of
Ghosh (60° position) relative to fluorine atoms (or hydrogen atoms) bond to the
backbone carbon and two or more steric structures thereof are continued to each

25  other; the molecular chain is a TG TG type and the dipole moment of the C - F,
bond and the C - H, bond has respective components in vertical and parallel
directions relative to the molecular chain. When the IR analysis is conducted
on the polyvinylidene fluoride resin having the o type crystalline structure,

characteristic peaks (characteristic absorptions) appear in the vicinity of 1212
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-<25> cnf', 1183 cm' and 763 cm, respectively, and, in the powdery X-ray
diffraction analysis, characteristic peaks appear at 20 = 17.7, 18.3 and
19.9, respectively. The R type crystalline structure of the polyvinylidene
fluoride resin is characterized in that hydrogen atons and fl uorine atons
bond to carbon atons 5 nei ghboring to one backbone carbon contained in the
polymer nolecule lie in respective steric orientations (TT type structure)
of trance, thfat is, tpe hydrogep atons and the fluorine atons bond to the
nei ghbori ngntarld8d cat’ oasd 768 cat™ ,aesprssivelyo andfin 8O pawdeine Xerhyf didfraction
direction of the carbon-carbon bond. The carbon-carbon bond in which a
portion fomlfrlygis pharrgterighie peaksianpgpeat Ht 7d 7t he 1 8.6° pad RB S erespegtively. the TT
type has a plane zigzag_ structure and the dipole ment . of C-F2 bond and
C-H2 bond has a con%éﬁ‘eﬁttyp‘h%ys@ﬁﬁ}m? SHuCre 8gtﬂi1‘%)ﬁorygféﬂ'}alqe@§ yprideerastil ecul e
chain. Wien the IR .analysis,i § conducted the Rt crystalline
Structure, IeAEATAEICEEPS i ) By ReoRearEomS cofl ool handbycasbon aloms, ¢ he
vicinity of 1274 cm, 116 and 840 cm .. res tivel an i,n.the 15
bondery Sx. MEIERO B0 P bardroye Sarddf sitainf IR I6¢ wofiatier M€ 1 g -
21, respecijivel . a f th t. treainment, 4t nmay be
carried ou?&pae? tlé‘? Sﬁlec ?@éﬁéﬁﬁg@r’]@t ?}/Iﬁcggtrtrgﬁg}regnog tgﬁﬁebg?agrlg%ﬁgiyg{{)g?ct ed
conmponent s e I i . . ha ., Al so,
'ty b cns SRATECHABNE AERS IR N0 Bod Mo bR B KRR TR B s

are bundl e%ﬂo@ﬁ%nhéﬂ §80DaSRiSwWhd TR th URebfien YFYthe LaPb&Rcar®on! bishd1€afhe

treat nent y alternatively be <carried out after the nenbrane has been

nodul ar i zegarbdn-¢rbbR boadratwhichhaportivhefnfine thedl fypeatilnire ifSriidtikd ed out
after the nodul ari zati on, all owance should be taken'into consideration in

antici pat i dackbore haisi bf ehs NI'T nkpgchaswhi slanerayezdy swkaup ané @he dipoesul t of
the heat treatnent, so as to avold the nenbrane being stretched. Ks a

met hod of heamentr eftvEpntbond alrdy CRH, rhemidokhasaa tdontpatmeat in aavewdital dieedtosh of
imersing in liquid, a nethod in which the porous nmenbrane is contacted
wi th met al Irelativeltd ¢he halecaechant e WherdtheodRaralpsis iscomtucta om thwhp ¢ype t
crystalline structure, characteristic peaks (characteristic absorptions) appear in
the vicinity of 1274 em’!, 1163 cm™ and 840 cm", respectively, and, in the
15 powdery X-ray diffraction analysis, a characteristic peak appears at 20 = 21°,
respectively.

As a procedure to perform the heat treatment, it may be carried out
after the formation of the membrane and before the extracted components are
removed by cleansing or after they have been removed. Also, it may be carried

20 out in a condition of the membrane, in which filaments are bundled and have
been subjected to the drying step, or the heat treatment may alternatively be
carried out after the membrane has been modularized. It is to be noted that
where the heat treatment is carried out after the modularization, allowance should
be taken into consideration in anticipation of a possible shrinkage, which may

25 take place as a result of the heat treatment, so as to avoid the membrane being
stretched.

As a method of heat treatment, a drying method with hot air, a wet

method of immersing in liquid, a method in which the porous membrane is

contacted with metallic rolls that are heated and modulated, a method in which it
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-<26> is carried out with a gaseous nedi um such as, for exanple, steamand a
nmethod in which el ectronagnetic waves are enmtted nay be enunerated and
they can be perforned even when the porous nmenbrane is either in a wet
condition or in a dried condition. O them the nmethod of inmmersing in
water is convenient in 5 view of easiness of the tenperature control. The
use of a non-solvent of the polyvinylidene fluoride resin such as, for
exanpl e, polyethylene glycol of a |ow nolecular weight nay be preferably
enpl oyed. lis canmgdaiut ovible acgaseoysetedmm suek as.nfor exa , Steagmatandrt methaal i xed
liquid containing a plurality of conponents such as, for exanple, a m xed
liquid contiviliely elﬁ&ﬁ@magﬁgtlwayés BYG eméttes] ey beggnumeratedsand they captheve
agent soluti%p. Eﬁpendi g on selection of imrersing liquid uf,the wet
system ePFHREDEAFVERFY aPOTOHS IMENBEANE 48 (CHACE P ol ehEQNGIHOR 198 Rehrbr ane

e N0, OF ol b B FFr G B Oafient i
within the .15 range of E&E to 160(%11 n vite(ﬁ/ OEF t he ef aft the_lg egftec of heat
treatmeft OHV S8 CaSMESE QLG AGMPRETRIEEMEN o HdFAieePt g isselyert, ﬁ!&’rous
nb . G ] I i i i . t
(roating ¢ POBrhyRdre fuorkReRfifuch 48 9k Brdthble, BbedfyIBPBLIEE of B R

range of 1 &eéulﬁp%é%ﬁtSnﬁSfeBm%ﬁjﬂrlg dfifiBhe@!l 1Nab! QY Unbloyedleect | O

20 of a high heat tredting“te It poss e to short'en the heat

treating thePRrmAht Btad théathRat irf 4 AALEENHuid dont@iniged prablity ddﬂ%ﬁﬂ]eh% stand

at room tenperatures to thereby cool sl'owy. The porous frenbrane nade of
the vinyli dadeas, feeekgBplecaimixed lighd fc@ﬁtalirnﬁgwaeﬁmpblyemyl@w%@dola@r a

menbr ane nodul e acconmodated within a casing provided with a stock solution
i nt ake 1por ta swnthca apgveregdne sohftiomw port. The nenbrane nodul e, where the
menbrane is a hollow fiber nenbrane, includes a nultiplicity of hollow
fibers bundl ed t ogdDbpendimgl drherleationnobdatmeetsing diguid dncthei mobti oakem,
container with opposite ends or one ends thereof so fixed
extracting and removal of the extracted components in the membrane forming
stock solution and the heat treatment can be carried out simultaneously.
The heat treating temperature is preferably carried out within the
15 range of 70°C to 160°C in view of the fact that effects of heat treatment can be
obtained and the required characteristics of the porous membrane other than the
chemical strength will not be impaired.
The heat treating time is not specifically limited to a particular value,
but the range of 1 to 5 hours 1s preferable in terms of the productivity. Selection
20  of a high heat treating temperature makes it possible to shorten the heat treating
time.
After the heat treatment, it is preferably allowed to stand at room
temperatures to thereby cool slowly.
The porous membrane made of the vinylidene fluoride resin as
25 hereinabove described is used as a membrane module accommodated within a
casing provided with a stock solution intake port and a permeate inflow port.
The membrane module, where the membrane is a hollow fiber membrane,

includes a multiplicity of hollow fibers bundled together and then accommodated

within a cylindrical container with opposite ends or one ends thereof so fixed
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-<27> with pol yurethane or an epoxy resin that a perneate can be recovered,
or fixed in a flat plate-like configuration so that the perneate can be
recovered. Where the nmenbrane is a flat menbrane, the flat nenbrane is
spirally wound around a liquid collecting tube while being folded in a
fashion simlar to a postal envelope 5 and then acconmpbdated into a
cylindrical container so that the perneate can be recovered, or the flat
menbrane is arranged on opposite surfaces of a liquid collecting tube with
i ts peri phaith pelynrathang een eposheesin that poermeate coabeyecovaredvasriexed ind, t he
menbrane nodule is provided with at |east one of a 10 pressurjzing

appar at us @ntlljfttﬂﬁa@'rl eANIIGFALION, 30 thay the Rergngale san Qﬁﬁﬁ?%&ion thg de of

h d i h d i devi f i

i e K SO
u 'R X I, T. | .ev . y

e et o o ol 1B SinileTieTh Totiahd HEh ThshiSy SurolTa oz nSiTR S eiong o s

g | i oL

ourificit ?8@%@5@’?&@&?@&@? C??‘Bﬁﬁ%@%&%b%ﬁ e fErRlrate sa0ds  a

vt or 50 fatoRted N5 et HertLSE LT FRITERR! of SpPABREIAGcc AR o Lkla Vol er.

| ake wat er,  Underground water.  sea Web 6r S sewagerands of  Senage watler are

used as | i gyilgctif e twiqati%dpeﬁﬁha&s%mgﬂg%m QY SthaB ThE ?%?nﬂéﬁféec% e

vinylidene fluoride resin as describe ove can be used for a battery
separator fre¢oveeRRrati ng positive and negative poles fromeach other within
a battery and, in such case, it can be expected that the perfornmance of the
resul tant battery h&ninhchicasedbrine hdnldiighprovidedoeviteadi leasty oandof he

durability of the resultant battery can be increased due 25 to a high

breakage stpressgtihingl appadatis ionnthetshde pbraverdiqdiandne soetten apparhmsvomihid dene

fluoride resin manufactured in accordance with the above described nethod,

when used sl of diearegaeatesanst nrtbeniused aharsgpangtiog pleyiasnfoexeparatng grasem)

i ntroduced, can __be expected to exhibit an effect of increasing the ion

recogni ti oWt dhe/lse. For the pressurizing apparatus, a pump may be employed or the
pressure derived from the difference in water level may be employed. Also, it is
possible to use a pump or siphon for the suction apparatus.

15 This separating device may be employed in water purifying treatment,
purification of water, wastewater treatment and manufacture of industrial water
so far as the field of water treatment is concerned, and river water, lake water,
underground water, sea water, sewage and/or sewage water are used as liquid to
be treated.

20 Also, the porous membrane made of the vinylidene fluoride resin as
described above can be used for a battery separator for separating positive and
negative poles from each other within a battery and, in such case, it can be
expected that the performance of the resultant battery be increased due to a high
ion permeability and the durability of the resultant battery can be increased due

25  to a high breakage strength.

In addition, the porous membrane made of the vinylidene fluoride
resin manufactured in accordance with the above described method, when used

as a charged membrane with charge group (ion exchange group) introduced, can

be expected to exhibit an effect of increasing the ion recognition and/or
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-<28> increasing the durability of the charged nenbrane due to a high
breakage strength. Yet, when the porous nenbrane made of the vinylidene
fluoride resin is inpregnated with an ion exchange resin and is then used
in a fuel cell as an ion 5 exchange nmenbrane, and particul arly when

met hanol is used for a fuel, expansion which would result fromthe nethanol
in the ion exchange nenbrane can be suppressed and, therefore, increase of
the performance of the fuel cel|l can be expected. Al so, due to a high

br eakage stinaseasing thecdurabdityfol mhe dhargsid membyane tdus toed high | breakagse
expected. 10 Hereinafter, the present invention will be denonstrated by way
of iIIustﬁHPmQ3-exanples, whi ch shoul d not be construed as specifically

Fltort a9 her o eoP ! whit 45 s B Thasn B Visligene Nordedssd o

" SOLEF6010" f act by.and ilabl.e f Sol S i Kabushi k

o shay ae is TapeRfid waith RY i3 GehaBer BG apf A eRist i P S HhR ¢

A e R f ! f S

o s PRt SISt S GHOUAR) ) LA W7D
u U . | |. |

m Xi ng rat i%gp%im%iq[gﬁt g}fO% %&Sﬁl&%lﬁi@e@gﬁﬁ(gk%rtg\%ilgﬁ;%gcwﬁ@r%r%éﬁ orm ng

stock sol UthQBe shPSreISUPRR, th@RTRE, fda}e%se%mﬁ@?@rfaﬁﬁmde%ﬁhgCfgelsé@u%énon i's

shown in Table 1. ﬁrhe upper critical solution tenperature o - but yrol act one
and gl ycer ibg dkpedte@ONniAdid)QThei td atlhghQﬂﬁal@gbtst@ﬂgﬁI@iﬂ&e%&)f‘iﬁe Qfrablhy gENDrane

formng stock solution so prepared as herei nabove 25 described was chi pped
by passi ng tlee fifel aold cambe @Rpeetedheat ed and kneaded (at a tenperature of
150C) within a two-axl e blending and extrudi ng equi prent and then extruded
t heref nom t hr ough Benealdfter, thenprasenthimentidhewtlkbal danonstiited byweng ekt r uded
with the use of an extruder (150C) equipped with a nozzle of a double ring
conf i gur at iilkdustragive rexamplens tvehichishauldenotdfe cosstmedaasaspeaificablyrlimiting the
scope of the present invention.
Example 1:
Polyvinylidene fluoride (hereinafter, occasionally abbreviated
15 “PVDF”. Available as “SOLEF6010” manufactured by and available from
Solvay Solexis Kabushiki Kaisha) as a vinylidene tluoride resin, y-butyrolactone
as a solvent, silica (“Fine Seal X-45” manufactured by and available from
Kabushiki Kaisha Tokuyama) as inorganic particles, and glycerin (refined
glycerin manufactured by and available from Kao Kabushiki Kaisha) were mixed
20  in a mixing ratio by weight of 36 : 47 : 18 : 19 to provide a membrane forming
stock solution. The composition of this membrane forming stock solution is
shown in Table 1. The upper critical solution temperature of y-butyrolactone
and glycerin both contained in the composition ratio was 40.6°C.
The membrane forming stock solution so prepared as hereinabove
25 described was chipped by passing a strand, which was heated and kneaded (at a
temperature of 150°C) within a two-axle blending and extruding equipment and
then extruded therefrom, through a pelletizing machine. The resultant chips

were extruded with the use of an extruder (150°C) equipped with a nozzle of a

double ring configuration having an outer diameter of 1.6 mm and an inner
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-<29> dianmeter of 0.8 mMm At this tine, tetraethylene glycol was injected
into a hollow of the resultant extruded nmaterial. An extruded and nol ded
article extruded fromspinnerets into an air nmediumwas introduced into a
water bath (at a tenperature of 60C), containing 5 an aqueous sol ution of
20 wt % sodi um sul fate, after having been airborne a distance of 3 cm and
was then passed a distance of about 100 cmthrough the water bath to cool
and solidify. Subsequently, while the solvent, aggregating, agent and nost
of the ino gter sdr 0.8cmuR. r dviethiedimey tetmaethydsaer Blysol avas injectedlt intowss dr awn
in a hot ter of 90C in a directjon of fibers so as to have the length, 10
which is \Q%Qﬁf)wlof‘st ?|rﬁ%§taflh§?{f6ﬁl‘;%ji Waleriabngt h, and, then, the resul tant

hol l ow fi ber article was heat .tre dfor tes within a running
mampmwd%@M@thﬂww%@%?mm%%@ww |
33?26?2%3 %Lw%?aﬁfqecﬁw”ﬁm% m\%at%&%%ﬁ“ emp i o G algahe” Yoo
e sed 113, SkoIk Wi fon BT A WD BBLATUGRR, SEler hRno FRB A ) W °°

sodi um to ex rac T enbved t e i hor ganic

parti cl es (ihasadr 31ah! P nn Pkl £9iRncaBRRAN RIPEFShebRpIPTRY | do

the hollo menbrane. Results of tests con on t ow fi ber

menbrane s hiC sh i Le Kl ed by
the IR neagﬁfglnrrgnt %%‘%?ﬂeﬁ%gs vt |b2trlﬂ-@la Irltg%ewmg ts% Sggvr?g; a%gjfg%ﬂﬁ-\}/%

found to begéndand %&Yﬁiﬂkﬁbanfg%nf(ﬁﬁaﬁic@é’scﬁnﬁmédl% ERol e it chrtielel ow f i ber
menbrane to the oxi dizing reagent, It was imersed wi thin an aqueous

sol ution ofassdrdivaninhiylpstokater bt 60IGAVA divection offiibeed sovas whhave the length,
concentration) for 7 days at 60C and the physical characteristic (tension
br eaki g stwlenlytihpbautel.&dimesathe @igindldengthasondetihens the ressltdnt hoflowhiibér i s
shown in Table 3. Methods and a é)ar atus for the various nmeasurenents

(anal yses) arthli)wa!ah@atdr@t@bf@ff 0 migutss opithinga renning ovater of 8a%¢ andpaki nds
of particles having different particle sizes is nmeasured to provide a
measur ed vah€sAMGHING, the splycRiprbu¥Elastanc), the aggregating agent (glycerin) and

the injected liquid (tetracthylene glycol) were removed by extraction.

The hollow fiber article so obtained was immersed for 120 minutes
15 within an aqueous solution, containing 5 wt% sodium hydrate and heated to 40°C,
to extract and remove the inorganic particles (silica), followed by a flushing or
washing process to provide the hollow fiber membrane. Results of tests
conducted on the hollow fiber membrane so manufactured are shown in Table 2.
The value of R) measured by the IR measurement of the holiow fiber membrane

20  so manufactured was found to be 2.5.

To evaluate the resistance of the manufactured hollow fiber
membrane to the oxidizing reagent, it was immersed within an aqueous solution
of sodium hypochlorite (5000 ppm in eftective chlorine concentration) for 7 days
at 60°C and the physical characteristic (tension breaking strength) thereof was

25 then measured, the result of which is shown in Table 3.
Methods and apparatus for the various measurements (analyses):
(1) Particle cutoff:
The stopping ratio of at least two kinds of particles having different

particle sizes is measured to provide a measured value, which is in turn used in
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-<30> the follow ng approximation (1), as will be described later, to
determ ne the value of S at which R becones 90, such value of S being
descriptive of the fractionated particle size. R=100/[1 - in x exp(-a X
log(s))] ........ (1) 5 where "a" and "m' represent respective constants
determ ned by the hollow fiber nenbrane and can be cal cul ated based on the
nmeasured val ue of the stopping ratio of the two kinds or nore. It is,
however, to be noted that the fractionated particle size in the case where
t he stoppi tie flavengfapprexipation ¢ bas (Wllld)eldfljﬁﬂbﬁd tater to fetemming theyabe | ar ger

i ng Che IS B hEBA DRENBHLIb HER TR S ACiABAIF-EREB o} 18 AT Gn

effective Ieag‘;lh of 3 cmand pure water as a raw water, filtration
(external PPESSHFE¥Sfiltration) fromoutside to inside of the hol I ow fi ber

nb i d d h fil
T 0k Pa and the 15 ¢ener 3601 E-8OHBCT S MASH 2 S arpunt Cof Cvaber oo
filtered perndiping@ dt'megrc?ﬁq Jegk?ecﬁ%g%ﬁéﬂaﬂg de%x%u‘ﬂ@& ﬁathslﬂo%ﬁﬁﬁb& terms
of the value converted | nt noun

surface ar ggomp) Flkaifbﬂaﬁdrfrﬁe Mtusted Ha¥ed %heﬁl%uﬁl%asﬁé@%h?e 8f i aﬂo@gﬁlga” ner

simlar to Exanple ove except that c- caprolactone was use

sol vent, t h@tl@%ltﬁw@bh@ﬁdmm(@me[ms h@bﬂe%lnqé belhGte RASY theClrhdticialed
sol ution temperature of c-caprolactone and glycerin both contained in the

above descralt@dle eriathé tar whtreah¥s®ppiStatioReSlik partddleeyfOlINahi ianiaf t he
hol | ow fi ber nmenbrane so manufactured are shown in Table 2. 25 Conparison 1:

Except t hatis peqhalto nyllargamham%% iitis dipeessedalted.l jomcasi onal I'y abbrevi at ed
"PVDF") ("SOLEF6010" manufactured by and avail able from Solvay Sol exis
KabushiiRi K3) sHarg WathPylrrmaémtgdhﬁﬁ silica as inorganic particles, and

pol yoxyet hyl ene nonl)ﬁ phenyl ether ("NP-5" manufactured by and avail abl e
sing the hollow fiber membrane module of an open ended type

having an effective length of 3 cm and pure water as a raw water, filtration
(external pressure filtration) from outside to inside of the hollow fiber membrane
is carried out under a condition, in which the filtration pressure is 50 kPa and the

15 temperature is 25°C, to measure the amount of water filtered per unitary time,
and the permeating rate was calculated in terms of the value converted into the
amount of water per unitary membrane surface area, unitary time and unitary
pressure.

Example 2:

20 In a manner similar to Example 1 above except that &- caprolactone
was used as a solvent, the hollow fiber membrane was obtained. The upper
critical solution temperature of e-caprolactone and glycerin both contained in the
above described composition ratio was 47.3°C. Results of examination of the
hollow fiber membrane so manufactured are shown in Table 2.

25  Comparison 1:

Except that polyvinylidene fluoride (hereinafter, occasionally
abbreviated “PVDF™) (“SOLEF6010” manufactured by and available from
Solvay Solexis Kabushiki Kaisha), y-butyrolactone, silica as inorganic particles,

and polyoxyethylene nonyl phenyl ether (“*NP-5" manufactured by and available
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-<31> from Ni kko Chem cal s Kabushi ki Kai sha) were mxed in a mxing ratio by
weight of 36 : 47 : 18 : 19 to provide a nenbrane form ng stock sol ution,
the hollow fiber nmenbrane was obtained in a manner simlar to Exanple 1. In
the y-butyrol actone and pol yoxyet hyl ene nonyl phenyl ether contained in the
5 conposition ratio, no upper critical solution tenperature was observed and
they were conpatible wth each other at any tenperature. Results of

exam nation of _ the manufactured hollow fiber nenbrane are shown in Table 2.
Exanpl e 3: frown Wikkp) Chemacals Jsabushikinkaishahivese mieadadn snamiringasgie\byat ed

oL

outn s T 55 BT B Bl SRRl

. K ki Kal T . .
S‘;‘Et‘i Eftﬁif ngligwefibr PPmbrEar &Bﬂ%mé‘pbi‘%méwﬁ%ﬁaﬁw%aﬁ%%a% ?%bhgﬂ{erggm Kao
K - . : ; "K-0Q" . 15
Kabushi K SAAUR)actofk PALY a i e shE AR (oI, SRR BRI I8V e
][n XIng gr atcb% it]’:ﬁfﬁ' A0, Hﬁ; er cﬁﬁcél[ Jolutio Qﬁirﬁnga{lﬂ'e Rﬁf%vbt%fér@edw t
orm ng stoc sol ution. The conposition o S nmenbranée tormng s

sol uti on | SetbeUhrfibicT8bhcaln oG MRS cAkHGR] | el OF LEIRIRISE, Of

y-butyrol actone a ycerin contaln the conposition ratio was
41.6C. 20 ThenmRikicned holloW bt Betbesleirt QRowg iRTaBRI 2d as her ei nabove
descri bed was chi pped by passing a strand, which was heated and kneaded (at
a tenper aBuagpdé 3150C) within a two-axle bl ending and extrudi ng equi pnent
and then extruded therefrom through a pelletizing nachine. The resultant
chips were extrudeblywinylidbee udtuaridean (lerematter, (d&@€onelvi ppedevdatdad a
nozzle of a 25 double ring configuration having an outer dianmeter of 1.6 mm
and an 1PnnéPVREAnESEILBFo®LE manufictured byt iand  avadablgefropl Sobvayl Holsikisvas
injected into a _hollow of the resultant extruded material. An extruded and
nol ded ar t ikethaiskiki r Kaishal, r yrhugyotassons 2si at solyantai silicarelfFing weeal i Xt+8QGduced

into a water bath (at, at erature of_30C), confainin X )
manu actur(e by an r;%aglable rom Kabus)hlkl Kalts a Tok%yama) as inorganic

particles, glycerin (refined glycerin manufactured by and available from Kao
Kabushiki Kaisha) and polyvinyl pyrrolidone (“K-90” manufactured by and

15 available from BASF Corporation) as a hydrophilic resin were mixed in a mixing
ratio by weight of 35 : 43 : 19 : 20 : 3 to provide a membrane forming stock
solution. The composition of this membrane forming stock solution is shown in
Table 1. The upper critical solution temperature of y-butyrolactone and glycerin
both contained in the composition ratio was 41.6°C.

20 The membrane forming stock solution so prepared as hereinabove
described was chipped by passing a strand, which was heated and kneaded (at a
temperature of 150°C) within a two-axle blending and extruding equipment and
then extruded therefrom, through a pelletizing machine. The resultant chips
were extruded with the use of an extruder (150°C) equipped with a nozzle of a

25 double ring configuration having an outer diameter of 1.6 mm and an inner
diameter of 0.8 mm. At this time, tetraethylene glycol was injected into a
hollow of the resultant extruded material.

An extruded and molded article extruded from spinnerets into an air

medium was introduced into a water bath (at a temperature of 30°C), containing
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-<32> an aqueous solution of 10 wt % sodi um sul fate, after having been
airborne a distance of 3 cm and was then passed a di stance of about 100 cm
through the water bath to cool and solidify. Subsequently, while the

sol vent, aggregating agent and nost of the inorganic particles remained in
a hollow fiber article, it 5 was drawn in a hot water of 90C in a direction
of fibers sp as to have the length, which is about 1.8 tines the original

| ength, and, then, the resultant hollow fiber article was heat treated for
180 ni nut e8Nv#cugPHs ohusinm A Watdve spdiogrsulate, after thawing been jaiborpg @

solvent (Y puiytelastoneh,s he fag saall ng, et (LMoLl ol W05
oo SoRRALAEILD RIS A S OB it 7
T s e T R b
(e re=41 Lank BELRSAANG P SPoBiL T PRAEEAh B Pirsld ASTIASTALRUREY
resul tant Rejibipw sl &t the 'Hi’?h’i’alfléﬁ’%’igE gﬁd’?ﬂgﬂ’ﬂ%é reQlitnk ﬁ’i'ii}lowf fibéoved

by
renoval of an excessive solution deposit low article and, then

put into ajaHeastiAhesitated forstFRMiRhtedRAMin R AMMAS VHIOVSE DO ahli€at
reacti on vessel and the heat treatnment was carried out for 30 mnutes while

the 20 int ¢hi¢ sdmetinid)ehe/asisent (Waﬁltyﬁﬂﬁct@ﬁe)atl‘%ee%gg@é@tiﬂg%g%ﬂu?élyé&ir@rarﬂi gher
e

than 90C. The hollow article thus heat trea was washed for 30 mnutes in
wi th hot wahemjeatéd Hoald (teteadtingehd glywol) werefichmveddynaretioResul t s of tests
conducted on the resultant hollow fiber nenbrane are shown in Table 2.

Ther eafifer, the nabhef hollowelibérodrticle §6 obtaimehivaanmmersed fored26 onim@eshour s
within an air 25 blowing and drying machine set to 40C. The retention of the
per neat i ng Wigdnfasragiaees sdpter contpininget witHesadinndwy dratsendrheatadiosd 56, ng
dried is shown in Table 3. Al so, scanni r_lq el egtron rricro%raphs t aken on the

occasi on oft0 c¥faeh ydhiemaee theossns Marigles €S1HED). olbowed byrt dlushingrer 4.

Co i 2: .. :
fpart son washing process to provide the hollow fiber membrane.

Thereafter, after the resultant hollow article so obtained had been

15  immersed into an aqueous solution (30°C) containing 5wt% peroxodisulfate for

30 minutes, the resultant hollow article was removed from the aqueous solution,

followed by removal of an excessive solution deposited on the hollow article and,

then put into a reaction vessel. A steam of about 120°C was blown into the

reaction vessel and the heat treatment was carried out for 30 minutes while the

20 interior of the vessel was kept at a temperature equal to or higher than 90°C.

The hollow article thus heat treated was washed for 30 minutes in with hot water

of 90°C, leaving the hollow fiber membrane. Results of tests conducted on the

resultant hollow fiber membrane are shown in Table 2. Thereafter, the

manufactured hollow fiber membrane was dried for 12 hours within an air

25 blowing and drying machine set to 40°C. The retention of the permeating

performance before and after the hollow fiber membrane being dried is shown in

Table 3. Also, scanning electron micrographs taken on the occasion of
observing the membrane structure are shown in Figs. 1 to 4.

Comparison 2:
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-<33> Pol yvinylidene fluoride (hereinafter, occasionally abbreviated
"PVDF") ("SOLEF6010" manufactured by and avail abl e from Sol vay Sol exi s
Kabushi ki Kai sha), hexyl benzoate (Reagent 1st O ass, manufactured by and
avai | abl e from Wako Junyaku Kabushi ki Kai sha) as a solvent, silica ("Fine
Seal 5 X-45" manufactured by and avail abl e from Kabushi ki Kai sha Tokuyana)
as inorganic particles, and hexaglyceryl nonolaurate (" Hexaglyn 1-L"
manuf actured by and avajl able from Ni kko Chem_cal s Kabushi ki Kai sha) as an
aggregati ng agent VRalEviaykdens n fhioside nhereinpfeny orgagiomally 2abbregited 10

o S PSR A Dot St RO SHAS o
ori 1 ﬁé?isﬁﬁ%ﬁ?ﬁﬁﬁs@%ﬁ{?ﬁxf PRLAAE dRrdgtaln oSty ﬁﬁ%ﬁﬁa&ﬁg%ﬁ%%& By th

; T : ' . SO}t i
S?Spﬁr od EEV%E%@P?fa%ﬁ%ﬁ%ﬁ%ﬁ%%@%&ﬁﬁﬁh@ﬁé%& SPNESTGOL 0P 358 wni e
b endi ng) andoxi A REuEad U ahd RANabI fofl IRAHI Kilisa TORRAR s,
pel | et | 21 NG drBeenC paRacd esphd anfoxaBiyReeyl"eHRitfiided (MiblydiDe Upg of an

extruder (2300 equipped with a nozz fa double rin guration

having an @udRifacluAsdEb e an@favhilfblenfreMdNako CRemicls WabUBhiRT Kafisth) Gsin At
this tinme, tetraethylene glycol was injected into a hollow of the resultant

extruded napgrdgating Agestxivetitmikeainih aaliding @Kol oy eveptitrofdd: 80 omOspigrer et s
into an air nediumwas introduced into a water bath (at a tenperature of
30C) after phavidaga beembmnebdomeing dickarsotutain.3 crhe audnpaitioheof phssed a
di stance of about 100 cm 25 through the water bath to cool and solidify.
Subsequént mgmbiaserfesming ptock siolwwen fsi gerven werlablenirer $edhé bexplobenzoates
repeatedly two tinmes in a bath of nethanol heated to 50C to extract and

remove t he a8d| hexaglygesxly manshasatee pontaiipde diatthe gcorapesition Hakiag Ingc &pper

nonol aurate), and injected liquid (tetraethylen lycol ). -<34>
c)rltlcal solu{lon temperact]ure wgs oLserved ).'Cm tﬁey? V\)f/ere c)ompatl le with each

other at any temperature.
The membrane forming stock solution so prepared as hereinabove
15  described was chipped by passing a strand, which was heated and kneaded (at a
temperature of 240°C) within a two-axle blending and extruding equipment and
then extruded therefrom, through a pelletizing machine. The resultant chips
were extruded with the use of an extruder (230°C) equipped with a nozzle of a
double ring configuration having an outer diameter of 1.6 mm and an inner
20 diameter of 0.8 mm. At this time, tetracthylene glycol was injected into a
hollow of the resultant extruded material.

An extruded and molded article extruded from spinnerets into an air
medium was introduced into a water bath (at a temperature of 30°C) after having
been airborne a distance of 3 em, and was then passed a distance of about 100 cm

25  through the water bath to cool and solidify. Subsequently, the resultant hollow
fibers were immersed for 60 minutes repeatedly two times in a bath of methanol
heated to 50°C to extract and remove the solvent (hexyl benzoate), aggregating

agent (hexaglyceryl monolaurate) and injected liquid (tetracthylene glycol).

=345~



The hollow fiber article so obtained was, after having been drawn in a hot
water of 80C in a direction of fibers so as to have the length, which is
about twice the original length, thernmally fixed within a hot water of 100C
and was then imrersed in an aqueous solution, containing 5 wt% sodi um
sulfate and 5 heated to 40C, for 120 m nutes to extract and renove the
inorganic particles (si I i ca), leaving the hollow fiber nmenbrane through the
flushing step. Results am nwié on are shown in Table 2. Thereafter, the
manuf act ured hol | oﬁh’f’i}b‘él‘)w sReb@inedvas afiep hayimederntdiawnan aaj r

per 1 or nanc BOLEHBF PTG AR 11’?°r‘i’é’tn(i)‘lf4 R AT T
32222: on ofisgaB v BnRARARARILT TEES P, EhAPRAREY, o EFRC Bl ' o ¢
?;OEC’SXY'VQ‘yﬂégdﬁ@ﬁweEeﬁc’L 4, dqueR SpiLdon, TRHbARES SRR 2o Mg ™ ©
Ry OPGD! il (6L R A7 120 TAEC LeSila Y n A0 e BOL AP  Folhlle Mg

Aer ozi | a) as inorganic |cles ntas an

aggr egat i ”Qs1ﬂ&ﬁmleav‘ﬂ$ ﬁldﬂ‘li‘ﬁ&v' fib fetibbshe fHrb }PYhé’VﬂhPﬁihEOJte@fS Resifttss 18 :

12 to provide solution. The upper crit cal enper at ure of

s- capr ol achpagarAfifitidh¥eeshdwn 20 Tabl2.COThakaRret, ke mARufRNed hbllew fisér 0 was
35.8C. The m xed sol ution so prepared as herei nabove described was chi pped

by passi ngneensiapedvaswitihforal? headsedithincark e ddewingpind di\npenadhine setf

165C) within a two-axle blending and extrudi ng equi pnent and then extruded

t her ef r om ta H08Ugh Thepedi¢rdiom oh ghoauhrineating hgerf@rmancanbefotd padvedier thet ruded
25 with the use of an extruder (150C) equipped with a nozzle of a double
ring &onf hgllpwt fibar membrananbeing edrictl asshewnofn Tablenth adsanai spasningi anet er
of 0.8 mm At this tine tetraethyl ene_glycol was injected into a holl ow of
the resul elstroaxnicegiaphdekan an the egeasigmobebsartbg tisdnembsans srudteree

extruded from spinnerets into an air
1SS O“E)nlnlglgs. §

Example 4:
Polyvinylidene fluoride (“SOLEF6010” manufactured by and
15 available from Solvay Solexis Kabushiki Kaisha), e-caprolactone as a solvent,
hydrophobic silica (“R-972" manufactured by and available from Nippon Aerozil
Kabushiki Kaisha) as inorganic particles, and glycerin as an aggregating agent
were mixed in a mixing ratio by weight of 36 : 54 : 18 : 12 to provide a mixed
solution. The upper critical solution temperature of g-caprolactone and glycerin
20 both contained in the composition ratio was 35.8°C.

The mixed solution so prepared as hereinabove described was
chipped by passing a strand, which was heated and kneaded (at a temperature of
165°C) within a two-axle blending and extruding equipment and then extruded
therefrom, through a pelletizing machine. The resultant chips were extruded

25  with the use of an extruder (150°C) equipped with a nozzle of a double ring
configuration having an outer diameter of 1.6 mm and an inner diameter of 0.8
mm. At this time, tetraethylene glycol was injected into a hollow of the

resultant extruded material.
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medi um was introduced into a water bath (at a tenperature of 400

contai ning an aqueous solution of 20 wt % sodi um sul fate, after having been
airborne a distance of 3 cm and was then passed a distance of about 100 cm
through the 5 water bath to cool and solidify. Subsequently, while the

sol vent, aggregating agent and nost of the inorganic particles remained in
the hollow fiber article, it was drawn in a hot water of 90C in a direction
of fibers so as to have the length, which is about 2.0 tines the original

| ength, and, then, Amextreded aadimalded auticlehasirudgdt fremespimrerbiganta peaird f or
180 mnutes wiithin a running water of 95C and, at 10 the sane tinme, the

sol vent (- Mastivgy wasbitepdiced aple a¥mterdath (gt adrmperelirg ofd0h6 ). amtaining

ol Tow £ 1 bl 3aiebus oGt Oh e Bl ONIMTRSTLATS I JBHiEh ees AIthArns . an

ot ract andiati, ol SRt el e e pRRied TONEIR & 3Poueof T BBl teshi ng
Conduct 3o oitemBARORY ebel, BLE XA os R RBR, AR TR SEMng e bl 6%
oxt ract i on “eaRGHd bkt bl e iefedii pabddie) FRdint@in 160 nBIGH. S Hilcle &
injected | iyl GaWarif a K8 WAREF bPJORYin hAIRCHYR O Thel Bl Lhs d&q?év%%{sgergg_ﬁ&r the

hol | ow fi ber nmenbrane was obtained in a manner simlar to Exanp he R,

val ue of 1t RehibRMIABSH .G €imdothe M ihileléngihffﬁﬁé,nmeﬂ,eﬂﬁ_rr@hﬂﬁﬂlt%llbﬂﬁﬁb&

measur enent was found to be 2. 1. 0 evaluate the resistance of the

nmanuf act ur egi¢le wmvhdat hevatdte il B8 niifuteb evidkindd Firiing eRgenbf 95C wad, hrmer sed
Wi thin an aqueous solution 25 of sodium hypochlorite (5000 ppmin effective

chl ori ne cdheeahe amegmhe $alvemt (Geingyredactons), drdagdreggiimesageal (glyaerawt a1d sti c
(tension breaking strength) thereof was then neasured, the result of which
i s shown i nhaapeaed liqEibieiractbylene gbreobxeerst rehmvedtat extitastibnat treat nent for
180 minutes and the extractign and renoval of the solvent, the aggregating
agent and the i nj ectiihpllgwi dbgearsicle so obtained was immersed for 120 minutes
within an aqueous solution, containing 5 wt% sodium hydrate and heated to 40°C,
to extract and remove the inorganic particles (silica), followed by a flushing or
15  washing process to provide the hollow fiber membrane. Results of tests
conducted on the hollow fiber membrane so manufactured are shown in Table 2.
Example 5:
Except for that the heat treatment for 120 minutes and the extraction
and removal of the solvent, the aggregating agent and the injected liquid were
20 carried out in a running water heated to 95°C, the hollow fiber membrane was
obtained in a manner similar to Example 1. The R, value of the manufactured
hollow fiber membrane determined by the IR measurement was found to be 2.1.
To evaluate the resistance of the manufactured hollow fiber
membrane to the oxidizing reagent, it was immersed within an aqueous solution
25  of sodium hypochlorite (5000 ppm in effective chlorine concentration) for 7 days
at 60°C and the physical characteristic (tension breaking strength) thereof was

then measured, the result of which is shown in Table 3.

Example 6:
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carried out in a running water heated to 85C, the hollow fiber nenbrane was
obtained in a manner simlar to Exanple 1. The R, value of the manufactured
5 hollow fiber nmenbrane determ ned by the IR neasurenent was found to be
1.9. To evaluate the resistance of the manufactured hollow fiber nenbrane
to the oxidizing reagent, it was imersed within an aqueous solution of
sodi um hypochlorite (5000 ppmin effective chlorine concentration) for 7

days at 60C and the phéSl cal characteristic_(tension breaking strength)
thereof was io thdicgphiuribat thereat dpatmens fopHiBOminitenangh thenextitions

Comparison 3; Exce at the heat treatnent f 180. m tes and the
extracti onan%ﬁﬁmf’é?g]:)()g%eoﬁo veRt dbe pgaregating agept éﬁgtth?ldmﬁﬁ@a IGHd Weis

hol Fgltwe?' | L'fs%rﬁgn%ﬁa}ﬁfea &ﬁé&'ﬁgd%%‘ﬁéh a5ty e o e fr@tn%éﬁ%wéatsg.e The
measur erenPOtd B Rk Siyitgto BRabl T, IR Tl f A B RehnR |
renuf ach ur 5 BG) U RFFan TR ANed By HHELOXAFl AR SERRIna 4 s | rer e

wi thin an agueous so Ion ori min effective

chlorine concentr atT(P”évafl@efte7t}€’@y1%s1s?£1c%t @%@”Hlahﬁﬁacﬁméa' tlow fibe

characteristic (tension breaking strength) thereof was then neasure t he

result of wiinghrahé 18 fevoxidizi %%@géﬁt rtiﬁa%ﬁnﬁﬁbn‘s@dlmtl‘i{ht@f a@leo@z%ﬁnﬁﬂl vent
| norgani ¢ Aggregati ng agent esin - lic Resin Particles PVDF PVP Silica

ggxgn- %( %/1 n{@%ﬁ%lﬁ%ﬁbmcme (SBB(Xpanm ﬁ%‘edﬁv@ chldfthdcomenaatve) forl7 d@10 45
at 60°C and the physical characteristic (tension breaking strength) thereof was
10 then measured, the result of which is shown in Table 3.
Comparison 3:

Except for that the heat treatment for 180 minutes and the extraction
and removal of the solvent, the aggregating agent and the injected liquid were
carried out in a running water heated to 45°C, the hollow fiber membrane was

15  obtained in a manner similar to Example 1. The R, value of the manufactured
hollow fiber membrane determined by the IR measurement was found to be 0.9.

To evaluate the resistance of the manufactured hollow fiber
membrane to the oxidizing reagent, it was immersed within an aqueous solution
of sodium hypochlorite (5000 ppm in effective chlorine concentration) for 7 days

20 at 60°C and the physical characteristic (tension breaking strength) thereof was

then measured, the result of which is shown in Table 3.
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Exm2 36 47 18 19 Exm 3 35 3 43 20 19 Exm4 36 54 18 12 Conp. 36 47 18 19
1 Conp. 36 56.4 10.8 16.8 2 In Table 3 above, "y-" stands for

y-butyrol actone, and "s-" stands for s-caprolactone. Table 2: Pure Water
Particle cutoff Pore Major Axis : Pore Mnor Axis Perneate Flow (n) CQuter
Surface Inner Surface L/(hr nR.98kPa) Exm 1 130000 3.3 3.51 5.81 Exm 2
124000 2.8 3.41 5.51 Exm 3 90000 1.8 4.0 : 1 6.1 : 1 Exm4 6500 0.4 3.91
6.31 Conp,_.1l 5000 0.4 3.41 4.41 Conp. 2 60000 2.0 2.71 3.61 -<38> Table 3:
Retention dfbleekision R breaking strength (%9 Exm 1 2.5 98 Exm 5 2.1 98

Exm 1.9 .. 2T 4: Retention of Pur .
6 96 %erla:? OH)?dro abgglvent et gnt Igorg'gmc ! eAggt;'eg%tmg agent
Resin | -philic
Resin Particles
PVDF PVP Silica Hexa
-glyn
SOLEF K-90 ' y- | e | Hexyl X- | F- | R | Gly | NP-5
benzoate 1-L
6010 45 | 80 | 972
Exm.! 36 47 18 19
Exm.2 36 47 18 19
Exm.3 35 3 43 20 19
Exm.4 36 54 18 | 12
Comp. 36 47 18 19
1
Comp. 36 56.4 10.8 16.8
2
In Table 3 above, “y-” stands for y-butyrolactone, and “g-” stands for

g-caprolactone.

Table 2:
Pure Water Particle cutoff | Pore Major Axis : Pore Minor Axis
Permeate Flow (pm) Quter Surface | Inner Surface
L/(hrm’-98kPa)
Exm. 1 130000 33 3.5:1 5.8:1
Exm. 2 124000 2.8 34:1 55:1
Exm. 3 90000 1.8 4.0:1 6.1:1
Exm. 4 6500 0.4 3.9:1 63:1
Comp. 1 5000 0.4 34:1 44:1
Comp. 2 60000 2.0 2.7:1 36:1
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Pernmeate Flow (%9 Exm 3 100 Conp. 2 13
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vinylidene fluoride resin, a solvent, inorganic particles and an aggregating
agent, in which the inorganic particles and the aggregati ng agent have an
affinity and -<40> the solvent and the coagul ant are not conpatible to each
ot her or have an upper «critical solution tenperature, to induce a phase
separation to thereby solidify; and drawi ng the porous nmenbrane before the
sol vent, the inorganic particles and the aggregating agent are extracted
conpletely . .The et hod of preparing the porous nenbrane nade of the
V|nylldeneVVh@dﬁﬂH@mﬁés$n as clained in aim6, wherein the solvent is a

water sol yble solv The net hod of_ prepar,ing the poraqus nenbrane nmade
of the ﬂw i dene fgm%wwd@efr@gw qadg| | B Iqers Supride rﬁﬁBerlf’nP@]ﬁ’@P or ous

TeToran ﬁ L SydlR 5t Smefler i D, P! fﬁg@” Btgyt e%@%égﬁ?r}ﬁﬂfa' 24 g
in s
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resin. 10. repari ng ous menbr ane

vinyl i dene révﬁéh?%f @Ie I S50 laérld: h%' Qnéi @uf?a %ﬁng"iﬂﬁ"r@b&eé e th%ﬁ?alIx”br ane

is ahollo menbr ane. e nmet prepari’ng the porous nbr ane

made of theyj yﬁdﬁé'dfﬂh&r@@agfelﬂaﬁbl@aweeﬁlﬂﬁeﬁﬁcﬁJaaalmsid tm; ﬁ@rmxmnom%ﬁan the
first surface having the m cropores of round or oval shape of the average

rati o, betwegpsthe major axis and the mnor axis, within the range of 1 : |
to5: 1is an outer surface of the hollow fiber nenbrane and the second
surface hadi.ng nicrbporppsoed membsinenimaalel pi shet vislyhidenof fhaorédeagesinads o,
between the major axis and the mnor axis, not smaller than 5 : | is an
i nner sur f atsmed inkdahwol1| whi¢h benadenba skended potymer including the vinylidene
fluoride resin in a quantity within the range of 90 to 99 wt% and a hydrophilic
resin in a quantity within the range of 1 to 10 wt%.
3. The porous membrane made of the vinylidene fluoride resin ac
claimed in Claim 2, wherein the hydrophilic resin is a vinylpyrrolidone resin.
4. The porous membrane made of the vinylidene fluoride resin as
claimed in Claim I, which is a hollow fiber membrane.
5. The porous membrane made of the vinylidene fluoride resin as
claimed in Claim 4, wherein the first surface having the micropores of round or
oval shape of the average ratio, between the major axis and the minor axis,
within the range of 1 : 1 to 5 : 1 is an outer surface of the hollow fiber membrane
and the second surface having micropores of substantially slit shape of average
ratio, between the major axis and the minor axis, not smaller than 5 : 1 is an inner
surface of the hollow fiber membrane.
6. A method of preparing a porous membrane made of a vinylidene
fluoride resin, which comprises:
cooling a porous membrane preparing stock solution, containing a

vinylidene fluoride resin, a solvent, inorganic particles and an aggregating agent,

in which the inorganic particles and the aggregating agent have an affinity and
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the solvent and the coagulant are not compatible to each other or have an upper
critical solution temperature, to induce a phase separation to thereby solidify; and
drawing the porous membrane before the solvent, the inorganic particles
and the aggregating agent are extracted completely.
7. The method of preparing the porous membrane made of the
vinylidene fluoride resin as claimed in Claim 6, wherein the solvent is a water
soluble solvent.
8. The method of preparing the porous membrane made of the
vinylidene fluoride resin as claimed in Claim 6, wherein the porous membrane is
made of a blended polymer including the vinylidene fluoride resin in a quantity
within the range of 90 to 99 wt% and a hydrophilic resin in a quantity within the
range of 1 to 10 wt%.
9. The method of preparing the porous membrane made of the
vinylidene fluoride resin as claimed in Claim 8, wherein the hydrophilic resin is a
vinyl pyrrolidone resin.
10. The method of preparing the porous membrane made of the
vinylidene fluoride resin as claimed in Claim 6, wherein the porous membrane 1s
a hollow fiber membrane.
I1. The method of preparing the porous membrane made of the
vinylidene fluoride resin as claimed in Claim 10, wherein the first surface having
the micropores of round or oval shape of the average ratio, between the major
axis and the minor axis, within the range of 1 : 1 to 5 : 1 is an outer surface of the
hollow fiber membrane and the second surface having micropores of
substantially slit shape of average ratio, between the major axis and the minor

axis, not smaller than 5 : 1 1s an inner surface of the hollow fiber membrane.
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