Por ous nenbrane of vinylidene fluoride resin and process for

produci ng the sane BACKGROUND OF THE I NVENTION 5 (Field of the

| nvention) The present invention relates to a porous
menbrane nade of a vinylidene fluoride resin, which is excellent in
fractionating capability, pernmeating capability and is suitable for
use in the field of water treatnent such as, for exanple, water
purification, preparation of drinking water, preparation of to water
for industrial use, wa$osons membraneofninylidend fhmpideresimg, char ged
menbranes and fuel cells anddarecessdonprohicin tife samké ng such porous
menbrane which is excellent in aspects of production controllability,
cost and pore formng characteristics. (Description of the Prior Art)

151 n recent BAW%RGWGFWWWENTIWM ating neans utilizing a

porous nenbrane having a selective perneability has been renarkably

devel oped. &gl of th€RafetibmMy technology is utilized in practice as a
series of purifying systens, including separating process, cleansing
process and sterili Thegrpsent ciasention trilatet itel d pdroud anembranplmade of a
manuf acture of drinking water, ultra-pure water and 20 nedi ci nes and
m cr oor gani smybifleng nduaride aezing i whishi iy efcelentndd Sragdomating capattibye
fields of application,

fj.ning (a high level, pro [ of water and
| hor case. of PoEGRYE SRR Rl SuRal der Weon s SeREqh Phisd tehtcnsg
| evel and the 0, ranes..i in i del read. ln view
of 'those i tadtt rampIReh T plRERAREC Buirpeatnlt hrking waRb R pmenion b€
have co t phi sii.cat r i or i st
the per ﬁat %ﬁ%?pgdga@ cﬁ.\ltst[rga"f aﬁ%”t %St%{rﬁgt%? i %%e{{ﬁ?ﬂg gdg)ga%?g{n?gﬁ%’eéﬁdrgéd
consi der ed RRfdbrendsahllYuélGes hadhisoAs ahdth@bof MEkPErsUERbbidttls membrane
capability and the fractionating capability are concerned, they nust
be bal ancedwhédhais iexeelient @nadpeotshdipredudtiontcopmoliatilins cast andgloke feming
possi bl e can be renpved at a high rate of pure water perneate flow
and, in ordeharegded®@fSeve this, the continuity 30 of pores and the

menbrane surface strugpure.are jnportant. In the water
purifying tié%ﬁcﬁBH?'} OF&FI%P%W pose of sterilization of permeate and

preventi.on of bio-f i i i.si.nf -1
For exatpl e, sodi unthirsanledrs B FERRGRE0f Srlbadnl fEhl it h Aous
portion andffmyrhit Mgaﬂeséléc‘iﬁlef%ér&eﬁbi'l‘iﬁe%aw Eébna?éxﬂark%@ahévebped.
chlorine or surface active agent, and, dccordingly, the porous

menbr ane isSatlsa sepathtingdtechndloge ie utiiiend dal praciides harac seridsnof barifying
preparation of tap water, since pathogenic organisns tolerant to

chl ori ne susystems, ihdndimgaephrating pyeress pleandingmroessgiand tstargizingprocess,

[ i k i b ffici I di h
|Lvestook exchemeal B ne caniol be Sy Lo Y Vel L they
f h i ; i L he 10,tr. d h b
ARG S RN e e
must have augsuf Heﬂs%}{aﬁﬁgg%@fl, 'ﬁ%ﬂlgoq:a }?igl'i &S84 gﬁrcﬁgﬁl‘io@tccﬁ]fe&étéxt Afid iélCl\;e\éltS% r

effective to prevent a ure o w wat er 1 nt e treate

and, al so, afRkafgly BV sickedse SO Beeibidneieusluited Avoindel veRendeakaoef
As di scussed above, sone inportant characteristics required for the

15 porous npotouanenttrahesvie being widlely sfreads edavagw of those stnaemspgquired
preci sion, perneating performance, physical strength and chem cal

strengt h ( chlarpeiaistics Sif Sheprreps megiwang hyeFongdodesopaisticaied.a Bbihese
A T e S e
fluoride re%ﬁ}ﬂabﬁlﬁye&&%ek&%ﬁ]&erg'd)tpapt?étﬁaﬂf 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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20 strength, elongation and chem cal resistance, but also in

resi stance to oxidant and can, therefore, be utilized in a high |evel
wat er treatnent using ozone that has recently gained public interest.
As herei nabove di scussed, the physical strength of the porous
menbrane and the chem cal strength thereof represented by the

chem cal 25 resistance are nostly attributable to the characteristics
of material used to fornlthe porous nenbrane, but the perneating and

fractionating perfomt;% e .

nmet hod of preparing suc por H@e %%EHF%{%F%@Q?S&EII%Q&?" of
making a hol Eﬁﬂ%aiéblﬂpfé%ﬁﬂi&ﬂ@f BRPRBliAg o (Heembinblde, adiulﬂﬂacfaﬁt Such as,
pure water perneate flow, a stretch open| ng net hod may be

enurer at ed. fartexampid, kodivirshyprehheiteis atiddd it a nkvatbrand arodale portion hrd/or
menbrane is anneal ed and stretched under a specific condition and, as
a resul t, athsomemhratenigselfins rinsad avithagsidgalkalinghlonng er syfask ackive agent
shaped m cropores Bﬁr med t herein ha@b?%&ﬁggglsbounded by m crof |

and nodef d@nd.n@EFOLRINgIYa e BOTRUTIE 8 TRAWERGER doxe. a@ 1ca
for exanple, the Pat

For exampl o, theRal Bl CREUIRRLY Ar oL Gt: SRR Yol RIS Sy e gk

above i nvol r.abl Si zal
fibers are };dral%lelﬁ#eg ﬁlﬁﬂa&dﬁgg&% 6fcrl]ﬁ|ﬂ8%’r% ”'{[ﬁsdﬁsém &S EJO% etk
ci rcunf er entik@bméht &d ingfe EARMIS bk Quﬁa:lérﬁ@%ﬁﬂav@@mﬁmﬁi@mwrmmﬁbn plant
particular, since the strength 10 tends to be reduced as the pore

si ze i ncr eaard, hemoel, trovtdes fissoeiatedt with atdinfikiuce lof pamogammfcagarusmsmmttﬂne
the method referred to above, the hollow fiber nenbrane having a

pract i cdPl ytraated yraien leavgtqomﬁorbe m@@d sinagckP98) theolpgrands dape pasemathet
transm ssion rate is hl%&} t he S|ze|s§8 ely distributed and
t he pores s&% HHEY rBF Sts are| fkel FF&‘H& SERRIRING SOL, SATBIMREN

that subst ARfr&t3ct? 1§t?cn eﬂflé%tﬁ}eefg)g @{e%gnts Q]? %ﬁml)?tﬂgf of (}a&ewgt@ '1Jlt¥) the treated

transmtted, resu'lt I'on I'n'separating or Screening

Preci si on. water and, aI$ a%:@f?bfx‘ﬁ‘i’ca%tr@i?%lﬂ%ﬁ&ﬁgﬂ to a0 RERAREAKAge.

menbr ane excell ent in perfeating and Tractionating performances, the
case in which phaseAsafiguatddosbave, sldiméumgdrtax& dlﬁf@@ér}enwlréqlﬁﬁdmr tide
menbrane manufacturing nmethod utilizing 20 such a phase separation
can be dénepatouy wieatbsarfei ¢ol haveoingludss- tol vmatmgjtmeabrpﬁm@ precision,
separation process and _a thernma }éy uced ase sepa,r;altl on process,

In the non- §6‘lmﬁéﬁpg|%§€€ﬂmﬁ%aﬁ a%t@pg apfl oehissyc astmnaﬂa)rmhemlcal

bri noe. abouteliiLe Agardedh et Ronlal & 3 Aokl dhfibran8 IS the
concent rat i gy AHCEChYvhAIERS1Rbrids Ra: RABHIPIYRR 07Kl 8RN TRY

of a solvent to exter nosphere. As a net manu acturl ng a
separating PBfoaE aEnbyahd uhngmgaﬁe 9fnydidefie AubAlde SRy BNéxdelemcRs dRMASE
separation process, the method is known, in which after a polysulfone
resin i godi slsmgwlecblwngaaor:ehdehﬁmn:abtesm;a,ncé drut elsarpresisticeNo dixidanhyid
acetam de or the |ike, non-solvent induced phase separation is
initiated mmmutherafore,obegutlhz%m paugh layel matesyeatoenh yiheg eprr that has
menbr ane. ( See, for e L e Pat ent Docunent 2 quoted bel ow)
However , t hECRBHY S8IPG H’tqaf H’Eﬁfﬁg phase separation process generally
has such probl ens agso h o] s Pfath
AROHLANEHON | Fél{;ged;ngét BRYsiBLOBRE S 0P Itnt Nforgus

menbrane, the process contro use

difficult tgeafphdelantinthed RASHIAPR#CeA ﬂhO'ﬂléf‘édfh'rébré&éﬁté@lo'&ysﬂiev%ﬂémlctahe
cost of manufacture is high because of the necessity of Use of

non- sol ent resiyfchcaree awstlg attrbothblotootheusharacteristics of Gmtdriud usedhecls form
hand, the thermal induced phase separation process generally includes
the foll ow fg sirepsmeo(biyned but freupeemehting pod jraetiorsating pesiormentes dthag

a high boiling point is
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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nmelted at high tenperature; (2) Cooling is carried out at a
proper rate in order to induce the phase separation to thereby
solidify the polyner; and (3) The solvent used is extracted.
15Advant ages of the thernmal induced phase separation process as
conpared with the non-solvent induced phase separation process are as
fol | ows: (a) Formation of macrovoid, which constitute a cause of
reduction in strength of the nenbrane, can be prevented. (b) Wth the

hon-sol vent eh]?kﬂk’x%?éi‘l. PhaSEme ri@%h%cﬁf%@@ﬁgglagﬁ‘gatéﬁ 191 membrane is

non-sol vent other than a solvent 1S neede erefore,

control is dhfdal&ladd stretaRldivider d@ﬂécﬁﬂc cheditTon dh&CdsW fsak.CHRBBGW SthePy
reduction in reproducibility. On the other hand, with the thernal

i nduced phasentepes baving a pndtipkety ohditsbepad midreporenimoiedahereimshadng
needed and, therefore, the process controllability and the cost

char act eri sbeen gpendedcly inisrofibatle smgamdss defingd Hiygptaskasy bamallasi edu; e
R S e T
ohase sapar aovsyeh The AP i Ridinafic so maputocsdl At SR 8 B RG

separati on angméd kb AWbes v | 1,k h s
and nhi ch o e e R e e D e

the pol ymer fided adeeos@ltd i .a Wiesttor bE fterpahe kitlenfth Getaweiecurhfegential
pol ymer and the solvent is very high, the solid-liquid type thermnal

i nduced phadireetspateadds dn be r¢dused alonpidetabty. wir rpasticotag cimpest thei Strength s
| owered, the liquid-liquid type thermal induced phase separatjon
devel Opéoan&wﬁgow@twdmd a%ém%ra Size merRseendn twrsiars. gt & diftignlesen
other. In general. since jnt igeid-ljquid type,ther i nduced
phase” separ ERBIRCBIEREs e melfnd sBRbieg totbdie. e HblRy Bbet, Hetditne
of the spin e it €otld quai d-  {.qQuis i

phase. separ St pe “PERRHEIL' hAepublesterith. % A8 blod ¥RRa0AE e BESCF R
tends to dewghgRis§asirhde ﬁshigﬁ,”ﬂﬂrﬁ&e%éé“ist B3P ldisdribuediAdt A8 s so

i nduced phase separation and, as 10 a result, 1t is possible to

manuf act ur e fdrhedsepessants on shielike ahepes xhetel Bnd problemcthat anbstpores of an
form ng characteristics such as, for exanple, pore continuity and
uni f or m'fy. elongatedeshaper tends | 9 dedersilyo transmitieds wiesulting mega%/lamoanm

menbr ane excellent in Fermeati ng Eerfor mance and fractionating
per f or manc e SCRHALNE YSEICAMEPIEYSION ect a proper conbination of a

P a1 faui d type: fset ARmddAE b tanafie £ PRl Blediiine excellent in
the region 'ng_ ii(tqiﬁ? ahﬁ?ra%ﬁbﬂdﬁ'{%lﬁ?f& Qﬁceg%\éedage ineﬁﬂich@hggef apR®Rts

of the liqu d type ther i nduced’ phase separation |

limted, seh@liiddon Iafgely weldp@bwaonTheahéabragt nidifadhnmemetiddutilbtng
solvent is known to be inportant where the separation nenbrane is
desired200 bechmampbase sapacdioni ¢an 10 generhllyrelahsiticd eftera adnisolvehbureluced
(See, for exanple, the Non-patent Docunent 1 quoted bel ow.) The

met hod of RRASSGCPHABLHPIRGESSABL BRENHaudicsd pgaaﬁ SPRGaten BrI9esor i de

(oot hich UL 25e Db SHLSHL hOUAS % SOghTRly | AGUE PR
Pat ent 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

=3



25 Docunent 3 quoted bel ow.) However, the porous nenbrane so

manuf actured with such process is equal to or higher than 30000

1 2/ hr/ 98 kPa and a fractionated particle size not snmaller than 1
gm a series of exam nations nmade by the inventor of the present

i nvention has reveal ed that such porous nenbrane contain a nunber of
pores that are not comrunicated with each other, that is, closed
pores and, yet, the pores of the substantially sane size appear on

opposi t e SUupaestioAbatl o ﬁ?é?élfg@%?matﬁ@’se}%ﬁ}&ﬁﬁé Rlerbratic N (8L, FB example,
menbrane i s 1 ncapabl e of exhibiting a high rate of pure water

t ransm ssi otherfeitéitiDoRuir@ent DQubtedbelownt Elbwrsvet,ithd fosbaleentGitlissed phasee
the vinylidene fluoride resin is hydrophobic, water will not perneate
t hr ough t hesepardiioanprooésspgénevaliy hasisneh frobleindeassotiated withithet phoaicel
ot herw se, and, therefore, a hydrophilizing treatment is required in
order for aPiopartissil e mempgans, thfcmreemgomgpléablw Frhibe castebacansuy As

bl e as  pate

Hocumen & DaitGYE 40 ceonig! Bfle b, Shetrtion wRih (B, forr B Bhe oot et
do  pEITEVEd0 soni e i : .
vy oo 1oBntflfif RO RIHE bEhusE' 1 i oS00t 10 of YR onBidi et Bl

H11- 104235, rReRhofleehd e ddcu0. 1999. 15Patent Docunent 3:JP
Lai d- open Patent Publication No. 2005-194461, published July 21,

2005, Patent DocunmeGh theJéthemihdndpthe fetmalt irfduotd qhse vepddation process
generally includes the following steps.
10 (1) A mixture of a polymer and a solvent having a high boiling point is
melted at high temperature;
(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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2003- 138422, published May 14, 2003, Patent Docunent 5:JP Lai d-open
Pat ent Publication No. 20 2005-200623, published July 28, 2005.

Non- pat ent Docunent 1:"Chem cal Engi neering"” published by Kagaku
Kogyosha, the issue of June, 1998, pp. 453 to 464. SUMVARY OF THE

| NVENTI ON 25The present invention has therefore been devel oped in
view of the foregoing problens and inconveni ences inherent in the
prior art and is intended to provide inexpensively and readily, a

por ous menbpaRRehthe hdlgmex aed RO solvenDerWhald e EcRpdtivilityYbetween the
fractionating capability, physical strength and chenical Strength and
i s suitabl epbymarsaditie $dleertiielelydfighyahe solid-Hanhidanpe theerhaleiadudedrphade
exanpl e, water purification, preparation of drinking water,
pr epar at i on seffaratianewill desielapn buswhemsuchseonpadibility islosesed, thehaudriquidhd
which is al so excellent in aspects of production controllability,

cost and pot¥Per BieRPAlgIiHgFh ppese sqpagaion develops andsths: beth vl avedshally e

t he foregoi robl ens d i.nconyeni ences, th resent i.nvent.i o
orovi desSa BesBrEneRBrante WHEERBOMSTTTS privdfle ShFE B sl liofd v
havi ng a pagtd : f r ' H‘s?ém

first and sg%égﬁl 13éur gq:ggg%fo% SI tﬂgﬁt%%gac Q%GEZ g!r@!e %%Or é‘%@?aég?
havi ng roungesalt sfviht spinotgiP@cetpekitians ikeliql-lighid fypelttad isda@s phatd o
between the major axis and the mnor axis is within the range of 1 :
1 to 5 : 1; sypeeateashashsucher featirs thétaihe doasonsinbetasthiabieytends to dénabarl
m cropores, of which the average ratio between the 10 major axis and
the m nor axasilyias qestpasadavvith the sedid-15uid therma! indpeed phase semqeatiomrands as
menbrane is preferably of a bl.ended pol ymer, containing th .
Tyl CddRe: ALISSHEGR TRgRDfe, o rTYG BB ST B oM eteeTent in

et nret or REER: bl ToRHER cHtocRiisfol Such e e i€ cBRARLNY ©
the porous RRABAABE iR Rh&S GHAR! ¥ bRiek 1§ rhfuTa@iredhe separation membrane
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 | 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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15 hol Il ow fi ber nenbrane. The inventors of the present

i nvention focused attention on and intensively exam ned the
conpatibility of the various conponents formng a stock solution used
to manufacture the porous nenbrane and, as a result, have found that
even where a conbination of a vinylidene fluoride resin and a sol vent
20 is of a type capable of developing the solid-liquid type thermnal

i nduced phase separation, a nenbrane having characteristics

conpar abl e Wokéd Pored ghd et ! thaPoFIRTEhOubsRALRIPY SMfic SEERPAER RV FHosRE
the conbination Is of a“type capable of the liquid-liquid type

t her mal i ndsurfateplofisiee sephratd anl, thereforegdch patoua sahbrant is incapabda of
particles and an aggregating agent are properly conbined. 25The
present i nvexhibibimgad figh rateasil pukst wiaten gransmissiomo oegdatirente e frsctignated
vi nyl i dene flup{ide resin having the above described characteristics,
whi ch makesP#€l€128 por ous nenbrane maki ng stock sol ution contai ni ng
a vinylidene fluori resin,,a _solvent - inarganic particles and an.
2g0r ebat Png agent. {schTisH (o HRHIBEE oG Hif i FhhuphpRE. ke Vi
aggregating i ni :

the agar coall porined indlef i Aehbra ERoN A IRn Mloph s Hf Bee il
upper criti gierwide Uddd)Rhérefaer At ﬂﬁ)phﬂﬂ%%’(tb@tﬂ;dnﬂ% vélpired iat @BeOfor a
solidifying after a phase separati on has been induced by cooling, a
step of st r hyddophifictligeipmchidingrwater &npedeatierthravigh thomeattrane he
inorganic particles_and the aggregating agent 5 are extracted

conpl etel y. Thadellewingditergiurpds pyailable as paterit dasyments helieved to

possible to,industrially steadily.and i nexpensively manufacture the
por ous ﬁ%rrbp%FFge‘@?Eb:l ﬁlhﬁrli‘f'esieﬂ ‘I“P’ﬁ‘gtf(?nonati ng capability, permeating

capability an i ength. T of .Ihe us .ane Qf
the present i %/agﬁﬁﬁ%o%ﬁ#ae%g it poss'lhﬁl géﬁg% ghi e\f/’g{%bg fﬂ“ﬁ{rzg{@gn g "a
hi gh pure Wasr49g8NRIBIRREPMr@! € ®od Wi th a high fractionating
performance, thus reducing the cost of fresh water generation. BRIEF

DESCRI PTI ON OPaidift DG JP | nLgidyoperenPatehihe PutdRatibn  No.
invention will beconme nore clearly understood fromthe follow ng
descri pt i onHdf-194@3 Bmubliskadobprildhtl89%.her eof , 15 when taken in
conjunction with the acconpanyi ng draw ngs. However, the epbqdi nents
and t he "¥raw r@‘f’fﬁr@%}mﬁ@gbnl y forJP?heL%}aT%’Sge Bptent | u%‘flﬁ!&?ﬂ%‘h ahe-

| i . Kk limti h f th
oresent i nvabd ool By YHABRET ' whi ch scope i s fo be
det er mined by e ARAGANAN4C! a1 5. I UEAGERTPRAKNND MiAAAGE. Noke

reference nunerals are used to denote | parts throughout the
several Vi epg03-a58H22, published Mry014,2008, a scanning el ectron m crograph
showi ng an outer surface of a porous nmenbrane of a vinylidene
fluoride resi rPatemiieomened: i n accofRlankcaidwipeh aPaenhodPublicEiampl No3;
Fig. 2 is a_scanning electraon m crograph showi ng an inner surface of
25 a poﬁ%usZWQ%?gs Bﬁblﬁhﬁﬁ@m%ﬁaoﬁ-l uoride resin manufactured in

accordance W tNoRpaRhiDEcieanP! e“Ghemical Enginedring” pablished HAZHKNY

el ectron mcrograph show ng an i nnegesibshacthebsud FORRES19RTBHaNS &
a vinyli deng@_l uoride resin manufactured in accordance with a nethod

i n Exanpl e
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 suvitable 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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Fig. 4 is a scanning el ectron m crograph showi ng a cross-section of a
porous nenbrane of a vinylidene fluoride resin manufactured in
accordance with a nethod in Exanple 3; Fig. 5is a
scanni ng el ectron m crograph showi ng an i nner surface of 5 a porous
menbrane of a vinylidene fluoride resin manufactured in accordance
with a nethod in Conparison 2; and Fig. 6 is an IR chart of
a hollow fiber nmenbrane manufactured in accordance with a nethod in

Exanpl e 1. RESHEidRIdINe @Edﬁ?ﬁ%tdﬁ%&ﬁ%iﬁ?eﬁ“ﬁ%w&lé&&&mﬁf RUpects

menbrane of a vinylidene fluoride resin according to the present

i nvention i o€predastid caitrollabilidg costchnslpyora feming plesbdteristitseach ot her
in which the first surface has mcropores of a round or oval shape of
average ratio, betwhenrdendo alponateathe Jomwgdingyobhiemsrangdxingonveniancesithe
the range of 1 : 1 to 5 : 1, and the second surf&ée has, nharop%res of
subst ant i al PESent; MVEHiTe PEVIdRs R REEPUSIPRbIaNCHBAdG OF & Kiayhdens flyonde

par 1 ot 5 cut it aiop A A TRk shl0F ot smpher 418 62 RR MR Ry GREranE ha
menbrane of giheng rsgfo%@tesukﬂws“%ﬂpgbﬁg@?ée@chmtﬂé} {HeaRst Qﬂﬁatﬁh Txgyﬁlgvﬁgf?ﬁd bty

since the first surfa aving m Cr opor es of "a rour
shape, of \A/G‘_\/ﬂhnici’@o@%seéiaegﬁzé,aéﬂ%i@ﬁ&ﬂ@%rél@?aﬂglb@ﬁaie%'tﬁe anfort 448s and
; o ;

mnor 20 axis is within the range of 1 , contributes as
an active spmmihecazisvewithimthetrimege aff 1 nbto pad; whedeas the sacend surfaee has
passed therethrough. Al so, the porous nenbrane of the present

i nvent i on haupstantiply sliatshapgd puiewpeease of twhiek rthe siveragperatiosketwren the

second surface havin he slit shaped m.crqopores,forned hy a
struct und ¢ BRIH B AHAE iROh RXiR 4 ot ssalier diancy © i O TR Sig, Siepprovs

rati o betwe h ' X] t 14N LSS r
than s 1. Raetned B PRERE S inAar aF ol DEn R RIBEL RohGufla} JRE b Rk
present inv b Vi i i :
Capabi |1ty PPy e diity bPDI 03 135 ol BHUIRATIERATE 1 quantty
it is possibfé tbol0mmnW actlys ethe leydispHii@nssih aaferrgd 3o hbove Reprafatblyca
capability and having a particle cutoff not smaller than 1 um Al so,
si nce i ncr edgwIpralideng oesin, singdetha|pooous memhsmels prefdiabiy suthe fasn dior

exanple, air to per neat ed under a pressure equal to or |ower than
100 Icr d%vhﬂ“‘?‘ﬁ%i’e(/\ﬂeg%m-ti on, rinsing is possible with a physical

h , f I Kk hj ng. . 5Th I
T oropores of a LypaiCaRvapRnof e SUERAL ARty Bt ARtmib igp g
cropores of a type, ot YiHPen 't AE dVE _ _
et orred o ke hagayRin e, Cpiltit TR Mg Varigus folfoltrts fonfh

val ues measgtogk sbhtibakised t¢ Aeinafctire Gh@pboueméhblaaashd] 49a lremidt, have
areas of the first surface with the use of an el ectron m croscope (at
a magni f i cafound thét, evienrwlikfe e xxampbimation ld@Mingédenk dinorida redie and arsobyeaph
of the first surface in Fig, 1, neasuri ngl.ratios bet ween mmj or axes

i

and nind? ajéedl dityrd ransbla obdevadoringwbd seliddignidityps dhermal dndicedi s f
t he phot omi hs, ting, the f.oregoi ]
e Db SRS Bl 0 ol e Bl e LR ol e
of 1 o L tOumse of the BloRO mditatid bbrahARRE BLEHRANSS 0P Bpl ¥RSibIObS
e an the m r XIS IS

whi ch the average ratio ween e ngj or axls

not smal | er tHe'”'l?cihi@-lit;ugdnt ¢ th&h®) iedhce® pReIcicpakoms, %@wm_mwa solvent,

m cropores, in which verage of val ues neasured by taking

phot om cr ogimmpdmiopartitick aad tn tpgrebating ageneas prdpdrhecmsalsinedl sur f ace
with the use of an electron mcroscope (at a magnification of, for
exanpl e25x500) as 20he prasenti inverntionmims aymaphiacoiringtibe pexoun anenbrane ef

in Figs. 1 to 5, neasuring ratios between ngjor e nd m nor axes
of i cropor és‘fm}’]&{‘t‘;ﬁoﬂwl ESSHY Yingsthérfﬂ@ﬁ? SF%@SG\?@T@@FPWSQM ich
fibers and viewable within the field of vi evl/(of t.he h(oIom' cro r%%hs
makKes use of a porous membrane making stock solufion containing 4 vinylidéné
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

-



25The cross section structure of the nmenbrane is preferably of a
t hree- di nensi onal network structure having a pore size greater than
that of the first surface having the round or oval m cropores, but
may have a symmetrical structure, an asymmetrical structure, or a
finger-like structure or voids. Also, the void ratio, which is a
volune ratio of space within the porous nenbrane, is -<10> wthin
the range of 50 to 95% and, preferably, within the range of 70 to
90% If t hetﬂé@o‘]‘v&n@hﬁ&tﬂesatg%i’égblting@g@ﬂt REBsbRIbIE A3ivRA%eh iothdrr have an
difficult to secure a sufficient pure water transmi ssion rate, but If
it exceeds fpfér dritiealsdalutigt tenpierdtine, amdrivhivheineluldes b stgprofantidify mglkdige
and fracture occurs during enforcenent of nmenbrane 5 filtration and,
t heref ore, aipbasesdparation| hasheen indusietlibyycooling, a step off steptiefung the perouse
surface having  the round or oqval m cropores, of whi t he average
ratio bet mawmh{énmﬁ?%re 10e pTVeR WnpReABlc Baiales @&Q@%ﬁ&grpa@mga%&j@t
of 1: 1 [50 5. 1. a a t he %ulrface having the slit shaped m cropores,
of which thareawgi{“} cpytpll “Bet ween t he maj or axis and the mnor axis
is not smaller than - e s i NSl
A%Eorﬁmégdjt%zgg %\?%ﬂ ni?w@lﬁg)‘ﬁf il? he éﬁs@ﬂ)ﬁe 9 indaday

and outside, may be chang ng on t tering system

However, si Begdily'&ndUideapensively Nelahilifactufd! THe PorO | méthbra@BOERRIES in
responsi bl e for the separating function and the cross section

structure i $racesmoingichpability; pedreaphy sapability tand phy Sicaltskrengthr f Jte use of
havi ng the round or oval mcropores is preferably arranged on the

si de faci ngthenpetsuecnembrane af thee peasemte vention anakies Ut fossible & aehieve
suppress_a reduction in perneati ng erformance rgsu]ti n

depos: ¢ 18n SHretiy S el DUl Solet dESTROTG T 466 High o ieh BootionAtn
oval M ot opgEas Mt Sl R RERRIRSLRL ErbRk, RABLBABAAANG T unction, T

preferably er ns ayer . porous nenbrane of

the present BWEP’EES?‘?W@@W@{EMAMWG formof a hollow
fi ber nenbrane or a at nenbrane. However, the holl ow fi ber nmenbrane

is preferably enpl ojrechnsi eoent] e hplekaw invieetionrewlll deeomen mge clearly
efficiently packed, whereby an increased effective nmenbrane surface
area per unindgrstood!foore thanfolewdtg desveiptiomhef pichsrredd embodinuents diereof,

resin enployed in the practige of,  the present 25 invention is a resin
cont ai niqgg aﬁw @k%éﬁé%%ﬁ%éﬁ%ﬁﬁ%&ﬁ%ﬂ%@ grawings., Howsyer, the

[ vort e CoRSbXTtensT ) HoTHhAHERRrd LABRVR, LT PPt E5PITRoflon
v L) e BRGER, SPRITRIqL SARELN TR ot et g
tetrafl uorogi iy ®8¢ wiratsbéver, 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;

~{8>-



hexaf | uor opr opyl ene and chlorotrifl uoroethyl ene may be enunerated.

Al so, the weight average nol ecul ar wei ght of the vinylidene fluoride
resin may be suitably selected in consideration of the strength and

t he perneating perfornance of the porous nenbrane required, but where
t he wei ght average nol ecul ar wei ght 5 increases, the nenbrane form ng
characteristic will decrease and where the wei ght average nol ecul ar
wei ght decreases, the strength will decrease. For this reason, the
wei ght aver age nol eﬁ%.alfis\ﬂedcgﬁﬁing SIRiBh PhieR]pYaph dHdkAng Berésangei& of a
50000 to 1000000. In the case of "'the field of 'water treatnent, in

whi ch the ppoauws namnihaanef a vimlidpee flecrideoresinanamghctateddn sicogrdatdeewith
wei ght average to nol ecul ar weight is preferably within the range of
100000 to 7emdgboditvExampledsef erably within the range of 150000 to
600000. The, hydrophi lizing treatpent that may be enpl oyed in
the practice of theF{§@s8rftSCPRUBA Woﬁd?w%r%al%ﬂég\ﬁﬁllpmﬁ ce of

th killed in th t. . f e, t.he Patent t. 4
e v b R e, o S Peof TRRE 55 SRR s B oe
the present wh Vf&kmﬁm%ﬁdfﬁwzh@d ng an extrenely strong affinity
with water and 1 ncludes a polyvinyl pyrrolidone resin, polyvinyl

al cohol , a saponi fi ggy spiRShRTRECHAt 6f AYHGMBS BOkY MichitraC fadhfictured in
copol ymer, polyethyl ene glycol, polyglycolic nonoester, a copol yner

of pol yet hy aeseedgicgonith ancthpa infExamplebe gl ycol, 20 pol yacrylic acid,

pol ynet hacrﬁé c_acid, Plgol yrsi_tﬁ%r ene sul fonate, cellul ose derivatives
and pol ysor BESCRIGTIO, tHfe PREFERREDEMBORIMENTSyr r ol i done resin

erofoyedbi "t . pr it pete Lol R e B iy iy o
D oy of - BPSERP RV HlaRies Ot ¥AT sehdhufidel KoRHiPY ERH GRHEE in

pyrroli done“he{mfe'fy Surkate %@hﬁ&{ogeres of a round .o}rele?l)"/‘é?]]ia??nb{ gg&gg@gmo,

nol ecul ar wei ght of those resins IS not specifica

particul ar Watvien thé nilor Hés and tiabnncelxes iedithih tenangesnt i:anteos - tihe
strength and the perneating perfornmance of the nenbrane - G>-

requi red, band the seeomd swfaceihas priopereayiflsubstantmliyslitrshdpe (faverage ratio
menbrane, it is preferably within the range of 5000 to_2000000. Al so,
of the VFnybepygepdhe e #dsand themiparaxis pet analer dham Ssuken Hhe pergps

ST o o B AR S T By 1,7 T 0
soluble resin so di §4Q )68 ds”?ﬁe;@lgﬁnﬂgﬁ @k r%%ﬁﬁ‘é]ﬁ%ﬁ‘rﬂ)ﬂ | HEHd! %bgﬁgh

forma problem it i's preferr e wate eresinto

i nsol ubi [ i Z%cti&th@i_n@h%@&lﬂﬁ?ﬁ sihBe tHESQsv Qi fhdechA9hy HelcrBydred o 40dand
i ncl udes a cross-1inking of polyvinyl pyrrolidone with the use of

ganma rays, oaogalogmpé,i ofkivinighwhe hverage tmi® oftwabn thevinajoetaxisagmsl e mainor
chem cal cross-linking in which a heat treatnment is carried 10 out in
t he pregBnc@xigfis S‘tlﬁhéihaleal‘ﬁka‘# pf br: 1derSsul feanéributes ashampctivigespehderisizg of

crose L1 I N 14200, REE G oL LS PLELer ELARBa U IR porus
pract i oe, o puiie 30t BAVERL LB SIPh HOP 5 & b
thermal i ndyegfis®hRs SeeGRAGAHQN hh iRk UBBSsIA 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,

=<0>-



15 solid-liquid phase separation and a liquid-liquid phase

separation, either of them may be enployed in the practice of the

present invention. For the solvent which can assune the solid-liquid

phase separation with polyvinylidene fluoride, acetophenone,

i sophorone, cycl ohexanone, dinethyl phthal ate, diethyl phthalate,

y-butyrol act one and s-caprol actone may be enunerated. For the sol vent

whi ch 20 can assune the solid-liquid phase separation with a

pol yvi ny! | dsige fdhaich 4 UR! Y SRRGIIBRY 3 405 s Hie ARRALKATRE for example, air

acet ophenone, dibutyl sebacate and tricresyl phosphate ray be

enuner at ed. tAbs perthedted hedegal mesdurpiefedl toast lowst thant 109 KPLHeve ini £lviet

phase separation with polyvinylidene fluoride, hexyl benzoate may be

enumer at ed sonflifion, tifeng ¢4 pessiblatwitth acphyseb means kecH agyufod ekampled gas

phase 25 separation with the polyvinylidene fluoride-propyl ene

hexaf | uorid a@@ﬁﬁh@@er, propyl salicylate and pyridine may be

enunerated. O the the use of a water so%uble S%lVﬁnh EUCh as, for
eppiey t

exanpl e, Sy- but yr ol adHHRUH O O] JRTapqres, 8f AdYRS-< f BV frase ratio
practice of I i_av.enti ) at | e. ent _i's
Gsed, et or RSB IS Allos s R mitBELE WTMBRE BB £ PR sl
-C13) - meni¥iaRed 36 tlﬁiegﬁ%v@? Biah@NBr @ﬁér&f)%?é%, R RAHIEE " 8ragdNdf ViRies
extracted sol vent can be di sposed by a biological treatnment. On the
ot her hand, maasured thyetakirgy phdtonticobtiphe ofi dthlewsttiovo Itak Bpdas yedUthet fist
use of an organic solvent such as, for exanple, acetone is necessary
to extract surfaceomithnthef peemofan glactras miicrpscape (Bt af magniflvation ndfy doe
has been manuf act ur and, . t her.ef re,,dependuag on_t he properties of

the sol V@nt c¥aBRle, éig%@apﬁwh%\ﬁn gRobe migpeiapl cfotheqfiest suelaes rediigy A,
vi ew of the foreqgoing reasons, t.he use of the wate ol.ubl e solve%tl

s prof er r olATIHIE AGT BEPTERR Taridy wXes andlapiner g7Es G AIE mictgpoie] MigHble
equi pnent s : hee | i j: I g

Che. bract | coTdie B figl6r L2 BAME pRAbH!GOERPha Rt Aher TR RERIAS
m cropores Ffbc%@ﬁe@%hﬁlmld’fﬁﬁl’ﬁb@ﬂ@f HROANBrEpRES A REY eRbeeds I90NGs tWidkin
can be easily extracted with chem cals and have a relatively narrow

di stributi otheimngmofil cl ¢0 §i:2e. Exanpl es of the inorganic particles
i nclude those of silica, calciumsilicate, alumnumsilicate,

magnesi Ufn si | i cat e, Adwh dheustitshrpshmieoperay Aba s ehMbéathe averee ratin
Salts such BENeRBIEaRsr Bedhe HinREPTuin hanBLReias 1 reered £

ticular, . . . ) . q
o the compbeiefibAPE R fRhiekshcrE. 38 Veilch 3R SSPRRERR al s ES -t
and the sol v&'ﬁ}% pisdtalctoSapRY Gt A 1bddt BRGRRal 4180 SRMHB s&lohd surfdad WithNhe

i ncreased stability in a condition, in which the vinylidene fluoride

resin and t hee sblaneelectasre ndbroseopraldtd Imapaificativh efadbr exdmeple, xERINGs
it possible to manufacture the unifornmly porous nenbrane and are

t her ef or@ sshavabinthermpicosgraphsrofithe seeondfsaietage &n Bigst héo fomsasnringnigtiane
havi ng a further increased pore ,size. Because of such ag regati ve .
property, sPPiNCEN| BaL0f| 3xgh| %))‘deﬁﬁ%‘yé'de%‘ &f THEORNGH € ﬁah ierqftprils

he 2 congtliBtFdR pubifel B GPRLE AR LB WBE I BohCH AW LT heY
particles hgué)teﬂﬁérpgrtaﬁﬂgm%&yﬁy@qgﬁ%xgggx St Mnfb&IrWe

! ) C
in consideration o e pore'slize o us nenbrane desir

the case of pfifi@pbies hddablhired @kéceds FOMRMANSMalli@hamer gani ¢ particles
havi ng the particle size not greater than 0.01 umare selected; in

t he cas@sof the nicilbéidrossatsedionostrugtiueeh of Hbe paemibedne supodferably bt a
-<14>- greater than 1 um the inorganic particles havin% t he
particl e si Hueqiimensiangb netyvpsk sGuciry havipga percasiee seeptestban tha ofithe
t he case of _the cropar ous nenbrane qf whi ch the g?rticle cutof{.
first surface Bgvmg 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

<105~



The aggregating agent that may be enployed in the practice of the 15
present invention is a conposition 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
i nconpatible with the solvent or has an upper critical solution
tenperature. Additionally, the aggregating agent is preferably in the
formof the conposition having the characteristics (3) to (5) 20

di scussed beligm t]{éi-)méé of 50 1 $PIRak] ﬁkfer%l%hwftﬁ'iﬁ tHé PMgk 870 thlonoy i de
resin, (4) it has a boiling point higher than the tenperature at

whi ch the vilyvoidemdo fd equal theor stealler alneh 5090, Bad diffituld ie seeivea sufficient
together, and (5) it has a hydrophilic group. Exanples of the

aggr egat i ng paxgewateh transmissibe ratbdru df ¥ eketeds §0%4 theastebngt) of e Mdmbrane
di scussed abqve include pol yhydric al cohols such as, for exanple,

et hyl ene 25Willjlewer apd 2 and yfrasture raccussrgurageenfocegient of membrane

lyeth l.ycol .apd in. pol ygl in.fatt id est h
be. " For” Exafutorcand Hepdely o BioPamt BaS BahERy m et hyl one
| in fatt i d . |

ol Yoeri n monost ear afrmene Rl SERSprielt nRIATAE ol ST riléipRfes. of
exanpl e, pokyety BleMivlefipe rh@d bitwRhBE nféh BAS YK VIRL Ml RN&iCRIWithin the

et her; -<15>- pol yoxyet hyl ene pol yoxypropyl ene al kyl ethers such as,
for exanpl erampelofdxyletorty] Erandphe ynokacehapivgahe siiteshapediniwopores, of which
pol yoxyet hyl ene al kyl phenyl ethers such as, for exanple,

pol yoxyet hy KenavenegeyratigHsinyeencthiegnajon asis poldyibs yemnaiy kxiads sot snalder than
fatty acid esters such as, for exanple, polyoxyethylene 5 sorbitan
monopal t'fi t at e.ls Ry 3o he tﬁb@\f%@g? Jher R laﬁéﬁtanﬁawtﬁ@iet may be changed

The upper  ofpeits S TETERE kR, HEMPFIREnE SR Thiving the round
charact eri sgj 3‘(14'%‘3%4’3’%% ?&RBHQEI% fﬂFﬁ@%eﬁé}aH ﬁInckin‘aﬁ? chrﬁ}%sasrel%ﬁ&m

at which the phase separation takes place in the case o

conbi nat i onsirtictsfdl i8 Regpoasible Lo aphyBidal birerth,tthe seghoecidvignthetiognd or
aggregati ng agent changes with tenperature. The term "conpatible (or
conpat i bi | i py3l" nfienoppreabisvpreferdblyeamamgetlt en the esldé Sacing eadebjacd toebm
that the solvent and the aggregating agent can be m xed together. The
upper crpt i eenaraied.udp opartispgbr Ht LPTECT dPe SHRRICESD oh SPAIGHONS IfreRRMeadns n

the follown nner. Speci fi cal .a dispersion liquid containin
the sol vent POEOBRRCE ieslfge disin: drbosife ol Sotsmannt Aiferds] Beanitiee
checkwei ghe t i rg el . i,Q0, .
filled int oﬂ%é@%?rt%? e‘%ﬁ%té’?adrﬂ‘:’éﬁm“gé‘%?’ﬁ%%’ ﬁﬁeﬁgﬁgwsgﬁf‘sﬁ{’%aﬁ’?&ﬁg sepAtting
t enper at ur e fgRibh Ok lpRsfedldihdse@ bnthé ButsihbkeaRr0i | to prepare a
solution. The heating tenperature was set to a ‘predeterm ned
t enperat ure, whi ch The pofisanembtanarofl thevpstsennmvemtiérhmay dxpanploved in
boiling points of the 20 sol vent and the aggregating g%ent. After the
sol ut i o0 hatherem ofe hollowy fiber membeang o Ba membraaeh e Biowsyer, the hollow
tenmperature,  the inside of fhe sanp]e tube was opseryed w th naked
eyes and, ifibFfge %r%&ﬁ%ftﬁa%% ed ince e hollp fEhsrmamiran o4t be
such sol ven n u L el ihl e
%ggcrl&ﬂj(l gi&kél&g{’mﬁg%%g% Pn%fé}gedv%?fggrf\fenﬁ% Has fﬁr?&%”&}@é pgl'

with each o ase 0 con on "of uni form si ngl

phase, the gamnys & Uhehe 8bihBledhavi ng been withdrawn fromthe high
tenperature cg?‘rﬁvro I ed bat% was cool ed and the tenperature at which

the uniform singl e Thastnyrlknt flaoridt a¢sie employet ng theplaetice vhthedgtiened
as the upper critical solution tenperature. The sol vent and
t he aggrégativegtiogdnta eeqsh oypethiningtheimlident dduwmidet hemppelymst and/or a
invention preferably do not djssolve with each other at, the .

t enper at ur e viylidengYluorigp copolymert hdheratinylidene cngsides eesife ayatorian 2

takes pl acepﬁlrllg]ityl of tﬁlrl(rigs ) fvfngﬁdgr{co uso§i’det Qgpo%?nqgrls.natll'o%ntﬁeh%rify(ﬁd’ene
fluoride copolymers, copolymers of vinylidene and at least one chemical,

selected from the group consisting of vinyl fluoride, tetrafluoroethylene,

-{11>-



10 be sel ected by enpl oying the inorganic particles exhibiting the
characteristic discussed previously. When the conbination of the

sol vent and the aggregati ng agent, which has such characteristic (2)
as di scussed previously is enployed, the porous nmenbrane having both
of a high separating performance and a hi gh perneating 15 performance
can be easily and inexpensively manufactured. As a nethod of

manuf acturing the porous nenbranes having both of the high separating

per f or rrancehemlio?@prbbﬁen@sﬁdrsmlbfdiﬂﬂuﬁﬂaetw%&qﬁamé eﬁ’lﬁﬁ@raﬁ%@l‘?“’!}algé,r’chc

whi ch the conbi nati'on of the solvent and the vinylidene fluori

resi n capabkeigit aderage aplemldrheeiphtopfithe Minylidend fiperiddyesimanay belswieably
phase separation (See, for 20 exanple, the Patent Docunent 3 quoted
above.), buseletted iegbnsideratiomof ithegstrengtt and thepprrswating aerformance of the
generally so narrow that the control is diffigult to achieve, Al so
it is extreﬁex%ilﬁﬁ@ivfm reqyirgd| auh Whers Hife WeigIHAVERAGS O | weight
devel opipg the liquid-1iguid phase separation angd this is not .eas
O the’ ob el R fiemelBriiey FEMU O EIT NG T aCETBeeo Y RS fhe

present | nVGiatiifhyodabe AbICARA oA JEHDLEL oGl GARURGEEK! S Fop i)

di scussed previous n co the aggregating agent, ma

be any ki ndr&agabihe wéigﬁﬁﬁeérﬁ’gé Rbl@uldoleich€id pRferdblyl Withi hBaGkge ﬁf

separation or the solid-liquid phase separation in cooperation wt

t he vinyl i dé6@0G taudODOR00. edinrthe lcasd bé the fieldanE wabdri ireptnenfyan velfich Hike
porous membrane is subjected to chemical cleansing, the weight average

10  molecular weight is preferably within the range of 100000 to 700000 and more
preferably within the range of 150000 to 600000.

The hydrophilizing treatment 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 polyviny! 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

-<12>-



present invention, even when the solvent capabl e of devel oping the
solid-liquid -<17>- phase separation, the porous nmenbrane having
separating and perneating perfornmances both conparable with or higher

t han t hose exhi hi iaed_by t he go ous me%@ne V\/&]i chﬁﬁas been e\ s
i ssbeheenlipibusnmiuts patio it sy
of qgorrpongmﬁgmggﬁfﬁ”ﬁéug WW@%‘@ f%ﬁ%@oq hékﬁﬁngfg&wfgynp idone
ot B e, SRS P LS5 g s o
; b £ : :
o vem sebE A BESBNE ihd YRR ey "
Be% oats (misgqtﬂ‘etﬁﬁi% Pt/ i %q“%v#@lﬁs&‘éﬁ@?@? $tid 9Ln Brogkisg ot
colubl ey apd FoR AbRLRi AT bidikiEd T B yFdreP Ml BloES B HORBpbilized.

gl ycerin (’I"f}%%fca?ﬁleg?Efﬁnso%%?ﬁgqlgﬂngpﬁyﬁo%%hé‘inQIfudE%% HoesSiking of

i nvention, e use e co e wat er sol ubl e sol vent

and the wﬂ%&g;«ﬁt{g}% ?%%lﬁﬂﬂ&%@ﬁ ﬂi@uﬁggmﬁmﬁﬁ?iﬁi &r08s-1ibRinkWwith the use of

conpositio stock sol ution he manuf'acture of the porous
nenbrane,  WiaSAbleNdyades a tdhemitdlydrosieligkinlgliar wliécH 8dieat tsatmenttis carried
i norganic particles and aggregating agent, all of which have been
descrified afove, theeyrddencadlidfabtrons ellledli agt persdifate. edOf pthewi, dihe  therhical
t he porous nenbrane so nmanufactured can have a practically acceptable
strengt h agdselliskidpygdlizingpednsdfateds pefared weachievd thetinsélabdrationui t y
of the pores open fromone surface of the porous nenbrane to the
opposite surface tfAdreestlveri shat mayshe remaployed dnt thes prasticat 05 the present
desired performance. Although the conposition of the stock sol ution
for the mamyentourise emplayedpof cukind thataean aguctaille degrorali wgueed wmhase
chem cal structure of each of the conponents referred to above, it is
preferred SEpardian.  hWhiientje Wéﬁé’ﬂ‘thﬁgﬁi”@éalr@épﬁe. Phase senapain inglpdes a

B
172 M S s MR, e
oS o0 APRL5Re 6y URRRAC Pl SO Bl Bl RO,

menbr ane dﬁ@é@&hgmshppgad@gQﬁ%]ﬁhgﬁarﬁﬁ?b Hirh&’bhyf‘#)h’tétﬁgat%jo g%aﬁs’}fl phthalate,

spinning t r’the nanufacture-o

menbr ane '?—bh%[a%f’oné‘&'fd @Q:a?&olﬁbﬂcoﬁlb“rﬂh beQrtphdtatede WHritRE BoReint WMich
fibers and, al'so, if the anount of the Vvinylidene fluoride resin used
i's 5 | gy gecad hagsunhe aR®UNblidesGiiibeshabovepatdiRie Wit hengisigeinylidahe
the perneating characteristic and the fractionating characteristic of
the hol | owflibHée-preyeohe dlekuflobiide RegoWndr, Beetophitnomne, aputyl eelbdcate tnd
each ot her even though the uniform hollow fibers can be spun.

The stock aidredyl phofphate heayrbe shamerated.of Atdve fpotheussiventwhick canfassime
conposition including the vinylidene fluoride resin, the solvent, the
i nor gani ¢ pher liqeiddsquaddplidse seggratipat with pojyvinydidene rifaoridsy hexyl benzoate
described, may, if required, be added with various additives,

i ncl udi ng @Ay eoxnerated and Yor tissolvanitwhighlcabrasseme thelliquid-liquid phase
anti bl ocki ng agent and pignments or dyes, provided that they do not
ruin tHe offneEatiar witte the pobwtinyhdent flosridesrapylene diexednotids rcapslymer,
t he manufacture of the porous nenbrane, of the conposition including
the vi nyl i BeEpy] selieilpigcandpymdinerpay bevenwmeraied. | (o Gem,.dhpaiseiad|acwater
and the aggregftin agent as herei nabove described, are kneaded in a
two- axl e bF¥H enéog@a p¥sht asplfestenample, 4-hwtyselactone RRctgaPRplactone 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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chosen to be of a value at which the vinylidene fluoride resin and
the sol vent can 20 be dissolved and any of the various conponents of
t he above described m xture will not deconpose. After the stock
solution for the manufacture of the porous nenbrane has been kneaded,
bubbl es are sufficiently renoved and wei ghed by the use of a wei ghing
punp such as, for exanple, a gear punp. After having been wei ghed,

t he stock solution for the manufacture of the porous nenbrane is 25

extruded thpn b

to forma deS| re sﬁ%%%e eg?ﬁe)ralll %’lny reﬁ?tq@brhﬁr? Eﬂﬁn%%{eugsg&eﬁt
gaseous nmedpahé HizhoRa, b%zfaomo h%atlﬁ’éﬁt OOn'thé b#RE Rand) fwikrd tHeWolvent
havi ng a boiling point higher than the tenperature, at which the

st ock sol ut imoluble withewatentis sameploped)fthe tuse eofi an exganind salventssuch as, for
si mul t aneously extruded froma center portion of the nozzle of t he

- <19>- doubxaenplcng:emeu@tn@c@ssarvh@ $tepgr thet seévemﬁsﬂnméhms@@uwmhmmg
extruded fro &%cen portjon of the zIeotg ubl e, ring
structur® i 3tgr teehgm b%edl Py RSt Crh e o SFRFBRImEop dhe
poor solvent  that not

nTl T dene Pfoesﬁfea@?ﬁ%%wvef%&?%ﬁfnoﬁ&%ﬁ%ﬁ’@& 1Sy St b Feqizgl, In
such as, fog;GxXafmk %reh@itxl@é}@é%}’lé,%@ ube ¥EBE waRErABHHO S0l 9L GO i:re?érred on

an industrial scale in terms of aspects of safety, equipments and cost.
The inorganic particles that may be employed in the practice of the
10 present invention are ufilized as the micropores in the porous membrane and are
preferably of a kind that can be easily extracted with chemicals and have a
relatively narrow distribution in particle size. Examples of the inorganic
particles include those of silica, calcium silicate, aluminum silicate, magnesium
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 usuvally 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 each 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 um are

selected; in the case of the microfiltration of which the particle cutoff is not
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gl ycerin may be enunerated therefor. By so selecting, the therma

I nduced phase separation of an inner surface of the hollow fiber
obt ai ned proceeds and, therefore, the structure in the outernost
surface can be made coarse to thereby provide a | arge pore size
effectively. The pores so nmade coarse are extrenely 10 inportant in
formng the slit shaped m cropores on the surface, of which the
average ratio between the major axis and the mnor axis is not

smal | er t hagre‘éte'r than INGineXthe Liﬁb@anﬁoeﬂﬁeleerﬁabmgeﬂﬁx £rﬂgﬁgsi%ﬁgﬁﬂﬂﬂ th@e

sheet die or nozzle is acconpanied by phase separation o
vinylidene tingerofded Ir ®si pmadrd séleeted odndeintth@sase dfebwmhcmﬁoﬁimmnbmne
tenperature induced by, for exanple, cooling, 15 wth the vinylidene
fl uoride resfwhidi thy paticldichiadfl gmabss dbare htyng, theWieorgamie partitle heviog thée
vinylidene fluoride resin with the solvent conpatible with such
vinyl i dene £PagMatng paticls siz grgnter daan h rewarcaseledigd. n Alse; s the pumese
poor solvent .of the .vjnylidene flupride resin, a portion,
correspoﬁdiHB'LS Pﬂ@ckngg?fﬁ “%e?ﬁébﬁ RHEUS, HBGRbREE . PRI, (thite of
and t he non- t . t ant

:fc?t%]a\év thE b mﬁl&?{bﬁ%ﬁtﬁg @re@‘ﬂlﬁjer{e{}ﬁ]}ge%&f‘gt%ﬁfc &%cl?ﬁ@{\ﬂﬁ%

menbr ane yvif an “uneven structur resurt I'n € 'possi

that no hi gRiResdr MabietiRg PaHRIONzE6RMal DeaBhalNESthdh e wiarkipacrmtthed
i ncludes cooling within ah"air nmedium “introducihg into a liquid, and
i nt roduci nghight permehiing perfaimiatice vehicin @ omcef franmepmasdestéhby tighparous

air medi um ) . .
membrane of the present invention, the greater the particle cutoff of the porous

10 membrane of the present invention, the higher the magnitude of the effect as
compared with that of the conventional art. In this respect, the particle cutoff of
the porous membrane of the present invention is not smaller than 0.2 pm,
preferably within the range of 1 to 1.5 pm and more preferably 2.0 pm.

The aggregating 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, triethyiene 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 lauryl ether and polyoxyethylene cetyl ether;
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and any one of those nethods may be enployed, but it is preferred
that the 25 atnospheric tenperature be controlled with a hot air
and/or the tenperature of the liquid used for cooling be controlled
so that, since the cooling rate affects the strength and el ongati on
of the porous nenbrane and, also, the pore size control, the cooling
rate can be controlled. For the liquid used for cooling, water and
organic liquid may be enunerated. The liquid may be a cooling liquid

- <20>- conbar‘@w&hﬂeﬁéug@ j(ﬁ(_Y/pR)fp yRAEPUMENT Sethdls VL&D &, |1‘%§?‘Stex% 1"

nore conponen are” di ss d’ " Consi deririg the environnental aspect

and the aspgelyoRfethplené ﬁdlymmop}daie cetie ether; olﬁolyxaiﬁm}tlsneprﬂ}eplaéﬁ)@

It is to be noted that ere the use i s nade of a water sol uble
sol vent andethetersuch as.edor nexampie) i pedydxyethylenes nonylkedphenyli ether; nand
which at |least one or nore of salts is/are dissolved or which contain

a pl ural i typelyosysthyleneagrbyan &l a6id gstaehanh agelou skgmplanpplyaxysthylene

| ut I dd th | at t iblet
Tover (hE T STRNEh, XURRAGETSEL welh TPEnuelier deamsetes Befly  Brunendhe
wat er sol ubl ﬁm-?ajeﬁﬁﬂ#(zt) B@d'abgﬁé)@rgfeﬁbﬁpﬁg&éﬂthe por ous nenbr ane

in which for 1 on ense € nenbrane surface

resulting froman a%b'ptu b1 BStied tsBthi%hr Ushpe@nire TRAEESI8d.in THEe
hi gher the salt concentra ion, the lower the rate of exchange between

the water aobaradteriviid €) dszusseliebsod weahs am appertlimg témpédratue@hi whichfthe
the porous nenbrane in which formation of the dense |layer in the
menbr ane suphasse sergwatian r’ié{dsr phacaninaltiiesaseg ofi agcanbinhorstinuathiche the

D varEn: COBRMORI ot b salvent §1d GBI Eang PEwE Shenses Tyt Boterae,

. | h
o1 ert e B 0GR los IFFAUIERE FRYRE B et UG 4T
sodi um sul ffﬁ en@éadtm@agf%mtﬁylst,%ﬁt By e {#‘ﬂg%hﬂge%%%nmﬁﬂ e mixed

i nclusion of a ste raw ng the porous ne the 20 no ded

article so faperrs. a'$hélapp¢rrt@mulescﬂﬁ$(ﬁ~r tebg@rathef efeerddne eedin @ineadred
inorganic particles and the coagul ant agent have been extracted

conpl et el y, in thedbloattgemane. Spanficdily, pdispersioneliquid ventaining thersolvent
before the conmpletion of the extraction, it is expected that the

porous MBbRARH er4%a¢ga§mﬁaawab@tb%wm@hh%b@naphﬁdgﬁmg@%mﬁ fojatipin a
The draw ng re carried ou 5 within th
Fange of 0 PEUEBBRI s gt fetticBnyes SIGR dos ARGl hibk e v FfeatFi
not desirab a
t he degree g}f? th?"l?c%nlggﬁ i %ﬁlﬁg{%‘% &%3’359%2’35{ ﬁllg@%?igggﬁ%@rléggnf& P l%lp
| overed, andomhighe The HeafiREMBpPERnire WaVREL td]%npfé@etehhmea Mﬁemuﬁet
to draw st abl y and uniformy, and only structurally fragile portions
break. Whenwhich i amChgower tiettelostest odeamﬁ thg respbtive Wodlirigppoivits bf the o
4, preferably 1.1 to 3.5 and nore preferably 1.1 to 3 at a
20  solvent and the aggregating agent. After the solution had been retained for five
minttes 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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tenperature preferably within the range of 30 to 120C and, nore
preferably, within the range of 30 to 100C, the intended porous

menbr ane can be obtained. The drawing factor referred to above stands
for a magnification determined from5 the Iength of the porous
menbrane when the latter is nost drawn during the drawi ng step. Al so,
al t hough performance of the drawing in a liquid is desirabl e because
the tenperature can be easily controlled, it may be perfornmed in a

aseous nedi | | 1 ouui:d, i
g g»'-rrhg%hs Wt fmal ﬁfduﬁé@g%‘& sciabf{Bn fakks tpligcﬁ dé@h il tetfd ?f the

preferably oyed because 1t be “conveni ent e use o

pol yet hyl engrok@sg! 320l cottfbidationw ihart & Undichdightheorupgpee ritkl Cadlutién
advant ageousl y enpl oyed where the drawing is perforned at a

t enper at ur e tdmpgraiurd higheO8@n 38°6 pandl praferablyi doea mut xdédolvequitld each other
containing a plurality of liquid nmediunms, such as a mxed liquid

cont ai ni ng Righer tham 0%_@ giut myare nigrefprgldy| innrayy Hempeistusy aggionntiergof, is
Cont ai ni ho. SHCHEE o1 DE ERGRHTPRBr G PEDAE PN F hod Hbepam gL fcul
reny ane SoRd ) A8k 53073 AR PG AR SRR AR BRI i S
e o B RSeRAANN BB RTAE T Wiy )
cont ai ni ng dheudsed paewibes1Pas to lselecteln Hboveper, G ShepidvtiRBf the present
invention, the solution exhibiting the characteristic (2) discussed previously can
10 be selected by employing the inorganic particles exhibiting the characteristic
discussed previously.

When the combination of the solvent and the aggregating agent,
which has such characteristic (2) as discussed previously is 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 difficult 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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20 containing the inorganic particles, the continuity in the nmenbran
section can be enhanced as the cl osed pores present in the nenbrane
section split at the inorganic particles and then transforminto
continuous pores. Also, it is possible to change the coarse pores
present on one surface of the porous nmenbrane into the slit shaped

m cropores and, hence, the perneating performance of the porous 25
menbrane can be increased significantly. In the practice of the
present inv o) [ e e I aw., & oys. r .
cont ai ni ng ? ﬁaedes g?%agﬁ%dﬁtﬁg P ﬁ%’?gaﬁf’%ﬁf)%{et ?Y%?lgg gﬁ;&r i gﬂrgg:gr ga elmhm
agent. |n aggifbinfihcebombitdomshabibl@withasttigierttha 0REO¥EhiBREP bR Phoad
has been drawn i s advantageous in that since voids have increased in
t he sur f acenmatbramswiiehdiasttieen punafEtnediby dhe casveationfl 2nembrans whaking
the drawing, an extracted solvent is easy to perneate into the porou
menbrane. — method utiliziag dbg lignid-liqudhphaze sapresionar Bicspulinglys Gereagasf

the. sol vant SIEFDMSO] FUMBSRHES BAFRRERESSIaRk SoUCRJGF SyatTyBAYER LY 1
S?éigé? St”feﬁﬁ&oﬁe%@fﬁhf?f%@?#%ﬂhé %%é?%?iv%ﬁfiﬁ%rt ToviiRe taRaBies i s
round b fr BomeS iRHEAREREloR I SPaRling ad BRI pEfiphfil Redy More
accommodat egpabifidully, heanibihrioh of thy @Mine and Aecthgeedatigh hatntoWhiMtngy
t hen nodul ari zed. The sol vent used to extract each of the conponent

used nust bbeazmpdoyesloinviatpradticehef the pyésede inventionrindlmde @s¢ombinatidre of

extracting tenperature. Although the extracti nga sol vent may differ
dependi 1§ oReRZy: bepzRate Aponsaqurous selvept) and pihylensrglyerl (tgrosrluele).tad

ool vant “ber iomBREHSRSE i pEytaSne Cilectu ) SUFEyelin (Sl and
| ubl | - j i
o1 S51 ol N oF LT, 108 39600, e gSELAF g ot

e

S

e
a

extraction gftihethD theepradii@Nofthk drésest FReHliéNthé B8 Yt HRDEMBINBlGY 8f -

In addition, in the case of the aggregati ng agent being poorly water
sol ubl e, hexenestenadtilnaolvenn@idthe vlatarayhibte srpregatiap egentnis preferréd
case of the aggregating agent bei n% wat er sol uble, 20 water may be
enurer at'®d. The por dU¢ oommeshion ok fheasioek sohiva frotheswaauipeivee pEdhe

wor ked thereon, dried in a %ondi.ti on as, wound .grourhd t.fae frame olr
skei n porous membrane, which includes the vinylidenc 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 agpgregating agent is assumed to be 130 (the same

assumption applies to the subsequent description). If the composition of the
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Al so, the porous nenbrane of the present invention may be suitably
heat treated. The heat treatnment is for the purpose of increasing the
proportion of an a type crystalline structure of the porous nenbrane
made of the vinylidene 25 fluoride resin. As a result that the
inventors of the present invention have exam ned the chemi cal

resi stance of the porous nenbrane made of the vinylidene fluoride
resin, the inventors have found that not only the crystallinity index

but al o t hgobk Yahitioh! RE R it AuROE e brBls hibrhiing MR krom this

resistance. "Further 1ntensive exam nation has revie _

chem cal r egirpeamestdbikiyeRIBS tine T spinnidieihetshekasdhvish for ¥Bé AlahiifABture
structure is present at "a rate higher than that of the 13 type
crystal | i neo$tthe @owus. membrages s dfwdrbd, makimgcal dif@ails tanpm Wee oniftren a
type crystalline structure isﬁpresent at a rate higher than that of
the p type beljewdiibernand; alaet ifrtbe avpuwt oftthe vinpdidene dluogide fregim ushé is
follow ng reason, As conpared w.th the 13 type crystalline )
Structurs, fﬁ#&era}hwﬂbe gpguRtfeseribedsabayes tees %f%&lﬂﬁ%%% Rseheraeating

and fluoring_at e] del ocal ized .and,. accordingly, it.,appear.s
That 1 iy SHEBOREREARY R R Rpadie i GRS L lonL fivdR RSBl ety
wor ds, sinc ty | d :

Whi ch 15 nogPEfRAPWEPBE bl Bhordiofitd RS call Bl <y B8 (ROR WY Gniform
structure, hollowifierdairtegponat oms and fluorine atons to are

del ocal i zed and internol ecul ar pol ari zation occurs, it appears that

t he porous nenbr aneThadeckf soltéonptorythe mydnuthemee fdfube ippeousnmambrangant e

with the present invention has an_excellent chemnmical resistance. In
vi ew of 10hi &e qanepostiasiacivding the yinplidenctlperideiesing, Higssolvesh the inorganic

i ch e pBROSIES PERPEAEEte s e R B ferepntey Beriadde Pafl Ecadid; b
i bl fQr: . h .
Gl ancoutiged, il (3foRf AuliER MRy A EndRkaut, BT Morben, o

if the por Oﬂ%rwﬁﬁ@%ﬁ%ﬁtibﬁ)ckﬁafgta%&ni ARl ﬁgﬁ%&%ﬁﬁgmvimqﬂﬂ they do not
tenporarily onto the frame or skein and is subsequently held i'n the
free condi t iuwin thd dbjedteofhkapresertatvemtibni s perfornmed while the porous
menbrane is held in_a fixed condition, thermal 20 shrinkage takes

pl ace adBonpani ed bhestagkrsolutign 5 the spnufacsirarfahe porows wepbranel phe

st o 1 R RERe SR FIBEE S Sl morsi

CTyotal 11 nepBhitS atiucn sihbanhf 3oBRORORdERBbRe bErhds, R kneaded in a

therefore, HioaRM m&wﬁ%kmlﬁehe Hﬂ‘@;ﬁhﬂ%g aghhest srﬁ?eaﬁléaaidcgqe&?emaﬂe%é
Measur t e Crysta

obt ai ned. nt o he proportion of th 11 ne

structure i phéses t¢pbe@fia vahist avtdchirateviaylidenk Wlionde irekdm and theosolvkdrt can
accordance with the present invention is carried out by the follow ng
manner . 20t be dissplved endedyf the vatioe oimRincotsl afithaabdvd deschided mixture

foll owi ng equation (1) using the absarbance (A753) -<24>- f 763
cm 1 and th@“'éb"%BWSEAB r e da tion fsithe sy fw@ae@? the,OTORs

a7 but abl DEUTRNE Pk e Fhefeh B STRICEITN RaioBARRg etBhefoy

represents e. ab 3 W) e st i :
structure. zl%elés,%_ (?%g e rr?)gl ?EH héeifcggiis’eﬁ(%roe&gﬁrlr%% éééa??l}zgr{iﬁef.d ‘gﬁgxi/gfsmg
The val ue obedll weizhedtthe atdck Sofftioner HeORahifaeirebf thegororlsyinembiite Qs
type within a crystalline region of the polyvinylidene fluoride. From

the | R ehar txtwidednhthroughou shaeindie aorea abzule of a Hoghle Gingasthioterei © fbrawm
bet ween respective mninmal values in 10 the IR chart in the vicinity
of 763 cni desirerigghapsy X¥here ihisndesingd thdoghthadfow hidershar gaseers mediim
absor ption peak atftori butable to the a type crystaI_Agi er structu i

> .CI, [e. N
such as, for example, arr or nitrogen, or a liquid havi oiling 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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15 structure in the vanity of 840 cnf is read out, resulting in the
RI. The R, in the present invention is preferably equal to or higher
than 1.5. The a type crystalline structure of the polyvinylidene
fluoride resin is characterized in that hydrogen atons (or fluorine
atons) bond to a carbon atom nei ghboring to one side of a backbone
carbon contained in the polynmer nolecule 20 lie at a position of
trance relative to fluorine atons (or hydrogen at ons) bond to the

backbone caidaghieitg Qribitc00qMhel AP te mdy HOLSEP yAER BringbOitfh

carbon atom nel ghboring to the ot t he backbone car bon |e
at a positi dfe @bntehqmitidrdUT ﬂmsnbzml)oﬂ ﬁieaﬂoulﬁet@ng Ise@cine iatmoferdlly
hydr ogen atons) bond to the backbone carbon and two or nore steric
structures ehplesd iarthe dormiaofle don-solwanthor2d poph eolventhihatrisl matudoduble or
chain is a TG type and the di_pol e monent, _of the C - F2 bond and
the C - H2 BHeady h%fﬁub lesptdy ithe aﬂ&sﬁﬁ-@nﬂyome Vigsifli caBy awa)fpaf dxpaple,
directions re

h
conduct od ORI leﬁg?lt?gﬁ“hﬁng‘é?ﬁgﬁf Ffﬁrswﬁeit cftactEhe EDGgh Pre End dlscol or
Shror ot onoNieHfias bl PRIAERRI flcheroP S35 ob SUBARES e, Hefpal, inducsd

and 763 cm %haieeﬁﬁﬁtlbﬁﬂﬂan Rer sdr!hc%*lﬁ tH@‘h@ﬁbM ﬁ%dr%tﬂhécf bﬂ%éd%nand
anal ysi s, aracteristic peaks appear at 20 = .3 and .

respect i vel yherefore, the strudihee ﬂrBtHeyqnﬁemqssisaﬂfhcm&rsbe uﬁdarcmaﬂ;fa tbhhereby
pol yvinylidene fluoride resin is characterized in that hydrogen atons
and fl uori ngrexides lagadare sizgraffstivelyns The pores so made coarse are extremely

10 important in forming the slit shaped micropores on the surface, of which the
average ratio between the major axis and the minor axis is not smaller than 5 : 1.

The extrusion molded article extruded through the sheet die or nozzle

is accompanied by phase separation of the vinylidene fluoride resin and the

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 liquid used for cooling, water and

organic liquid may be enumerated. The liquid may be a cooling liquid
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5 neighboring to one backbone carbon contained in the pol yner
nolecule lie in respective steric orientations (TT type structure) of
trance, that is, the hydrogen atons and the fluorine atons bond to

t he nei ghboring carbon atons lie at a position of 180 as viewed from
a direction of the carbon-carbon bond. The carbon-carbon bond in
which a portion formng the TT type structure forns the 10 backbone
chain of the TT type has a plane zigzag structure and the dipole
moment of  Cobiaindila Phdkality & QARSHRAR A WRIERAN st bile 8r Wik icBAiponents
direction relative to the'nol ecul e chain. Wien the IR analysis’is
conduct ed oard hitssojyed. cr fendddringe thé r erplitonmencdlangreerdndlt ithe pepks of
(characteristic absorptions) appear in the vicinity of 1274 cml, 1163
cm 1 and 84Mmannfaciuringseost tthe obg of water is praferables polsderbe dotedyhat where
diffraction analysis, a characterjstic peak appears at. 20 = 210 ,
respect i vel $he use’is made ofq Watsy é@&%@ﬁ@l‘f@t pBd Mten 1s peedhinnt coeling bathi a

it may be carri out .after, t formation of the nmepbrane .and bef,are
the oxt r Sct Bk gt it o St obE by Werd oty THARL ARSoIORR o SHEEE
been renove SO, tih L C i J hi

nmenbr ane, ig%ﬁilncﬁ pfh;lr%gﬁ(gﬁ gﬁgsf %ﬁ%)uﬁgleég) l% cgb\?glta‘gg@géli.ug}ﬂ/ggbe%gﬁge
the drying sélafon ¥ ehbﬁag@@@hrih@@l@é BSdBuldHRY Aep, §f Raddsvible/tdRvweR the Al
out after the menbrane has been nodularized. It is to be noted that

wher e t he heftexthaatnestveers tharwaierd (mmt-sohfdnty ahd ehevdatbensolnbld esivent,
al I owance shoul d be taken into consideration in anticipation of a

possi bl e shAlakkgié possihle o farin the pozeus pembeangsn avhids{grmation of gherdense

treatnent, so as to avojd the nbr ane bei ng stretched. As a
e hoa dp’ nEer it BaHERbang ST SR DR oA AoHGL LR Of hRHrIRsIRgY
of imersing._in. |ligui . d j i t he 8 ang i

Sont cted whdtecsdl!| T Righet BRI HRRR IS BTSN TRTBIEBF ekhange |

i n which it pa8i-the WatdPidd 8¢ fer WolBIAsAISRONSUTRY W TotHatloR DT theT
exanpl e, steam and a nmethod in which el ectromagnetic waves are

em tted naypbeuenwikbraheih whithtfbayativanofithe deridedayerdn elvementbeamnet sneface
porous nenbrane is either, in a wet condition or in a dried

condi ti on. Gfsultingniromban ssupbfixiog ofrthe stupiyre s wppeasséds cldrevenneisalti n
5 view of easjness of the tenperature control. The use of a

non- sol Vént T&eTeh [ beaeipys aymonpvaient pmwityalent spmpeydhsueh as; fyr example,
exanpl e, pol yet hvl.en | ycal, of .a | ow,nol ecul ar . wei ght y b
preferably b%&?%‘i}lgﬁ %Vg“ﬁﬁ@a‘& é’dg%tg’ e (rrgise;egla?tgtepeo[r f 8?#‘?%“&@3@ be
treat ment 'Em?ld?eﬂ%ﬁ_thh &%’3&1@} th 'Tl?rd?m@léﬂta(!ﬂ] Satt RYdr&RMP e R Smpich
as, for exanplfe,” a m xe I quid contarning water and pol yethylene

gl ycol or 1@als sudh hesediagtsuvateag@diotseluat sififite may be enundéeeddi ng on
selection of inmrersing liquid in the wet system extracting and
renoval of the extrdbemdnclosipoorndra step wftdoevimgrtbe poeousanemhnstioak the
solution and the heat treatnment can be carried out simultaneously.
The heat20t r B¥tdady aitichp spatsmed; a5 heksirabane (desaiibade before the pplyenthdha 5

f 70C to 160C i ' f the fact that effect heat .
L1 oot mont | cAPrEC BPIstA 1% seoSplanl AEatl TS, SEED PRI BPPIFL: i

porous nmembrane.ethey AnC@hbrahe §ELnbdfor letion of
e h et eg?tt rg&l25 I h e beto ?%:ea ypﬁmted

i npai r ed. ating ne I's not speci

to a particyleaxtiativeg, it RudxpebRd tRdtdBe garoids trferRbiafé Fifall$ nitimRFAhael @ah n
terns of the productivity. Selection 20 of a high heat treating

t enper at ur ehawkekightpepasahilitye {lheshoringris plrefelablytcatriehoutrag attemperature
After the heat treatnment, it is preferably allowed to stand at room
t enper at2bir ewvithin theenangs o£ 860 160U yWhere 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 structuraily fragile portions break. When the drawing is made at a drawing
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The porous nenbrane nmade of the vinylidene fluoride resin as 25

her ei nabove described is used as a nenbrane nodul e accommpdat ed
within a casing provided with a stock solution "intake port and a
perneate outfl ow port. The nenbrane nodul e, where the nenbrane is a
hol | ow fi ber nmenbrane, includes a nmultiplicity of hollow fibers
bundl ed together and then acconmodated within a cylindrical container
Wi th opposite ends or one ends thereof so fixed -/27- wth

pol yur et ha“?a?c%r 8p 1°P¢ ?’%gﬁrgge?]?l?lgaf.latopﬁrs% dré nlé?erélﬁgrgﬂ?r{%ds & a

fixed in a flat plate- uration so that the perneate can be

recovered. Wisp&atube prereiabBn®ithin thef tanbe MY a0@20tMand, AorépréTERBE),

Is spirally wound around a |iquid collecting tube while being fol ded
in a fashi owithimiheamangoof3 @ as 1 @)°Ce theelntgmded paruhs tnembiane cambe abadned.
into a cylindrical container so that the perneate can be recovered,

or the fiat Thespvwing fhdoarefeneibie awvesiads fer auegnifisstion determigad drom

col l ecting tub ed so that. the perne

wi.th_ its periphery tightly fi te
Con bo Bt Eabtnang e RS e saienh ST Mes e i Gt ST 4brngdbe

Suct ton- appdFBig iks, nAERERURNR, SOl 6t Y (@M, & S s
separating @eyutdbfe b&auSCHR B @%%I@E:gﬁ g@n{ﬁa%@g gbﬁﬂ‘&led’fﬂrmﬁiﬂﬁe erformed

pressuri zi ng apparatus, a pu or the pressure

derived frofn tahgasdbily iediR ubh Vil €or bﬂfﬂ%leﬁ@&aﬁe g | thy eiuid) weater 118
I's possible to use a punp or siphon for the suction apparatus. 15This
separ at i ng gsfemblyneploged bptagedt ¢an batenvenientS aridithet useadfrpolygthylene
purification of water, wastewater treatnment and manufacture of

i ndust ril8l ehtcel 058 lodr malecile weightgontheficopan pe adraragsosslyormployed,
and river water, | ake water, underground water, sea,water, g
and/ or sevvaé‘é"eWalﬂéer lé&?"é‘“ﬁs’édpqgoﬂegu b3 tgn}ggra[tprgaﬁlgg;r oAy & g%‘.’?hglso,
por ous nenbr : ' ' ' Is : cLihe
ot o e XRRETHS, b MRS PRI S AaRE I
negative pohfiged liglideasiaiRinpewatd Rl holvIRFIERS B1YROH madynbs efiplHRAE, 1ht
can be expected that the perfornmance of the resultant battery be
i ncreased dde presenthingdntioan itpierprefetble toy deavd thchpordus alrhbragye ebntaheng
resultant battery can be increased due 25 to a high breakage .
strengt H5  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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I n addi tion, the porous nenbrane nade of the vinylidene fluoride
resin manufactured in accordance with the above descri bed nethod,
when used as a charged nenbrane with charge group (ion exchange
group) introduced, can be expected to exhibit an effect of increasing
the ion recognition and/or -<28> increasing the durability of the
charged nenbrane due to a high breakage strength. Yet, when
t he porous nenbrane nade of the vinylidene fluoride resinis

| mpregnat edpau,f hyraRe idP4l ﬁ‘%ﬁﬁa&t@&isﬁgéﬁfjisi éasg |h‘§ ;}:ie;'ﬁ%{eiiﬁt@t}{? rous

c
cell as an 1on 5 exchange hgnbrane, a partic en net ol Ts
used for a fieplbrafeXpansi on which would result fromthe nmethanol in
the i on exchange nenbrane can be suppressed and, therefore, increase
of the perfornmance bherchfierf ubmcéid maldedearicpecbedormiidsas hereirtaboee
hi gh breakage s'trena%h, increase of the durability of the fuel cell
can be expe@esstbed.oter ppyonst @EMbrans By ebtained; hy edtrasting the gadvent, the

O e
ot GO OB S0y A 5 DR s v
manuf act ur eglgﬁgaemﬁn% gk{raé% gnd §c¥l‘i’<‘1‘i1§0&"ﬁ?§é gt?g%ﬁbﬁné@éi% hieht Wﬂﬂ?%ga

as a vinyli fluoride resin, y-buatyro ne as a solvent, s

("Fine Seal oXthéSnokied uftedt vheslatoyndadtédéior akkeinf boaftéathe sholled article
Kai sha Tokuyanma) as inorganic particles, and glycerin (refined

gl ycerin nahasf begnuacedningodatetl wwthin abdasingrafma ieasletcatirstli ¢onfiguratton) and
were mxed 20 in a mxing ratio by weight of 36 : 4 18 : 19 to

g 7
provi de 1& niwBmeeiilarged; ndheselvrniued o sxtractisach-ofihs spmpepersused myst
menbrane foymng stqock. s tion,is shown.n Table 1. The. upper
Criticar sopfe gt Sl ooBidEad AR Pep dests At o SR BRps e
contained i it j . y r £ or.m
ctock sol ut [nDEF BRARALRR SREMmAPRIAE fiondif FER'ARRiCA s Bubre
passing a spf g likehifCtheesimp@rhdtane &igesad atabn@ dreRBRbASIUARYObe
150C) within a two-axle blending and extrudi ng equi pnent and then
ext ruded t hempfoyednin tthe oasghofathpablvent being, farodhxiangple, Bheon-equdouanblvent
chips were extruded with the use of an extruder (150C) equi pped with

a nozzl 85 of ard dovaiPieseliblg sobvemi giayabs emplexeidny the cesg ef thei soteerndrbedig

1.6 mm and an_inn . . . . . - . .
water. gfso, 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 freated. 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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-<29>- dianmeter of 0.8 mMm At this tine, tetraethyl ene glycol was
injected into a hollow of the resultant extruded material.

An extruded and nol ded article extruded from spinnerets into an air
medi um was introduced into a water bath (at a tenperature of 600C),
containing 5 an aqueous solution of 20 wt % sodium sul fate, after

havi ng been airborne a distance of 3 cm and was then passed a

di stance of about 100 cmthrough the water bath to cool and solidify.
Subsequent | 1 t i

"nor gani o, parelae S G wfaf RORepiR oF 43 Rt ThE UL of IR B
in a hot watgfe &ystdlinel struotude.r eleiciease of tHd Elfnsicsloregistahoe AR thde, type
| ength, 10 which is about 1.5 tinmes the original |ength, and, then,
t he resul t aotystadliheostridtieris prasentl a avede himher thagathetdof the BlB@e wrysidlbise
within a running water of 95C and, at the sane tinme, the sol vent

(y- but yr ol asifestane appRarsig havsyiesvitrg Hgarthe foflapuagrensonn dAs empagedvidey
|iquid (tet | . d by,.extraction. The, hol |
(1 ber ar by ol & DR UGS Strhot R She S Recr vl Pl e St hyroaft
Co et o oo _ !
ra extract Qo end ARG LC LU RRSHA YA, HEpRhI) P upPect? s ts

flushi ng or ywgshepflaistieR SSt Erecﬁfcoshaﬁgest e sB8LE. OV bRRE WEUE! &RBe the

Results of teSts conducted on the holTow fi ber nmenmbrane so

manuf act ur egrapostich 0fvthe @ tyedtrgstallinEneruealrelewhich Rb noB alired Hiyhdrhhan R
nmeasurenment of the hollow fiber nmenbrane 20 so manuf actured was found
to be 2.5. that of P typTeorystedlingstenctire, inewhishdnekeogin athmsraad flunting rateins
hol | ow fi ber rai\]gg@jto t he oxi di zi ng reagent, it was i mersed

within dA adtfediiec and intermaleeiliang PHEERP YIS, @@@B@arﬁﬁlﬁtiﬂﬂﬁ porous
effective chlorine conce ation) for 7 days at 60C and th hysi ca
char act er i SEIEAREs SR 808 ey et len R a0t 0Ce W B pie SR
measur ed, “ﬂﬁ/{ﬂ?ﬁﬁh‘l sOfn WRidn ShahRWD réﬁstlt?&l.elﬁ'vie of il}is, it F&%ﬁs
and apparatus for the various neasurenents (analyses): ( Particle

cut of f: membradd8f feQRBéeng invahiion & pRferhBigHeal Woatkd Mla fRfe condition,
particles having different particle sizes is neasured to provide a

measur ed val.ag,inwhicotditien iin which the garous mefbrane isheotf fikédw By way of
approximation (1), as will| be described later, to determ ne the val ue
of S at Hhi exerplsedoerpssible wupsifers the beat Srastmery o dhe peropy encspbrane

f i d. i cl .ze. R 3 10 1 - -a. x| 1) 5
SR R ENLT LRI EVE 1 RN RN
hol | fib 3 .

ol v 11D RIAERE 0P U0 SRS TR A o

to be notedskdatandhg §°ub§ﬁu'eﬁt‘l‘§a%%[ﬁ RetHel fb& cohdifiohn 1MheCRAL teh@idnt e

stopping ratio of the p icles of 0.1 gmin size is equal to or

| ar ger t hanpBésmed wisleethpr parsed nmbstafle fis dreld 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 § 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 (Ass3)

245~



to (2) Pure Water Perneating Rate: Usi ng the holl ow fi ber
menbr ane nodul e of an open ended type having an effective length of 3
cmand pure water as a raw water, filtration (external pressure
filtration) fromoutside to inside of the hollow fiber nmenbrane is
carried out under a condition, in which the filtration pressure is 50
kPa and the 15 tenperature is 25C, to neasure the anount of water
filtered per unitary tine, and the perneating rate was calculated in
terns of th ¢ el ha: [

rorbr ane sucacs Goand;itketbsotaiod 1R, ETRERIm ehoH, BRGindd Gl It
20l n a mannedeasui@imedf. t 0 Exanple 1 above except that s- caprol actone
was used as a solvent, the hollow fiber nenbrane was obtained. The
upper critical solution tenperatRjreAai/Agscapr-dlhct one and gl ycerin
both contained in the above descri bed conpasition ratio was 47.3C.,
Resul ts of é‘ibéfﬁ rersi GPPTSSenith dheh dbperhancep aitribuwiableatie tho trd)ps £&ysiplline

Dol yvi nyPi aSRERIe I A FeRFRT %@35#81&8@@5%@&@5&E@Fﬁ%@é&ystalliﬂe
Sol oxi & KabtBRTRe kAERTT: ShE o2 aBERRU b ek FoosBl Tt value

particles, g?&y@@imﬁawtﬁ@ Qﬂiﬁn @ﬂ;agew c%/gé g B(tyEFbu ihin 2 crystallipe

manuf act ure and avai l abl e romN m cal al s a)
were mxed kdpién nofXitrg potvigylideneeflghtidedf! Bom tAE IR Iléhart &f thto n%orous
provide a menbrane formng stock solution, the hollow fiber rane
was obt ai nethembraneshrover msFugi baa Ilﬂ@lSEi¢awplbeMeenl nespeotive nininyal olahes ame

and pol yoxy | ene no phenyl et her, containeq in the 5 conposition
ot 6o A8 BhochR ghit e iy 106168 = b STl i B TAEHL afhe

e nat | on <BHeT RSP Ek ALY PONP TR Fihsycarieiig S Enupe indhe
oacasi onal 13RS R S B &%@Dﬁﬁs”ﬁ%éﬁ%%%ﬂ]ekgﬁﬁ AciPen bRy

avai | abl e f r@pesiplevninifal eathés ifahe Shickdrt Kﬁshﬁwlnltyobslww%um G@§' a
solvent, silica ("Fine Seal X-80" manufactured by and available from
Kabushi ki Kand; therT dicugtanadterdstici absoxpsion peplaattriblible ol the g fype (crwstallieel
glycerin manufactured by and avail able from Kao Kabushi ki Kaisha) and
pol yvi nylp pyrrru@usedartbe vaityoof 84fhemt atraad et tsystdmg mtheRai | dbeR findhe
BASF Corporatlont) a édr(%%@l) |c resin mxegbln a mxing ratio
by wei ght oPTégR mﬁ%ntmnf pre Y egug Od}r(;\'/g rane form ng

k | h
solution is shown | Misayge b He slchERPHEREy LB AR AlaREip s o
of y-butyrolbrahaegzanth Bhyh Ib expgﬁonasqgmfﬁbﬂﬁé atd?n§)%n@iqua°§dr56199té)

ratio was 41.6C. 20The nenbrané form ng stock sol ut'ion so prepare

her ei nabove neigabsrimeth avassiddbpp edckhonp @sdbon Goatasidgidndhe pblyeder waslecule
heated and kneaded (at a tenperature of 150C) within a two-axle

bl endi n@oantic ek emeditiog aduanseeelatizntd flkerinecatomadedhydregest aioms) bonddgh
a peIIet|2|E}é?r i‘gl ne. The res | tant chips were extruded with the use
of an extrudfEbae @tscaé o phed Wdrageg aRns (& itorthezatoms) ppnd 1o g;garbon

f h f
i ameter of Sgms AeianBaftle jY YR offeR SRker. b e R Aol B W hysiion gt
into a hol | ey.f (§Pedshin) raativerd hus&tk MBhR"oRfhydrogen 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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An extruded and nol ded article extruded from spinnerets into an air
medi um was introduced into a water bath (at a tenperature of 300),
contai ning -<32> an aqueous solution of 10 wt % sodi um sul f at e,
after having been airborne a distance of 3 cm and was then passed a
di stance of about 100 cmthrough the water bath to cool and solidify.
Subsequently, while the solvent, aggregating agent and nost of the
inorganic particles remained in a hollow fiber article, it 5 was

. ! : f N ad . o _
the Tengt b, e SheT Emoent /63 o leB A0t i 4 TolicBfy ook fiffgn
the result aghathas) &%Jc’té?ﬁfig?g&lgsi‘r;& el 2'9&317.?‘[%W%&QQ.%&‘%?&‘:&U&@S

within a running water of at the sane tine, the sol'vent
(y-butyrol actone), tke fogpegatsidlinagemituiegifithe pohyvinitiché €luoride eéal
liquid (tetraethylene glycol) were renoved by extraction. to The

hol | ow fi beis ¢haraat¢rizeddn ghatdiydeagenctomsmed Sudrifioator@bomdriatcatboni atdring
an aqueous so]lution, containjng 5 wt % sodi um hydrate_and heated to,
40C, to éxt naiehbampe @ 98¢ dacklonenearbem centated | the pokymercaplecpls lieird

menbr ane. THOPEUIEORNGPERAE (16 o Rur St e ek ks dhe prdrosen

had been 15 i : | Jit.i i,0l %
per oxodi sul f %&??@?%% %118513[? eag?lHF ﬁ&ebﬁrdztgu#ﬁt arﬁ%?gt&%?%%a}%r?%rﬂ%gvﬁt 4
removed frogbiifien AFUENDR asSAEWEH From fa0lrtRE dBtheeryal-cftbo@bond. The
excessi ve solution deposited on the hollow article and, then put into

a reaction eabsalcarbbnsherininovhizhauportidf Gommiag bheo W fypt atrbttare &anaisithe
vessel and the heat treatment was carried out for 30 minutes while
the 20 i1At ebackboge chain wédbe| Thdspkdps aaplanetziggagr strunterceaudithe dipnle

hi gher than 90C. The hollow arficle th heat treated was washed for
30 ninutes mm&mrpr}rfax 25 rarsiﬁ Cg%c,bonfiiw RCAPROTSB! Ibiy Yortieal direction
nenbr ane. Results t est s;conduct on,.t resul tant hol l,ow fi ber
Tonbr ane. ar EtHisoss e HEERUE BRAHCL SheRTng TR ah s S PondiRlt P b e
fiber menmbrang@fe HWrh@dred Vhark@ttRHE Helkd (UhaAratterRYE iB1E N SpRar i
drying machiﬂgaset to 40rC.’ Tﬁe retenl%’ieongg‘%c 'Eherpelr rf%g?]?}rt]lgm) Qp n
per f or mance e Rirdtyaod 1274 esmt heléplkhpWalid 1840 cratprapectbely)gndr iiwdhé s
shown in Table 3. Also, scanning el ectron mcrographs taken on the
occasi onsof potydemyvXragyt diffrantionr znatysss, rauchamadenstis pdabwappearsFalg2d =121%
4. Conparison 2: -<33>- Pol yvi nyl i dene fl uoride

(herei naf t eFESPBEEEY: onal | y abbrevi ated "PVDF") ("SOLEF6010"

manuf act ured by and ,avail abl.e from Sal v So] exi s Kahushi ki Kai.sha
hexyl benzoate (Rea§ert pmd'ﬂeatgs‘?erﬁ’ﬁ%‘?‘éé}eﬁlr ﬁaatwngdﬁ REVES 8?5?‘52f(%%m
Wako Junyak Shl ki - Kai I (%! El
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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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20 dianeter of 0.8 mMmm At this time, tetraethyl ene glycol was
injected into a hollow of the resultant extruded material.

An extruded and nol ded article extruded from spinnerets into an air
medi um was introduced into a water bath (rgt a tenperature of 300
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t_he _resul tant holl ow fiber article was heat treated for 180 ni nutes
W t hi nsa mgnginaBov@tetcrifed9rCuedi as &t membrane module accommodated within a

-

casing provided with a stock solution intake port and a permeate outflow 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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10 the sane tine, the solvent (y-butyrolactone), the aggregating
agent (glycerin) and the injected liquid (tetraethylene glycol) were
renmoved by extraction. The hollow fiber article so obtained
was i mersed for 120 minutes within an aqueous sol ution, containing 5
wt % sodi um hydrate and heated to 40C, to extract and renove the
inorganic particles (silica), followed by a flushing or 15 washi ng
process to provide the hollow fiber nmenbrane. Results of tests
conduct ed og;; i : j
Tabl 6 2. - ExmRIAREIAHE bk AR o e e e e S el
120 m nut es adhd platelik cofifuratiorpssithaetheiRimedte iche bs etscsBted. t 'Where the
aggregating agent and the injected liquid were 20 carried out in a
runni ng wat eenieaned & dl@sopmbtagehtiel far fiehdranesisbsparadlywasund aedundda
in a manner simlar to Example 1. The Rl val ue of the manufactured

hol | ow fi befiqwrasllgeiingimbe hileceing falded R fashion sundan torosta) gavelppe
be 2.1. T | t i f th fact ur ed

ol 1 ow  Fbernhili ramepians 1ol ares T Ab sguner 56 tBats Rfgicelican be
O \ ! . .
o 0 REOHE"BL 84 90 Rl UBNENOEOR, Bk CHARRLPO I

charact eri sgh NGHe Nwith §&Ki eﬁ%ﬁ ) fikBEr. Be e,
the result g?%mc}ll?&lgh i's shown Fﬁﬂ%lgéﬁ’e .iyExlanplsgogh?%Q >ﬁﬁe£€w 8

Except for tdravefdele heat treatnent for 180 minutes and the extraction
and renoval of the solvent, the aggregating agent and the injected
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fiber menbrane was obtained in a@gaann r simJar to Exanple |. The Rl
val ue oft0t hBrS§EHiA RS APPAANS oRAE Sider Pty Hawidrandea e InRSERLES, on e
| R nmeasur enment found to

. 9. | he .
sl ot ance TS of e hetid S ther base a5 asperlBe eIt o semaTasinedraten

reagent, it Gipaer i £ akda [ f sa.ﬁl%

nypochi or i ¢ & TR B D ot e prplstiahe° taRitee 3P plinp e Lo GbISRA o the

days at 60CpaRshrt lderipby bsrthe AifférandesinivadtécCle(diens) BhempRekd NJAlso, it is

strength) thereof was 10 then neasured, the result of which is shown

in Tabl e 3. pGoidats s pump or siphon férdbe puctionrapplimtust he heat treat ment

for 180 m nutes and the extraction and renoval of the so|lvent, the

aggr egat'bng agent aHus separatijgedavies may b empdoyedda rraterpusify ingiregtment,

runni ng water .heated to 45C, the hollow fiber nenmarane s,15.
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i mrersed within an aqueous sol ution 6f sodi um hypochlorite (500
in effectivéedkhtedi ne concentration) for 7 days
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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20 at 60C and the physical characteristic (tension breaking strength)
t hereof was then neasured, the result of which is shown in Table 3.
Table 1: Material Resin Hydro -philic Resin Solvent |norganic
Particles Aggregating agent PVDF PVP y- s- Hexyl benzoate Silica

increasing the durability of the charged membrane due to a high breakage
strength.
Yet, when the porous membrane made of the vinylidene fluoride resin
is impregnated with an ion exchange resin and is then used in a fuel cell as an ion
5 exchange membrane, and particularly when methanol is used for a fuel,
expansion which would result from the rnethahol in the ion exchange membrane
can be suppressed and, therefore, increase of the performance of the fuel cell can
be expected. Also, due to a high breakage strength, increase of the durability of
the fuel cell can be expected.

10 Hereinafter, the present invention will be demonstrated by way of
illustrative examples, which should not be construed as specifically limiting 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 fluoride 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 pelietizing 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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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 60°C), containing
an aqueous solution of 20 wt% sodium suifate, after having been airborne a
distance of 3 cm, and was then passed a distance of about 100 cm through the
water bath to cool and solidify. Subsequently, while the solvent, aggregating
agent and most of the inorganic particles remained in a hollow fiber article, it
was drawn in a hot water of 90°C in a direction of fibers so as to have the length,
which is about 1.5 times the original length, and, then, the resultant hollow fiber
article was heat treated for 180 minutes within a running water of 95°C and, at
the same time, the solvent (y-butyrolactone), the aggregating agent (glycerin) and
the injected liquid (tetraethylene glycol) were removed by extraction.

The hollow fiber article 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
washing process to provide the hollow fiber membrane. Resulis 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 hollow fiber membrane
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 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.

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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the following approximation (1), as will be described later, to determine the value
of 8§ at which R becomes 90, such value of S being descriptive of the fractionated
particle size.

R =100/[1 — m x exp(-a x log(S))] - (1)
where "a" and "m" represent respective constants determined by the hollow fiber
membrane and can be calculated based on the measured value of the stopping
ratio of the two kinds or more. It is, however, to be noted that the fractionated
particle size in the case where the stopping ratio of the particles of 0.1 um in size
is equal to or larger than 90%, it is expressed by < 0.1 um.
(2) Pure Water Permeating Rate:

Using 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
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:

In a manner similar to Example | above except that e- 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.

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 nony! phenyl ether (“NP-5” manufactured by and available
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Exm 3 35 3 43 20

from Nikko Chemicals Kabushiki Kaisha) were mixed in a mixing ratio by
weight of 36 : 47 : 18 : 19 to provide a membrane forming stock solution, the
hollow fiber membrane was obtained in a manner similar to Example 1. In the
v-butyrolactone and polyoxyethylene nonyl phenyl ether contained in the
composition ratio, no upper critical solution temperature was observed and they
were compatible with each other at any temperature. Results of examination of
the manufactured hollow fiber membrane are shown in Table 2.
Example 3:

Polyvinylidene fluoride (hereinafter, occasionally abbreviated
“PVDF™) (“SOLEF6010” manufactured by and available from Solvay Solexis
Kabushiki Kaisha), y-butyrolactone as a solvent, silica (“Fine Seal X-807
manufactured by and available from Kabushiki Kaisha Tokuyama) as inorganic
particles, glycerin (refined glycerin manufactured by and available from Kao
Kabushiki Kaisha) and polyvinyl pyrrolidone (“K-90” manufactured by and
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.

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
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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an aqueous solution of 10 wt% sodium sulfate, after having been airborne a
distance of 3 cm, and was then passed a distance of about 100 cm through the
water bath to cool and solidify. Subsequently, while the solvent, aggregating
agent and most of the inorganic particles remained in a hollow fiber article, it
was drawn in a hot water of 90°C in a direction of fibers sp as to have the length,
which is about 1.8 times the original length, and, then, the resultant hollow fiber
article was heat treated for 180 minutes within a running water of 95°C and, at
the same time, the solvent (y-butyrolactone), the aggregating agent (glycerin) and
the injected liquid (tetraethylene glycol) were removed by extraction.

The hollow fiber article so obtained was immersed for 120 minutes
within an aqueous soluiion, 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.

Thereafter, after the resultant hollow article so obtained had been
immersed into an aqueous solution (30°C) containing 5wi% 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
interior of the vessel was kept at a temperature equal to or higher than $0°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 conducied 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
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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Polyvinylidene fluoride (hereinafter, occasionally abbreviated
“PVDF”) (“SOLEF6010” manufactured by and available from Solvay Solexis
Kabushiki Kaisha), hexyl benzoate (Reagent 1st Class, manufactured by and
available from Wako Junyaku Kabushiki Kaisha) as a solvent, silica (“Fine Seal
X-45" manufactured by and available from Kabushiki Kaisha Tokuyama) as
inorganic  particles, and hexaglyceryl monolaurate (“Hexaglyn 1-L”
manufactured by and available from Nikko Chemicals Kabushiki Kaisha) as an
aggregating agent were mixed in a mixing ratio by weight of 20 : 80 : 10 : 10 to
providle a membrane forming stock solution. The composition of this
membrane forming stock solution is shown in Table 1. In the hexyl benzoate
and hexaglyceryl monolaurate contained in the composition ratio, no upper
critical solution temperature was observed and they were compatible with each
other at any tempetature.

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 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
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) after having
been airborne a distance of 3 cm, and was then passed a distance of about 100 cm
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 {tetraethylene glycol).
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The hollow fiber article so obtained was, after having been drawn in a
hot water of 80°C in a direction of fibers so as to have the length, which is about
twice the original length, thermally fixed within a hot water of 100°C and was
then immersed in an aqueous solution, containing 5 wi% sodium suifate and
heated to 40°C, for 120 minutes to extract and remove the inorganic particles
(silica), leaving the hollow fiber membrane through the flushing step. Results
of examination are shown in Table 2. Thereafter, the manufactured hollow fiber
membrane was dried for 12 hours within an air 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, a scanning
¢lectron micrograph taken on the occasion of observing the membrane structure
is shown in Figs. 5.

Example 4:

Polyvinylidene fluoride (“SOLEF6010” manufactured by and
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
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
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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An extruded and molded article extruded from spinnerets into an air
medium was introduced into a water bath (at a temperature of 40°C), containing
an aqueous solution of 20 wt% sodium sulfate, after having been airborne a
distance of 3 cm, and was then passed a distance of about 100 cm through the
water bath to cool and solidify. Subsequently, while the solvent, aggregating
agent and most of the inorganic particles remained in the hollow fiber article, it
was drawn in a hot water of 90°C in a direction of fibers so as to have the length,
which is about 2.0 times the original length, and, then, the resultant hollow fiber
article was heat treated for 180 minutes within a running water of 95°C and, at
the same time, the solvent (y-butyrolactone), 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
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.
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
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
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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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 85°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 1.9.

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
at 60°C and the physical characteristic (tension breaking strength) thereof was
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
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
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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Retention of Tension breaking strength (%9 Exm 1 2.5 98 Exm 5 2.1

98 Exm 6 1.9 96 Conp. 3 0.9 72 Tabl e 4:
Table 1:
Material | Hydro Solvent Inorganic Aggregating agent
Resin | -philic
Resin Particles
PVDF PVP Silica Hexa
-glyn
SOLEF K90 | v- | = | Hexyl X- | F-| R | Gly | NP5
- | benzoate 1-L
6010 45 | 80 | 972
Exm.1 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 “e-” stands for

g-caprolactone.

Table 2:
Pure Water Particle cutoff | Pore Major Axis : Pore Minor Axis
Permeate Flow (km) Outer Surface | Inner Surface
L/(hr*m?-98kPa)
Exm. 1 130000 3.3 35:1 58:1
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 39:1 6.3:1
Comp. 1 5000 0.4 34:1 44:1
Comp. 2 60000 2.0 271 36:1
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Retenti on of Pure
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C ai ns8 What

Wat er
is clained is:

1.

Pernmeate Flow (%9 Exm 3 100 Conp. 2 13
A porous nenbrane nmade of a

vinylidene fluoride resin of a particle cutoff not smaller than 0.2

.mu.m
each ot her,
shape of average r

ati o,

including a first surface and a second surface opposite to
the first surface having mcropores of a round or oval
between the major axis and the m nor axis,

within the range of 1:1 to 5:1 and the second surface having

m cropores of substantially slit shape of average ratio,
not smaller than 5:1, wherein the

maj or axi s ageBhe

m nor axi s,

bet ween t he

porous nenbrane i s nmade of a Bl ended polyner |nc Udlfg t he V|nylidene
fluoride resin infa quantity wWithin the ran 1910t & % and a
hydrophilic resin|in a quantity witRin the qﬁﬁ%ﬁmbﬂf@&ﬂb(%b w % 2.
The porous nmenbrane made of the vin i denelfTouride Tesin ag cl ai med
inclaiml1, whereiln t Jdro hilic2Pesin |s a vingﬁovrroli one
resin. 3. The porousﬁgaggrane nadezqf the V|nyI|q§ge fluorilde resin
as clainmed in clai h—its—a—hotHHow-fiber—rmenbrane: 4 The
porous nenbrane nelde &Xnt.lée viinylidefe fluoride redbn as clgined in
claim 3, wherein the élrst surnface QQV|ng i he nlcrgaores of |round or
oval shape of aver t he--rajor—axi-s—and—the—m nor
axis, Wwthi range of 1:1to 5:1is an outer surface of the

hollom1fibe?lﬁ%§brane and_t he secon
substantially slit shape lof average
the mnor axis, not smalljer than 5:1Pefinédte Flvwe(%ypur f ag
hol | ow fiber menbrane. 50 Thgypgrols menbrajg) mde of
fluoride resin as ¢l aine ilhmﬁZH':’ Wi Tgb avoirdiratio of 50 to
95% 6. The porous menbriare—rade€ he e—H

the—vinyHdenre—doride resin as
claimed in claim5 wherein the |d ratiois 70 to 90%

surface havi ng m

Ratantipn baeft R nWakee

ropor es of
maj or axis and
e of the

t he vinylidene
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7. A nethod of preparing a porous nenbrane nmade of a bl ended pol yner
including a vinylidene fluoride resin and a hydrophilic resin, which
conprises: preparing stock solution containing a vinylidene fluoride
resin, a hydrophilic resin, a solvent, inorganic particles and an
aggregating agent, in which the inorganic particles and the
aggregating agent have an affinity and the sol vent and the
aggregati ng agent are not conpatible to_each other or have an upper
critical solution tenperature: cooling £lmst ock solution in a

cool i ng HQRHHQcEHné@QUCG a phase separation to thereby solidify the
sol ution formng a porous menbrane; and draw ng the porous nenbrane
before the solvent, the inorganic particles and the aggregati ng agent
are ext raﬁtﬂ?@oﬁﬁﬁpﬂnsﬁns#aylebyadéﬁef ao@hyhdgnd: |ﬂqundh radire o€ ianpdrbielebtwtnffetbt
pol ymer incl udin e V|n |l dene [ n_in uan

the r angé“&ﬂ“e’gﬁqa?'cptg 15/ ﬁgagﬁfésm&cﬁ oph| i cse?%%d gu}%ce tpag e\t,\{o e
Wi t hi n t hehsranige ficdt s]JrfEQe heving n%ropsresTdrfea menHed ol maepauﬂawgraghefatto
por 0uS _MEIIbY 3C (IALE; B ok End bW WiflENSad | AHih A FaRlelo@f:1 AsBMER ol the
claim7, In Vent is a water 'sol ubl e

net hod ofseppleqbatﬁfifa‘;@ hawewgmﬁmﬁrwaﬁénwwéhbﬁham@f@w;ag? d%twebetween
fl Lot ' f'e th@%%@a&.&w trﬁ%d?]hai sfi@w& 8maldiathgh B:1t Wﬁer\éﬁlﬂ e p?o%abbfln@mbrane
sol vent is rol ac on s apr,ol act one.

et hod of magsgyﬁ HiPPE R P ET Do R e g T e r Tt 4 SharBEy with
fl uori de thesanpeasd 90 taiogac % andh aidrophilivhesieinm fleetiby ditbiphthé rangeediino
is a V|nyﬁﬁgi%rolidone resin. 11. The nethod of preparing the porous

nenbranei ‘'of the vinylidene fluoride resin as clainmed in claim?7,
wher ei n th&hpaoouss membramenade of thel Yioviidene Bpuritentasiinas claipped Mpwaim 1,

met hod of, Rk &RARS ngdrtotaﬁ-h@@ésws UTA ineumg%gﬁ the vinylidene
fluoride resin as clainmed in cl alnlf first surface aV|Eg

m cr opor &5 THE RAGRHFIMBMPERRSI Madeaplethsr viaxlideay duerids tssinyas GaEY e
axi s amﬂWHﬁh[@dﬂ%”dﬁQﬁgrmu$MMﬁea range of 1:1 to 5:1 is an outer
surface ofT%he hol | ow fi ber qf econd surface. havin

m cr opor &5 '8F POIBE BRETPEANFYMATY a‘ﬁ%y ‘8?”%38?”5 oSS 75 BT s

maj or axiveheasid thhdirai pafacexhsingntte snabpaes tdianuld ér ogalashapbamdéraverage

surface 6fyd .10 e LbRP: xgeamr@ﬁerrmmlgx.stpuoﬂ |4 PheBlof AL CRAEH N0 an

t he porous the vi I dene 'f &Sin as claimed
i n cl ai moptenshstese of theehqilpavﬂbﬁgme@ttmer@@brhe@pcmd %\Jrfa@ﬁﬁ@VIQSW@ropores

W thin thesergeial, H &}Qap%QQ a@@&rgeeau& bewlé’en tFQﬁ‘nd}&IJ}&daer thrRiRaF h0g

t he porous nenprane nﬁ e of, thetv%nyl ﬁne! ride resin as clained
in clai m"Pt SWHREFSNAN PHe'S FdMH G d&hegpo “H iMRAR%t or of 1.1
to 4. 1% T-ﬁBQ)oﬁ@.IshmdmﬁfanﬁrreW dhthet Vieyliden® figorivenizsing oRlitkeedoih ddie 1,
vinyliden oride resin s g&ned inclaim?7, wherein the dramﬁng
isinalW ﬁasavoudraoof & '98%.
6. The porous membrane made of the vinylidene fluoride resin as claimed in claim 5
wherein the void ratio is 70 to 90%.
7. A method of preparing a porous membrane made of a blended polymer including a
vinylidene fluoride resin and a hydrophilic resin, which comprises: preparing stock
solution containing a vinylidene fluoride resin, a hydrophilic resin, a solvent, inorganic
particles and an aggregating agent, in which the inorganic particles and the aggregating
agent have an affinity and the solvent and the aggregating agent are not compatible to
each other or have an upper critical solution temperature; cooling the stock solution in
a cooling liquid to induce a phase separation to thereby solidify the solution forming a
porous membrane; and drawing the porous membrane before the solvent, the inorganic
particles and the aggregating agent are extracted completely by the cooling liquid,

wherein the blended polymer including the vinylidene fluoride resin in a quantity within
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the range of 90 to 99 wt % and the hydrophilic resin in a quantity within the range of 1
to 10 wt %.

8. The method of preparing the porous membrane made of the vinylidene fluoride resin
as claimed in claim 7, wherein the solvent is a water soluble solvent.

9. The method of preparing the porous membrane made of the vinylidene fluoride resin
as claimed in claim 8, wherein the water soluble solvent is .gamma.—butyrolactone
or .epsilon.—caprolactone.

10. The method of preparing the porous membrane made of the vinylidene fluoride
resin as claimed in claim 7, wherein the hydrophilic resin is a vinyl pyrrolidone resin.
11. The method of preparing the porous membrane made of the vinylidene fluoride
resin as claimed in claim 7, wherein the porous membrane is a hollow fiber membrane.
12. The method of preparing the porous membrane made of the vinylidene fluoride
resin as claimed in claim 11, wherein a first surface having micropores of round or oval
shape of average ratio, between the major axis and the minor axis, within a range of
1:1 to 51 is an outer surface of the hollow fiber membrane and a 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
mernbrane.

13. The method of preparing the porous membrane made of the vinylidene fluoride
resin as claimed in claim 7. wherein the drawing is carried out at a temperature within
the range of 0 to 160.degree. C.

14. The method of preparing the porous membrane made of the vinylidene fluoride
resin as claimed in claim 7, wherein the drawing is made at a drawing fractor of 1.1 to
4,

15. The method of preparing the porous membrane made of the vinylidene fluoride

resin as claimed in claim 7, wherein the drawing is in a liquid.
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