;/10123456789: e3e\ > >? [D E\h\ 6\ T\ !; DESCR PTI ON POROUS MEMBRANE AND
METHOD FOR MANUFACTURI NG THE SAME Technical Field 5 The present | ,on
relates to micro filtration nenbranes and ultrafiltration ﬂmwm HNHMWEQMF
for water treatnent, such as drinking water production, wat i on
and effluent treatnment. The present invention also relates to pofoas

menbr ane nodul es and to water 10 separation apparatuses including such a
porous nenbrane. Furthernore, the pre3ent invention relates lmummmmmm
separators, charged nmenbranes, fuel cells and bl ood purifica S
usi ng a porous nenbrane. 15 Background Art Porous nenbranes have:d@en used
in various fields including matebEE?ﬁﬁbqgak, such as water purification and
ef fl uent treatnents medi cal application, "such as bl ood purification; food
engi neeripg... bat] e atars.. . .C e | cells. In

t he fieF8E§pSpﬁg@§§%ﬁg %%?h&@ﬁ%mﬁhgg?; atZ}s, H%ﬂﬁ?gﬁ?g¥ﬁﬁgter treat nent,
such as water purification and effluent treatnent, separation nenbranes are
bei ng substituted for conventional sand filtration and coagul ati on 25

sedi nmen at'on,a n%i%P%_being used to inprove the quality of - 2 treated
wat er. ASF P&g- nt of water is treated in these fields. Accordingly, a
sepaal i on Mgr 4 DAYl gvaReXGellankasaley mehPatilliat ddn

advant ageou I'n view of nenbrane replacenent costs and the

foot pri gr.s of 3 ARDA A1USES DRGSR SRR EHtu¥Ed efopaaeabi | 1 ty can
lead to & reduced area of the menbr ane, consequently reducing the size of

the appalatyses BN {3y 9 S RN twexPensesdudbtosepaite on merbr anes.
are also required to have chem cal resistance. In water purification, in

order tQq,stigfiddzorl0 £64 rept ruaid Preyvendnbi of Dué i pgeséntreibvanesonan
antiseptic, such as sodium hypochlorite, is added or the nenbranes are
washed wittdy Bk @ Fdkabs matbesh@enodusesfantiahe, waterhe |ike.
Accordi ngly, separation nmenbranes using a chem cal-resistant material, such
as fopol 4w e1h r @spaatudds phhypudpyy esechesi porousampubyaneyl i dene
fluoride resin, have recently been devel oped and put into use. In the water
purifi catierhdiedte, atke denésehvensent acedrelates1800bakhewtii ch

chl ori ne-resi stant pathogens, such as cryptosporidiumderived from

| i vest ockesxed €OESL Scharybe hekbranee, nbue20cedApl endl plarsposed of in a
filtration plant and, thus, contained in treated water. In order to prevent
such an peel fibodtiseprembranesenbinges RPEONEqEERBIanE -have hi gh physi cal
strength and sufficient separation properties to prevent raw water from
contam nating treated water. 25 In nedical application, porous nenbranes
are being used - 3 for blood purification, henodialysis particularly

ser \li5ng Backgsabsdi Ayti on for ki dney functions, blood filtration and bl ood
filtration dialysis, and renoval of waste products i.n bl qod g%

ext r acor por eaPoreus unerbBARE § NhaBBJLERBULERY, 15 BGF&B?SngﬁG} es are used,
in sone cases, to separate and renove yeast used for .fernentation,and

- liquid congéndangonateys treatmend ofs B WSt Jﬁ%ﬁﬁ?ﬁhé?“%re bei ng

used for battery separators that, allow el.ectr.olytes, ,but t cell reaction
pr oduct s effdugatnmEzes tigdtst H@&é’ﬁl ﬁ@a,lqarjfjtoﬁé I eafsd%(;.]fo cgel cel I s,
sone porous nenbranes are used .,as the base terial 0 r solid
el ect r ol PrEd F1GREERD /0903 FRFIPSSET 1 E{E'IEZ rﬁ;r e&%%%%%’dl%% ,&char ged

por ous nenbranes are %éﬁg t()é% ance ion exclusion characteristics and the
puridy ofePREARESd RIS Fome 15 cases. These porous nenbranes are

required to hﬁ\éfﬁgécghéi% oge a9 ctaq_riqlgﬁtj]qlrcj iy, hirght chemgal and

physi cal stre xCel'T'ent pernea Ity, which shows how much

untreated |iquid perneates g pPERNaFat ent

Appl i cat i'HF ql\#f?r d%%%?%ea%&grgécj’l &s%%?aégam%?ffnp?%%f%%ﬁod for formn ng an
asymetric Qrous_st re FaTetalS j egr-phgsengeparation. In
this net ,lé%&ﬁn ﬁﬁﬁgééﬁ%hi%%x%repé%g y %?ggglvfng a p%lyvinylidene
fluoride resin . i d X efl; 2br i f POh agn@xtbHEhoAthead at a
t enper at Lﬁ"gjsﬁlc%&%d\/\egf@fh%%‘%/ e 161?a§ ééﬁl‘ékﬁltifl%lg I|c-)oi nt ofnt he pgl yvi nyl i dene

[ uophde JEIMe@lal PoltASdn@Mhre b8SRg Phate Eor ihpEYagEhENquALadyCDS S
brought into confact wth a liquid contai ning a nonsol vent for

pol yvi nyl i dene fluoride resins. In the wet solution nmethod, 5
unfortunately, it is difficult to performuniform phase separation in the

t hi ckness direction and the resulting asymmetrical nenbrane has macro

voi ds. Therefore, the nmechanical strength of the nenbrane is

unsati sfactory. Also, many factors of nenbrane form ng conditions influence
the 10 structure and characteristics of resulting nenbranes. It is,
therefore, difficult to control the step of form ng nenbranes and
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- 5 such as a pin hole, can occur. Also, the nelt-extraction undesirably

i ncreases manufacturing costs extrenely. Qher techni ques for manufacturing
a porous nenbrane have been disclosed in which polyolefin resins; such as 5
pol yet hyl ene and pol ypropyl ene, are used as raw materials. For exanple, a
polyolefin filmcontaining an inorganic filler is drawn in at |east one
direction so that interface separation occurs between the inorganic filler
and the polyolefin to formvoids in-the=film (for exanple, Japanese 10
Unexam ned Patent Application Publication Nos. 7-26076 and 9-25372). In
this techni que, however, since the inorganic filler nust be extracted to be
renmoved, nmapuf,acturing o i.n iHaablis drgdtwey Ny echdsethi s

t echni qhBS2 ?digangfic%l?g?gbc%#??b% ng%%gf%b;¥;e in menmbrane surfaces

and, 15t heref or | r anes et felitdnenadiatgerpor e si ze of
0.1to E?Sfﬂﬁn a§EC§EQﬁP§§ dr%d. uropean Patent Application No. 0245863

|11 ustrates;3.6empayide AN 1ite Uiy At afdowd 1y tusdd am etk ane
dlspose8 on-a por ous nenbrane. In the preparation of this 20 conposite

membrange hafphanaly At 3Pt A% thee besecpwiets adf is treated with
an al conodl “sol'ution of glycerin to enhance the affinity for the

ultrafil i JIRMYyang s ANfdierexbial ht vy nes risedlot 1 Doy | samppeadd to
t he %asg&%%%%$#%I and isigﬁﬁ%dified to formthe ultrafiltration 25

menbr ang.g EPE%?d3gHﬂé¥ght&Eﬂgﬁéﬂmme&&ﬁenB@@ﬁ@aQWEhhby redécipgothsses
conplicated and extrenely increases manufacturing costs. Disclosure of

| nvent i %th% B bl egipHfatiiee prasendaviveneqoipnent oepponses .- a BBeous
menbrane having a high strength and excellent water perneability and

rej ecti Qg QDerd afenBHEn s eseatal soentqonred tHorbavedchemacpér ous

menbr ane having both a three-di nensional network structure and a 10

spheri caleststick e. Thewatesepnrifiveation, i snapsdedi keceégridizenat er
separation apparatus including a porous nenbrane nodul e usin% t he .

aboye- dgs&fhdete panausr eeabt antofiodl toappEsBEBRTABR: AR BRE SERISer si de
of the porous nenbrane nodule or 15 suction nmeans at the perneate side. The
present gwwienis osodsuml Bypdichéorétiet oia ASEREdOFolthS BRI AGSFeAtdate from
raw water using the water separation_apparatus. The present invention is

al so di reaskddtwishbant ecjd20asepakatér, CRLOKANGad 2 ETEE 't O cel I,
and a bl ood purification nenbrane using the porous nenbr.ane. The present

i nventi obheslakeo dAreorddngdya FEPREALAGN MEMPTAOSH UTg™¥ For ous nenbrane
havi ng both a three di nensional network structure aggla %ggerié:ln a
struct ur ehelncas-res issendd nagerhédm Fustt iis FedAHY RIS Ve 1 &

sol vent . The resulting resin solution is .djsch ed fro ..extrusion
headl3 nt pod yosobiYA§E &§iSdo WBe ascmql(ﬂvflinéle.lc‘%et %r]gl e eanrgcegé,wlrg’l ff er ent

conpositions of the _cooling Jiquid e respect.ivel y es r Lface
si de of bﬁﬁepéﬁmtéymr#eﬂ}ﬁd’ﬁﬁﬁe ad’tcﬁe!fue%ulr tg(iceuésblgde.f h“e‘?%?”eiﬁm

invention is also directed to a .nethod.f rd @4s{genbr ane
havi ng bwléwtéérhiﬁ?ﬁﬁsq'or%c%r&bsr l?ag}{er l%%&%&ndé%g%%h%? cal
structure. In this nethod, the three-d] i O, n Lo b6t vaeuhs 10
formed onbach ég‘s]toﬁﬁbe's]iﬁﬁla{%ealbtf paaecplgdr%!us 'mgr}gé%ngéngv%g t%e sphgri cal

structure, The pr sentl#éggﬁgcﬁn%#é%éméﬁrgi5§c£§g i px@, nBtBofdofor

nanufactﬂﬁﬁﬁf Bus rane having both a three di nensional network

structure an spheri cal rustur e i dana, r ea18, sol uti on

f or ?Brnﬂﬁﬁﬁaé}?i#eel%ﬁ%%%éi%ﬁa#ﬁﬁ%t%g}%égg?gétg?gﬁgnd a resin solution
for formng the spheri ar € S¢ apgogskyedtsefiahgeng from an
extrusi or® E&ﬁn%ﬁdl%rggéﬁgéggﬁ%ﬁéfy sg?i%??%gd. Zg Brief Description of

t he Drawi ngs, Fi 1_] Sk j | spBoteghapbdotoahbokl awghi ber

menbr ane %h?%%%Ur%%S%gagiﬁétﬁgﬁﬁ?%ﬁgsaﬁple 1qaccording to the present

i nvention, EL 9. o2y Sl iphehegeaphrat ibhepavperaiesnda he g _
ext er nal %%§$5§%90?€¥ égﬁg|§§§/§?§£r nenbrang nanufacfﬁred by the nethod in
Exanpl e 1 ?8?8{1? Rgyt Rathe PLemERbntAMERbteRg Eirgatdd siaxesecti onal
photograpﬁ 0 e area around the 5 interior. surface of the hollow fiber
menbrane manuf actyred-by &Ps1esbo6n| Np&xenpl metibaenesdang beinge ysessent
invention. Fig. 4 1s a cross-sectional photograph of a hollow fiber

menbr ane nmanufactured by a nmethod in Conparative 10 Exanple 2 in
association with the present invention. Fig. 5 is a sectional photograph of
the area around the external surface of the hollow fiber nmenbrane

manuf actured by the nmethod in Conparative Exanple 2 in association with the
present invention. 15 Fig. 6 is a sectional photograph of the area around
the interior surface of a hollow fiber nenbrane manufactured by the nethod
in Conparative Exanple 2 in association with the present invention. Fig. 7
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Fig. 9 shows an exanple of a hollow fiber nenbrane nodule. Fig. 10 shows an
exanpl e of a water separation apparatus using a hollow fiber nenbrane
nodule. 5 Fig. 11 shows an exanple of a spiral. elenent. Fig. 12 shows an
exanple of a plate-and-frane elenment. Fig. 13 is a schematic illustration
of an MEA of a direct nmethanol fuel cell. 10 Best Mdde for Carrying Qut the
I nvention A porous nenbrane of the present invention is characterized in
that it has both a three-di nensi onaF Aetwork structure and a spheri cal
structure. The threedi nensional network structure here refers to a
structure in 15 which solid contents spread in three dinensions. The

t hr eedi nensi onal : THC W RS £5 sePeiAlBir by setvihgoasents
form ngggrnbgpo‘?hg’%;rp elirﬁlacscteﬁO Structure lﬁge refers to a structure in which
many spheri eal..Qn tagY i)aldne S PRSI €8dn $01 b Tood 20i Toraehes ané conbi ned
to eachaolsllfg’lstd'lc&rué%{qqf/ ?&tt rouegyfl streak solid contents. Supposedly, the
spheri cal, Sty ygt uhstantially, consi sémoedl sphewaste esroduspbeinlite is
t her nopﬁ&s?told(’:lf(rielgrﬁaéclr ystcgjl S %érec'i pitated and solidified when a

t her mpbog§g§_gﬁggwég§ﬁb4§ Phaser $epah at etnt 6028 {ndusarper ous

structu mean pore size of the three-di nmensional network
strugture is preherablysidrd hesé@noen ofolenonsess0to, sppaaatiensnd
preferatﬁy I'n the range of 10 nmto 30 ~,m The nean pore size of the
three-di jONAd 2 petMBEd BbF Usttinent&t£6s Bntloliheidneendensation . of the
pores in the three-dinmensional network structure. In order to determne the
mean porf, siZe, ridedceesbateetion, opotrbespnenbs amesbrare bed NEh#SSS aphed

t hrough a scanning electron mcroscope (SEM or the |like at a magnification
al | owi ngeghen peEepyt Seperateas! yhabselied, elecanelonesd st &of sell
arbitrary 10 or nore pores, preferably arbitrary 20 or nore pores, are
measur edy aget DeFbpEoduetagetio pesmeatke tineae thaOR9di -z e AdP be ¥ ni ned
usi ng an i mage processing systemin which the nean di aneter_ of the pores is
meagyy edfiéndt BES fueit ardés,t Bemaeanr@mmtembr@ﬁeéqtﬁrx%luérﬁd B r ds is
defined as the nmean pore size. The nean di aneter of equival ent rounds is
det er m npdsbymtheréxpr efsmegrpaok eg)las, sgHdidkislef Wede tHe Hreadth
and the length of elliptical pores, respectively. The mean di apeter of the
spheri cabtatrubtnde iie Xheprdftappmng Wdhafe oy, £R2TH§D 10 ~, m and
nore preferably ~in the range of ‘0.2 ~~mto 5 ~ m In order to determ ne

t he di ampbepusf membranes iac® UWed GUrRRRaNRe AT 915 dss section of

t he porous nmenbrane i s photographed through a scanning electro L Croscope
or the 2amajr|a@t@triastréagﬁwiam@h%th%&%1|% %%g‘é“p%‘gr"fﬁg?‘?%'s %{5 %%Hé - 11
clearly observed. The dianeters of arbitrary 10 or nore spherical

strutbur essgsr.eferably arbitrary 20 or nore spherical structures, are

measured and nunber-averaged. . The nean di anet g\ fd.negh fsnt he nean
di ameter of 5TEGSEHFAT AEMRE ANGEaidtd %%/Tcg‘lal%ﬁ y2|°ng% e %ﬂ%t ograph with

i mage processing system nenbr ane hayij : er| q ure results
in g sltor(ﬁﬁ?aﬁiﬁﬁgﬁf%f%ecwlf%&%l?)télrcl;r%’art}ﬁglggcégﬁﬁ?g?négsa#—%gé\i/g?? it is not

easy to enhance the rejection t) ; | vijRgchhgnBRsouswrenbr ane
of the presedRItRgentd na%o?ﬁcgifﬁﬁéeégf%%%%%g? network structure and a

spherical structure_together, .t [ QuUshRERBRBRENn@SN bited a
hi gh st réh‘@?l?m,u%tﬁ?ﬁﬁegeiy a ?|$§§%‘S§Eégh?gﬁegg ection propgrti es. In
particul ar, by, sett] | &8 96.160she3thnee- disenssedak
netwsk struct %ol?%ﬁghﬁegf%%gi{bﬁ%&ﬁﬁgg 50 ~,mand the nean di aneter of

t he spheri cal rel he rargen®hqO0ah beykthetriicallh@ostauengt h, the
per nmeabi I‘P’??;S;H_‘]H?hg rﬁtg}tgg?i 08 propgrtiges areyﬁvant ageously brought into

bal ance at_a._hj | eve b - g Sldo pala seeteapiake a?Q osi.r uctrurtthisicl udi ng
macro Vvoi agrlﬁglrcg?guﬁgr F‘?n\%\ﬁotlﬁ@g%ngggﬁgor e@?i ze t(SS:‘&@rrn)re than 50 ~, m can | ead
to a nenb avi,n R heRrt oREpFRFRIdd by Miwsedrvirtdhe strength of

t he resul{“lgggoaé rgﬁgygggg%ebégiﬁé\?v. ?he three-c}/} nmensi onal network structure
and the ' 258, spharhaaendt iiGioy QTR sdoe XS ta igpahysdlrant Frefexabigedin -
12 order“to-bring into balance the strength, the perneability, and the

rej eci on spaPert i8S s sRrhitiad edela Hdwpdiutae oinerisimer ighakr khe
structure and the spherical structure are |ayered on each other.
Particularly preferably, the 5 three-dinmensional network structure is

di sposed on one surface side of the nenbrane and the spherical structure is
di sposed on the other side. Preferably, the porous nmenbrane of the present
10 15 20 25 invention has a water perneability in the range of 0.1 to 10
nB8/ m2~h at 50 kPa and 25C and a rejection of 90~ or nore for particles wth
a particle size of 0.843 ~,m Preferably, it also exhibits a fracture
strength of 2 MPa or nore and a fracture elongation of 15~ or nore. The
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measurenent |length of 50 mm Obtained fracture strengths and fracture
el ongations are averaged. If the fracture strength is less than 2 MPa or
the fracture elongation is |l ess than 15~, the porous nenbrane is difficult
to handle 20 and is liable to be fractured by filtration or pressure. The
preferred nmean pore size in the surface of the porous nenbrane depends on
use. However, in the present invention, it is preferable that at |east one
surface of the porous nmenbrane have-a4nean pore size of 0.5 ~, mor |ess,
and 25 nore preferably 0.2 ~mor less. The lower limt of the mean - 15
pore size in the surface al so depends on use, but it is generally

preferable to be 0.0Q01 ~ ( ‘ & yredte poressi ze
di st ri bBEL&ANEs PRAPFoRT Itrtilqep ro{]_lr{)(:vun](?{gl,@?{eﬁiea%;lgiﬁ ation nembrane for water

treatment, 5 the an _por i f T OUS, ARNEt sus Fieesudist
pr ef er abRy & A% ﬁegﬁgﬁﬁ’e%&%% é%jgotfoé%ﬁéb—?, m and nore preferably in the

range of, 0.007 to Q.2 .3.m e a e Sigend N thessoTaegestbeads to both
hi gh rejt |Sﬁngfggé%PﬁggEhﬁdﬁgﬁﬂ%gﬁimater S%rneability. Al so, when the

nmean pore .10 .size §s d ELNeseid angesns  herpoFles wee soluedshl yethodged with
SR dehe, FfERE e Ty 1% no

water c ore, the water perneability is not,

negal i vel e fdgeliady The PR Quee ARGRI ANEo cper foher ahofermbphased
successi y for along tine. If clogging occurs, contam nants can easily

be 15 T ermyed tyobagkvasd o dkhest cantsgtidheananthei nasuating diff erent
from oné Wat 61~ source to another. For exanple, in the case of a river or a

| ake, th‘fﬂgﬂﬁﬁéﬂ'ﬁ@ﬁtﬁeMéﬂé%hQ%g@ﬁvasﬁjﬁstanﬂ?herdéph:eedtihleom soi | and
mud and It colloids, mcroorgani sns and their corpses, and hum c 20
SUbSta”Crgé weriver £fpangtanbs ané membaamgarnisnmsdtis fackweash 3150,
perforne %y delivering pernmeate in a direction reverse to a nor nal
filtratign,, ThecgbtsCheanerbranepediaingdcondi thonsownfily@ndte®ane by
delivering air to vibrate the holl ow fiber nenbrane so that the .

cony@m ngpisclGrdepndi thdran tiehd stuirdsaced ofe s Megoreer aresr embledSs -
16 Either surface of the nmenbrane nmay be set to a nean pore size of 0.5

~, mor | grsrekpraepaidtienlieor moatrodr ther etepr @ft FFILNg is preferable
that the external surface side, which conmes in contact with water, have a
three s gifBrahesakndetrepriodsioilrdtlitey vitfogearean Wortedi S e OF.?%te'{an or
less in the external surface, and that the internal surface side have a
spheri calost 502R99E, hiasometllad iviednp giarerdil ¥ r@%&%ﬁ%rﬁeﬂﬁ%‘?‘ strength,

wat er perneability, rejection properties, and contam nation fesﬁgtgnce. 10
In order ekt réetdom methies fisan feorelng A& RFQUR SHrHGEE St he'BulthZe of the

porous nmenbrane is photographed through a SEMor the like a .

magni%$i cateitdvodal lcowody il ljstare t%l‘%rﬁ%a?ﬁ/l%b%%r%% t li"ﬁ%ag?%n‘ﬁ%iékrls of
arbitrary 10 or nore pores, preferably arbitrary. 20 o S, care
measur ed it® rgrhitumrrticianger 2 sof IFhES bﬁgb%re é?ggﬁﬁégeﬁg dat er ni ned

usi ng an image processing systemin whigh_the I e t ores
are obt aiewrudes (Hiam | 3yt HEIS PR ?%3% %ﬁaﬁeggﬁg% nggévgﬁgﬁ%rrgﬁﬁgs is

defined as the nean pore size, The mean_di t : I n $Rde i s 20
deternineﬁrbyﬁﬁﬁb‘é&p?%%ém%ﬁtf%gxpﬁig ,Oghgﬂgi§659gﬁ§93h§§ggtﬁéh%readth and
the length of elliptical pores esp I . L esi S iminlghe present
inventionr¢%lﬁuﬁrp)?t?%ﬁ?g??waFhi?eﬁ?ggﬁﬁﬁép?gggﬁg%fy?og Fﬁgﬁﬁggrastic

resin is used because it _is ea ; ekheal tilw e. 25 The
t her Apl 2B FRr r e’y l?%’cBh?t?F%ggéeopggﬁgaa?ﬁa E:!'1%1%H%Ex%[g(rﬁ(;‘erIecular

conpound, and,is defor i di by Rals thrarca@inehers heat ed.
Exenplaryp?ﬁgFﬁiﬁFagf?ggggg%ﬁégﬁﬁclEggsboFggtﬁ§Fgﬁé, pol ypropyl ene, acrylic
resins, palyacrylopitrile;.a [ Y A tadiaeRe Thy e {rARS)oH resi ns,
polystyre£8¥m§8rylghﬁ%r#ﬁéys%§¥gﬁgt RE)%?ggﬁ%g?_vinyl chl ori de resins,

pol yet hyl ene o eepOLhalaLe, oLy ps Prupeetealre land ynarponal Eyrmodi f e
polyphenyygﬁg er, polyphenyl ene sulfide, polyvinylidene quoriﬁSDé '
pol yam dei i _d rd 0 | pesifenénady@ yetiey. swHdweresr andf 10
their nixF&$8§ga%%h%%%bgﬁng¢§sm%ﬁgse reé?ﬂs may be m xed with another resin
Capagég of, el ng il ended,, Rardiicuilard hay efispsed anellsi e seefeted from

t he up consisti'ng of "pol yet hyl ene resins, pol ypropyl ene resins, and

pol yvi nyl i dene fluoride resins is used as the 15 thernoplastic resin in the
present invention because they have high chem cal resistance. The

pol yet hyl ene resins used in the present invention contain a polyethyl ene
honmopol ynmer and/ or a pol yet hyl ene copol yner. A plurality of types of

pol yet hyl ene copol ynmer 20 may be contai ned. An exenpl ary pol yet hyl ene
copolymer may conprise ethylene and at | east one straight-chain unsaturated
hydr ocar bon sel ected from propyl ene, butene, pentene, and the |like. The
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This liquid separation systemcan be used for water 5 purification, clean
wat er treatnent, effluent treatnent, industrial water production, and the
like in the field of water treatnment. Thus, river water, |ake water,
groundwat er, seawater, sewage, discharged water, and the |ike are treated.
The above-descri bed porous nmenbrane can al so be used 10 for a battery
separator for separating the positive electrode and the negative el ectrode
in a battery. In this instance, it isSexpected to enhance battery
per f or mance because of a high ion perneability and to enhance the
durability of the battery because of a high fracture 15 strength.
Furt hernore, the porous n ar t ahomedaster adetbn

F‘nasr’rﬁt E&E Ié)l'gegg:ra% QJUfPar ed &y, i

manuf acEHF us as a charged nmenbr ane by i ntroduci ng charged

groups gbggsgégggggﬁg g@gg@s ﬁgﬁhfgggdyﬁhdnggg@gméggrém@ppted to achi eve

the eff: roving 1on recognition properties and enhancing the
durabi | ity beepuse, abnashial Hoachidr stidienally. Alrodd i menbr ane

is used as a N eXC e menbrane for a fuel cell by inpregnating the

por ous g?g%;%%%%“kﬁgﬁgﬂgﬁgffﬁ¥Qhﬁﬂﬂ@'ﬁ&@&&&efﬂnpﬁééiﬁylaSuchhas met hanol is

25 used & Ing of the ion exchange nenbrane - 22 wth

met hanol _ i §H§Hr hane] ase pisyénsedrwomateakahg.fromthe
anod% thHﬁg cHtho e%%ﬁ?gﬁgﬁﬂ§ﬂ§§$on e&change menbrane, that is, so-called
Crossov ' ted. fini piExpeshedinbay dheiperfendance of the
fuel ceﬁoésﬁg@rﬁé;'nﬁaga-%%%er nore, it is expected to enhance the

dur abi | iy fy the dsehn ch| abetease oheadbigbtioncsar Ehatr éngenfathe
above-descri bed porous nenbrane is also used as a 10 bl ood purification
menbr ane; o Jhi st b 0sc ouE s fhepkiben trebinoeganiexfédied eod fdeease the
properties of renoving waste products in blood, and to enhance the
durabiIiﬁa%iﬁléﬁgnbt@oﬂoﬁmrbﬁﬁdatﬁnnthenﬁiéme(5eca@§@m@ﬂea WisgRaS&ct ur e
strength. e porous nenbrane having both a three-dinensional 15 20 25

net war k §héXshined apdt ensphppil tak tsbnueubié cesnobe Negnuf/actatéd B var i ous
techni ques. For exanple, both the three-dinensional network structure and
t he sphesigsB7s} tucttr ehtmy teehsiiguiet ahovesey f Gimse dheantYdtt Gl resin
solution. The three-di mensional network structure may_be | ayered on at

| east oneislefamesofba patrastesnitoahe FEROVE h&EPHAGEHIIRT rRIG e.

Alternatively, at least two types of resin saolutions may be di scharged from
an extrushonehsaduatiesieabiliye t FWGHAMINE &/hride-tdifeds Y1 wor

structure and the spherical structure simnmultaneou “%E{A met hod foglnd

si nul t andadghiygufler frongoa titeledhd MOES oHqAe 1R Wﬁ?i Mot K- 5TTTetUre and a
spherical structure of an identical resin solq%%on 11, be deé8£ébed bel ow.
In t1h s roelredorior oalammeabrenaie hping 3 & i VLY at353F VBRI Th a poor

or good solvent for the resin to be a rel tivq&y high 5 concentration in
t he rangeiscfe afo@- 2¢a d 6 HerdehtmaRH %ﬁ? This thernoplastic resin

solution is cooled to solidify. Thus, .a_three-dj | Of tructure
and a spheri cEBUroPLES @@é%%ﬁiﬁﬁ%&hg@- fdgjrdr%éﬁé ngi%%g%g\g%%v%nt
refers to a solyvent incapable of dissolyin m¥ekglt or nore
of resin GANRPIIGE ¢ %H%P%iuéhﬁﬁo%3|%gE?a%g%egéggﬁﬁeﬁéf di ssol ving 5

percent by weight or nore of rei hi raburachbehweent6@s and the.
nel ting ?Roé%ét?Ee?é%??P%?dﬁeﬁggé%gé, gﬁoﬁggﬁg8cémhen the resin
conprises a vinylidene fluori h YERbrafl, lacthagobiker nkamdsea

sol véft d&ﬁﬁﬁ%ﬁ%ﬁ Tﬁ@é%?%?hgggepégggﬁ% ﬁg werght or more of resin at a
tenperature_as, |l pow a I i Spdgf i-Bad1a802u88068 F YARicerAns dovent
not aIIoﬂ?%@eﬁ;?gSihstggg%géglgzﬁgragmelI i s defined as a, nonsol vent. Wen
a pol yvinyl i dene oL L eS Bol-StHaed) te%ennkany ipepomeddrealavent s i ncl ude
al kyl ket%ﬂ%@?cﬁsﬁggs%kg?9%g? ggters and organi ¢ carbonates having a medi um
chain length, sueh;as cyclohonaroreluriephasorppliyditioymiadare, et hyl

i soanyl kg%gﬁg,ggpﬁgghy¥ E%t al ate, propylene glycol methyl ether,

pr opyl ene, carbonat g 4diacebeneiFicenel, it gihycendraXh tiacaimt e~ and
their mxture S A mxture of a norisol vent - 24 and a poor solvent,

sat | ié/i ”ﬂehﬁgaﬁgqvefrﬂ%crtiemﬁ fd MiHdrTdre defkaw thas tapoorins vent .
Exenplary good sol vents include | ower al kyl ketones, such as

N- net hyl - 2pyrrol i done, dinmethyl sulfoxide, dinethylacetamde, 5

di et hyl f ormam de, nethyl ethyl ketone, acetone, tetrahydrofuran,
tetramethylurea, and trinethyl phosphate: esters: am des and their

m xtures. Exenplary nonsol vents include water, hexane, pentane, benzene,

t-ol uene, methanol, ethanol, carbon tetrachloride, o-dichlorobenzene, 10
trichl oroet hyl ene, ethylene glycol, diethylene glycol, ' triethylene
glycol, propylene glycol, butylene glycol, pentanediol, hexanediol,

o, I



formed. In this instance, a gas or a liquid my be used as the |unen
formng fluid. However, in the present invention, the sane |liquid as the
cooling liquid is preferably used, which contains 60 to 100 percent of a
poor solvent or good 5 solvent. In this instance, by varying the
conposition's of the lunen formng fluid and the cooling liquid in the cool
bath, a hollow fiber nmenbrane having both the threedi nensi onal network
structure and the spherical structurebcan be provided. The |umen form ng
fluid may be supplied 10 with cooling. However, if the cool bath has
sufficient power to solidify the hollow fiber nenbrane, the |unmen form ng
fluid may be supplied,w t JRQ0L! fi vt hacpeRees mamwfactursigr med in
a flat %%?%i%? %??g%wgg?géiﬁﬁgokﬁF?gﬁbig prepared, the resin solution is
15 discharged froma slit extrusion head and solidified in a cool bath. In
this inSPahte, by adj usting the conpositions of cooling liquids comng into
contact with one surface of the flat nenbrane and with the other surface,
or by bringing the cool bath into contact with only one surface of the,

flat 20 I he rheswttiiong flat menbrane can have both a
threediﬁg%n?8%g?enétmor structure and a spherical structure. The nethod

for varying %ﬁg .ﬁg?ggegoki gHied peerResi tinves tdomi rig itet ersokitta with one
surface of the flat menbrane and with the ot her surfacebis got a%:icularly
limted hBXHP| £ higic et teggth candl ¢éscebleyedv®@ESk one -
28 si dgoc%?)u{gﬁ\gﬁ aﬁal{ﬁéén%a?gg{e@and Jggnot her cooling liquid is sprayed from

t he oth%@fﬂéghijﬂgyrgﬁ&uxbjéﬁtiﬁﬂrmﬁdgprmdqsone side of the 'flat nenbrane
into contact wwth a cool bath 5 is not particularly limted. wever, for
exanpl e, t he rhlsat deyEntanawent i filoatiotedred Heo surBRE/VIDIMFHLVDI bat h,
or a cooling liquid may be sprayed fromonly one side of the flat nenbrane.
A 'so, i thdimy Rsefiers echfoerdohersboda enetwor kt REXEGt¥E€287953 nvent i on
that a porous substrate may further be bonded so as to support the porous
nermppanesbige B ¥l asstuetgte.to the menbrane, because the fracture strength
is enhanced. The material of the porous_substrate is, not agticularly
limted, and Tiq)atesemt einwentton 1aorbsni 1racEetale Pra@a 8Tused.

However, organic materials are preferable fromthe iempoiq£hfmaweight

savi ng. Mbperateber appgrasugoiaslyfingnioPel FUE P ES AT HG a or gani ¢
fiber, such as a cellulose fiber, a cellulose triacetate fi %Jsi&hiﬂﬂ yest er
fiber, aupbhygptbpybkbnwefdescrilrg ROFOMPe TS | CMRF Be Used. The
manuf acturing method up to this pojint can provide - SRl or ous
menbr anemkausngthithle S@ie ek Sir S ioéfs%q%\ﬁﬁfeorqs ?tfe Igarr%/\e/g?%r per ﬁ%lgbi lity
is not satisfactory, the porous n2¥ﬁ{anec¥ay further be drawn at a draw
ratidhi nsusgioangeass B B¢ PFReHiS S preferred form of enbodi nents -

of the invention because the water per il he, ROLRUSJEMyane is
enhanced. - The PARSEREr RYER &OPOPngﬁgghéhé¥%§%%%s nenbrane having a

t hr ee- di nensi onal network structure an e Shitist usepthtinaw be
descri be®radvaiits Rt -€ agq%el?a"ﬁavéjtnegr ?%ﬁ%e%? mensi onaiep net wor k
structure is forned 5 afterward on at | east one surface of a porous

menmbr ane RRAGRFSS spherical structure. In this method, first, a porous

menbrane having a spher,cal Mg | r tethasatoerfornmng the
e ot APl | SO IR c The rgor m ng

porous nenbra %ﬂfQHug eritcal structure is not 10 particularly

limted, but, preferab j tied mpeY1lbeaapphki BdooA | ayer
havi R§ a $FTREE2When?; %%Fgggt&or gg?ggcgﬁre is forned on at |est one

surface of the.r i AUS,9BRBr aRe pavbig mabspherical structure.
The nethdﬂu¥bfligégébsﬂggﬂgét pgrtﬁgurarlg limted, but, preferably, the

fol | ow ng net i e bhi €3l hysoadli eecaedesbnasnetihipdn fiog
applied onto gﬁg?eéggggég gﬁ?%@Egb%f t he porous nenbrane having the

spheri cal oL NQ ein® riaf@e haed nigh bao t3ola dibfdesat i on | i qui d.
Thus, a Igéépeﬁgypgén gogggggg-dinensional network structure is forned.
Exenpl ary i Ga} 9 430 ik @i Bhde tantey lanel mesipt o ly ATHANG i | el
resins, acrylonitrile-butadiene-styrene (ABS) resins, polystyrene resins,
acr yI% i trtihlee-n%wo@)e o ABe P InSst 16 mds iahlier idies salsiet, ipa yer hytkehe

t er epht halate resins, polyam de resins, polyacetal resins, polybarbonate
- 30 resins, nodified pol yphenyl ene ether resins, polyphenylene sulfide
resins, polyvinylidene fluoride resins, polyam deimde resins,

pol yet heri m de resins, polysul fone resins, polyether sulfone resins, and
their mxtures and copol yners. 5 These resins nmay contain another resin
capabl e of being bl ended, a pol yhydric al cohol, or a surfactant in an
anount of 50 percent by weight or less. Particularly preferably, a resin
sel ected.fromthe group consisting of polysulfone resins, polyether sulfone



15 chloride, and bariumsulfate. Alternatively, the mean pore size in the
surface is controlled by selecting the type, concentration, and tenperature
of the nonsolvent in the solidification liquid so as to adjust the phase
separation speed, instead of using the additive. In general, a high 20
phase separation speed |leads to a snmall nean pore size in the surface, and
a | ow phase separation speed |leads to a |arge nean pore size. Also, it is
advant ageous to add a nonsol vent to~the resin solution for controlling the
phase separation speed. 25 Still another nethod for form ng a porous

menbr ane - 33 having both a three-dinensional network structure and a
spherical structure will .now.he+deschisbed. sdhardeds fmihen extrumiarore
types ofh?eg?ﬁuigﬁﬁ r%ﬁségeggﬁnuﬁtaneously di scharged from an extrusion
head to_forma,thre di.eRsiRRal theadrde sidiukiidd .e d@rd thispheri ca
structup%agtlBHg ?i%galﬁhgfhigﬂhethod, t he' t hr ee- di nensi onal network
structure and the FE'?E%]&" cdl Shigeatiwiony &f aedodimexdmplid e
discharbpﬁgagc%ésﬁﬁ 30|iicnlfor form ng the three-di nensi onal network

structur gtsﬁggta\{egg} R S WO rfe0rs k@ £ é ide tde tSphepomals structure and

subsequg y solidirfying the solutions. Since this nethod all ows

simdta %B?a%%r@ﬂd(¥héﬁoﬁﬁéttéﬁﬁ¥hdﬁr&ﬁdéonal network structure and the
spherical structure, nmanufacturing processes are advantageousli sinplified.
The resin sokywi b fs@intf Qniiend ibh tike dlreatidieted dimla matak 52F ucture
is not particularly limted as long as it is solidified to result in a

t hr eedi geRS] QL A YOS ko St Swis Ui r &ioe exuiptebothsal thF8A~may be used

whi ch is prepared by dissolving a resin in a solvent _and in which

nonsol veptndiiised phaseo skepat anc bar é sandus edpherbgadoft AHCERES -conflact
with a solidification bath. The resin solution for form ng the spherical
structurg,is metheas t thel ehtyetdimerdiapalongtuerikt sSEtEUSERESi f%ed to resul t
in a spherical structure. For exanple, a solution may be usegiwhich is

pr epar ede Hymali sop! st ngeasthenapphiagace pPEsenPOFIUSUERTRE2RSHGANIY I i dene
fluoride resin, in a relatively -- 34 high concentration of about 20 to
60 per cefhe bypherfjbbl Bhracpoge.or good solvent for the resin at a
relatively high tenperature (about 80 to 170C). As the ther lastic resin,
sol i dificati orhédaphesent povenbicnobdd §éﬁ9eﬁ%?eﬁF89eF8bﬁyyeg%§€%§%%ﬁegoing
substances are used. The extrusion_head for simyltaneoysly discharging the
resins smhntifantheoinido@nipeg olive MEMPEEANG ﬁ@%ﬁQ§Eh° t%&ﬁh(%ﬁructure and t he

spherical structure is not particularly Ijmted. Howeve i pofQuS
menbr anedimehsiopd li meingHI%ﬁ?qﬁﬁﬂﬁ%mﬂﬁdwf(ﬁﬁhﬁ%ﬁ%ﬁ%tgﬁﬁgéfégﬁing t wo

slits is preferably used. If the porous_nenbrane is ripd.4n a hol I ow
fi ber5 nefrthisnaetRodi f &M GG, Ry T Hret etf%%l y used. The resins

for form ng the threedimensional network st spherica
st ruct ur dirsngiendls Aptipdd fsrqiﬁﬁq %x?%‘?n%lul%ly%g %gu% e mddl e pipe of

the triple co-.extrusion head and a | n,form LGut$ydi scharged from
t he inteﬁmﬂmﬁﬂqﬂih%wﬁéhﬁﬁ*ﬁéﬁzékf%ﬁﬁ#%%f?%% ?%ﬁglgég%g%gt . Thus, a hol | ow

fiber menbrane is, forped. According: i odref 9inEBAUEAELYTi NG a
hoIIom1fi4kﬁC¥RF9&ﬂﬁw£EéF ?%egég%ﬁﬁ%égfﬁéﬁﬁégg?gr%fﬁg quig can Y
advantageous%;.%e 3et to be smaller than that of the cooling |liquid used
for form ¥t 8t “nenbrane. By discharging the resin for forming a

t hr ee-di nensi onal network structure and the resin for form ng a spheri cal
struéfure fromthe 25 external pi pe and the m ddl e pipe, respectively, a

hol | ow S%¥ggfu$%9§%igﬁggﬁagg ¢AR PeaRRhasned which has a three-dinensional

net wor k e external side and a spherical structure on. the

internal side..jn cpnigast. bysdisebasghngphbeoyeaph ber af bodiloy t he

t hr ee- di nensi ohaf " network 5 structure and the resin for fornhgg t he
spherical .gfruc f cddh-@dpibRe aamnd dhvel ext ExzaiplE pe,
respectivg?%?Hakgéﬁfg&g??%g?fggﬁgrane ?:n be obtai ned which has the
threedi”EQEEBEQEn MO I S ire@lante igvetd dmt ernal si de and the spherica
structureon the éxternal side. 10 The above-descri bed porous nmenbrane is
used fs a por opggMepbrang Eedtlienahi photodrapded s Khe easd REAY 4w
water 1nlet, a pérneate outlet, and the like. A porous nenbrane fornmed in a
hol | ow fi ber nenbrane is uses as a hollow, fiber nenbrane nodule. 15 Fig. 9
shows an exanpl e of the hollow fiber nmenbrane nodul e. Several hundreds to
tens of thousands of hollow fiber nmenbranes 2 are tied in a bundle to
prepare a hollow fiber bundle 3. The hollow fiber bundle 3 is housed in a
cylindrical case 1. Both ends of the cylindrical case 1 are 20 sealed with
seal ants 3A and 3B secured to the internal walls of the cylindrical case 1.
A filtration chanber 4 is provided in the space between the seal ants 3A and

~r~ " o N -



on a center pipe 16 in a spiral manner with a perneate spacer 19 in gaps
between turns of the nenbrane. A brine seal 20 is provided at one end of
the spiral elenment. The spiral elenment 15 gui des water supplied, under a
prescri bed. 10 pressure, fromthe brine seal 20 side to the porous nenbrane
18 through the perneate spacer 19. Perneate which has passed through the
porous nenbrane 18 is taken out through the center pipe 16. Such an el enent
having this structure can have a 15-n®nbrane area |larger than that of a

pl at e-and-frame el enment, described |ater, and, accordingly the anmount of
permeat e can advantageously be set |arge. However, the spiral elenment is
rat her vul nerabl e cantam patiqgn Al : I k@b an®Uimaailifadtared ean raw
wat er (S%ERTBRLcPBA aggaoga%ég,hg?}ﬁgsféb%gtg%, and river water). Fig. 12

shows an exanpl e _of .a.pl - - hr ane. gl@mntto AnReprRaientspacer 28 and a
por ous hﬁnﬁhanEeEBOQréRd?§§8§2§ ﬁn thgt order on both surfaces of a

supportlnﬁ B&ate 27 having a high stiffness and the periphery is
wat er - t F§RE 198-fixed. Each surface of the supporting plate 27 has - 39

protuberances, and,a,rege ROLBWE oRERhARE 2N ef idrteer arownd i ti es
in water. ThElSerﬁeéFegsgggggggg ig intgﬁded to efficiently deliver the

per TR € L ered L puaih ¢ NPt b suppORT e pl i

27. The ow ng to the supporting plate 27 is taken out outside
t hrough.the,re of , e SMURPOI tadko Pl 27 . tHbeppesertt e spacer 28 and
t he por5§%%ﬁ§h%§§%E Qlare di'sposed at only one surface side of the
supporth Al& 27. However, by di sposing them at both surfaces, the

menbr ane

area can be increased. In such an el ement havinglthe
above- descri hads sty Ut W erddis-perneatal fpiiceogaphrotigh BaklPér ous
menbrane 29 passes through the perneate spacer 28 and the recess of the
suppor t i pg. - ahSdFand@ndahafhtoakky bgkenmethodf in perRe&RELYS outlet 30 to
the outside of the elenent. A porous nmenbrane nodule is such that a

pl unal i tyySfpeboye; deassbbedtebaments &he BrepedsdinVANAIRBusI ng, parall el
to one another such as to form spaces between the surfaces therga& 20 A
fuel cell menpr@neswis|ansecbiodascphobdankph P&f ERBNBESE02EUPGW R§. Fig.
13 is a-schematic illustration of an MEA (nenbrane electgggf %iﬁggyly) of a
di rect neihapahlf gekfaekl ofAthel botldomytfdber MeMpranss IfWedfEeh Sh anode
32 and a cathode 30. By supplying nethanol, acting as a 2 féﬁﬂwiéﬁ)the
anode si gg, tae eltbbdonnt CoppRarRdd vies EFamRla &d 17 aSSiet pores of the
porous nenbrane of the present invention is inpregnated with an

el ect r ol ¢he, pyecends iavesibuesy. el ectrol yte. Thus, the porous nenbrane is

used as the electrolyte nmenbrane 31. 5 The present_.invent. WAdd dug ther
be descri bed Eigng6céﬁcﬁeﬁ@cé%éﬁﬁﬂeéﬁmﬁﬁﬁﬁv§¥fcﬁﬂéjﬁﬁéﬁg% q#ﬁ%%ntion i s not

limted by these exanples. In qrder to_determ ne Df DOE 8 8§ ZBy Of
por ous 1(1n]t531210>1255¢mr%ﬁ%1rfé% P LY nEHRE i reéllil%f %Ee?ggpﬁlérica
structure in exanples, a cross sectjion of each p s JEDDL A€t Washe

phot ogr apttexl rathodeihi $9HRAT D BF %f%%@i%rglg?ogéggﬁ%%ﬁgh an SEM ('S- 800)
(manuf actured by Htachj, Ltd.). The pore sizes and the dianeters in the
spheri calpeesert uFeVeRtEPBitrary 10 to 50 pores were neasured and

nunber - averaged. In order to determ No POF 8 ShZ8a | Arbhindsuhkace of
a porous menbrie, 1 4T RS S%et %%f]oé}??%g&o ous nenbrane was phot ogr aphed

at a magnification of -1, 000c0r 10, bieyoRekBe anbovantFaCtored S5M The
poreigize@XBFrﬁ?ﬁiFPﬁF?bTOOFoaSéQ%gggsEmere measured and numnber - aver aged.
The neasurenents ,of the per Rbhiet p3ane hejseetiiagi opr eddit yehaf t he
hoIIom/fiBeWeEnguénngﬁgﬁg%gEﬁggeﬁggr ormed on a niniature nodul e of 200 nm
inlength inclu in% %ﬁg&ogpIIOM/fiber menbranes. In the case of the flat
por ous nmeRBFERE, tHd SHeasirenent s were perfornmed on a nmenbrane which is cut

to a circle of _50 b [ epnaldphotodtapheb i the ayleandmriovald the
filtration holgégfngéégrgeggggnsps ngnbra%é treated water was entirely

filtered for 30 mi LA dof ESiH e rdmber drespearat fact We@ s and a
differentFﬁtﬁﬁpggg3#%%%¥§yéﬁiPa. The quantity of permeate 5 (nB) was

converted Jjnt 1 urs (d0cordhmy iad ughepreddrlct iveenerPRane area
(nQ):5%he§bn&%ﬁ%ﬁZqﬂgﬁgegﬁ%?ﬁer nultiplfg% by 50/ 16 and converted into a
value at a pressure of 50 kPa. Thus, the water perneability was determ ned.
Water in which polystyrene |atex particles having a nmean 10 particle size
of 0.843 ~, mwere dispersed was entirely filtered for 30 m nutes by
external pressure at a tenperature of 25C and a differential pressure of 16
kPa. The rejection property were determned fromthe ratio of the | atex
particle concentration in raw water to that in 15 perneate. These | atex
particle concentrations are obtained by neasuring absorption coefficients



- 43 water perneability at 50 kPa and 25C was 0. 30 nB/nRh. The rejection
for particles having a particle size of 0.843 ~, mwas 98~. The fracture
strength and the fracture elongation were 7.8 MPa and 104k respectively.
Thus, the hollow fiber 5 nmenbrane had a dense surface and exhi bited

excel l ent water perneability, rejection properties, strength, and

el ongation. EXAMPLE 2 A vinylidene fluoride honopol ynmer having a

wei ght aver age nol ecul ar wei ght of 417 thousand in an amount of 38 10
percent by weight was m xed with 31 percent by weight of y butyrolactone
and 31 percent by, weight of diethylene glycol and dissolved at a
tenperature of 2 ' ' ' N&B1 ¢l SELtee gerlembt ne

y-but yr ol actEgLr%, %g(%qo-r%g Zasl{ gé’f%}nn%% %fr(r)n@ng fluid, froma double
co-extrusciiOP head with a 15 tenperature of 180C, and was solidified in a
bat h wiff*% ?Errper ature of 17C containing an aqueous sol ution of 80 percent
by wei ght 'yFPth yf@I%%v@Qeanngaﬁﬁ§glbfng hatéowsépbertienbr ane had an
outer dianeter®of 1.50 nmand an inner dianeter of 0.92 mm The area around
the exter f 0.had1ackhreeedi menbiranal moetuderk structure and the
area ar%ﬁﬁ%k?ﬁggi ﬁtggPﬁala ggrface had a' spherical structure. Hence, it has
been_:) shown tp _tPe theRs- dhnmerapnal ofiebwspk rafr edemeatand t he spheri cal
structure coexrst. The nean pore size of the three-di nensi onal network
structure wag&S 1573nhowE) adndxbhgleeaf di pieterand-tiranspiedmedIt structure
- 44 was 4. é ~,m The water perneability at 50 kPa and 25C was 0. 35

m8/ nh. The gehectBonsfar spakiatlies ildvistgad loar vifclad 315fe BF . 843 ~m was
97~. The fractudre strength and the fracture el ongation were 8.8 MPa and
100k respecddvelethanolhuiiel heehibl | ow fi ber nenbrane had a dense surface
and exhi bited excellent water perneability, rejection properties, strength,
and el ongati on. EXAMPLE 3 A vinylidene fluoride honmopol yner having a wei ght
10 average nol ecul ar wei ght of 417 thousand inp an anount of 38 percent by
vei ght  wass friMede Widih ddr peinendubythei §AvesFLl9But yrol act one and 21 percent
by wei ght of diethylene glycol and dissolved at a tenperature of 200C. This
resin sol uti gn prasoul swirmane v f htke M%@P%&%‘ﬁ%’?tiﬁ ihg as a 15 | unen .
formng fluid, froma double co-extrusion hegg W tg.a tegﬁsraeiture of 160C,
and was skitdcterilzed dnbehatwithhast BRBEr &t GPESEF 12E Cont'ai ni ng an
aqueous sol ution of 80 percent by wei ght _y-butyrol actonRe. esul ting

hol | ow fhbewonknbtanethad andoat EPHET ﬁ'éllersgﬁfl%f}%g'mn%zlned-gz}ﬁrelrenner 20

di anmeter of 0.93 mm The area around the external rfaca had ;

t hr ee- di dénshenahahen@EWRTE SEEVNGHELEN G e r&rfgé'sarigur?d%fthe i r}%eer nal

surface had a spherical structure. nce, it oW atn A de-
t hr €5 di wbAshosel ife ERBITRISS ﬁ(&rﬁﬁgﬁgﬁ]d%kﬁgesp Z“rell?%g]%rr;%]r ucture coexi st.

The mean 25 pore size of the three-di S| U &1 V@S - 45
1.26 ~, mdimm&lﬁ@aﬁeé!ﬁtaﬁoﬂetseﬁruocfec%eg%s%p ng?”uagc‘;’aﬁq %%%%%ﬁas 2.61 ~tm
The water perneability at 50 kPa and 25C was 5 10 15 20 25 0.20 n8/ nRh. The
rejecti oﬂoﬁﬁrefﬁértﬁotﬁnég‘%zfvi ‘a particle size of 0.843 ~mwas 99~. The
~fracture strength agg t.he fr%%-gtebareel gat I QF N &p.D Raantrd%in

W T1ber

respecti vel y. TTRuSPPERA SRSl 155 nenbr ane had a dense surface and

exhi bi ted excel | ent ter. bilibiyant €h i Fr DpeLt s83idstrength, and
el ongat i dfhl%)(ﬁ\‘i\ﬁﬁfi ® {/’1?(%1/ i en%allﬂl?% Uor | deﬁﬁ%rr%g%l ymer having a

wei ght aver age nol ecul a ' 91t bensandi + 8cebyaspunhrofigB8 percent
by wéPght€ e?ﬁ‘?(e%r%\/ié%ﬁ(@lg%%rggént by wei ght of Ybutyrol actone and 21

percent by, weigh di e gky¥spbsandydi snel ypHeat calt etpaciugee of
200C. Thi t’f%@?néc%g{%t'lﬁ%&]é%/\gg di schggged wnyth "y-butyrol actone, acting as a

| umen formnin i r ; bhbe gghextintiseen hRadphietrknld tieerdFer at ure of
150C, andsﬂggté%ﬁég}%%egg?%lgega%ﬁ m?th a tenperature of 14C containing an
aqueous $gh85:}n8§%8£t§9 PE5ERNEri¥ teekgbt eyibitutebaendneo 1ued fiedhl ting
hol | ow fi ber nenbrane had an outer dianmeter of 1.56 mm and an i nner

di ameter of Q. 98 W nlpeadkee @eeund sthe tevheisaphesef-separated to

t hree- di nensi'onal network structure and the area around the internal

surf age h%grﬁ.gppg&bggls$&ﬁ@¢@u@e. Hence, it has been shown that the

t hree-di ménsi onal network structure and the spherical structure coexist.
The nean - 46 pore size of the three-dinmensional network structure was
1.22 ~.m and the nean dianeter of the spherical structure was 3.51 ~, m
The water perneability at 50 kPa and 25C was 0.25 nB/nzh. The rejection for
particles having a particle 5 size of 0.843 ~, mwas 98~. The fracture
strength and the fracture elongation were 6.0 MPa and 23~, respectively.
Thus, the hollow fiber nmenbrane had a dense surface and exhi bited excellent
wat er perneability, rejection properties, strength, and el ongation. 10
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10 This resin solution was discharged with y-butyrol actone, acting as a

| umen formng fluid, froma double co-extrusion head wth a tenperature of
100C, and was solidified in a cool bath with a tenperature of 20C

cont ai ni ng an aqueous solution of 80 percent by weight y-butyrol actone. The
15 resulting hollow fiber nmenbrane had an outer dianeter of 1.01 mm and an
i nner dianmeter of 0.72 mm Fig. 4 shows an SEM phot ograph of an entire
section of this hollow fiber nenbrané® Fig. 5 shows an SEM phot ogr aph of a
section around the external surface; and Fig. 6 shows an SEM phot ogr aph of
20 a section around the internal surface. This nmenbrane had only a
spherical structure having.. i iedSiondél Heewanker

per neabi | i t?hzﬁ “ﬁ?lkﬁaoraen%%%s\gs%ég%{%?ﬁ%h. The rejection for particles
having a particle,size 3ix. & ofhe hmagcbuse® suw,ergich and t he
fractur%t’-EZ)-BC%‘FB?]ghfiBﬁe%ngg§31R/Pgh§ﬁga§g~, respectively. Although the -
49 hollow fiber ne ane i bi excahl eat 3vajpar. paheealsEdn ty,
strengtrﬁc?r%mlarﬁf853§?&02%el ??E ?éj{lggt iegn properties V\mgfre i nferi O@ﬂ EXAVPLE 6
" 5 A catal yst-suppottin oe): b ah¥at nedWoZ pertoenttune ws s of

“plati nuR?5RaS15%s gegcégntghggev\giagﬁtﬁ%of rut heni um car bon: Vul_canEal

(regi stered, tr d 7 @ FPR-GEU By igaltie thaeedtisweristanal Naf i on
(reg S g?eghfer% gn@rl%“es%glruf%iforﬁ: (b%ﬁ(gi:ht from Al drich) such that the weight
ratio 10 ﬁri{ Q@ rhcthe M xidirera@s sof détéenihy Shier mednt OoFceFH%E /a ,
cat al ysf‘-\gg ymer  conposition. This catal yst-polynmer conposition_was applied
onto ong,surface Qfe & iGH kN Wapeiortdd hadirans otigeP B9a TR R§d to prepare
an el ectrode base wth an el ectrode catal yst |ayer, supporting 3 ng/cne of
15 pl at icpym, N 4 hefidielg hansbt ide riato seoie ahEp! cetickle i hiERafbl e 5 was
irmerseécl Nafion (registered trade mark) sol ution ibou ht frqm Al drich)
and sub%eﬁg%{ﬂﬂiéﬁﬂ%t@lmm et paoreexthapgecheabt AnePSTWISEr ect r ode
bases with an el ectrode catal yst |ayer, described above, \ﬁere lLayered on
bogosurgﬁ%@fdiaﬁet@wmf narh bor @y hbP ger nBaBE aReT e FhePF 6 EPAEnge
menbrane serves as an el ectrol yte nenbrane. Respective t el ectro(ggdbases
serve as, @ cethegerandranoaropereThe aglee RIS hARd e 3PhoERASuch
that each 25 el ectrode catal yst |ayer side of the bases opposes ehe ion -
50 exchangs, nemsdrmean Phis GOAROBRYePRaSeREEMHPESsEFLTFdER & %onditi ons

of 130C and 5 MPa. Thus, a nenbrane-el ectrode . inteqgrat [ repar ed.
The resubtbBesstnyr agetehednr gHéchntBgr BESH Glﬁiaf“e%%§ g%idrj#%r E)(?ra egleento a

fuel cell. An aqueous solution of 64 percent by .weigh net % ir were
suppl i edntastibedanode $hds amtﬁﬁ@ecattlt?@d@eéir’déi,lafneegcﬁercﬁ%e Y {Pﬁeﬂf uel

cell outputs a maxi num power of 0.5 nWcnP and, th exduPided.exeel lently
hi ghL powebupdspést deEinps &5 $her BEAR PWE AU '10%% swe‘f)lc%lng of the ion

exchange nmenbrane with net hanaol is suppres t thanol
t hrough blfe eiqud vereidn e Wb righ &% Hfltr}?eégﬂlog'!ehdﬁ o%a%f%%le, tgt is,
crossover, is prevented. COVWARATI V| VPL tigdgtRases W th an
el ect r odd)Cat alwkerey et 2p¢ HaFEY E%%Eﬁr?%gtga&ngd%ﬁgi %ieoﬁs as in Exanple

6 were |ayered on both surfaces %\g&)}on exchange menbrane Nafion
(regi st eredd it RGN F TP AY5 i h t hi ckness), produced by Du Pont.

The el ectrode bases werg di spase Dl eashnetestd ote cat al yst

| ayer side of Thee “l?fsfbsde]t%‘k%geers ijf ?#?i%%‘%xchaange menbrane. This conposite
was hot - pressed unpder _the sa ondi §i pngnasoi NoEYANPRAdEmoTlUs, a
menbP8ne-RF ST ¥ ih?eﬁ?%t@%gﬁéiggmaé pé%pared. he resulting

menbr ane- el ectrode i'nt egy at i LgwgSo2ameyal Bajed uddeortdes same
conditioh%r%.eFﬂbEXaﬁBlgﬁ§.§%ﬂgg 6- 51 ﬁaxinunlgomer was as low as 0.1
mWVWcn. This is.probabl w. eokhenk0o8pa%ehaage sienkiare , Nafieon
(register%ﬁt?F%agengﬁE)&igﬁgagg aelled mFth met hanol and, consequently,
crossover of et hanol ULLedion BXAVREESofce dBmbixein@ONBARATI VE EXAMPLES
4 to 15 HBPFEGFF 5rc§§% rgﬁeslaere prepared by the foll ow ng neﬂg$d.

First, hollow fi L3 af sEamPamnat isie dbranp e rbsapdes aerel$r epar ed
under thepb8ﬁ9959§%§%§%®Wn%%ﬁ Table 1. Vinylidene fluoride honmopol ymer was
m xed2¥\n t ﬁ_iiz;{elg]tsgll y@ragtnitﬂ&eti@ﬁ%qllm.nngescdpnemﬂw discMarged with a
| umen™¥ or g uid Troma double co-extrusion head and solidified in a
cool bath. Each hollow fiber nmenbrane had only a spherical structure. Next,
A m xed solution containing 13 percent by weight 15 of vinylidene fluoride
honmopol ymer havi ng a wei ght - average nol ecul ar wei ght of 284 thousand, 5
percent by wei ght of polyethylene glycol having a wei ght-average nol ecul ar
wei ght of 20 thousand, 79 percent by weight of dinethylformamde, and 3
percent by weight of water was uniformy applied onto 20 the surfaces of
the hollow fiber nenbranes of Conparative Exanples 4 to 15. These ho![ow
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spherical structures, preferably arbitrary 20 or more
spherical structures, are measured and number-averaged. The
mean diameter may be defined as the mean diameter of

5 equivalent rounds obtained by analyzing the photograph with
image processing system.

A membrane having the spherical structure results in a
strong membrane with the permeability maintained. However,
it is not easy to enhance the rejection properties. By

10 giving the porous membrane of the present invention both a
three-dimensional network structure and a spherical
structure together, the resulting porous membrane exhibited
a high strength, a high permeability, and high rejection
properties. In particular, by setting the mean pore size of

15 the three-dimensional network structure in the range of 5 nm
to 50 pum and the mean diameter of the spherical structure in
the range of 0.1 to 10 pm, the strength, the permeability,
and the rejection properties are advantageously brought into
balance at a high‘level. A three—dimensional network

20 structure including macro voids particularly with a meaﬁ
pore size of more than 50 um can lead to a membrane having
an excellent permeability. However, the strength of the
resulting membrane becomes low.

The three-dimensional nétwork structure and the

'25 spherical structure may coexist in any form. Preferably, in
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acture F Fracture Re jectionase hol1 d&uter | nner External ore fWater

perneabi lityr strength elongatlon propertyfiber dianeter dianmetersace p ur3

zte )(% (%e b(nmm (nmsize ( mM'h' 50 kPa) (m ~n( aran men20

03. 297599Fxanpl e, 7. , 2.
o CompaPARFGeT® P%l%”ﬁg‘%%%qfaé‘% A . T 56 ovexaml e 6 ¢

Conpar at i ve HrEXase -
Conpar af %hz?sg e R e T e 58B9]51(Ehx21r§3rll2eil

Conpar atj.ve rEﬁgm dxxiaargol
Conpar atql\qu%‘ 3%%338 amlll}g 5321813:&% %%1%14%@%9&;7Exanplezuﬁcwre

Comber L4 4eh ik ff UL olhdD. 0 MU B8 MoSReRRbLYiChe
5 three-dimensional network structure is disposed on one
surface side of the membrane and the spherical structure is
disposed on the other side.
preferably, the porous membrane of the present
invention has a water permeability in the range of 0.1 to 10
10 m3/m2-h at 50 kPa and 25°C and a rejection of 90% or more for
particles with a particle size of 0. 843 pm. Preferably, it
also exhibits a fracture strength of 2 MPa or more and a
fracture elongation of 15% or more. The water permeability
is more preferably in the range of 0.15 to 7 m3/m2-h. The
15 rejection is more preferably at least 95% for particles with
a particle size of 0.843 um. The fracture strength 1is, more
preferably, at least 3 MPa. The fracture elongation is,
more preferably, at least 20%. If these requirements are
satisfied, a porous membrane can bé achieved which has
20 sufficient strength, permeability, and rejection property to
be used in water treatment, battery separators, charged
membranes, fuel cells, blood purification, and the liké.
The porous membrane of the present invention may
suitably be used in a hollow fiber form or a flat form.

25 The measurements of water permeability and rejection



70 96Exanpl e 15 Conparativel.531. 15. Examle 12
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16 Conparativel.901.14. Examle 13 04 0 0.2fi 7.02 63 99ExaaneBE;97Exanple
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Conpar ativel. 380.93. Examle 15 78 0 0.35 3.53 75 86Conparative

--1.700.99.Examle 9 69 0 0.955 5.93 68 87Co [
: : nparative --1.631. 00.
8823 go 2 0.605 7.23 59 76Conparative --1.52..Examle 6 92 0 0805Eéag;ge °
: 3 50Conparative --1.44..Exam1é&37-60 4 0.39 6.13 58 53C0nparaiive

--1.510.S9.Examle 8 78 0 80 1 0.24 4.85 60 79Co i
. . ar at - -
70 1 0.39 6.37 59 80Conparative --1.220. 74. Exam 1510 95 L 28 Bamle S

properties were performed on a miniature module of 200 mm in
length including fdur hollow fiber membranes. Reverse
osmosis membrane treated water was entirely filtered for 30
minutes by external pressure at a temperature of 25°C and a
5 differential pressure of 16 kPa. Thus, a quantity of
permeate (m3) is measured. The quantity of permeate (m3) is
converted into a value per hour (h) and a value per
effective membrane area (m2) . These values were further
multiplied by 50/16 and converted into a value at a pressure
10 of 50 kPa. Thus, the water permeability was determined.
Water in which polystyrene latex particles having a mean
particle size of 0.843 pm were dispersed was entirely
filtered for 30 minutes by external pressure at a
temperature of 25°C and a differential pressure of 16 kPa.
15 The rejection properties can be determined from the ratio of
the latex particle concentration in raw water to that in
permeate. These latex particle concentrations are obtained
by measuring absorption coefficients of ultraviolet light
having a wavelength of 240 nm. The measurements on a flat
20 membrane are performed in the same manner as in the
measurement on the hollow fiber membrane, except that the
membrane is cut to a circle of 50 mm in diameter and the
circle membrane is placed on a cylindrical filtration holder.
The water permeability may be derived from a value obtained

25 under pressure Or aspiration. Water temperature may be




0 0.68 8.07 293 84Conparative --1.330.99. Examle 11 15 1 30 4 9.11 5.29 70
56Conparative --1.99. . Examle 12 19 1 2.10 0.70 3.58 80 77Conparative
--1.86.Examle 13 85 0 80 0 0.495 7.67 63 85Conparative --1.90.. Examle 14
93 0 10 1 0.535 11.94 75 83Conparative --1.34..Exanple 15 - 55 EXAMPLES
19 to 30 and COMPARATI VE EXAVPLES 16 to 27 Hol |l ow fi ber nenbranes were
prepared by the follow ng nethod. First, hollow fiber nmenbranes of

Conpar ative Exanples 16 to 27 were-pridpar ed under the conditions shown 5 in
Tabl e 3. Vinylidene fluoride honmopol yner was m xed with a solvent ~to be

di ssol ved. The sol ution was di scharged with a lunmen formng fluid froma

doubl e co-extrusion head and sol i.difi Iy @ HRatha1liard .t he product
was draﬂﬁtimaﬁeﬁrgﬁPﬂgthtN}sﬁpa}gy gﬁgﬁgag%dg%M photograph of a cross 10

section around the external surfa f W fi Bermrenbs angopr epared in
Conpar aWﬁV@rERSFﬁ‘Péb’z‘g,lth ag ?L%'l %g’l q@)?%rrprﬁq.lea!. Each hol |l ow fi ber nembrane of

Conpar ative Exanples 16 to 27 h %{gé:ag & rdigidder A m xed
sol ut | oBU&5APARNIERG FBECEENE %%H§£%%ﬁf of vinylfhene fluoride 15

honopol ynmer havi.ng a .wei ght - av ecuarcyyel et of i 284hé hoasand, 5
percentpﬁymﬁégﬁﬁﬁ -fﬁ&n%%ﬁﬁﬁéﬁ§%@35935%| havi%g a wei ght - aver age nol ecul ar
wei ght of 20 thausand,_ 79 rge i gl n of 0 dh3Iyed?hyl, f aheamcdeusand 3
per cent Pﬁﬁ“\ﬁ@i&ﬁﬁt&c}f Wt %\%;-fg‘ l:gnsi ?%or y applied onto the surfaces of the

hol I ow 20_fiber nenbrangs fhé Ve Exagel g6rdb6sive 2Zhathebe hol | ow
m&ﬂﬁhﬁﬂﬂ? ® Smediat e A g

fiber y 1mrersed in a mxed sol vent containing 95

percent by wei ght SrpeL§eRirebetRitdve 1of adifiesttied f orMdsPde to
solidiffﬂﬁﬁgns u¥$i%¥@%§%s§9g?erdefined as Exanples 19 to 30. Fig. 8 25

shows an SEM phot .ol fsCIOSS ershi o0%afoungarhécles Béthert er nal
surface%ﬂegiéﬁgn%§5€?€ér menbrane prepared in Exanple 26, as a typi cal

exanple”pgggb?gglggwéfggeo.gggbﬁﬁpetné ﬁmampbememgraoe30nd&§iéa§5hbrical
structureon € Internal side and a three-di nensional network structure 5

on hie roal .skdgsiFheyt hhekaepsref sihe whdedeioransidodaPuFetibr k
strE@tu$%£§a§ﬁ28§Sin?lTab e 4 show properties of hollow fiber nenbranes of

Exanplesrgiegeigg prdpeefpasati ve Exanples 16 to 27. Each exanpl e exhibited
hi gher rejection properties than those of the conparative 1Q exanpl es. q
1~6 .~ H HO Nppe. FrocMife7stréndohcnfinthel £ragtpge eilRPARGACPT: SP1

rl.th?hEEN;LZZLLZAOJ?QE;ﬁ; Za;izétfggn??gzﬁgifgh. For example, a
tensile test is performed with a tensile tester at a tensile
15 speed of 50 mm/min on more than five samples having a
Imeasurement length of 50 mm. Obtained fracture strengths
and fracture elongations are averaged. If the fracture
strength'is less than 2 MPa or the fracture elongation is
less than 15%, the porous membrane is difficult to handle
20 and is liable to be fractured by filtration or pressure.
| The preferred mean pore size in the surface of the
porous membrane depends on use. However, in the present
invention, it is preferable that at least one surface of the

porous membrane have a mean pore size of 0.5 um or less, apd

25 more preferably 0.2 pm or less. The lower limit of the mean
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pore size in the surface also depends on use, but it is
generally preferable to be 0.001 pm (1 nm) or more.
preferably, the pore size distribution is narrow. 1In
particular, in a separation membrane for water treatment,

5 the mean pore size of the porous membrane surface is
preferably in the range of 0.005 to 0.5 um, and more
preferably in the range of 0.007 to 0.2 um. A mean pore
size in these ranges leads to both high rejection properties
.and a high water permeability. Also, when the mean pore

10 size is in these ranges, the pores are not easily clogged
with water contaminants and, therefore, the water
permeability is not’negatively affected. The porous
membrane can, tﬁerefore,lbe used successively for a long
time. If clogging occurs, contaminants can easily be

15 :emoved by backwash or air cleaning. The contaminants are
different from one water source to another. For example, in
the case of a river or a lake, the contaminants include
inorganic substances derived from soil and mud and their
colloids, microorganisms and their corpses, and humic

20 substances derived from plants and microorganisms. The
backwash is performed by delivering permeate in a direction
reverse to a normal filtration. The air cleaning is
performed on a hollow fiber membrane by delivering air to
vibrate the hollow fiber membrane so that the contaminants

25 deposited on the surface of the membrane are removed.
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Either surface of the membrane may be set to a mean
pore size of 0.5 um or less. In separation membranes for
water treatment, it is preferable that the external surface
side, which comes in contact with water, have a three-

5 dimensional network structure whose mean pore size is 0.5 pm
or less in the external surface, and thét the internal
surface side have a spherical structure, from the viewpoint
of the enhancement of strength, water permeability,
rejection properties, and contamination resistance.

10 In order to determine the mean pore size in the surface,
the surface of the porous membrane is photographed through a
SEM or the like at a magnification allowing the pores to be
clearly observed. The diameters of arbitrgry 10 or more
pores, preferably arbitrary 20 or more pores, are measured

15 and number-avéraged. Also, the mean pore size may be
determined using an image processing system in which the
mean diameters of the pores are obtained. In this instance,
the mean diameter of equivalent rounds is defined as the
mean pore size. The mean diameter of equivalent rounds is

20 determined by the expression (a X b)0-5, wherein a and b are
the breadth and the length of elliptical pores, rgspectively.

The resin used in the present invention is not

particularly limited, but, preferably, a thermoplastic resin
is used because it is easy to form a spherical structure.

25 The thermoplastic resin is constituted of a chain
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! _ se hollow fiber d
menbraneQuter ianmeter d (mjlnner ianmeter (m) pExternal surface ore wdth

P macromolecular compound, and is deformed or fluidized by an
external force when heated. Exemplary thermoplastic resins
include polyethylene, polypropylene, acrylic resins,
polyacrylonitrile, acrylonitrile-butadiene-styrene (ABS)

5 resins, polystyrene, acrylonitrile-styrene (AS) resins,
vinyl chloride resins, polyethylene terephthalate, polyamide,
polyacetal, polycarbonate, modified polyphenylene ether,
polyphenylene sulfide, polyvinylidene fluoride, polyamide-
imide, polyetherimide, polysulfone, polyether sulfone, and

10 their mixtures and copolymérs. These resins may be mixed
with another resin capable of being blended.

Particularly preferably, a resin selected from the
group consisting of polyethylene resins, polypropylene
resins, and polyvinylidene fluoride resins is used as the

15 thermoplastic resin in the present invention because they
have high chemical resistance.

The polyethylene resins used in the present invention
contain a polyethylene homopolymer and/or a polyethylene
copolymer. A plurality of types of polyethylene copolymer

20 may be contained; An exemplary polyethylene copolymer may
comprise ethylene and at least one straight-chain
unsaturated hydrocarbon selected from propylene, butene,
pentene, and the like.

The polypropyleﬁe resins used in the present invention

95 contain a polypropylene homopolymer and/or a polypropylene
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may be contained. An exemplary polyethylene copolymer may
comprise propylene and at least one straight-chain
unsaturated hydrocarbon selected from ethylene, butene,
5 pentene, and the like.

The polyvinylidene fluoride resins used in the present
jinvention contain a vinYlidene fluoride homopolymer and/or a
vinylidene fluoride copolymer. A plurality of types of
vinylidene fluoride copolymer may be contained. An

10 exemplary vinylidene fluoride copolymer may comprise a
vinylidene fluoride and at least one selected from the group
consisting of vinyl fluoride, ethylene tetrafluoride,
propylene hexafluoride, chlorotrifluoroéthylene. The
weight-average molecular weight of the polyvinylidene

15 fluoride resin is appropriately selected according to the
strength and water pefmeability of the porous membréne
required. Preferably, it is in the range of fifty thousand
to one million. If the workability of the porous membrane
is taken into account, the weight-average molecular weight

20 is preferably in the range of 100 thousand to 700 thousand,
and more preferably in the range of 150 thousand to 600
thousand.

The polyethylene, polypropylene, and polyvinylidene
fluoride resins may contain 50 percent by weight or less of

25 another resin capable of being blended. For example, the
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polyvinylidene fluoride resin preferably contains 50 percent
by weight or less of an acrylic resin. The acrylic resin
refers to a macromolecular.compound mainly containing a
polymexr of acrylic acid, a methacrylic acid, or their

5 derivative, such as acrylamide or acrylonitrile.
Particularly preferably, acrylic ester resins and
methacrylic ester resins are used because they are miscible
with polyvinylidene fluoride resins. By preparing a polymer
blend containing such a plurality of resins, the strength,

10 water permeability, rejection properties, and other
properties can be controlled.

The three-dimensional network structure and the
spherical structure may be formed of an identicél type of
resin or different types'of resin. When the three-

15 dimensional network structure and the spherical structure
are formed of an identical type of resin, both structures
advantageously have an affinity for each other. On the
other hand, when each structure is formed of a different
type of resin, the strength, water permeability, rejection

20 properties, and other properties can be set in a wider range.
The spherical structure is preferably formed of a
thermoplastic resin, as described above. However, the
three-dimensional network structure may be formed of a
réesins selected from among various types of resin with a

25 wide range of choice. Either the three-dimensional network
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the strength, water permeability, rejection properties, and
5 other properties can be controlled in a wide range with a
high‘affinity maintained between both structures.

The above-described porous membrane is used as a porous
membrane module which is housed in a case having a raw water
inlet, a permeate outlet; and the like. In the case where

10 the porous membrane is in a hollow fiber form, the porous
membrane module is fabricated so as to recover permeate, by
housing a bundle of plurality of hollow fiber membranes in a
.cylindrical container with both ends or one end fixed with a
polyurethane or epoxy resin, or by fixing both ends of the

15 hollow fiber membranes in a plate form. In the case where
the porous membrane is in a flat form, the porous membrane
module is fabricated so as to recover permeate, Dby folding
the porous membrane in a cylindrical manner, around a liquid
collection pipe and taking up the membrane in a spiral

20 manner to be housed in a cylindrical container, or by
disposing the membrane on both surfaces of a liquid
collection board with the periphery fixed water tightly.

The porous membrane module is provided with at least

compression means at the raw water side or suction means at

25 the permeate side to be used as a liquid separation system.



10 defined as Exanples 31 to 42. These hol |l ow fi ber

3;dto 42 each had a three-dimensional network structgfgbgﬁnfﬁeogxféﬁgg:es
SL e and a spherical structure on the internal side. The thickness of the

t hree-di nensi onal network structure was 20 to 30 ~,m Table 5 show
properties 15 of hollow fiber menbranes of Exanpleé 31 to 42. Each exa

exhi bited higher rejection properties than those of the conpérative e
exanples. - 60 np>,i a Base hoHl @1 —fiber .. nmenbrane~ Quter dianeter
(m) I nner dianmeter (mmExternal surface ore width ( mExternal surface pore

| ength ( m) External surface ore si i
kPa) Fract ure stren th X size ( mvater permeability (m/n2hS0

Fracture
(~ )Exarﬁ‘wetla%cﬁﬁlaa §6FVEY. ?é‘ﬁﬁn%s- 5--8‘}“&8‘%}»7%%8%)55‘35%?5%%@%% 00 19

éSEigngééSgEX@gggaggg 33%‘%%%%%?&9%%% elel'%?géq[@_&% gaeé alééd)z 26 0 17.02 52
ggggmkgmggg”par 3 rrégob use 'y |t@1e195uct1(br0h&rﬂ£012 82 g?
npPE™85 nﬁarsénp - - amle 20 -- 02 0 0 12 7.97
This liquid separation system can be used for water
5 purification, clean water treatment, effluent treatment,
industrial water production, and the like in the field of
water treatment. Thus, river water, lake water, groundwater,
seawater, sewage, discharged water, and the like are treated.

The above-described porous membrane can also be used

10 for a battery separator for separating the positive
electrode and the negative electrode in a battery. In this
instance, it is expected to enhance battery_performance
because of a high ion permeability and to enhance the
durability of the battery because of a high fracture

15 strength.

Furthermore, the porous membrane prepared by the above-
described manufacturing method is used as a charged membrane
by introducing charged groups {(ion exchange groups). The
charged membrane is expected to achieve the effects of

20 improving ion recognition properties and enhancing the
durability because of a high fracture strength.

“Also, the porous membrane is used as an ion exchange
membrane for a fuel cell by impregnating the porous membrane

with an ion exchange resin. In particular, when methanol is

25 used as a fuel, the swelling of the ion exchange membrane
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blood purification membrane. This blood purification
10 membrane is expected to increase the properties of removing
waste products in blood, and to enhance the durability of
the blood purification membrane because of a high fracture
strength.
The porous membrane having both a three-dimensional
15 network structure and a spherical structure can be
manufactured by various techniques. For example, both the
three-dimensional network structure and the spherical
structure may be simultaneously formed of an identical resin
solution. The three-dimensional network structure may be
20 layered on at least one surface of a porous membrane having
the spherical structure. Alternatively, at least two types
of resin solutions may be dischargéd from an extrusion head
at one time to form the three-dimensional network structure
and the spherical structure simultaneously.

25 A method for simultaneously forming a three-dimensional
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resin solution will be described below. 1In this method, for
example, a thermoplastic resin is dissolved in a poor or
good. solvent for the resin to be a felatively high

5§ concentration in the range of about 20 to 60 percent by
weight. This thermoplastic resin solution is cooled to
solidify. Thus, a three-dimensional network structure and a
spherical structure are simﬁltaneously formed. The poor
solvent refers to a solvent incapable of dissolving 5

- 10 percent by weight or more of resin at a low temperature of

60°C or less, but capable of dissolving 5 percent by weight
or more of reinlat a high temperature between 60°C and tﬁe
melting point of the resin (for example, about 178°C when
the resin comprises a vinylidene fluoride homopolymer). On

15 the other hand, a solvent capable of dissolving 5 percent by
weight or more of resin at a temperature as low as 60°C or
less is defined as a good solvent. A solvent not allowing a
resin to dissolve or swell is defined as a nonsolvent. When
a polyvinylidene fluoride resin is used, e#emplary poor

20 solvents include alkyl ketones, esters, glycol esters and
organic carbonates having a medium chain length; such as
cyclohexanone, isophorone, y-butyrolactone, methyl isoamyl
ketone, dimethyl phthalate, propylene glycol methyl ether,
propylene carbonate, diacetone alcohol, and glycerol

25 triacetate; and their mixturesL A mixture of a nonsolvent
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respectively, and the resins re diss e 162G crkiHexnt POl ymer sol ution
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ont o t h&efiFFEL I3 s@%ﬁe‘gév&wlber nenbrane. The hol | ow fi ber menbrane

was then inmediately imetsed i anik¥edeso! VERénphanyannhaglpengeént by
wei ght SIS LR BY %595 p‘grgl—éérgltrby wei ght of di met hyl f ormam de. The

resul tin -,63 _holl Lher penbaase bafzanthr eeldemensreidpPrRdy wor k
structur\%‘%u?%ew%§€%f (rjlé\t,?}f(éllqde gﬁd a spherical structure on the internal
side. The thickne t pgrt-BERE0 Gk ABNSboBdLhietrabekzeneuct ure was 20 ~. m
The hol | BWF#FPet ?S’r%ﬁgrrjgngshad 5 an outer dianeter of 1.445* rrmland an i nner
di amet er _ of Theeextengaknsugliigee lof dildhydienew FiMssr menbr aner had
por &0 wi Fht gﬁggﬁ%ye Sise of rS’0. 11 <, m The water perneability

{condi ti g%:etﬂ'gﬁl(eg@e@tliy@blpr eoWa eh@ KRy codsCoutas et glndle~h. The
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el ongat i gn1 CQYRARNE VR PRI 8] drte AgLyagl s deAEOPRLSLi Y HETEFE S ier
havi ng a wei ght aver age nol ecul ar wei ght of 358 thousaﬁ?\ﬁd a Cofgl%ggfg of

et hyl ene hetdiafd iuoricie randk M rl ateries f | aremafel ¢ AR N 5apah, “Rynar’
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the resins were dissolved at 165C. This pol ynmer sol ution was di scharged
with 100 gyve! ehexannietuaesing as a lunmen fornming fluid, froma double
co-extrusion head with a tenperature of 14(2C, ang wa%l oljdified in a cool
bath with a tenpertst Eooé- DT LEPDMAFIP Py BRI HGLRDBTE sBl ution of 90

percent by wei ght - 64 cycl ohexanope. ‘The pr t drawe 1k@nd 0 tines
in water mhéhmapileﬂpéﬂamﬁéno#58é€5t58988fiailﬂ § %gﬁr%o?vw??ger menbr ane. The

resulting hollow fiber nenbrane had only.a.s i.cal Uef W rHide hol | ow
fiber nmenfioanthkadesinogted 6?&!?5118??@’ %‘flgf %%%#1%%%% an i nner dianeter of

0.90 mm The external surface of the hal | fii L deEYEanesdaties with a
breadth obf188 toml7d Lol RGPS -5 erg“\r%?laa%%an equi val ent round

diameter of 3.2 ~,m The water_.perneabjl ] ‘ did s rgidd es£ra0 ato
pressure Haviirg, 236 as Yﬁuﬁ% rﬁ?%‘r%%gﬁlaﬁ]lg&?ej ection was 70~. The

fracture strength and the fracturge 0 i B Ea il 451 dPai wditle HSes
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properties. EXAMPLE 56 15 A vinyl]j f b oes he ygeretaki ng a
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This p& yne?decesit R ﬁﬁégd#%gﬁéraﬁg g??h 100 y?butyrolactone, acting as a
| umen formng fluid, froma double co-extrusion head with a tenperature of
110C, and was solidified in a cool bath with a tenperature of 28C
cont ai ni ng an aqueous 25 solution of 80 percent by weight y-butyrolactone.
The - 65 product was drawn to 1.5 tinmes in water wiwth a tenperature of
80C to obtain a hollow fiber nmenbrane. A m xed solution containing 13
percent by wei ght of vinylidene fluoride honmopol yner having a

wei ght - aver age nol ecul ar wei ght of 284 5 thousand, 5 percent by wei ght of
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hol | ow fi ber nmenbrane had an outer dianeter of 1.59 mm and an i nner

di aneter of 0.95 mm The external surface of the hollow fiber menbrane had
pores with a nmean pore size of 0.04 ~.m The water perneability
(conditions: 20 differential pressure 50 kPa, 25C) was 0.55 nB/nRh. The
rejection was 99~. The fracture strength and the fracture el ongation were
6. 76 MPa and 55~, respectively. Thus25t ke hol |l ow fi ber nmenbrane exhi bited
excel l ent water perneability, rejection properties, strength, and
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havi ng a eehghttaver hdehn6LEERIRR RBFgAt %&rg\(‘zé’%tte%o%?é%& 346 yl;)er cent by

wei ght of pol yethyl ene ,glycol havin wei ght - r LUl twsatight 25
of 2@d hoWsantergihesd EARE BYSud gﬁ??‘e&ﬁ‘%ﬁqnéﬁ%#gﬁﬁ de, - 68 and

2,4 percent by veloht_ o SULET NS M of Myl o e surfaces o
rentr ane, vas L hen L=l . LIELSG L £l el Solustys enum 2001 e 95
e resultLng ety ane, ves, Aol as B gfn Thespodltore oberhe

o 06 and 2 10 spher] col S11 LU 00 b0y | rlgh ke s deer Themali skt of

of holl ow fiber nmenbranes. of es o] abfic&ntpat avnvefExhapl es 30
to 3225EacHeantte §°g§ﬁ+%ﬁltlg%&%%he?§§%jéegﬁigon properties than those of
the 15 conparative exanples. Table 7 Sol vent Ratlo of Dissolvi polyner
tenp. t0 (~C) solvent Conparative |Isophorone 40:60 155 Examle 30
Conparative Dinethyl 30:70 95 Exam |l e 31 sul foxi de Conparative

y-butyrol actone 38:62 170 Exanple 32 Lunen formng fluid Head Cool bath.
conposition tenp. conposition ("C) 100 wt % | sophorone 100 80 wt % | sophor on
a 90 wt % di net hyl sul foxide ag 95 90 wm % di net hyl sul foxide a 100 w %

y-butyrol actone 95 80 W%y butvrolactone a Cool Draw bath ratio tenp.

NN N N N oo NS oA N o ~ O~ . — . ~—~ " -



78Conparativel, g51:55 2.0 .Examle 31 85 1 15.00 189

75Conpar ati vel, 450, 852. 3. Exanpl e 32 EXAMPLES 61 to 63 Hol |l ow fi ber
menbranes were prepared in the sane manner 5 as in Exanple 26 except that
di met hyl f ormam de was replaced with the solvents shown in Table 9. The
resulting hollow fiber nenbranes are defined as Exanples 61 to 63. Each of
t hese hol |l ow fi ber nmenbranes had a three-di nensi onal network structure on
the external side and a spherical st#8cture on 10 the internal side. The
t hi ckness of the three-dinmensional network structure was 20 ~.m Table 9
show properties of hollow fiber nenbranes of Exanples 61 to 63.b Each
exanpl e exhi bi ted excell en e i bFty0 tej 2Ot pencpnbpblti es,
strengtqﬁsﬁhcﬁ%}r‘gﬁ'ﬂg%?ijo%.s‘glgv@ﬂ?ﬁ}% f£I'rig%lge 9 Solvent Quter Iggﬂe:r' Ext er nal
-Water Fracture Fracture i i i gendhpiret er, suhbaces ang

per meabf$ I8t s39 gt oe?%ﬁ%%?%o%ng?%ggf y (m) size ( m) (nB/n2h50

kPa) (MPa), Exanple 61 D | agehapide Lib6 Ha®To0vosds. BadIZOPS 189 9B
Exanpl €* F\F%t%@?%%g@(&agg SE 0.06 1.91 12.79 189 97 rrolidone Exanple

63 Di et hyl sulfoxi de 650,8%c8.07 2.22 12.79 189 96 EXAMPLE 64 A
vinylid%ﬂg ?Fﬁbg?geghgéggofyﬁer havi ng a wei ght s average nol ecul ar wei ght
of 7 thouaggd ¥@grn£5egbgggﬁ tMBupyEobachenbraneaofathe Fe38Nto 62

per cent by ig% , respectively, and was dissolved at a tenperature of
150C. Thij segq_l-lgﬁer t?,gl W@ dat iloaf eff athd aaapositipmddh tim $OLIENE3
percentlﬁy wei ght of vinylidene fluoride honopol yner 10 haviqg

wei ght - aver age IAKAGHY dhavediin aind8he hoomzomil ben Pheflent ‘B@l%i ght of
polyethyfbne gl'ycol having a wei ghtaverage nol ecul ar meighﬁ of 20 thousand
were m ﬁq%u\gé h B Reresyt dycinel ghimpd r thmet 3 fee ki detNScting as a

sol vent,”"and were dissolved at 150C. This pol yner solutign is.,15 referred
to as polyEinBa Ry ref sied utésis folwdiGwer B dP3ERAFYeB™ 1 r dth a doubl e
co-extrusion head with a tenperature of 110C, An_aqueous sogutkgﬂ gf 85

per ggnt gyaggiQ@tpycbydgrbéahtmnehmﬁehdamﬁéﬁﬁéﬁa%uP%tU?r§CS hdSwater with a
tenperature of 20C were respectively sprayed _to Zgﬁpghéger %OE%%H%ES A and
B to soljigify gﬁﬁeﬁptaMESSruEhereesmFtFﬁgPFﬁﬁﬁrﬁE r h&l%a "thickness of
0.175 mm One - m side of the resultin% fkgt menbr ane, corresponding to
the B sigglhadon appktedi ppnohenalrAacRoPk SPEUTETPE3ANd “the ot her side
corresponding to the A side had a spherical structurg. it has been
shown t hgb1tHe £t bdeasdingensicopainge twdii ds PeVARG & é%g tﬁgzsphericm
structure coexist. The nean pore size ,of the Hpre%; j |Eﬂf¥ggepetmork
structureom@ssitﬁﬁnrﬁm@wutbﬁeQ%&B?%ﬁ@%ﬂ& Lot Hhe Sspherical structure was
9.10 Vim The surface of the B side had pores w e ROF exsd ze of 0. 06
~, M1 5 he speicarf zeddwabithia ;Fogtbls@wsdr‘f’pofol‘%‘ez%%%b 25 n8/ n2~h. The
rejection for particles having a partigle si 0-&4Birgg M iQ8areThe
fracturersﬁﬁengmﬂuﬁﬁpﬁfﬁ?qrEﬁﬁtﬁéiQﬁ§ﬁl%ﬁ?éﬁﬁﬁgﬁ% % WP an 40~,
respectively. Thus, the flat nenbragne hagl. \SEa B Uk & aserrndrenbtreed
excel | entadfatstrebeinedbi 19 t ,n?e?e@?’?%gnac?gq%?gper?i es, strength, and.

el ongati on. EXAMPLE 65 Using.the sa | ¥Oer sephdtip8SoA 8hd Btasrin
Exanpl e 60 Banttiae? 2PdshettiVe h%?scﬁgraed fromthe external pipe and
the mddle pipe of a triple co-extrusion head while 20 an aqueous sol ution
of 85 per@&hta®§- wei ght 'y-butyrol actone, acting as a |umen forming fluid,
was di scharged framthe in i pe; s Thergégchar gedobhowr £absrwer e

soli @%ied in Wat evﬁ??P%éﬁ%éﬁéﬁ%%ur%sof 6C. The resulting hoIIomx%iber
menbrane had an_outer di of 1,58 pAFeand the iremdn 25 lditdes énDf 0. 95
nm The aFéEeéréuﬁas%Hesggﬁggégl Suffate - 72 had a three-dugfnsional
network structure and t HEQ rar ¢areeldia vigltyediaichsurdeat & Yol TS pheri cal
struct ur e JWAERc&°F lgﬁégggggh shown ?%at t he 't hr ee- di mensi onal get%ﬁ%¥
structure and_th .G e Usitdre2008xXipsd .o fThe drednl & GUTRX Y t he
three-din@ﬁ§@5ﬁ§ﬁ %gghor structure was 1.60 ~.un agﬁrgggégean di amet er of
t he spherical, str re Hb 1hQGWN. il b elth eneantd v , ¥ @H pores with a
mean porehﬁazde%ofru%%ﬁj\ﬁ%s The water perneability at 50 kPa and 25C, was
1.27 g/ nh,; T.hﬁér]gﬁjierpta abdPbPait i ciess havilml BoW 0f Heg ¥ i BEBPEFRE OF

0. 843°=n ﬁ%s:ﬁﬁi. e fracture strength and the fracture el ongation were
12. 79 MPa and 189k respectively. Thus, the hollow fiber nmenbrane had a
dense surface and exhi bited excellent water perneability, rejection
properties, strength, and elongation. 15 Industrial Applicability The
porous nenbrane of the present invention has a high strength and excell ent
wat er perneability and rejection properties. According to the nethod for
manuf acturi ng the 20 porous nmenbrane of the present invention, a porous
nmenbrane can be manufactured through reduced nunber of steps at a-~l ow cost,

- . .=



10. A porous nenbrane according to Claim1, wherein the 5 porous nenbrane
has a water perneability in the range of 0.1 to 10 nB/nR2h at 50 kPa and
25C, a rejection of 90~ or nore for particles with a particle size of 0.843
~.m a fracture strength of 2 MPa or nore, and a fracture elongation of 15~
or nore. 10 11. A porous nenbrane nodul e conprising a porous nenbrane as
set forth in Caiml. 12. A water separation apparatus conprising: a porous
menbrane nodul e as set forth in dai @71%t: and conpression neans at a raw
wat er side of the porous nenbrane nodul e or 15 suction neans at a perneate
si de of the porous nenbrane nodule. 13. A nmethod for produci ng perneate
fromraw water usin n water separatiQn, appanaiys sdamasetoe arstea ias C ai m
12. 14.f¢\rlb%<§terJ}'nsgBéFaf‘BF%88ﬁ8(i éi égaoporoush#enbrane as 20 set forth in
Claim1l. 15. A charged nenbrane c LShN0 13 RAOWT JBRIHY angrertiset, forth
in dai ‘ﬁh&.l‘llﬁ?nAng@Ilngelﬁu&gﬁpr%s%gég'pér ous rre‘g)'rsr:br ane as set forth in
Claiml. 25 17. A, bl oqd_purkfi i LARE iGOMYd S eb oy porels - 76
menbr anEhgsS3Be \lbﬂllﬁgi ﬁsﬂtgﬁem%% l%glﬁq?et hod for manufacturing a porous
menbr ane_havin ot.h a three-dy Q! Jretavgdostsdlctante andyedpheri cal
struct uWé,lCPhEgﬁg?ﬁ&? ('JGIC())m%:I’%I slchng the steps of: dissolving a 5 thefr nopl asti ¢
resin in a solvents and disschangidg ghe,418siny Stiaitdampds ool ems eXX r usi on
head® i n€81¥ 8ol i ﬁél ﬁ-’lha‘usl dﬁ’t 0 s&}élldi fspy th%Slr esin sol ution, therebi/
producing the por RDrane, g Wied eile dkddeimnt 1 coupodsini bing ofot he
cool i ngtl%eqaiu&%é’r g%%é‘sm;;gtiﬁ\r}g[y uses for one surface side of the 10 porous
menbr an d the ot U5 d ACReh FSne I9avingrebditd the fanefacturing a
por ous %@%ﬁ}’a %aoglclt(;bs{jiﬁg to C(Ieai m 18, wherein the resi}’n iSZO| u%zi on prepared
by di ssolving. the, { helfpel RSt eueesta andt beessphenichd StrUFtHRBous]y
di schar dieldn%/}m%%&ga][ umen formng fluid froma 15 doubl e co-extruysion head
into the coqling lipukd. torhe sehedi fbedinghélebg prydbei §YPPRé SFor ous

ca 1 . h . . ? L
menbr ane; and erein the cooling liquid has a different conposition from
thﬁ%oof &Q&!Hé@ﬁ‘f‘%tm Aewbkuird. iZ20Lha mebhobatbr hagn sREEEGr a porous
menbrane havi ng 20 both a three-dinensional network structure-and a
spheri cal jstruchuggi iBhgymeheototanpr ifsbey meabgeas oft o IS t he
t hr ee- di nensi onal netvvorz struecture on at | east one surface of a porous
menbr anefﬁgfﬁﬂg thaisphey bal ssippldtdr &l thputA G £ or manufacturing a
porous menbrané 25 according to Claim20, wherein a r%%irn sol u ieon IS
appl i ed onte ghel pasbusnmesbrhaece ist fonmBefotBud Hefr AT iig t he
spherical structure, followed by imersing in._a soligdifi cg&ég&ligui d,
ther eby fa@Eirne tree ihrsed-uti imensi R eRsistbr KRG it ° "7 A et hod for
manuf acturing a porous nenbrane havi ng, both a. three:dj | 9nal , ngt wor k
st rug ur g1 ianthar gephefiromla st¥ifeteneug iy rﬁ‘?%oa%(gn%ﬂg?ggi?ﬁeigt eps of:

si mul t aneously discharging a resin solution for fornj i tions
t hr ee- di mensl dedh netIwrikhss r%ﬁﬁ%c%n;i’}é ?%%‘il%tqs%?g%ﬁgn&%?o% forni ng the

spherical structure froman extrusion head, foll sgl,i-@dLtkcaki on. 23.
A et hod d Dreoshiigct LR HES aCPBiBasI REALT3NEES cgﬁﬂngxteog{él aim 22, .wherein

the resin solution for formng the, t hyee-di nensj ne b shhuglinge and
the 15 reshe ‘ébatltm@hb«?@]?-ef%ai Y{bt]f‘hg{lgpﬂg}rl?gaghg?rg%gf uF\goalr?e e

si mul taneously discharged with a | unen. {ornm ng.fLul Lem 3 ft ihel €lat
co- ext rusthe fead, babh| drEq SQnEBFEédV%it{é\a ﬁ%g ohbUs8-ta ,
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allll11Yxsnid Z] cal.cal cal.,c : & ca]cal ca
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KR{} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calig#

gnFMrw} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] calca]ca] ca]ca]ca] ca]ca]ca]calgr+



:ﬂ g Z% gag]qci] ;?Lcaa]U]Cc ajc aUc aJc aUc aJjcaljc aUc alJc aUc alJc aUc a]c

gf‘gé]z’c2{31[2J]2§22]2222l2J]2223Tt303?J]3333333333333}Wr ngb] Xj d_YTnhc”] U] cal c a]calc
alc aUc alJc aUc aJc aUc aJcalc aUc aJc aUc alJc aUc a
g]Sgg]SESngJ] c aj C. aUc a]calc aJcalUc a]ca333" 4#4L4M4T4U4|loJ]4s4w]4x44i1J]44.44]44Cl44
iy 5{vpke  ZU d_YTnhc”]]c aUc alJc aUc alJc aUc alJc aUc alJc aUc a]c
lc a]c aUc aJc aUc aJc aUc aJc &9 c aJc aUc aJc aUc aJc aUlc

side of the flat membrane and another cooling liquid is
sprayed from the other side. The method for bringing only
one side of the flat membrane into contact with a cool bath
is not particularly limited. However, for example, the flat
5 membrane may be floated on the surface of the cool bath, or
a cooling liquid may be sprayed from only one side of the
flat membrane.
Also, it is a preferred form of embodiments of the
invention that a porous substrate may -further be bonded so
10 as to support the porous membrane to give a strength to the
membrane, because the fracture strength is enhanced. The
material of the porous substrate is not particularly limited,
and organic materials and inorganic materials may be used.
However, organic materials are preferable from the viewpoint
15 of weight saving. More preferably, a woven or nonwoven
textile comprising a organic fiber, such as a cellulose
fiber, a cellulose triacetate fiber, a polyester fiber, a
polypropylene fiber, and a polyethylene fiber, may be used.
The manufacturing methqd up to this point can provide a
20 water-permeable porous membrane having high stretch
properties. However, if the water permeability is not
satisfactory, the porous membrane may further be drawn at a
draw ratio in the range of 1.1 to 5.0. This is a preferred
form of embodiments of the inﬁention because the water

25 permeability of the porous membrane 1is enhanced.
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Another method for forming a porous membrane having a
three-dimensional network structure and a spherical
structure will now be described. In this method, a layer
having a three-dimensional network structure is formed

5 afterward on at least one surface of a porous membrane
having a spherical structuré.

In this method, first, a porous menmbrane having a
spherical structure is formed. The method for forming the
porous membrane having the spherical structure is not

10 particularly limited, but, preferably, the foregoing method
may be applied.

A layer having a three-dimensional network structure is
formed on at lest one surface of the resulting porous
membrane having the spherical strucfure. The method for

15 this is not particularly limited, but, preferably, the
following method is applied. Specifically, after a resin
solution is applied onto at least one surface of the porous
membrane having the spherical structure, the membrane is
immersed in a solidification liquid. Thus, a layer having a

20 three-dimensional network structure is formed.

Exemplary resins used here include acrylic resins,
polyacrylonitrile resins, acrylonitrile-butadiene-styrene
(ARS) resins, polystyrene resins, acrylonitrile-styrene (AC)
resins, vinyl chloride resins, polyethylene terephthalate

25 resins, polyamide resins, polyacetal resins, polytarbonate



aU c ajJca
e adle Lfcag]v]ccagizcag]wccagggggy;\qf::a]g gVJ?cCaLchalu]c alc aU]c a]c ay c

Z]U]Cg]g]gU]a(l:J]g;a]c “aUlc aJc aUc aJc aUc aJc aUjc aJc aJcalUca]calc aUc

v <<<=<<<<===FFJJ(J) J} OO0 PI PPPQUQ} xsni d_ZU] ] ca] ca] ca] ca
L]cg] gaU]] gaL]cg] gaU]] ga] caljcalcalcalc al cdm]c aJcalcalc ajcalc ay c] ;ia]cc:]U]cg] -

al UQQQQZT" ThVr VXXYW\\ ArAr- R S [dbdi | FoMbt tj zgz U v} }{ vgl

gb]W1U
ool ol coce el ol coleal ol s cole il dabin) sdpinaigsaieat) cal s
g&]ﬂ%ﬂébﬁ@%&?ﬁéﬁ&%&%&&%ﬂl@g (gg%‘ Lf)az]ftf’d Sl £algsl gahrad<cal cal cal ¢
?F| VRSD9$8i M xsni {vq
e R S S e S
- L~i K- s @3 YR g%u orieb ég,o/maglizg %J&% ‘nidOPed dnd" 46898 rd.

| K- SEFS e () 91 2100@& ()- 910%& () -
'910/?& ('I)hese 10%0& OnSHE&HES h, 000kt ) re 41 08@8ab)e of being 0

blended, a polyhydric alcohol, or a surfactgnt in an amount
of 50 percent by weight or less.
Particularly preferably, a resin selected. . from the
group consisting of polysulfone resins, polyether, sulfone
10 resins, acrylic resins, polyacrylonitrile resins and
polyvinylidene fluoride resins is used because they are
chemical resistant.
A good solvent for the resin is preferably used as a
solvent for dissolving the resin. As the good solvent, the
15 foregoing substances may be used. The concentration of the
resin is generally preferably in the range of 5 to 30
percent by weight, and more preferably in the range of 10 to
25 percent by weight. If the resin concentration is less
than 5 percent by weight, the physical durability of the
20 layer having the three-dimensional network structure is
negatively affected. If the resin concentration is more
than 30 percent by weight( a high pressure 1is required when
a liquid is allowed to permeate.
The method for applying the resin solution onto at

25 least one surface of the porous membrane having the
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Also, in order to apply the solution onto the internal
10 surface of the hollow fiber membrane, preferably, the

solution is injected into the hollow fiber membrane. In
order to control the amount of the solution applied, after
the porous membrane is immersed in the solution or the
solution is applied onto the porous membrane, part of the

15 applied solution may be scraped off or blown off with an air
knife, in addition to the method of controlling the solution
amount itself.

Preferably, a solidification liquid contains a

nonsolvent for the resin. As the nonsolvent, the foregoing

20 substances may be used. By bring the resin solution into
contact with the nonsolvent, nonsolvent induced phase
separation occurs to form a layer having a three-dimensional
network structure.

The method for setting the mean pore size in the

o5 gurface in the foregoing range depends on the type of resin,
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capable of dissolving in both the solvent for the resin and
the nonsolvent causing nonsolvent induced phase separation.
Exemplary organic compounds include water-soluble polymer,

10 such as polyvinylpyrrolidone, polyethylene glycol, polyvinyl
alcohol, polyethyleneimine, polyacrylic acid, and dextran;
surfactants; glycerine; and saccharides. Preferably, the
inorganic compounds are sdluble in water. Exemplary
inorganic compounds include calcium chloride, lithium

15 chloride, and barium sulfate. Alternatively, the mean pore
size in the surface 1is controlled by selecting the type,
concentration, and temperature of the nonsolvent in the
solidification liquid so as to adjust the phase separation
speed, instead of u;ing the additive. In general, a high

20 phase separation speed leads to a small mean pore size in
the surface, and a ldw phase separation speed leads to a
large mean pore size. Also, it is advantageous to add a
nonsolvent to the resin solution for controlling the phase
separation speed.

25 gtill another method for forming a porous membrane
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two or more types of resin solution are simultaneously
dischafged from an extrusion head to form a three-
5 dimensional network structure and a spherical structure at
| one time. In this method, the_three—dimeﬁsional network
' structure and the spherical structure are formed, for
example, by discharging a resin solution for forming the
three-dimensional network structure and a resin solution for
10 forming the spherical strucfure and subsequently solidifying
the solutions. Since this method allows simulﬁaneous
formation df the three-dimensional network structure and the
spherical structure, manufacturing processes are
advantageously simplified. The resin solution for forming
15 the three-dimensional network structure is not particularly
limited as long as it is solidified to result in a three-
dimensional network structure. For example, a solution may
pe used which is prepared by dissolving a resin in a solvent
and in which nonsolvent induced phase separation is caused
20 by coming into contact with a solidification bath. The
resin solution for forming the spherical structure is not
particularly limited as long as it is solidified to result
in a spherical structure. For example, a solution may be
used which is prepared by dissolving a thermoplastic resin,

25 such as a polyvinylidene fluoride resin, in a relatively
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structure and the spherical structure is not particularly
limited. However, if the porous membrane is formed in a

10 flat membfane, a double-slit head having two slits is
preferably used. If the porous membrane 1s formed in a
hollow fiber membrane, a triple co-extrusion head is
preferably used. The resins for forming the three-
dimensional network structure and the spherical structure

15 are discharged from the external pipe and the middle pipe of
the triple co-extrusion head and a lumen forming fluid is
discharged from the internal pipe, while they are solidified
in a cool bath. Thus, a hollow fiber membrane is formed.
According to this method, for manufacturing a hollow fiber

20 membrane, the amount of lumen forming fluid can
advantageously be set to be smaller than that of the cooling
liguid used for forming a flat membrane. BY discharging the
resin for forming a tﬁree—dimensional network Structure and
the resin for forming a spherical stfucture from the

25 external pipe and the middle pipe, respectively, a hollow
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5 st;ucture and the resin for forming the spherical structure
from the middle pipe and the external pipe, respectively, a
hollow fiber membrane can be obtained which has the three-
dimensional network structure on the internal side and the
spherical strﬁcture on the external side.

10 The above-described porous membrane is used as a porous
membrane module which is housed in a case having a raw water
inlet, a permeate outlet, and the like. A porous membrane
formed in a hollow fiber membrane is uses as a hollow fiber
membrane module.

15 Fig. 9 shows an example of the hollow fiber membrane
module. Several hundreds to tens of thousands of hollow
fiber membranes 2 are tied in a bundle to prepare a hollow
fiber bundle 3. The hollow fiper bundle 3 is housed in a
cylindrical case 1. Both ends of the cylindrical case 1 are

20 sealed with sealants 3A and 3B secured to the internal walls
of the cylindricel case 1. A filtration chamber 4 is
provided in the space between the sealants 3A and 3B in the
cylindrical case. The hollow fiber bundle 3 is placed in
the filtration chamber 4.

25 The hollow fiber bundle 3 may be disposed in a U shape
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5 The sealants 3A and 3B are formed by injecting a fluid

resin into the interstices between the hollow fiber
membranes constituting.the hollow fiber bundle and,
subsequently, solidifying the resin. The solidified resin,
- constituting the sealants 3A and 3B, is integrated with the
10 hollow fiber membranes 3 and further integrated with the
internal walls of the cylindrical case 1-(such a sealing
manner with a.resin is referred to as potting).

When potting is performed, the portions corresponding
to the ends of the openings of the completed hollow fiber

15 membranes 2, acting as a final product, are filled with a
resin or crashed to'close the openings in advance so that
the potting resin is prevented from permeating. After
potting, part of the sealants formed by potting is cut away
such that the previously filled portions of the lumens are

20 removed.

In this drawing, raw water is supplied to the
filtration chamber under pressure. The raw water reaches
the lumens of the hollow fiber membranes through the hollow
fiber membranes in the filtration chamber. During this flow,

25 the raw water is filtrated to be permeate. The permeate is
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subsequently supplied to the membrane module 3. The

pressure of the suppligd raw water is measured with a

10 .pressure gauge 4, if necessary. The raw water is separated
into permeate and concentrated water through the membrane
module 3. In the apparatus in the drawing, the concentrated
water is drained outside and the permeate is stored in a
treated water tank 5. 1In the apparatus in the drawing, a

15 backwash water tank 7 is provided. BY delivering water in a
direction reverse to a normal direction, the membrane module
3 is cleaned. This water flow is controlled by valves 6a to
6d. As the compression means, pressure caused by the
difference of water levels may be used instead of the pump.

20 A pump or a siphon may be used as the suction means.

Oon the other hand, a flat porous membrane is used as a
spiral element or a plate~and-frame element. These elements
are also provided wiEh at least compression means at the raw
water side or suction means at the permeate side. As the

25 compression means, a pump may be used, or pressure caused by
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5 manner with a feed water spacer 17 wrapped therein is wound
on a center pipe 16 in a spiral manner with a permeate
spacer 19 in gaps between turns of the membrane. A brine
seal 20 is provided at one end of the spiral element. The
spiral element 15 guides water supplied, under a_prescribed.

10 pressure, from the brine seal 20 side to the porous membrané
18 through the permeate spacer 19. Permeate which has
passed through the porous membrane 18 is taken out through
the center pipe 16.

such an element having this structure can have a

15 membrane area larger than that of a plate-and-frame element,
described later, and, accordingly the.amount of permeate can
advantageously be set large. However, the spiral element is
rather vulnerable to contaminétion. It is, therefore,
suitable for clean raw water (such as clean sea water, brine

20 water, and river water).

Fig. 12 shows an example of a plate-and-frame element.
A permeate spacer 28 and a porous membrane 29 are disposed
in that order on both surfaces of a supporting plate 27
having a high.stiffness and the periphery is water-tightly

55 fixed. Each surface of the supporting plate 27 has
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protuberances and a recess. The porous membrane 29 filters
out impunities in water. ‘The permeate spacer 28 is intended
to efficiently deliver the permeate filtered through the
porous membrane 29 to the supporting plate 27. The permeate
5 flowing to the supporting plate 27 is taken out outside
through the recesses of the supporting plate 27. The
permeate spacer 28 and the porous membrane 29 aré disposed
at only one surface side of the supporting plate 27.
However, by disposing them at both surfaces, the membrane
10 area can be increased.
In such an element having the above-described structure,
the permeate filtered through the porous membrane 29 passes
through the permeate spacer 28 and the recess of the

supporting plate 27, and is finally taken out of a permeate

15 outlet 30 to the outside of the element.

A porous membrane module is such that a plurality of
above-described elements are disposed, in a housing,
parallel to one another such as to form spaces between the
surfaces thereof.

20 A fuel cell membrane will now be described with
reference to a drawing. Fig. 13 is a schematic illustration
of an MEA (membrané electrode assembly) of a direct methanol
fuel cell. An electrolyte 31 is disposed between an anode
32 and a cathode 30. By supplying methanol, acting as a

25  fuel, to the anode side, an electromotive force is generated.
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The pores of the porous membrane of the present invention is
impregnated with an electrolyte, such as a_polymer
electrolyte. Thus, the porous membrane is used as the
electrolyte membrane 31l.
5 The present invention will further be described using
. concrete examples. However, the present invention is not
limited by these examples.
In order to determine the mean pore size of porous
membranes and the mean diameter of the spherical structure

10 in examples, a cross section of each porous membrane was
photographed at a magnification of 1,000 or 10,000 through
an SEM (5-800) (manufactured by Hitachi, Ltd.f. The pore
sizes and the diameters in the spherical structure of
arbitrary 10 to 50 pores were measured and number-averaged.

15 TIn order to determine the mean pore size in the surface of a
porous membrane, a Cross section of the porous membrane was
photographed'at a magnification of 1,000 or 10,000 through
the above-mentioned SEM. The pore sizes of arbitrary 10 to
50 pores were measured and number-averaged.

20 The measurements of the water permeability and
rejection property of the hollow fiber porous membrane were
performed on a miniature module of 200 mm in length |
including four hollow fiber membranes. In the case of the
flat porous membrane, the measurements were performed on a

25 membrane which is cut to a circle of 50 mm in diameter and
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set in a cylindrical filtration holder. Reverse osmosis
membrane treated water was entirely filtered for 30 minutes
by external pressure at a temperature of 25°C and a
differential pressure of 16 kPa. The quantity of permeate

5 (m3) was converted into a value per hour (h) and a value per
effective membrane area (m?) . Theée values were further
multiplied by 50/16 and converted intoc a value at a pressure
of 50 kPa. Thus, the water permeability was determined.
Water in which polystyrene latex particles having a mean

10 particle size of 0.843 pm were dispersed was entirely
filtered for 30 minutes by external pressure at a
temperature of 25°C and a differential pressure of 16 kPa.
Thg rejection property were determined from the ratio of the
latex particle concentration in raw water to that in

15 permeate. These latex particle concentrations are obtained
by measuring absorption coefficients of ultraviolet light
having a wavelength of 240 nm. The absorption coefficients
of ultraviolet light having a wavelength of 240 nm were
measured with a spectrophotometer (U-3200) (manufactured by

20 Hitachi, Ltd.).

The fracture strength and the fracture elongation were
determined by a tensile test using a tensile tester
(TENSILON/RTM—lOb) (manufactured by Toyo Baldwin). The
tensile test was performed on five samples having a

25 measurement length of 50 mm at a tensile speed of 50 mm/min,
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and obtained fracture strengths and fracture elongations
were averaged.
EXAMPLE 1

A vinylidene fluoride homopolymer having a weight-

5 average molecular weight of 417 thousand in an amount of 38
percent by weight was mixed with 31 percent by weight of y-
‘putyrolactone and 31 percent by weight of diethylene glycol
and dissolved at a temperature of 200°C. This resin
solution was discharged with y-butyrolactone, acting as a

10 lumen forming fluid, from a double co-extrusion head with a
temperature of 190°C, and was solidified in a bath with a
temperature of 12°C confaining an adqueous solution of 80
percent by weight y-butyrolactone. The resulting hollow
fiber membrane had an outer diameter of 1.60 mm and an inner

15 diameter of 0.90 mm. Fig. 1 shows an SEM photograph of an
entire section of the hollow fiber membrane; Fig. 2 shows an
SEM photograph of a section around the external surface; énd
Fig. 3 shows an SEM photograph of a section around the
internal surface. The area around the external surface had

20 a three-dimensional network structure and the area around
the internal surface had a spﬁerical structure. Hence, it
has been shown that the three-dimensional network structure
and the spherical structure coexist. The mean pore size of
the three-dimensional network structure was 1.63 um, and the

25 mean diameter of the spherical structure was 4.06 um. The
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water permeability at 50 kPa and 25°C was 0.30 m3/m?2:h. The
rejection for particles having a particle size of 0.843 pum
was 98%. The fracture strength and the fracture elongation
were 7.8 MPa and 104%, respectively. Thus, the hollow fiber
5 membrane had a dense surface and exhibited excellent water
pefmeability, rejection properties, strength, and elongation.
EXAMPLE 2
A vinylidene fluoride homopolymer having a weight-
average molecular weight of 417 thousand in an amount of 38
10 percent by weight was mixed with 31 percent by weight of y-
pbutyrolactone and 31 percent by weight of diethylene glycol
and dissolved at a temperature of 200°C. This resin
solution was discharged with y-butyrolactone, acting as a
lumen forming fluid, from a double co-extrusion head with a
15 temperature of 180°C, and was solidified in a bath with a
temperature of 17°C containing an agqueous solution of 80
percent by weight y-butyrolactone. The resulting hollow
fiber membrane had an outer diameter of 1.50 mm and an inner
diameter of 0.92 mm. The area around the exte¥nal surface
20 had a three-dimensional network structure and the area
around the internal surface had a.spherical structure.
Hence, it has been shown that the three—dimehsional network
structu£e and the spherical structure coexist. The mean
pore size of the three-dimensional network structure was

25 1.73 pm, and the mean diameter of the spherical structure
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was 4.89.um. The water permeability at 50 kPa and 25°C was
0.35 m3/m2-h. The rejection for particles having a particle
size of 0.843 um was 97%. The fracture strength and the
fracture elongation were 8.8 MPa and 100%, respectively.

5 Thus, the hollow fiber membrane had a dense surface and
exhibited excellent water permeability, rejection propertiés,
strength, and elongation. |
EXAMPLE 3

A vinylidene fluoride homopoiymer having a weight-

10 average molecular weight of 417 thousand in an amount of 38
percent by weight was mixed with 41 percent by weight of y-
butyrolactone and 21 percent by weight of diethylene glycol
and dissolved at a temperature of 200°C. This resin
solution was discharged with y-butyrolactone, acting as a

15 lumen forming fluid, from a double co-extrusion head with a
temperature of 160°C, and was solidified in a bath with a
temperature of 12°C containing an adqueous solution of 80
percent by weight y—butyrolactone. The resulting hollow
fiber membrane had an outer diameter of 1.54 mm and an inner

20 diameter of 0.93 mm. The area around the éxternal surface
had a three-dimensional network structure and the area
around the internal surface had a spherical structure.
Hence, it has been shown that the three-dimensional network
structure and the spherical structure coexist. The mean

25 pore size of the three-dimensional network structure was
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1.26 um, and the mean diameter of the spherical structure
was 2.61 pm. .The water permeability at 50 kPa and 25°C was
0.20 m3/m2-h. The rejection for particles having a particle
size of 0.843 pm was 99%. The fracture strength and the

5  fracture elongation were 5.5 MPa and 99%, respectively.
Thus, the hollow fiber membrane had a dense surface and
exhlblted excellent water permeability, rejection properties,
strength, and elongation.
EXAMPLE 4

10 A vinylidene fluoride homopolymer having a weight-
average molecular weight of 417 thousand in an amount of 38
pereent by weight was mixed with 41 percent by weight of vy-
butyrolactone and 21 percent by weight of diethylene glycol
and dissolved at a temperature of 200°C. This resin

15 solution was discﬁarged with y-butyrolactone, acting as a
lumen forming fluid, from a double co-extrusion head with a
temperature of 150°C, and was solidified in a bath with a
temperature of 14°C containing an aqueous selution of 80
percent by weight y-butyrolactone. The resulting hollow

20 fiber membrane had an outer diameter of 1.56 mm and an inner
diameter of 0.98 mm. The area around the external surface
had a three-dimensional network structure and the area
around the internal surface had a spherical structure.
Hence, it has been shown that the three-dimensional network

25 structure and the'spherical structure coexist. The mean
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poré size of the three-dimensional network structure was
1.22 um, and the mean diameter of the spherical structure
was 3.51 pm. The water permeability at 50 kPa and 25°C was
0.25 m3/m2-h. The rejection for particles having a particle
5 size of 0.843 pum was 98%. The fracture strength and the
fracture elongation wére 6.0 MPa and 23%, respectively.
Thus, the hollow fiber membrane had a dense surface and
exhibited excellent water permeability, rejection properties,
strength, and elongation.
10 EXAMPLE 5
A vinylidene fluoride homopolymer having a weight-
average molecular weight of 417 thousand in an amount of 38
percent by weight was mikxed with 31 percent by weight of y-
butyrolactone and 31 percent by weight of diethylene glycol
15 and dissolved at a temperature of 200°C. This resin
solution was discharged from a slit head with a temperature
of 190°C. y-butyrolactone with a temperature of 12°C was
sprayed onto on surface of the discharged resin and an
aqueous solution of 80 percent by weight of y-butyrolactone
'20 was sprayed onto the other surface. Thus the resin was
solidified. The resulting flat membrane had a thickness of
0.175 mm. One surface of the resin had a three-dimensional
network structure and the other surface had a spherical
structure. Hence, it has been shown that the three-

25 dimensional network structure and the spherical structure
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coexist. The mean pore size of the three-dimensional
network structure was 1.60 pm, and the mean diameter of the
spherical structure was 4.10 pm. The water permeability at
50 kPa and 25°C was 0.25 m3/m2-h. The rejection for

5 particles having a particle size of 0.843 um was 98%. The
fracture strength and the fracture elongation were 7.5 MPa
and 40%, respectively. Thus, the flat membrane had a dense
surface and exhibited excellent water permeability,
rejection properties, strength, and elongation.

10 COMPARATIVE EXAMPLE 1

A vinylidene fluoride homopolymer having a weight-
average molecular weight of 417 thousand was mixed with
dimethyl sulfoxide at a ratio of 20 to 80 percent by weight,
respectively, and was dissolved at a temperature of 70°C.

15 This resin solution was discharged with an adqueous solution
of 50 percent by weight dimethyl sulfoxide, acting as a
lumen forming fluid, from a double co-extrusion head with a
temperature of 50°C, and was solidified in a bath with a
temperature of 50°C containing an aqueous solution of 50

20 percent by weight dimethyl sulfoxide. The resulting hollow
fiber membrane had an outer diameter of 1.40 mm and an inner
diameter of 0.98 mm. The external surface of the resin had
a dense layer and the internal surface had an asyﬁmetrical
three-dimensional network structure with macro voids. There

25 was no spherical structure. The water permeability at 50
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kPa and 25°C was as low as 0.08 m3/m2-h. The rejection for
particles having a particle size of 0.843 pum was 99%. The
fracture.strength and the fracture elongation were 1.0 MPa
and 48%, respectively. Thus, the strength was low.

5  COMPARATIVE EXAMPLE 2

A vinylidene fluoride homopolymer having a weight-

average molecular.weight of 417 thousand was mixed with y-
butyrolactone at a ratio of 38 to 62 percent by weight,
respectively, and was dissolved at a temperature of 170°C.

10 This resin solution was discharged with y-butyrolactone,
acfing as a lumen forming fluid, from a double co-extrusion
head with a temperature of 100°C, and was solidified in a
cool bath with a temperature of 20°C containing an aqueous
solution of 80 percent by weight y-butyrolactone. The

15 resulting hollow fiber membrané had an outer diameter of
1.01 mm_and an inner diameter of 0.72 mm. Fig. 4 shows an
SEM photograph of an entire section of this hollow fiber
membrane; Fig. 5 shows an SEM photograph of a section around
the external surface; and Fig. 6 shows an SEM photograph of

20 a section around the internal surface. This membrane had

. only a spherical structure having a mean diameter of 2.75 pm.

The water permeability at 50 kPa and 25°C was 0.30 m3/m?-h.
The rejection for particles having a particle size of 0.843
pum was 80%. The fracture strength and the fracture

25 elongation were 5.3 MPa and 48%, respectively. Although the
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hollow fiber membrane exhibited an excellent water
permeability, strength, and elongation, its rejection
properties were inferior.
EXAMPLE 6
5 A catalyst-supporting carbon (catalyst: 29.2 percent by
weight of platinum and 15.8 percernt by weight of ruthenium,
carbon: Vulcan (registered trade mark) XC-72 produced by
cabot) was added into a Nafion (registered trade mark)
solution (bought from Aldrich) such that the weight ratio
10 was 1 to 1. The mixture was sufficiently stirred to prepare
a catalyst-polymer composition. This catalyst-polymer
~composition was applied onto one surface of a carbon paper
TGP-H-060, produced by Toray, to prepare an electrode base
with an electrode catalyst layer, supporting 3 ng/cm? of
15 platinum.
on the other hand, the flat membrane produced in
Example 5 was immersed in a Nafion (registered trade mark)
solution (bought from Aldrich) and subsequently dried to
prepare an ion exchange membrane. Two electrode bases with
20 an electrode catalyst layer, described above, were layered
on both surfaces of the resulting ion exchange membrane.
The ion exchange membrane Serves as an electrolyte membrane.
Respective two electrode bases serve as a cathode and an
anode. The electrodes bases were disposed such that each

25 electrode catalyst layer side of the bases opposes the ion
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exchange membrane. This composite was hot-pressed under the
conditions of 130°C and 5 MPa. Thus, a membrane-electrode
integrated unit was prepared.
The resulting membrane-electrode integrated unit was
5 incorporated into a fuel cell. BAn aqueous solution of 64
percent by weigh methanol and air were supplied to the anode
side and the cathode side, respectively. The fuel cell
outputs a maximum power of 0.5 mW/cm? and, thus, exhibited
excellently high power éroperties. This is probably because
10 the swelling of the ion exchange membrane with methanol is
suppressed and the leak of methanol through the ion exchange
membrane from the anode to cathode, that is, crossover, is
prevented.
COMPARATIVE EXAMPLE 3
15 Electrode bases with an electrode catalyst layer,
prepared under the same conditions as in Example 6 were
layered on both surfaces of an ion exchange membrane Nafion
(registered trade mark) 117 (0.175 mm in thickness),
produced by Du Pont. The electrode bases were disposed such
20 that each electrode catalyst layer side of the bases opposes -
_the ion exchange membrane. This composite was hot-pressed
under the same conditions as in Example 6. Thus, a
membrane-electrode integrated unit was prepared.
The resulting membrane-electrode integrated unit was

25 evaluated under the same conditions as in Example 6. The

“wy| ~eK, 3 109B& ()-3
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maximum power was as low as 0.1 mW/cm2., This is probably
because the ion exchange membrane Nafion (registered trade
mark)-117 was welled with methanol and, consequently,
crossover of methanol occurred.

5 EXAMPLES 7 to 18 and COMPARATIVE EXAMPLES 4 to 15

Hollow fiber membranes were prepared by the following

method. First, hollow fiber membranes of Comparative
Examples 4 to 15 were prepared under the conditions shown in
Table 1. Vinylidene fluoride homopolymer was mixed with a

10 solvent to be dissolved. The solution was discharged with a
lumen forming fluid from a double co-extrusion head and
solidified in a cool bath. Each hollow fiber membrane had
only a spherical structure.

Next, A mixed solution containing 13 percent by weight

15 of vinylidene fluéride homopolymer having a weight-average
molecular weight of 284 thousand, 5 percent by weight of
polyethylene glycol having a weight-average molecular weight
of 20 thousand, 79 percent by weight of dimethylformamide,
and 3 percent by weight of water was uniformly applied onto

20 the surfaces of the hollow fiber membranes of Comparative
Examples 4 to 15. These hollow fiber membranes were
immediately immersed in a mixed solvent containing 95
percent by weight of water and 5 percent by weight of
dimethylformamide to solidify the solution. These are

55 defined as Examples 7 to 18. These hollow fiber membranes
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each had a three-dimensional network structure on the
external side and a spherical structure on the internal side.
The thickness of the three-dimensional network structure was
20 ym. Table 2 show properties of hollow fiber membranes of
5 Examples 7 to 18 and Comparatlve Examples 4 to 15. Each
example exhibited higher rejectlon properties than those of

the comparative examples.
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Table 2 .
Base hollow] Outer Inner External Water Fracture| Fracture [Rejection
fiber diameter|diameter|surface pore permeability strengthlelongation| property

nembrane {rmmm) (mm) size (pm) |(m’/m?-h-50 kPa)| (MPa) (%) (%)

Example 7 [Comparative 1.74 0.99 0.04 0.20 3.29 75 99
Example 4 .

Example 8 [Comparative 1.67 1.00 0.03 0.27 5.03 68 99
Example 5

Example 9 [Comparative 1.56 0.88 ©0.10 0.35 6.70 59 97
Example 6 )

Example 10 [Comparative 1.48 0.92 0.19 0.39 3.90 63 95
Example 7

Example 11 [Comparative 1.55 0.89 0.18 : 0.20 5.66 58 95
Example 8 )

Example 12 [Comparative 1.32 0.78 0.09 0.15 4.40 60 97
Example 9

Example 13 [Comparative 1.26 0.74 0.09 0.20 5.76 59 97
Example 10

Example 14 (Comparative 1.37 0.99 0.05 0.40 7.10 243 99
Example 11 :

Example 15 |Comparative 1.53 1.15 0.17 2.39 4.66 70 %6
Example 12

Example 16 |Comparative 1.90 1.14 0.10 0.41 3.35 80 97
Example 13

Example 17 [Comparative 1.44 0.85 0.04 0.26 7.02 63 99
Example 14

Example 18 Comparative] 1.38 0.93 0.06 0.31 10.69 75 98
Example 15

Comparative - 1.70 0.99 0.78 0.35 3.53 75 86

Example 4 .

Comparative - 1.63 1.00 0.69 0.455 5.43 68 87

Example 5

Comparative -- 1.52 0.88 2.20 0.605 7.23 59 76

Example 6

Comparative - 1.44 0.92 5.00 0.675 4.217 63 50

Example 7 .

Comparative - 1.51 0.89 4.60 0.34 6.13 58 53

Example 8

Comparative - 1.28 0.78 1.80 0.24 4.85 60 79

Example 9

Comparative -- 1.22 0.74 1.70 0.34 6.37 59 80

Example 10 )

Comparative -- 1.33 0.99 0.95 0.68 8.07 243 - 84

Example 11

Comparative - 1.49 1.15 4.30 4.11 5.29 70 56

Example 12 )

Comparative - 1.86 1.14 2.10 0.70 3.58 80 1

Example 13

Comparative - 1.40 0.85 0.80 0.445 7.67 63 85

Example 14

Comparative -- 1.34 0.93 1.10 0.535 11.94 75 83

Example 15
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EXAMPLES 19 to 30 énd COMPARATIVE EXAMPLES 16 to 27
Hollow fiber membranes were prepared by the following

method. First, hollow fiber membranes of Comparative
Examples 16 to 27 were prepared under the conditions shown

5 in Table 3. Vinylidene fluoride homopolymer was mixed with
a solvent to be dissolved. The solution was discharged with
a lumen forming fluid from a double co-extrusion head and
solidified in a cool bath. Then, the product was drawn in a
drawing bath. Fig. 7 shows an SEM photograph of a cross

10 section around the external surface of a hollow fiber
membrane prepared in Comparative Example 23, as a typical
example. Each hollow fiber membrane of Comparative Examples
16 to 27 had only a spherical structure. A mixed solution
containing 13 percent by weight of vinylidene fluoride

15 homopolymer having a weight-average molecular weight of 284
thousand, 5 percent by weight of polyethylene glycol having
a weight-average molecular weight of 20 thousand, 79 percent
by weight of dimethylformamide, and 3 percent by weight of
water was uniformly applied onto the surfaces of the hollow

20 fiber membranes of Comparative Examples 16 to 27. These
hollow fiber membranes wefe immediately immersed in a mixed
solvent containing 95 percenf by weight of water and 5
percent by weight of dimethylformamide to solidify the
solution. These are defined as Examples 19 to 30. Fig. 8

25 shows an SEM photograph of a cross section around the
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external surface of a hollow fiber membrane prepared in
Example 26, as a typical example. Each hollow fiber
membrane of Examples 19 to 30 had a spherical structure on
the internal side and a three-dimensional network structure
5 on the external side. The thickness of the three-
dimensional network structure was 20 pm. Table 4 show
properties of hollow fiber membranes of Examples 19 to 30
and Comparative Examples 16 to 27. Each example exhibited
higher rejection properties than those of the comparative

10 examples.
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Table 4
Base hollow| Outer Inner External External External Water Fracture| Fracture |Rejection
fiber diameter|diameter| surface surface surface |permeabilityjstrength elongation|property
membrane (mm) (mm) |pore width|pore length|pore size (m¥/m?-h+50 (MPa) (%) (%)
{(pm) {pm) (pm} kPa)
Example 19 |Comparative| 1.59 0.95 - - 0.04 0.55 6.76 55 99
Example 16
Example 20 |[Comparative| 1.44 0.9 - - 0.03 0.73 12.35 50 99
Example 17
Example 21 [Comparative| 1.34 0.75 - - 0.12 1.05 17.42 48 97
Example 18
Example 22 |[Comparative| 1.24 0.7 - - 0.18 1.40 7.27 50 95
. | Example 19
Example 23 |Comparative 1.39 0.8 - - 0.19 0.61 13.34 45 95
Example 20
Example 24 |[Comparative| 1.11 0.64 - - 0.04 0.50 7.89 46 99
Example 21
Example 25 |Comparative| 1.20 0.68 - - 0.03 0.99 8.81 41 99
Example 22
Example 26 |Comparative 1.56 0.95 -~ - 0.04 1.27 12.79 189 929
Example 23
Example 27 |[Comparative 1.47 1.07 - - 0.12 2.91 6.39 46 97
Example 24
Example 28 |Comparative| 1.53 0.93 - - 0.11 0.79 6.94 56 97
Example 25
Example 29 [Comparative| 1.44 0.9 -— - 0.17 0.82 9.98 54 96
Example 26
Example 30 |Comparative| 1.99 1.55 -- - 0.05 1.19 4.25 32 99
Example 27
Comparative - 1.55 0.95 0.96 3.2 1.75 0.95 7.33 55 79
Example 16
Comparative - 1.4 0.9 0.65 2.4 1.25 1.25 13.57 50 82
Example 17
Comparative -— 1.3 0.75 1.95 9.8 4.37 1.80 19.05 48 55
Example 18
Comparative - 1.2 0.7 3.20 18.3 7.65 2.40 8.02 50 25
Example 19
Comparative - 1.35 0.8 2.80 26.4 8.60 1.05 14.57 45 20
Example 20
Comparative - 1.07 0.64 1.10 3.0 1.82 0.85 8.83 46 79
Example 21
Comparative - 1.16 0.68 0.50 5.0 1.58 1.70 9.75 41 8l
Example 22
Comparative -- 1.52 0.95 1.30 4.2 2.34 2.18 14.68 189 75
Example 23
Comparative - 1.43 1.07 3.00 6.2 4.31 5.00 7.21 46 56
Example 24
Comparative -— 1.49 0.93 2.50 6.0 3.87 1.35 7.56 56 62
Example 25
Comparative - 1.4 0.9 3.30 15.1 7.06 1.40 10.97 54 30
Example 26 .
Comparative - 1.95 1.55 1.00 4.1 2.02 2.05 4.73 32 78
Example 27
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EXAMPLES 31 to 42
A solution containing 8 percent by weight of

polyacrylonitrile polymer having alweight-ave:age molecular
weight of 400 thousand and 92 percent by weight of dimethyl

5 sulfoxide was applied onto the surfaces of Comparative
Examples 16 to 27. These hollow fiber membranes were
immediately immersed in a mixed solvent containing 90
percent by weight of watef and 10 percent by weight of
dimethyl sulfoxide to solidify the solution. These are

10 defined as Examples 31 to 42. These hollow fiber membranes
of Examples 31 to 42 each had a three-dimensional network
structure on the external side and a spherical structure on
the internal side. The thickness of the three-dimensional
network strugturé was 20 to 30 pum. Table 5 show properties

15 of hollow fiber membranes of Examples 31 to 42. Each
example exhibited higher rejection properties than those of

the comparative examples.



1098&' ()-3 109B&' () -

109B& ()-3 109B& ()-3 109B& ()-3 109B& ()- 369<?BEeF+3 109B& (3

1098& ()-3 1098B& ()-3 1098B& ()-3 109B& ()-3 109B& (

)-3

! I"##Y . T Qu)3 109B& ()-3 109B& ()-3 109B& ()-
10988 ()-3 109B& ()-#$&),.03i J+3 109B& ()- 3 10%&'()-3()10%&'()-03() °

1098B& ()- EFHILNMV F+3 1098B& ()-3 1098B& ()-3 1098B& ()-3 109B& )
| | - YL T
Qu) NPQUX\ cj K 3 109B& ()-3 109B& ()-3 109B& ()-3 109B& ()-3 (12)%3&' ()-3

109B&' () -
BE& () -3 _'80 -
Table 5
Base hollow| Outer Inner External External |External Water Fracture| Fracture [Rejection
fiber diameter|diameter| surface surface surface |permeability|strength|elongation|property
membrane {rm) (mm) [pore width|pore lengthjpore size (m®/m?-h-50 (MPa) (%) (%)
{pm) {pm) {(pm) kPa)
Example 31{Comparative{ 1.60 0.95 -— - 0.01 0.17 6.85 54 99
Example 16
Example 32|Comparative| 1.44 0.9 - -- 0.02 0.19 12.40 53 99
Example 17
Example 33|Comparative| 1.35 0.75 - - 0.02 0.25 17.02 52 99
Example 18
Example 34|Comparative| 1.25 0.7 - - 0.01 0.30 6.99 53 99
Example 19
Example 35|Comparative| 1.39 0.8 - -- 0.01 0.18 13.02 41 99
Example 20
Example 36|Comparative| 1.12 0.64 - -- 0.02 0.12 7.97 42 99
Exanmple 21
Example 37|Comparative| 1.20 0.68 - - 0.01 0.16 8.21 44 99
Example 22
Example 38|Comparative| 1.57 0.95 - - 0.01 0.29 12.23 179 99
Example 23
Example 39|Comparative| 1.48 1.07 - - 0.02 0.34 6.50 50 99
Example 24
Example 40|Comparative| 1.53 0.93 - - 0.01 0.18 6.58 54 99
Example 25
Example 41|Comparative] 1.45 0.9 - -- 0.02 0.20 9.56 59 99
Example 26
Example 42[Comparative| 1.99 1.55 - - 0.02 0.27 4.32 33 29
Example 27
EXAMPLES 43 to 54
A solution containing 2 percent by weight of
5 polysulfone having a weight-average molecular weight of 47
thousand, 6 percent by weight of polysulfone having a
weight-average molecular weight of 59 thousand, 3 percent by
weight of polyvinylpyrrolidone having a weight-average
molecular weight of 1200 thousand, 88 percent by weight of
10 dimethylacetamide, and 1 percent by weight of water was

applied onto the surfaces of Comparative Examples 16 to 27.

These hollow fiber membranes were immediately immersed in a

solidification bath with a temperature of 40°C containing 10
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percent by weight of mixed solvent containing 10 percent by
weight of dimethyl sulfoxide, 30 percent by weight of
dimethylacetamide, and 60 percent by weight of water to

solidify the solution. These are defined as Examples 43 to

109B& ()-3 109B& ()-qWBsY?3 103

5 54. These hollow fiber membranes of Examples 43 to 54 each
had a three-dimensional network structure on the external
side and a spherical structure on the internal side. The
thickness of the three-dimensional network structure was
about 30 pm.
10 Table 6 show properties of hollow fiber membranes of
Examples 43 to 54. Each example exhibited higher rejection
properties than those of the comparative examples.
Table 6 _
Base hollow| Outer Inner External External | External Water Fracture| Fracture |Rejection
fiber diameterd;ameter surface surface surface |permeability|strength elongation| property
membrane (rm} (mm}) |pore width|pore length|pore size (n/m?+h+50 (MPa) (%) (%)
(pm) (pm) (pm) kPa)
Example Comparative| 1.60 0.95 -- - 0.02 0.20 6.23 56 99
Example 16
Example Comparative| 1.44 0.9 - -- 0.03 0.21 12.59 60 99
Example 17
Example Comparativel 1.35 0.75 -— - 0.02 0.29 17.33 53 99
Example 18
Example Comparative| 1.25 0.7 - - 0.03 0.36 6.68 70 99
Example 19
Example Comparative| 1.39 0.8 - -- 0.02 0.32 13.24 45 99
Example 20
Example Comparative| 1.12 0.64 - - 0.03 0.25 8.23 46 99
Example 21
Example Comparative| 1.20 0.68 - - 0.01 0.26 B8.50 42 99
' Example 22
Example Comparative| 1.57 0.95 -- - 0.02 0.33 12.10 180 99
Example 23
Example Comparative| 1.48 1.07 - - 0.02 0.40 6.74 63 99
Example 24
Example Comparative] 1.53 0.93 -- -- 0.01 0.20 6.56 55 99
Example 25
Example Comparative| 1.45 0.9 -— - 0.03 0.36 9.30 73 99
Example 26
Example Comparative] 1.99 1.55 - -— 0.02 0.40 4.11 41 99
Example 27
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EXAMPLE 55
A vinylidene fluoride homopolymer having a weight-

average molecular weight of 358 thousand, a copolymer of

5 ethylene tetrafluoride and vinylidene fluoride (ATOFINA
Japan, Kynar (registered trade mark) 7201, weight ratio:
3:7), and cyclohexanone Wwere mixed in amounts of 30, 10, and
60 percent by weight, respectively, and the resins were
dissolved at 165°C. This polymer solution was discharged

10 with 100% cyclohexanone, acting as a lumen forming fluid,
from a double co-extrusion head with a temperature of 145°C,
and was solidified in a cool bath with a temperature of 30°C
containing an aqueous solution of 90 percent by weight
cyclohexanone. The product was drawn to 3.0 times in water

15 with a temperature of 80°C to obtain a hollow fiber membrane.
A mixed solution containing 13 percent by weight of
vinylidene fluoride homopolymer having a weight-average
molecular weight of 284 thousand, 5 percent by weight of
polyethylene glycol having a weight-average molecular weight

20 of 20 thqusand, 79 percent by weight of dimethylformamide,
and 3 percent by weight of water was uniformly applied onto
the surfaces of this hollow fiber membrane. The hollow
fiber membrane was then immediately immersed in a mixed
solvent containing 95 percent by_weight of water and 5

25 percent by weight of dimethylformamide. The resulting
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dissolved at 165°C. This polymer solution was discharged
with 100% cyclohexanone, acting as a lumen forming fluid,
from a double co-extrusion head with a temperature of 145°C,

and was solidified in a cool bath with a temperature of 30°C

25 containing an aqueous solution of 90 percent by weight
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10 m3/m?2-h. The rejection was 70%. The fracture strength and
the fracture elongation were 17.15 MPa and 55%, respectively.
Thus, this hollow fiber membrane exhibited inferior
rejection properties.
EXAMPLE 56
15 A vinylidene fluoride homopolymer having a weight-
average molecular weight of 417 thousand, methyl
methacrylate homopolymer having a weight-average molecular
weight of 280, énd y-butyrolactone were mixed in amounts of
30, 10, and 60 percent by weight, respectively, and the
20 polymers were dissolved at a temperature of 170°C. This
polymer solution was discharged with 100% y-butyrolactone,
acting as a lumen forming fluid, from a double co-extrusion
head with a temperature of 110°C, and was solidified in a

cool bath with a temperature of 28°C containing an aqueoué

25 solution of 80 percent by weight y-butyrolactone. The



YLOYK& ()- *  YAOYK& ()- *;cQeng 9B 111111 _C3 9AOYK&

VA0UK& () -

Ziog/«&: ()-1% OO0 ()-"* OLOYE! ()-"* ULOWE ()-
% 00&& () - *1111111hLO3 OAO0K& ()= *% OIMO%E ()- * IMOUE ()-
VA0%& ()-"*;cQeng" % YA0MK& ()- *!111111dD8 d0%& YAOWE ()-

GOMK& ()- % YMOW& ()- % 9HOW& ()- * 9HOW& ()- *

n ' 0, ' 0 nun
hH(3 940%& ()-'* 9A0W& ()- * 9HA0WE ()-'* 9IA0WK& L0 ()-"*!!!

. N T
e (- oy P ek - e () MO s
e L UL i
gﬁggjﬁggedgct fﬁg%%?g’n ko ﬁ/dég&g‘f{«& Qﬁ WﬁtE%(g%tE{ \%CQ‘ %10%<&' ()-"*(
a0t L Sy ot
siowa ucatossaoiaartysoct MY 5 ORI % Betea )

9409 & hpmopolymer having a welght- é%eréﬁ%ﬁﬁ%ﬁchfér(%%léﬂk(éf ZB@CEnq"@b

5 thousand, 5 percent by weight of polyethylene glycol having
a weight-average molecular weight of 20 thousand, 79 percent
by weight of dimethylformamide, and 3 percent by weight of
water was uniformly applied onto the surfaces of this hollow
fiber membrane. The hollow fiber membrane was then

10 immediately immersed in a mixed solvent containing 95
percent by weight of water and 5 percent by weight of
dimethylformamide. The resulting hollow fiber membrane had
a three-dimensional network structure on the external side
and a spherical structure on the internal side. The

15 thickness of the three-dimensional network structure was 20
um. This hollow fiber membrane had an outer diameter of
1.59 mm and an inner diameter of 0.95 mm. The external
surface of the hollow fiber membrane had pores with a mean
pore size of 0.04 pm. The water permeability (conditions:

50 differential pressure 50 kPa, 25°C) was 0.55 m3/m?+-h. The
rejection was 99%. The fracture strength and the fracture
elongation were 6.76 MPa and 55%, respectively. "Thus, the
hollow fiber membrane exhibited excellent water permeability,
rejection properties, strength, and elongation.

25 COMPARATIVE EXAMPLE 23
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5 30, 10, and 60 percent by weight, respectively, and the
polymers were dissolved at a temperature of 170°C. This
polymer solution was discharged with 100% y-butyrolactone,
acting as a lumen forming fluid, from a double co-extrusion
head with a temperature of 110°C, and was solidified in a
10 cool bath with a temperature of 28°C containing an aqueous
solution of 80 percent by weight y-butyrolactone. The
product was drawn to 1.5 times in water with a temperature
of 80°C to obtain a hollow fiber membrane. The resulting
hollow fiber membrane had only a spherical structure. This
15 hollow fiber membrane had an outer diameter of 1.55 mm and
an inner diameter of 0.95 mm. The external surface of the
hollow fiber membrane had pores with a breadth of 0.96 pm, a
length of 3.2 pm, and a mean equivalent round diameter of
1.75 pm. The water permeability (conditions: differential
20 pressure 50 kPa, 25°C) was 0.95 m3/m?:h. The rejection was
79%. The fracture strength and the fracture elongation were
7.33 MPa and 55%, respectively. Thus, this hollow fiber
membrane exhibited inferior rejection properties.

EXAMPLES 57 to 60 and COMPARATIVE EXAMPLES 30 to 32

25 Hollow fiber membranes wWere prepared by the following
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5 with a solvent to be dissolved. The solution was discharged
with a lumen forming fluid from a double co-extrusion head
and solidified in a cool bath. Each hollow fiber membrane
has only a spherical structure.
Next, A mixed solution containing 13 percent by weight
10 of vinylidene fluoride homopolymer having a weight-average
molecular weight of 284 thousand, 5 percent by weight of
polyethylene glycol having a weight—average molecular weight
of 20 thousand, 79 percent by weight of dimethylformamide,
and 3 percent by weight of water were uniformly applied onto
15 the surfaces of the hollow fiber membranes_of Comparative
Examples 30 to 32. These hollow fiber membranes were
immediately immersed in a mixed solvent containing 95
percent by weight of water and 5 percent by weight of
dimethylformamide to solidify the solution. These are
20 defined as Examples 57 to 59.

A mixed solution containing 9 percent by weight of
vinylidene fluoride homopolymer having a weight-average
molecular weight of 284 thousand, 3.46 percent by weight of
polyethylene\glycol having a weight-average molecular weight

25 of 20 thousand, 81.44 percent by weight of dimethylformamide,

kS
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5 percent by weight of water and 5 percent by weight of

dimethylformamide. The resulting membrane was defined as
Example 60.

These hollow fiber membranes each had a three-

dlmen51onal network structure on the external side and a

10 spherlcal structure on the internal side. The thickness of

1 network structure was 20 uym. Table 8

the three—dimensiona

show properties of hollow fiber membranes of Examples 57 to

40 and Comparative Examples 30 to 32. Each exampie

exhibited higher rejection properties than those of the

15 comparative examples.

Table 7
Solvent Ratio of|Dissolving Lumen forming fluid Head Cool bath Cool | Draw
polymer temp. composition temp. compositiori path | ratio
to {°C) {°c) temp. | (Times)
solvent : {°C)
Comparative Isophorone 40:60 155 100 wt% Isophorone 100 |80 wt% Isophorone 30 3.0
Example 30 aqg
Comparative Dimethyl 30:70 95 90 wté dimethyl sulfoxide ag| 95 90 wt% dimethyl 8 1.5
Example 31 sulfoxide sulfoxide ag
Comparative 1-butyrolactohe 38:62 170 100 wt% y-butyrolactone 95 80 wtd y- 28 1.5
Example 32 butyrolactone ag




UWMOUX&E ()-"* O - Sk "

009 8-\*%&%%”' *icQeng’ % AOWK& ()- * MO ()-

YEOUKE ()-"* U 0YK& LO %d0U& ()-* 9A0%M& ()-'* YLOWK& ()-

00 & ()-"* OAK&.()_‘* WOME& ()-* %UWOMW& ()- *9 ) "
Qﬁlgéfxé% ()-- . WMOWKE ()- * YMOW& ()-"* YAOWX& (g _*e888809+0; cQenq” %
O/(ioo/zgl gg-‘*qe&OR&&o&&?lLo; . %40% & ()-‘* %4.0% &' ()_\* %4 0% & N
%WOKE () - * YA0& () - AOWK& () - * YLO%& ()-‘*%V@/@/@/@/@/ﬁbzlo-)
O ) oot () oo (@, MO () ccena, X ’

40U & (32\* BeEeBEGCH A0 ()~ T JA0KK&E ()~ oLOTKE (). *

S () WO () O () & () L eesee (-

(0) V) 1 N
Kbt 8 Z@ﬁ@&g&? 96 0% '/é(\- * 040 o
Base h X Qe *Inndgg (O . . E‘%WKE te |Rejection
9409 & () * £100 OO )re d;a.ame(g r(),s&r % o:e eO ﬁ@ﬁ&fy( strd &%&Ed tlhiond property
cQeng" UR&! LEeERERAR. 120 2 T A 0% &pg) - WPa) 9 00ARR' (Y-~ %)
94 G0t (| IK 8- ) - | e U= AR (). [ M) F
@&9@*&*f%=£§§§§% o & () 4. Q% '%3- 4 o (%& (Y. *xQ
_ Com A éd. W&g()-‘* 4.0%x &' S . b i )
0 . ] X&' (9. 0 ' N
RN T v i MR U Y IIOT Pk A OO et O
Example 59 C;;“a‘;:;la:i;’; 0.85 0.05 0.60 LT 190/ 0PK &) -
Comparative
Example 60| L 1o 32 1.45 0.88 0.03 0.34 12.79 189 99
Comparative .
xeaple 30 1.40 0.90 L7 1.40 10.97 54 30
ﬁ;ﬁi;;ﬁ:%;f 1.95 1.55 2.0 2.05 4.73 32 78
Comparative
Example 32 1.45 0.85 2.3 1.85 15.00 189 75

EXAMPLES 61 to 63

Hollow fiber membranes were prepared in the same manner

5 as in Example 26 except that dimethylformamide was replaced

with the solvents shown in Table 9. The resulting hollow

fiber membranes are defined as Examples 61 to 63. Each of
these hollow fiber membranes had a three-dimensional network

structure on the external side and a spherical structure on

10 the internal side. The tﬁickness of the three—diménsional
network structure was 20 pum. Table 9 show properties of
hollow fiber membranes of Examples 61 to 63. Each example
exhibited excellent water permeability, rejection properties,

strength, and elongation.

15
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EXAMPLE 64

A vinylidene fluoride homopolymer having a weight-

5 average molecular weight of 417 thousan

butyrolact

respectively, and was disso

This polymer solution is referred to as A.

13 percent by wel

10

5 perce
average molecular weight
percent by weight of dimethylformamide,

and were dissolved at 150°C.

15

referred to as polymer B.

having a weight-average molecular weil

d was mixed with y-
one at a ratio of 38 to 62 percent by weight,

lved at a temperature of 150°C.

In addition to A,
ght of vinylidene fluoride homopolymer

ght of 284 thousand and
nt by weight of polyethylene glycol having a weight-
of 20 thousand were mixed with 82

acting as a solvent,

This polymer solution is

Polymer solutions A and B were

discharged from a double co-extrusion head with a

temperature of 110°C.

weight y-butyrolactone with a temperatu

with a temp

20

resulting flat membrane had a thickness of 0.175 mm.

polymer solutions A and B to

solidify the polymers.

An agueous solution of 85 percent by

re of 6°C and water

erature of 20°C were respectively sprayed to

The

'One
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structure and the spherical structure coexist. The mean

pore size of the three-dimensional network structure was

1.60 pum and the mean diameter of the spherical structure was
4.10 pm. The surface of the B side had pores with a mean

pore size of 0.06 pm. The water permeability at 50 kPa and

25°C was 0.25 m3/m?:h. The rejection for particles having a
pérticle size of 0.843 pm was 98%. The fracture strength
and the fracture elongation were 7.5 MPa and 40%,
respectively. Thus, the flat membrane had a dense surface
and exhibited excellent water permeability, rejection.
properties, strength, and.elongation.
EXAMPLE 65

Using the same polymer solutions A and B as in Example
64, B and A were respectively discharged from the external

pipe and the middle pipe of a triple co-extrusion head while

an agqueous solution of 85 percent by weight y-butyrolactone,
acting as a lumen forming fluid, was discharged froﬁ the
internal pipe. The discharged materials were solidified in
water with a temperature of 6°C. The resulting hollow fiber
membrane had an outer diameter of 1.56 mm and an inner

diameter of 0.95 mm. The area around the external surface
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5 pore size of the three-dimensional network structure was

>(-

1.60 pm and the mean diameter of the spherical structure was
4.10 pm. The external surface had pores with a mean pore
size of 0.04 pum. The water permeability at 50 kPa and 25°C
was 1.27 m3/m2-h. The rejection for particles having a
10 particle size of 0.843 um was 99%. The fracture strength
and the fracture elongation were 12.79 MPa and 189%,
respectlvely Thus, the hollow fiber membrane had a dense
urface and exhibited excellent water permeability,
rejection properties, strength, and elongation.
15
Industrial Applicability
The porous membrane of the present invention has a high
strength and excellent water permeability and rejection
properties. According to the method for manufacturing the
20 porous membrane of the present invention, a porous membrane
can be manufactured through reduced number of steps at a-low
cost, using a highly chemical-resistant thermoplastic resin.
The resulting porous membrane can exhibit a high strength
and excellent water permeability and rejection properties.

25 The porous membrane of the present invention is suitably
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)1 <pYZ3Z109%&' () -, 3Z109%4&' () -, 3Z10%&' () -, 3Z10%4&' () -, 333333+3, 3t T8. #T
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& ()-,3Z109%& () -, 3Z109& () -, %ﬁ%@/ﬁea@ < BAIOMEE () -, 3Z109%& () -, 333336_70

0%. #Tnetwork structure a
)1 <pY3Z10%4&: () -, 32100/0/ 3 3333337 B)0UinA TS DL 098 () - , 321098
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3210%?/& (}Zloc@%&(r)o o -a AFTINYBEY (Y0 | yhexs -, 3210%%
& ()-, 4444444 /azwwazww& ()-, 3Z10%8& ()- 3210%?/ 0z §210W& ()-,321
09%8/&' () @ﬁ‘néx’) gidtel network structure and the sphe
41 4" AnRE 0984 ()-,3Z10%& ()-,3Z10%& ()-,q. #T
)] <pY" A%4 & 466, DYPTAONDEBI 10508 @yhe%zmw& ()-, 9BZ1098&' () -, 3Z109%8&

() -, 321% (‘?E 3Z10%&' () -, , 4. 4044484: 4; where
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forming the three-dimensional network structure and the

15 resin solution for forming the spherical structure are
simultaneously discharged with a lumen forming fluid from a

triple co-extrusion head, followed by solidification.



