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DESCRI PTI ON  POLYMER SEPARATI ON MEMBRANE AND PROCESS

FOR PRODUCI NG THE SAME 5 Technical Field The present

invention relates to a pol yner separati on nenbrane,

adapted for wuse as a filtration nmenbrane in a field

of water processing such as manufacture of drinking

wat er, water purifying treatnment or waste water

treatnment, and in fielqﬁ%gﬁRghq ﬂpceutical 10

manuf acture, food-related i'ndustries, charged

menbr anes, fuel cells, and blood cleaning nenbranes.

Background Art Pol ynmer nenbranes for separation are

POZSYBVIE R \SBPAIRA IO REENBRIANE AND PROCMBSIFGRPRODBUCING THE

various fields for exanple in the field of water

processi ng such as manuf &8AMiEe of drinking water

wat er purifying treatnent or waste water treatnent,

and in food-related industries. In the water

proceSS|ng fields such as manufacture of drinking
Techypgad Fieldat er purifying treatnent or waste vvat er

a filtrati with a separatlon rane

treat 0
be ngqﬁa SseRt PPt Wfaﬁeaf»tﬁor?gpq 0t seppiRion Phahbiane: adapted for
use % it t1§ n?err?be}axg 1fn|al 1e1? o% QNater 8ce£s%?negissﬁtcﬁ as manufacture of drinking

OCC I on- se 1on SS | prio

watdt! R&RP urlﬁk d?mgﬂeorf@é)sge wht@fj g@:%tfn)én{ 284 ¢h ﬁEﬂ&? of ham%aceutlcal

separatio rane I's enpl oye or el'imnating
manufdchirg ol 9¢latell AhdMia! cRitgedmef®taned®ENELIBL bi® blood cleaning
I|qU|ds. The pol yner separatlon nenbrane is belng
memiirahdszed i n such various fields, and, in the water
treatnment field such as water purifying treatment or
waste water treatnent, a 25 further inprovenent in
the water perneating ablllty is being required as a
Backgrpypd AFount of water has to be filtered. A higher

t t bil ity t th
rorror RGPS, IRt dp? EPURROY offt REFERY. (RLA g Hration

t
e RBACES ! S840 B e B B o
man:ilﬁdgig'é‘ Pi ?{1§§h§%@ n@vate@ﬁ&h@ﬁxgﬂfe%ﬂnérﬁ%'v&a@fé W&Er treatment, and in

food-related industries. In the water processing fields such as manufacture of drinking

water, water purifying treatment or waste water treatment, a filtration with a separation
membrane is being adopted for eliminating impurities in water, in place for a sand filtration
process or a flocculation-sedimentation process in the prior process.  Also in the food
industry field, the separation membrane is employed for eliminating yeast utilized for
fermentation, or for concentrating liquids.

The polymer separation membrane is being utilized in such various fields, and,
in the water treatment field such as water purifying treatment or waste water treatment, a
further improvement in the water permeating ability is being required as a large amount of
water has to be filtered. A higher water permeating ability allows to reduce the area of

membrane to be used for filtration thereby realizing a compacter filtration apparatus and
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Also in the water purifying treatnent field, the
separation nenbrane is required also to have a

chem cal resistance, since, for the purpose of
sterilizing the 5 perneated water or preventing a

bi of oul i ng on the nenbrane surface, a sterilizer such
as sodi um hypochlorite my be added to the water |

n
red%ﬂ%hfﬁ% 'TJQ&ﬁﬂrecJEP dﬁ?"&ﬁﬁ %ﬁy&ﬂ%}eﬁgﬂﬁé‘ "t a ic[rsstegtf mér?%%?é %Qacement

an acrd, an Finé or a surfac

and 4h 8Ra'r8qdiRR8 b4 Bbdi@fonPr 0Oducing city water, in order to
prevent troubles, that the virulent m croorgani sns

resi stAasd ih Othe vaxes rtﬁlrifﬁti% hreaSmé&rty BélAs B isehatfiche inevidtilane is
from 10 excreta of animals, cannot be conpletely

requéted nals@tie chaby aa chers@blmessistince,t kiecayafoe rthg purdoge g perdliting the
and mgrate in the treated water, and that have been

permentgddwatien oe pregoling a biedoulmgray the insnmbranthsuafese, s sterilizer such as
required to have a sufficient separation

sodiamatyperkiprivrmesbe pideddo themalerindae mymbganednerpdelof the mrembrane
e R R S AP SR L P Tt ls e oo &
b . k. i
ot A8 AR HE o hroRy SRSl WERALFIRE Lot o e

virukP 3hREJoPEnTSRD k& \arlt Stol SRIBHAE dsulcR. e c%‘&%&e)lr)]xg?ﬁrn' Qerived from

separation characteristics, a chemcal “str

excreRasftdniihis) dainst @ EdiapleteBSiEhiaREE by drddmisntGalthe water purifying
strength and a perneation ability. For this reason,

plans exndr miigrete imerier anasd fwatare candythat hpad Ppeemfburdie simce 1990’s, the
fluoride resin, having both the chem cal strength

separgtipEninegIbranssissiegnieed 1o dave 2o syffigieph yaiagaionsehagasgpristics that a

subises Jf s Tt o, b 360 Bneo et PRisaed Wiks and o

_ , , ¢ . ti . _
g BT Yt 80 SCnBSRARE A QTR ARG bipige cven n
confiflRd ARARMAREC3Yr face may be contam nated by a

hydr ophobi ¢ I nteraction. Particularly, in a

manuf agt GstiligedPats €S theOdepatlo N R bried] sSrequife toS BE lRxcellent in
menbrane is utilized for separating 25 or purifying a

sepgpatyai ahlacgieciali¢sy a ahtmicel srengthapaticsladh chanipalatsstanced,Lcphysical
substance i s adsorbed on the nmenbrane surface to
streggilysad 2 prymepien Abjlith e fosfthis rpaspabsepprton meygbrapesaformed by a
decrease_in. 2 the recovery rate and al sp in an _ abrupt
polyvipydidene fyride; resipohaving eﬁéélae e SERER fihTEIFal reytance) and
nbrane. lLn_order to avoigd. such d acks, it has
the JEReCSoemy od oo SVEd neyeePuf ALY
However, the polyvinylidene fluoride resin constituting the polyvinylidene
fluoride separation membrane is basically hydrophobic, and involves a drawback that the
membrane surface may be contaminated by a hydrophobic interaction. Particularly, in a
manufacturing process of pharmaceuticals, when such membrane is utilized for separating

or purifying a physiologically active substance such as protein, such substance is adsorbed

on the membrane surface to cause a denaturing thereof, thereby resulting in a decrease in
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resi stance by hydrophilizing the separation nenbrane
of polyvinylidene fluoride resin, and 5 certain
hydr ophi |'i zi ng technol ogi es have been proposed. For
exanpl e, JP-A-57-174104 proposes a technol ogy of
i ntroduci ng a pol yet hyl enei m ne polynmer by a chem ca
reaction, thereby hydrophilizing the hydrophobic
' . :HO ' t I il L
the 5Ly TREAGE Mo B Bip 153 o RSB oy i cloging in he
merhGighol ogy is rather disadvantageous for a solution
containing a charged substance, particularly a protein
whi ch [n bfder So atoid HABR devitackd, @ChdsMekh @on@ivedUdl ifaprove the stain
substances present in the surface water. Also a
residtyrebe i iydtaphilizingpthb aepavdticnt émBiang oppdlyvinylydena drRibsiti€ resin, and
or cellulose acetate, that is mscible with the
certgio| hydrappilizieg techial ogiesi baveekden, progosadl.s oF T expowpéal JP-A-57-174104
JP- A- 61- 257203 proposes preparation of a separation ,
propaseibt ieskngleghohintredudingg golyeplsasimianpelymerby pyhemical reaction,

bl endj ng .pal yvi | acetate .and pol yvi lidene.fluorjd .
thergly ﬁ@?ﬁvﬂﬂawxd@@wwm%@% Bk $HEE Lﬁw fe}ﬁierophﬂlc

ol i nyl. at e n extent of expressin .
polfisy S PR notfoll §" Pl r iR WPhe Rshpalony 1o rather

disa\ﬁ%&ﬁ&@%ﬂs for aSbfo icSﬁtﬁ%nhlyg a &%ﬁg%‘%kgﬁ%rﬁﬂ a protein which

Ing for exanple w an ac
is alt AthPldtEEs cl&tEdly®, orIRIPAE ShilsRihcEBFTBIANR theBEeack RV drer
for inproving the physical strength, shows a | ower
per meAkbsola hyydropiiiediebnethodrod atiligiap lpyl ywase asadty or cellulose acetate,
pernmeating ability is difficult to achieve. 20
that Thetssitde withftg palyyinphideng fluhadéeding jshldo mropasedi t hout
increasin% the content of polyvinyl acetate, Japanese
Pat entP1s01 353800 propaspp JEePasation: R SPpRraiioe gesmhrags, from a

.nmenbrane prepared, {r .bl end resin_ of | yyi nyl.. .
resiE{E oI oS A OFOrY oY I B PV iRG] Pefiste ARG Rl tidene fuoride
.sapQni. fyi.n (BAVA '
e AR B g AL 16050 801 ML) ALERDT g ven o
expleldige Bg%ﬁﬁﬁi@it{r [RIeesPd GRS kitht Qhe PRY SN Ritbndh GO BRhificantly
and a 25 polyvinylidene fluoride resin exhibits an
lowexsa ®lyl 2 eiientiyal romhidg o exardpld voith exaeild| entikali drthlorine. Also a
resistance to protein and the |ike. However, such
sepaatpar akembranee madankickevhfon imphyjvecg the physical sthemgihc ahows a lower
washing with an acid, an alkali or chlorine, ma )
permesbility, whereby apraciigallyimerdssary perngeating plidity, 1salsfﬁpeft/ yvaghigve.

al coh is easily attacked b ch chemcals. Al's
pol yviollrl?ﬁe?%FFC dﬂprové%a}eﬁ&déoé‘t’%ﬂ%Wgwﬁ%'}‘d’b‘FYFﬁWﬁ content of

ter-s i

nd | bei bl [ |1y d | wh .
pol A % nEPRIGEE et S2HRE Bntoel SHHSE & Separation
menlBiGhé I)I%Eg‘red Froti R4 &Qn'@%fﬂ?ﬂ@l [RaleERILIN: o} polyvinylidene fluoride

resin, of saponifying polyvinyl acetate to polyvinyl alcohol under an alkaline condition.

A separation membrane thus prepared from a blend resin of polyvinyl alcohol and a
polyvinylidene fluoride resin exhibits an excellent hydrophilicity and an excellent stain
resistance to protein and the like. However, such separation membrane, when subjected

to a chemical washing with an acid, an alkali or chlorine, may result in a loss of abilities
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pol yvi nyl al cohol is undesirable in the application in
whi ch the perneating water should be 5 prevented from
contami nation, particularly for producing drinking
water or purified water. Also it is unsuitable for
treating high-tenperature water such as the recovery
of boiler cooling water, since the solubility of

ther%bql P ed g%dmﬁlafc%m?f 18 egﬁfyeaqg%edvﬂyt Jl]mfn Qﬁeﬂﬁ%iﬂ@r Also po}?a/inyl alcohol,

a sap I cat1 on proces

shovaiﬁg %l SI&@{I% B?dr%ﬁﬁ‘iﬁhitj' QﬁH bagy %ﬁer-@@lubﬁ:l l%aé;rhdﬂaﬂ? @tlﬁgl‘%d when used
al so on the polyvinylidene fluoride’ resin her eby

in tROSBtrdlon 68USRI NFedusl gys@@ﬁ Or Bhdroford)a depa@stfon thebibeane including
physi cal strength and thus deteriorating the excellent

polyshgi alcolenl iistndesirabid ar thatipplocatire inpwhiyl itheypearnheaing water should be
fluoride resin. On the other hand, JP-A-2-78425

prevgited frogecontaraination.iparticlarly forpeadncing drinkingtyatereorfpusified water.
bl end resin of cellulgse acetate and a pol yvi nyli dene

Alsg ft g rqna'@tqb&s faf, treaﬂaaév@rtenwesaé%r‘m% RuchoRb fgrigcovery of boiler

ol RS L SR SRR 055 RIS v
temparitifidt Iﬂleyag@ %% oﬁlfjlscldmc)jr? %}OCgSﬁ En(%r a%hﬁ 1t co"ﬂ%ﬁﬂ)‘ nﬂlduces an

or exa an acl an or cnilorine.

alkafl ﬁ@a%ﬁ&?tt 4108 on”ﬁlrc'bﬁ@ nylmg fidYrfok efesih0 '&hér&ﬂ»" 98§sﬁgy tc'ﬂﬁsmg a

physi cal strength | ower pernmeab

coloydtidheby 2 19$saed iBal i;nysﬁap eReAdt R Thad ldé&n@butﬂngt thel $xcellent
difficult to achieve. Therefore, JP-A-4-310223
chardéteidtios ethesentrit the golyfvinyhderedbionige ngsiir.ophi | i city of 20
cel lul ose acetate thereby reducing a bl ended
propoPni ghe tother ebrnd; JR-Ael- wlﬁv disglosebe peepatdtigor pfiea separation
resin_and thus inproyi t he physi cal stren th. In the
memi%%rr?o@fomf athmd b‘atneﬂf cel?qé?ser@ﬁ > ang pgpolyvia gtfjuogide resin.

Howaeverp 3 {J;ﬁgh&s} ﬁg)r?r}e @ﬁ%l W n%hﬁel |l t%? %g'ér%%unt necessary
for éﬁ)g 1'1};?11* o;;lﬁ 1c°i®p t]!oQJ‘tHEE sfaf sfrén&ﬂ‘? mﬂ'lft 1§qubjected to a

str Ilne condition to obtaln

cherfi@hll Uzlaﬂﬁ@g @br axdamgb Wit bR RRId, a6l diNali &P cm%néepms%t 4 Q8paration

nmenbrane, constituted of a blend of thus obtained
menttehrel hade tigckbr fpoinyptbvink ithkepteysfdalisifangeh, KRGV a 18 \Wermenbility,
excel l ent hydrophilicity and an excellent stain
wherebg iagtranticelly neqessarepermeatim athlitylis ddficuliomeehbieye.si nce
stron% y hydrophilic cellulose is 4 uniformy
di st r L Berekwe,i écf’c%l(lz?ééah%ﬁl@ssﬁ arfaetpdint mGWPéméthdF@hlhc’tY of

arati on, menbr ape. m ttacked
celI R e TICIRE  §rPIed| BOBIOER NG %Pewmyhdene
ﬂuoﬁde Ir?agd tiu?ssisx’n l‘p)gltélge ﬁ%;gsu?ag st e%gtﬁngtln éﬁ‘ﬁ? ?rfé%ho of this patent

sap nitication aly
reference, after a separation membrane is prepared by blending cellulose acetate to a

polyvinylidene fluoride resin, the cellulose acetate in the separation membrane is
saponified under a strongly alkaline condition to obtain cellulose of a high hydrophilicity.
The separation membrane, constituted of a blend of thus obtained cellulose and
polyvinylidene fluoride resin, shows an excellent hydrophilicity and an excellent stain

resistance to proteins and the like. However, since strongly hydrophilic cellulose is
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condition induces an alkali treatnment also on the
pol yvi nyl i dene fluoride resin, thereby 5 possibly
causing a coloration or a loss in the physica
strength. Al so WO03/106545 panphl et di scl oses a
separati on nmenbrane capable of obtaining a snooth
menbrane surface and adequately controlling pores on

unlf&l:r]r?l S strlglgtgd i §I§J wseégpaﬁ A4 I e r%erf% nftlre fse%rgtf)o@m%fnto?ane may

ne cons nner’la er

be aﬁé&éhlbﬁrﬁ cIRIYie A6 shite! @ﬁﬂta racfdOUf: ﬁahw cRlottiE! BERby showing a

l'ayer having a separating uncflon and 10 provi des an

loss 36l i@ p1R@RaPtrdd@th. | %sf&steh&pahﬁtﬁh@@l RtésS Al £¥eshdy alkaline
a chem cal washing, since both the |nner | ayer an

conditien sndukec an lathplir treutgeifitoalse dn e polywiiylidenedfioeide resin, thereby
fluoride resin only. Such nenbrane, being constituted
possstdy ehusing a boldratiphoba tosp ol theiphysica strength.uori de  resi n,
tends to adsorb hum c substances or the like in the
sur f addsondY @P3/106343 pmwlqﬁ ﬁl@claseSd% Sepraetion mgmbgane capable of

b st.able o eratl n over pr%uﬁgg lgerlod is difficult :
obtaffing 4<Enth EmBTanG S Cel%“ Hdely; qopfrgiling pores on ¢ surface.
nc t ent PA571714 Pat
Suct SRR GembAbE T 2 SERE mhmolierisafin ? BBy of an
i

b ERbiaL a%%ﬁp%va%%?? 5%3 FEHREE: %rgﬁ?é‘%é"%@n and

proW3 3168 dtsp dTRIBL @6sin }|})~I 198166 E stedngt Bvenb T}eatdh@ﬂncal washing,
Problens to be sol ved e invention 25 The present

sincé butarthé omer hyereahd the smrfm:e dayer arecfonhal Bnpolyviapkdtne fluoride resin
problems in the prior technol ogies, and a principal _

onlyobSueht menmdrast beingt wnplitoteddolay 196 by dephelep gobtvirghidene fluoride
menbrane that is excellent in separatl

resiy epdsd @.dﬁ%rbi hugnic aum%%pi Hy 151 nithg; SurgaC@ﬁmr@ #hus igvolving a

rtic Iar che cal re e .
araas £, A B nstattoR e S PEIDERE @PFO® CiTCH bEgagsof an increase
1nﬂk?ﬁﬁ§&%ﬂ%ﬁ ans_for sol vi ng the problems 5 The

af orenent’1 oned obj ects can be acconplished by a
pol ymer sppgfidddcithent 1: JP-A-57-174104

Patent Document 2: JP-A-61-257203

Patent Document 3: Japanese Patent No. 3200095

Patent Document 4: JP-A-2-78425

Patent Document 5: JP-A-4-310223

Patent Document 6: W0O03/106545 pamphlet

Disclosure of the Invention
Problems to be solved by the invention

The present invention is made to improve the aforementioned problems in the
prior technologies, and a principal object thereof is to provide a polymer separation

membrane that is excellent in separating characteristics, a permeating ability, a chemical

5
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menbrane of the present invention, which is a
separation polyner filmbased on a fluorinated resin,
including a layer of a three-di nensional network
structure and a layer of a spherical structure,
wherein the |ayer of three-di nensional network
structure is formed by a fluorinated resin-type

. | 1 nt ak ni r | hi :
o BRGSO S ThES oy LT BA, b Bcien i
staiBsRfanbdisol ubl e hydrophilic pol yner containing at
[ east one of a cellulose ester, an aliphatic vinyl

ester, vinylpyrrolidone, ethylene oxide and propylene
oxi de as a pol ynerization conmponent. The fluorinated
Meane $orolwigethp @robil@ns conposi tion constituting the |ayer
of three- dinensional network structure preferably
cont ailhe aftremieyidorsdhobieas pah yheeaccomplishednby it pelfymet Separation
equal to or higher than 2 wt % but |ess than 20 wt %
memprape of dhe dresept inventpi uhichfist hseparatinn palyagr film based on a

resin-type pol.ymer. Al so the hydrophilic polymer in
oSS Sl S S NSRRI S BMhaREe bt a tyerof
o st P oL Pl Pl LSS D) A0Blork S is e

alelFiA dpoSitiBR! ir W 1i@pol d th

by B3R JOYR OO BRI LA potymer, and e
hydfb%hﬂi&%dlﬁﬁéﬂ B SHIRENAN warkRshsoRiblelhydi6phiRE PbBMAR | ¥nRlning at

20 | east one selected from substantially
leastaiicest 4 cedimlash lestef) vad ratiphatici vinyl Glstenatsy | pyndlaione, ghylene oxide and

cellul ose acetate, cellulose acetate propionate,
propyédrieixilears agelymeridstioy capporgntd vi nyl acetate as

pol ynmeri zation conponents., Al so the |ayer of spherical

st r uctlie dlupengipd resiglyPg PRIYBISK SHPPRTitign ¢qnsttuting the Igger of three-

BR8NP P TS M s RIS o
colSE 0l POEST | LA e, ARy HLSLTRE bl UL o

fluoRRhM@ Fdsin typH pbiyhfer. ARRD M m&&ﬂhmg@lﬁ%pa! thé Ahdrthated resin-type

conponents, présent in the’l ayer Spheri ca
polyihdruedmposition] ebmtitliting Maviay@nofteéadignenbiotdhlaf@iverk efructure, is

from0.1 to 5 pro. A surface of the | ayer of
prefetabbea dubsznshibn salatenensobubite hpdroplotic pelyprezfincladiny ahmfulose ester
ores of an average pore size of froml nmto 1 pm In
andos 8datty agid yipA eser aha pelypwrization ¢panponent end i faghéropgeferably at
fiber, it preferably has a pur ter, permeabjlity at . .
least gig pislesied bo SHbSHAGAIY WerrBsoTePlscdpSAlie obpee gpwaining
celhgl‘o%it}é(%?qg% Ee@lglogeoal\{%?a&? E)folé)?or e[ bgﬁ@%e&g];{y Clt?ulg'r%te and vinyl acetate
as polymerization components.

Also the layer of spherical structure is preferably substantially free from the
hydrophilic polymer but constituted of a fluorinated resin-type polymer. In the polymer
separation membrane of the present invention, an outermost layer is preferably formed by
the layer of three-dimensional network structure.  Approximately spherical solid

components, present in the layer of spherical structure, preferably have an average
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separation nmenbrane is particularly adapted for use as
a filtration nmenbrane for a nenbrane nodule. A
preferred method for producing the polynmer separation
menbrane of the invention is characterized in
coating, on a surface of a |ayer of a spherica
structure 10 constituted of a fluorinated resin-type

ol TBron? o1 9915 A ©h AL 0¥ B, ROLY P BOLG Rhnal network

I'cluding a su Wat er - 1°n¢

stru&g#e;’é{:@ferﬁ)‘w gé’é ﬂ&gof%h alvgﬁgé P&%%liéfof ont £ Hnut'o Qsgmest er,

ty aci yl ester, nyl pyrrolidone, ethylene
oxi de 1RoskeRTARYp LN AnBer iBshetopel O ABIONBH AR it preferably has a
conmponent, and solidifying such coated solution in a
pures dlatedi ferinagpilityaath 50 hdaeind £$AQTION dromn 10B0eto @0 @ /m>hr, a fracture
t hr ee-di nensi onal network structure on the surface of
strengtk of % M¥parr lafzes phe ri fradturs tetangatiore of %80 lonjargerof Such polymer
spherical structure, constituted of the fluorinated
separalim meypluanso iy, particulasly padaptada Bty usey B taa fiftrasiony membgane for a
fromthe hydrophilic polynmer. Another preferred nethod
memby; Fn$V@gﬁ@1ng t he pol ymer separatlon menbrane of the

1 vor Phara s ORRE BE ST B Riig, “Padiion mrmyens of the
invdnBifii tis achEﬁét {eﬁ%ﬂ k Qoﬂﬂ{gy Bn’ aasrllpfg% @E%eiakw ] ﬁﬁﬁaﬁéal structure

and a su antla y water 20 1nso dr ophi

confIRBART aCYriiafed T}stﬁ-ttyﬂeelﬁﬂ&m@xn Q fhRkiaske Qeﬁﬁ-%e%d‘lﬁhér)’solutlon
acid vinyl ester, vinylpyrrolidone, ethylene oxide

incladiedg prsnpythmmywatehem@lnbﬂealyﬁkaphﬂldmﬂﬁdexr &mitdining (2@ least one of a
pol ymer solution substantially free fromthe

celhhiyshr egtn, lai fattp cicydreinyb iestat, tamdpyrselidone,oethylenk exilachnd propylene
solidifying the solutions in_a solidifying bath

°X1"(er?éraé¥5?3}yl¥16‘P?fﬁtlﬁ§ camparinhand golidifying s Gop s@lutigh ina solidifying

vaty by St et B e D28 o0ttt e S e e CHace of the
layem{sg %Pq{%ur %1' ?ru@t%l'é/ e laﬂeg ?F]gh%}(lggl ?l{l dtﬁpeh g&{s‘f’?.lted of the fluorinated

ormed by uor na

resm.%éwym& is raeﬁmy%gg’tgﬁmg PRI ehe ﬁyla‘?oﬁhﬁlﬂ%dlﬁﬁ&ed

resin-type polymer “sol ution, containing the

hydr opttiothe postbiyte® methidebe bﬁhlh&’m@ AR po ?ﬁlef Béparation membrane of
hydrophilic polyner in a proportion of equal to or

the iaregton tii @&hardctetifédbint diselsaging an f1ROrindtéd msﬁmtypesmdymext solution
the amount of the fluorinated resin-type polyne

con@maatde@t p hydrephidis ipahyines amang @ celelos: ¢pjatang msubsiéantlally water-

i s preferably a_ substanti al wat er -i nsol ubl e
1nsoﬁ%q: Bbckpplpl lic Iggyy% Fontaltgfqgrﬂgll%} prya S(Iekﬁq{eglf]:ﬂrﬁa fafty ac1 vinyl ester,
vmyg%y(ryﬁ,g?) e?l? g%nre X e/ and pall’ogy%r@/ 0X ge ancY a rﬂYlonnane rresﬁlg’typg polymer
solution substantially free from the hydrophilic polymer simultaneously from a die and
solidifying the solutions in a solidifying bath, thereby forming a laminated film constituted
of a layer of three-dimensional network structure formed by the fluorinated resin-type
polymer containing the hydrophilic polymer, and a layer of spherical structure formed by

the fluorinated resin-type polymer.
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conponent, and is particularly preferably at |east one
sel ected fromsubstantially water- insoluble
hydrophi li ¢ pol yners contai ning cellul ose acetate,
cellul ose acetate propionate, cellulose acetate
butyrate and vinyl acetate as pol ynerization
conponent. Also the 10 solidifying bath, to be
cont act e i C oy djsch ed £l uorinat ed .
Fesi iyt rdoblfis SBRER ofe “DIFPRIA s e PAYAS: solution
by o | . .
contMRERY biToPEIE lymp SEBLLUHHRRE APUIGRIR pliymer in 2
propotti@Nbf @fual Tol &t TakRr RRANY DBN1YS BRAIAS tRih DBRRPAREhOfespRE to the
present invention, being a conposite separation
amomatiof athe fliarinacidn gesin-tyg¢ epolgien coptagtedcal tlsd Kolkitivhe Also the
and a layer of a three-dinensional network structure
hydeoplilicopalzinat ngy peefenpblyi & i sabisthnytihtly pivatei-tsplublenkydrophitit goolymer,
_layer of three-dinensional network structure, the o
prinpiggldy ciftainipga Gedlalose estercangras asfaly aeidtvirnl legter 45 the pplymrization

t he hydrophilic I r exhihits a syfficient i
compgsi? Aol RS Riekespoly e Rﬁ’»eﬁg onegelpsied &ggp substantially water-
. revent i .a loss in the.physical strengt Mor e .
ins ulg)gec IEﬁrgﬁl%}lg/ ’poFy er% ﬁ%‘?‘&gpg és(eﬁfrugoga taﬁetatgf gﬁlﬁ%osg rﬁcletratée propionate,

I | St G Wik r " .2
cell B Rifte SurRlen i RMICHERE ah SRLRIARLY, Gl Ao the
solid®fENE Matt) Go b LHRACtEd SARPAR Bbatéd BRHNARDed IAlinaRd S¥in-type

t he ot her hand, the hydrophilic polyner in the
polyinivreehuioneewitainial the hyiiolshilis tpolidiict) & prafgeiblyabomvigutédof a non-

suppress an adsorption of stain substances,
solvertmfadeglt pdatity. humi ¢ 25 substances in the surface

wat er. Al so because of the presence of the spherica

structure layer which bears the physical strength, the
Eﬁthééﬁ-dinensional network structure layer may also be

SBfdne HVARE™ t han in prior technol ogies, thereby

further .inc LN . erggagi [ty 4.8 Therefore.the .
pol yrrzl} tg% p%oﬁgl?'% %’eér% r%%(?nane 0 aﬁw eo\fptrhgs grne? gfl{tnilng’ﬁ’?ﬁl%l n being a
comdpositeftpSiatiSN nelibriReinS RARL AL 1apg FNAIRELSH sihidthR: and a layer of a
erneating ability, chem cal Strength (particularly

thre6dafitnal R&votlastaR uraAbdd Pbjtsinihgl a spetified umbdroﬁnmicipﬁlymer in the
capabl e of inproving a stain resistance w thout

layehiofi here¢-dgndnkioaal meteetkl sintctype,ahe tdyeeef spherical strutctoge aubstantially
excel lent stain 5 resistance. Such separation

freerfeamh tlanbydroplahic @ajymsy egthibits wesudicignt resitancerio aaghepiigal tvshing,
extend a filtration lifetinme and.to reduce a water

therphyoprgvantige @dess. n the Rpysisakyrengh; olge spasHioallythe,glaysical strength

of the entire membrane is borne by the spherical structure layer and is not lowered by the
chemical washing, thereby preventing a fiber breakage or a membrane fracture.

On the other hand, the hydrophilic polymer in the three-dimensional network
structure layer allows to suppress an adsorption of stain substances, represented by humic
substances in the surface water. Also because of the presence of the spherical structure
layer which bears the physical strength, the three-dimensional network structure layer may

also be made thinner than in prior technologies, thereby further increasing the permeability.
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Fig. 1 shows an el ectron photom crograph showi ng a
transversal cross section 10 of a hollow fiber

menbrane, prepared in Exanple 1. Fig. 2 shows an

el ectron phot om crograph show ng an external surface

of a hollow fiber nmenbrane, prepared in Exanple 1.

Best Mdde for Carrying Qut the Invention 15 The

" her R 5, BVRE SO FORREL PR Sihgon s

excditat U e bg%h%nga%ﬁ&a?tfenﬁlctshr}?&ﬁ'{é}@%tfﬂg'sébﬂﬁ | cHRflie" Ktrength

structure an yer of a sph ruct

(partiB&@aAY BhénfiGall r@dSthn@) ahdpiBRicatlitPiRpBa, afdls caséb\»@shmpmvmg a stain
structure is formed by a fluorinated resin- type

resifiancgnwithonnipiaderingothese @Rtdlient Pehpartie tHukil@fing an excellent stain
hydr ophi lic polyner, such as a cellul ose ester. 20

resifianpe. 1 Such aepazhtemt membpdnet oviieor agplapdd (megterf fikmtipmnallows to
1, 000X) showing a_ transversal cross section of a

extend gt tatianlifgime aah & reducashwater produgiag cot- a
t hree-di nensional network structure and a | ayer of a
spherical structure are lamnated, and Fig. 2 is an

oqr aph (magni fication 60, 000
Bneglg\%frﬁp 1ogp2?lpefo]§%awua& t ﬁe I( aygr of three- di rren?i) onal
net Worl:‘é% St §H69Js Gledtidn \mﬂh%toiécro?t}%hl ﬁx%fngoat tr sversal cross section

t hree nenS|on net cture 1% she
ofamansav RARF hen%%et pRpared & ERimpBherical str uct ur e I s
shown in a lower part. 9 In the |ayer of
t hr ee Filg.regsovenan elketrod® pho®hiicioptapR , shawinghaivextemaRsurface of a
surface part (upper part) of Fig. 1 or in Fig. 2,
hollpWeiter msmbirarter pispared imExampletlur e i n whi ch resi nous
solid is Ilinked and spread in a network structure
three-dinensionally (such being called a three-

| I I h
Bes{ ogE errEnAO i o ‘%ﬁ&ﬁﬁi ?’uct ure, pores 5 (voi ds)
def | n%%eaﬁgorflr?arté? q'esk?%{ t};é)h © 8 #:%arsa?loﬁ dm&?lgfc’aglet &t theg present

t he networ are sca ores

mvé'nﬁgﬁ Gs gﬁfn@fg)all? clﬂliﬁalén%ﬂ H 1ﬁJ‘ud: hd)- boar a%dysé?t (Srfln%ttlli}%e -dimensional

[ayer herical structure, there is uted a

netwdrk Usthithee | shdVai Bher of nau ricel sfre@iuROUphetélhi @8 Jafer of three-
approxi mately spheri cal apes (|nclud|ng spheri ca

dimsiisagra) netswoek kiridted ie ifdrh&d i & Eoddinatat reginatype polymer composition
string- shfped solids (such structure being called a
contajstieg & speicified hydrapbilierpolymeathauchay ecelblossteri cal

structure_nmeans a layer in which the aforenentioned
Fig. 1 is an electron photomicrograph (magnification IOOOX) showing a

transversal cross section of a separation membrane, in which a layer of a three-dimensional
network structure and a layer of a spherical structure are laminated, and Fig. 2 is an
electron photomicrograph (magnification 60,000X) showing a surface of the layer of three-
dimensional network structure. In Fig. 1, the layer of three-dimensional network
structure is shown in an upper part, and the layer of spherical structure is shown in a lower

part.
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spherical structure can be observed, when a cross

section of the polyner separation nenbrane

phot ographed by an el ectron m croscope with a

magni fication of 3,000X. In the separation nmenbrane of

a layered structure in which a spherical structure

| ayer and a three-di nensional network structure |ayer

are | ?ﬂ”d{é%‘gé%' Of!t{tlﬁle-sc'ﬁtgg Sssx" r?ik gétv}gyk st%\xscttg'g,ogsos%?ﬁ%nh r&%u?face part
Cross sectron w an efectroh m croscope w a

(upﬁ?glitf $0AL! PBr f Fi3: 9Bl qismbukéaﬁmtmovlh@% FhiBANESnbd solid is

ch” the~af orenenti oned spherical structure Is

linke®afd gg&h@ in ad®tworkaREtued tHregimensibnly Kabh beingt@lled a three-
identify a remaining |ayer as a |layer of a three-

dimehsioaias i renedrk nstiuwourk). St Inuslidhr éhred-dinidneiopall yie®vork structure, pores
separati on nenbrane of the invention, the |ayered

(voids)r detingd end dorn@ brothep@sinpeusaid gonsamiting theetetworK, gugy scattered.
as a layer of a spherical structure and a | ayer of a

Such ppiss aregeprspatshia blaskioptnrin Eigr dct ure are present, but

is preferab such_that. the | ayer of. spherical . .
5t DCAIRLNY IBREOT SPBFCI ATy e taferis TGMEF ASTYEIHE in which
[ ur re superposed. | ner al in l.am nar .
a nifel 51 K Fiots Sl R mell SRORGD hapss LBl 88 shave)
are DRV B glaine- FUBT o148 ek HekY RIEEI 2 spherical
strudtre) NeTRS 1dy8E 6f kgtfeichih@rRBie MRHH hilBgeriif whidle W& hforementioned
internal structure of the nmenbrane and | owering the
sph@raheatdthiet yan Ga diserved hehemandross Bedtion cfisle: pbiginet eparation
| ayers do not nutually intertwine at the interface,
membrangphotegaphedtby anslestrion npexesenpewith a megmiedtionepf 3,000X.
resistance at the interface is 10 |owered. Thus the
peel i AythesspaptigiomenBene 9b 2 fayerpd aFurturgingyhicln a spheyisal structure

layéiﬁ gtpﬁ rai gﬁ%-a{ggm:s{]?nglamtﬂégggis%{l{}u{eg\lgg%rggrg%a{% tsl;t ?sr Sossible, by
s DR B BIRSHU RS AR 1, A ffion o500

and %hﬁéﬂt&ﬁh{g% faHgd H ShlcBUBE afREndiRntd SR BANRRRIRO A observable,
nétwor k™ structire layer, and is 5 particularly

as PIHELLABDNericAl FRUctiie, a0 SUAFIFE S phaefihiaa! lagdr’ ACh Uafer of a three-
| ayer and a single three- dinensional network

dimetsiamat neteotlastarcturaanel y two layers in total. It may
al so include a |ayer other than the spherical )
st r uctuthe palymer saparatiee memlzanaphibasnemsionnbe dayeked structure is
structuyre | ayer, such as a §ubs rate |l a

er
not perisylatly Festhigied avlonsss @ layer of popbrricak stpuctyrg ad a layer of a three-

e e T ——

struatgreO;{nQQH% &g%fetmegldir%@?ﬁ&ag &(’\gﬂpétﬁlcﬂﬁ% ?.\te' erpm’gd. In general,
organic fibers are preferable because of ease

in a laminar separation membrane with plural superposed layers and in the case that the
layers are firmly adjoined at the interface thereof, the layers mutually intertwine at the
interface thereby resulting in a denser internal structure of the membrane and lowering the

permeability. On the other hand, in the case that the layers do not mutually intertwine at

the interface, the permeability is not lowered but the peeling resistance at the interface is

10
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in attaining a |light weight. The porous substrate is

nore preferably constituted of a woven or non-woven

cloth formed by organic fibers such as cellul ose

fibers, cellulose acetate fibers, polyester fibers,

pol ypropyl ene fibers or polyethylene fibers. An

arrangenent of the |ayer of three-dinensional network

structyure.and the 15 | ayer .of spheri.cal structure .
lowBieh S BT s pi s R ReETS e R W Bjigpce are in o

I . [ S i .

tadt off e ARG the Boun RGP it oy RUES Eftnf 836 sfihdpoin
the hidnitrdld PR{GEIINNEs al RwkhBuRBR3S Bt ELHD6RR Fewdr dlifber of the

i nvention, since the |ayer of three-dinensiona
sphét@iaastiictitd Usjedr end@Bd ShiteShipanisadrial ndrmoukt iseiictitdel lBer, and is

the |l ayer of spherical structure bears a physical
partitutazhygpieferahly foendt bper singler sphericdd| syrustorep tayiet iand edsingle three-

that 20 the | ayer of three-dinensional network
dimgpsional weevark stuctureelaypy @amelysorr byessaingptal. It may also include a

Particularly jn order to suppress a loss in the

layes oithas dban ﬂwpiafg/ﬂfa& pEqtEne Jayes fand by le%q]meaﬁleeg nefyoRkyructure
source water. the layer of the three.di nensi onal .

ey Rk ot Pt s XSl Pyl B F bt e uite material. A

i1, e . P . . S

G ELORIMTAEE ook W SPUE B APLERCBE o TEUBIERSRR e an

org@idnaftgial Sy &1 in@f%aﬁﬁhﬁﬁtbﬁﬂl, bl drfid fiBeriBe Hefesdle because of ease
suitably 25 regul ated that the separating

in afanacheligitweight. t Mhepsoromakbibsiritg, istherechrefdratidy constituted of a
strength (particularly chem cal resistance), the

wowghy®i mal-weveneclgthh foraned tyhergstniai fiberse sicht @ancaludesti fitfeys, cellulose
the required conditions. A thinner three-dinensiona

acetgiet itk palyester fbess, paly@ronyiang dibets ar pglyethylene fibges.

separating characterisfics d the physical strength,
o | AR PRELEFTISE. of ol Fenaireet neBalc uork STbturé and the
s TR et Taod BN R SRRl S MR LY 0

mex%; LGKRE JranREr LR 95 }q?re?sd%%?steggfbg q{om@ibﬁ#)ér: eembra.ne) may be

erefore, i n considerdtion o al ance o

chaRRAVIS 8 ¢3€4tidACH b P Clnt 1he Sepdistiordmembidhe MFRh& IrlveRtie) Since the
at the filtering operation with the nenbrane, the

laydr @y gire@tinhdnseaal whtwarksitaioaire bedrs\ sépasdtingdunktdn while the layer of
preferably has a thickness of from10 to 80 m nore

spherical stragtirg bears s phgsicd seongthy tha angpahranecis lpsgfembly so positioned that
preferably from30 to 50 m Also the |ayer _of

the slgery jof athregr¢ipensipral p peioria TPCRER 18 Bthith fides off squresy, water.

Pm'%&qggiygin?q%?%ﬁ]ﬂ é&'ﬁ)rrgsgt%{lggsgg ?l?elréﬁrp%}gﬁgyﬁ%odetpgsiggg oP srglin substances
in '&1? ot 'cgi\yﬁas itl%{]"f)el e{] SF YL Ifh]%é)-dﬁ'{l{nléﬁ)%lyl; Seta)aﬁ( ts&t?ctln%yﬁ rpreferably
(0] spﬁwerlcal’ S TJC ure Is 1 nmportan or the

proRHSS SRk INBS 1Ry QR e B8rce water side. Thicknesses of the layer of three-

dimensional network structure and the layer of spherical structure may be so suitably
regulated that the separating characteristics, the permeability, the chemical strength
(particularly chemical resistance), the physical strength, and the stain resistance satisfy the

required conditions. A thinner three-dimensional network structure layer tends to reduce

11
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and for the operation cost at the filtering operation
with the nenbrane, and a larger proportion of the

| ayer of three-dinmensional network structure reduces
the physical strength. Therefore, a ratio (A/B) of an
average thickness (A) of the layer of three-

di mensi onal network structure to an average thickness

B) of the |ayer. of her.i cal rycture.i.s
the breling shgrae ey s G TSR sfshety, il figiess ayer tends o
I n e rati r
recitp e Rmlecktiey! ZAYACA REIHER SpHRABAN ShichRe TR BHE: R poduce the
phyglben%&eﬁgﬂe‘nﬁmeomhd&{staw&n&ttbtfsddéé91 Eml?ayer of
spherical structure i§ a fluorinate esi n-fype
pol y Maheredéid, ﬁlr@nlslayﬁnoﬂbfbmcabmes&wmaeseﬁbawplbpemes and
structure contains a specified hydrophilic polyner.
of @0opdratidny dosohithe dil{eaing mperdtion beitle aint aenddtane) thdrdayer of three-
~ layer of three-dinmensional network structure is a
dimenptah metvedrk ystingtues prefeteblybhas mythickisss [of drquo| l;i)n@r 80 um, more

conta|n|%géat | east one selected froma cellm

prefgraplyyirorg 204 60 va mwlarésspréferab}y APIHIA foor léFBneAISO the layer

of B RERTERHF GFel s@ﬂ@oﬁaéﬁf g 5 20 48 PB4t ey prefersbly

fro! %g?‘rfgr%b rﬁ Ff@x&% }¥{ es? %m\é' &yﬁxé q{ﬁ? 0 lt}ld'gé-idﬂf?nsa)%al network

uor1 de- based
stru@tﬁfkt :ﬁidrih§ r ¥ kS8 REudl4qs irgﬁonalﬂﬁﬁﬁ%&%@nyéﬁﬁﬁﬁecpﬁropemes
plural kinds. A'so another polynmer may be enployed in
and Cfofrithe1@pération icBstSatCtheafiltdrhlgl oMt wth thetmérabiah&)daid a larger
the characteristics of the separation 12 menbr ane of
propzdn‘eon rof ethe | lager of ehmerd)uhlemhmml frletvoorkd stnizage dredoges| thaephysical
ma for exanple, a copolyner of vinylidene
strengtﬁor%me@m mfatioe 6B opfearns @V@égfé@hlﬁkn?ﬁﬁ (Ahyf the layer of three-

sl A AL BB o
sl B S 0t b Do % by RER G0t HES L ent v
and t I'I‘{? ﬁﬁdﬂfﬁggﬂogeggﬁétlr)ﬁw&&ef &'thd Efreﬁt%ry ase polymer for both

separatio arger wel ght-average

the lﬂ%rlsxe 6firRée-WRhdBlonhlenidwotkOsthREIE Gnd g ﬁ@éxﬂ@iaﬁihbhw,smcme is a
ile a small er wei ght-average nol ecul ar wei ght tends

ﬂuomatreda desia-type polynesigtahd thédapdros® threé-titnemsioghit netweilageructure
nol ecul ar weight is preferably from 50,000 to
conteji3@GpeG0ed hydroplsic pplysmer.pol yner separati on menbrane
to be used in water treatnent purpose and to be

sub j e&&!édl}tdesopmhqipewgrﬁr dalbeneaiziped in ke jaygoof Akreedimensional

networ struc eels goslu stantlaﬂgfe\ata%rggéc}fubqg iyc?ro}l)\ﬁ gholy%\g rcg Slmng at least

one selected from a cellulose ester, a fatty acid vinyl ester, vinylpyrrolidone, ethylene
oxide and propylene oxide, as a polymerization component.

The fluorinated resin-type polymer is a homopolymer of vinylidene fluoride

and/or a vinylidene fluoride-based copolymer. It may contain such vinylidene fluoride-

based copolymers of plural kinds. Also another polymer may be employed in

combination, in such a small amount as not to hinder the characteristics of the separation

12
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nol ecul ar wei ght of from 100,000 to 700, 000, and nore
preferably from 150,000 to 600,000. Also the
hydrophilic polyner to be blended in the |ayer of

t hree-di nensi onal network structure nay be a

cellul ose ester, a substantially water-insoluble
hydrophilic 15 polynmer containing at |east one

mem erLageiCL??tpf rl?lar%nnleofnate i ylagfﬁlgh% [y uorlll&da airSS ﬁogolé/mer 18 ey be, for

exatﬁéle %t ﬁﬁéx‘ lhﬂgﬂeﬁg TRBAGD Emd & I?ﬁ ahd Equct&f“ hJofH \QE?I fluoride,

al ne enaturing a 'ose ester wt
tetrdfRAetye 8! Hmnhb PoPyRae! ahd tﬂxﬂﬂ&omaﬁ&%eﬂ@rénér OAlsd a weight-
fatty acid Vi nyl F vi nyl pyrrol i done, éthylene
averaye feleanldr pleighy bEﬂhe ﬂm@ndﬁed re8in-Gpél polgindf By beladed sty selected
ester obtained by denaturing a cellul ose ester with a
accardmgoton the? Strengtlerandh e pérendabidiitio pbquired fowl theupalymeni separation
as long as it does not significantly hinder the
memlgranfoph‘}x Ilargtrrt\yelslyt averageanolarareweighetendsrinuredueg dig permeability,

g Eﬁgl|lc ymer contains, in a main chain and/or_a
whilej afmalien igigh aV%?%Fr’BBWFP‘?EWﬁ’@PE@H%ﬁO radice taestrapgth- 1 (refore,

e §eiehEiRiR RE SIS ipt oSS STRRG FLRLoo obie fgee ora
polﬂ%@%%aﬁﬁﬁm%érﬁﬁraxﬂﬁ% Be {IRGH Wattr tdBnfent é&lg@@:ﬁl th'pd gubj ected to

ul ose ester

a clREMEIAGRRYS he, ﬂ@(ﬁqdatedcl‘éﬁ‘ihﬁyﬁbg pblYhRE p?e%ﬁﬁly HHSOdJ R\%lght -average
within a répeating unit and it can easily realize

molsailarsvaigho by frors clifieidont v W0,000, hxd thdrel prederabigt ﬁ@lm 150,000 to
resin-type polynmer and a satisfactory hydrophilicity
600000t he surface of the polyner separation nenbrane, by
a control of |evel of hydrolysis of such ester groups.
ExanplAdso e hyémnmltfsﬁolmbfo %’ blendrd nethe daxss of a@éﬁﬂtr@enswnal
| ul ose acet

t I t
netiiky TR AAT00t Retelofsg s u? i@dl?sz ah? deG dratble hydrophilic
poly%gqlr: l'(l):n 3 ’gmg:{ ?east fr%lz rrgérj%%q’] PI% e C u %yl} n | te?s u Cﬁlp grrohdone
eth)@er{eat;xtld’e Al 1510 eﬁ%msé Len St’%h m@e o Qifeﬁatured cellulose

ynerlzatlo In the ca

estefﬂébﬁﬁiéklafy ddHaturing £ 0&IRlIbdeldstsl with at Rﬁﬂf@ﬁ?drbpﬁlhc molecular unit
pol ynmer, which includes a unit derived from

selevted Yilopya fanlyi adainanyladstey, vémdpyrxoldiene, athylqreapydecarel prupydene oxide,
a nol ecul ar unit other than such hydrophilic nol ecul ar
or aydenatured egllbose Esienobtried byndenatieingt o celbieserester with a compound

substantlalI¥umater-|nsoluble hydr ophi li c pol ype
other than the hydrophilic molecular unit as long as it does not 31gn1ﬁcantly hinder the

hydrophilicity by the cellulose ester.

Thus, such hydrophilic polymer contains, in a main chain and/or a side chain, a
hydrophilic molecular unit derived from at least one selected from a cellulose ester, a fatty
acid vinyl ester, vinylpyrrolidone, ethylene oxide and propylene oxide, as a molecular unit
exhibiting hydrophilicity.

The cellulose ester may be employed advantageously, as it contains three ester

groups within a repeating unit and it can easily realize a satisfactory miscibility with the

13
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Exanpl es of a nononmer constituting such anot her
nmol ecul ar unit include an al kene such as ethyl ene or
propyl ene, an al ki ne such as acetyl ene, vinyl halide,
vi nyl i dene halide, nethyl nethacrylate and nethyl
acrylate. Anong these, ethylene, nethyl nethacrylate
and nethyl acrylate are preferred as they are

nsi vel,y and

ila
oL SR SESTRFh SET  BEP Bp o st of e
poly;méss%gf@%mp ?nén?}ﬁras ! g?ﬂ &?frofll of oW of ?']d.yd'fﬂ§ 5pgﬁ&nester groups.

techn y suc pol yneri zat'i ani oni c
ExaRplesnsf tARNRNestr infRHE QRIIGIoROLYARE] éélIdléb@ acth€ propionate and
hydrophilic polyner, to be bl ended with the
cellilostosidetudd Botyrat&i NAlsy figere Alay perutilized a densiirel Gtllulgse é3eer, formed
| ayer of three-dinensional network structure, is
by iptredueire) lipto rsusle pdiludose2Btewi & hy droghifi¢ omidcnker adit such as a fatty acid
resin-type polymer under suitable conditions. It is
viny) gptey fs)ah&mngle@w@fgéa%pplemenmnqnhe ease of handling,
that the hydr nd the f|uorinated
r eai nJn f%%asséﬁ %35 phific an PRIlaPIS S| ORFEUTeR of agl&s’aophlhc
far t efIUM|nMe

ol STg ogiiSor LR AERpRET CbarUfZp uRviens Seide, or
pro;}?h X op’%h? phi xlnbl‘ém%lgﬁﬁfg?l%ﬁ@rthm%ﬁa?%ﬁgm&ﬂﬁlc mo ecular unit is also

ICIty o) obt ai ned r-se ara

1nclﬁ&’e'@1b ANGr&Rdio | SHR4IRYES sﬁ&@anﬁﬁﬂﬁe @Qiek—'lﬁs%lu%[hd H)Ja?op?ﬁlﬁi polymer.

resi stance thereof, the content is preferab
Exaltiptaeif a\thdddinier aﬁnﬁﬁﬁtﬁigtsulh)hndiﬁérrmmﬁﬂﬁ{ Unyt n’:lélﬁ@@ﬁn zlilgene such as
the miscibility with the fluorinated 14 resin-type
ethypoleymropyltre, enatkért suh as hecthlypue, opiyil halideyvirgdidber haJmilet methyl
in the hydrophlllc olymer is, though dependent al so

methgerglate) aichanqtayli geriaten tATBoNg thsse.n athalene.cBicthyl ytp@thacrylate and

nmer and o erfornmance fr ed. for the
metgvélpéﬁfmeo Are BRI a5 (et areaBy Jlab insopenstiEh ?@%é?ayah‘a easily

r.ef er abl O | % or her 5 However ., | Q@
1ntr(:>;8a%1§%d F’H%t 'P?]m r op qual Séderr% ag%ul ar urrﬁl Web nFmduceg A known

polythd VBN rtgéua@ggg \ﬁhha@ %mcg@ gfgeﬁza%ﬂ P)éJn‘%HEI p;ﬂp&ﬁpﬁmon or

an excessi v cont ent to a solu

(mu&ggﬁbLn@ﬁgmmhp content IS preferably not excessively
hi g for exanple is 50 nol % at highest. Since the

pol yméte $friphilicqol yrerblodtechl @xfdet kéth they Endtimated esihetypepolymer
utilized in a filtration process in water, the

for hgmbtivping| the 1pysr yafethreerdimpbasionay aetvedrk tstruetarel s preferably miscible
di mensi onal network structure has tq be substantially

with the; flyerinated, rggipdype palymegginder suitable conditions. It is pdrticularly

preferable, for the ease of handling, that the hydrophilic polymer and the fluorinated resin-
type polymer are miscible and soluble in a good solvent for the fluorinated resin-type
polymer.

As a higher content of the hydrophilic molecular unit in the hydrophilic
polymer increases the hydrophilicity of the obtained polymer separation membrane and
improves the permeability and the stain resistance thereof, the content is preferably made

higher within an extent not detrimentally affecting the miscibility with the fluorinated
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hydrophilic polynmer itself is insoluble in water or is
rendered insoluble in water by an appropriate
treatment. In case of a hydrophilic polymer including
vi nyl pyrrolidone, ethylene oxide or propyl ene oxide
in a main chain and/or a side chain, a
mater-insolubility is preferably achieved by a net hod

resné txpeﬁﬁoﬁ#nggg i n PW&]% hofat Otlﬁfgforp ngglfc])gecg 2N tﬁl Fimanﬁ)yderophlhc
polﬂﬁérhfé‘c iy gfl e%f%@ﬁ%’c S0 Bf( R nﬂ 2igf \twtﬂqué( WO(% resin-type

vi nyl pyrr ne wt met hacryl ate
polﬁﬁé")ana%ﬁ pRefofhRAIER q}(ﬂ&ea fmh@ 'bolyﬁfe? képkRioRnHERBRKE, | greferably 50
pol yner, by suitably selecting a copolymerization
mol Pbreliighied thd motdpiefgalsly 166 md1%96t highegel | ul ose ester or a
hydr ophi li c polyner containing a 20 hydrophilic
mol ecloavevemiin ther icased that athe ahydadphyliaonaeaulary ingsiseformed by
does not generally becone water-soluble even with a
vinyipyyrelidene, @ﬁhyl@re axide oryRipRYIend xddargh sxeassivelydiigh canent leads to a

e Content be regul a within a w.d
S°1“Eﬂﬁﬁb‘i‘ Bt B FRIEE I PR ETShYY PROPRERYEL Rishy 1 gxample is 50

molf% of BHRIRE SinssofS e m SHPilieh “hihhA0r (i) hELipyfitiog is to be
utiliz&P QA Xr@l{ratlgﬁ_’ g?gcegs FI?WaYeraﬁfeghgyéerlh@gég&ncﬁlqg tAY % ?rof three-

nmonomner copol ynmer Tor ol 'ynmer i
dlm@nsfx(ﬁfal ynea@anqi \éirﬁléthree%@ ltot Be asﬁggt&ﬁ[aupoméaﬁlue A m@r and the
hormopol yner of a fatty acid vinyl eSter, polyvinyl
hydaupatlit golymepitad € isaipkslubeciausstet br isSrehdlﬁK@&ﬂils‘B)llulﬁe anevater by an
easy to handle. 15 As the copolyner of a fatty acid
approprigle eedtmentandn acase heT a ngdorphilic aolyetehyihelndingi vipllpyrrolidone,
acetate copolyner IS preferable because it is
ethxlmmé#sqr\mo @peea@,gle o2 Rgiehain andfsrdy Bils/ehain, gf watepigselubility
e e cellulose ester ar. the fatty acid
is R;?fﬁvﬁ Yedt ?Ved hek gteé}éowg (BROV GBI iR ANOHieL Thgpemmer.  For
ro hi.lic th th i.n d
exalf O Pbl bl 6 BB Sl P B methegris (Riyga-co-

\% '&ha Cr egb!grh%? fb‘%%ﬁ;g?&ﬂ@ﬁd&ét\%% %?%ﬁieﬂﬂ r}ﬁetﬁgér%m%r (PMMA-g-

the hydrophilicity obt ai ne

PVIF)OIInWT‘BE foRRE 8¢ hORateMRIRIBILBRChyde1shilid TR I9HRE, K)h @ultably selecting a
perneability and the stain resistance thereof

copdlgmedfaion, malar mebhod of hydrol yzing a part of the
cellul ose ester or the fatty acid vinyl ester in the
t hr ee Ordiheeetbenohand, rrecelbMosesasten air g Sydraphilicypalyiner egntaining a
extent of nalnta|n|ng t he n1SC|b|I|té?MAth 10 the

hydgqphiici rﬂ%@?@ﬁérrlégﬁ derivg ér%ﬁmra%vw sigr gopengtegenerglly become

watgr-soPu%?ee e\(I)Jn \!v1 vl I?gontent of the hydrophilic molecular unit, and the content
may be regulated within a wide range.

Examples of the hydrophilic polymer containing the molecular unit derived
from a fatty acid vinyl ester include a homopolymer of a fatty acid vinyl ester, a copolymer
of a fatty acid vinyl ester and another monomer, and a copolymer formed by graft
polymerizing a fatty acid vinyl ester to another polymer. As the homopolymer of a fatty

acid vinyl ester, polyvinyl acetate is preferable because it is inexpensive and easy to handle.
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performance of the separation nenbrane. In case of
executing an ester hydrolysis in this nethod, it is
preferable to position the |ayer of three-di nensiona
network structure in an outernost part of the
separation nmenbrane (outernost surface to be contacted
wth the liquid to be processed) and to mnimze the

s B SERETSE RN ol R 0 abBuPBnt? o pgenein
BB RS SR HRS.R3 TR SRR gid iy B ©

net wWorAhdrblysis OF & pait e EstiRGn tHeeeHRIREE bid or tifd faktG bbid&inyl ester
layer, it is particularly preferable that the

genéruas opldicdsiyt grotpumeiat coa traseelllydroptilie than the esters. An increased
t hr ee-di nensi onal network structure layer is a

profytiepfiitie kydroky} rgzeurpradncéspatiscitibitys with uhe Hydopldbia fluorinated
cellulose ester and/or a fatty acid vinyl ester. This )

resin-dynsepelyimer. hukdncreases edhysiaphilieity pbhenphtaingd polymer separation

rincipally constituted .of a | 1ul.ose. ester and/or.a
methbyaps, ag‘ailﬂ‘yp%}‘?"ﬁ? |theeg?rgxﬁ?blﬁweand§§*€érﬁm SFSIYRNGP 6‘!1%‘?% i[gerefore, a
dj ust abl.e_.over i.de r e even W thin an .extent .ngt
meiid SFRAPO TR Rt P BRRE 5 e E YRR R 4 e thee-
dimb&sid 1%¥%x£3{%&ﬁ{e W&r W Hin.aanhﬁg&ﬁpcﬁ' Ihéiﬁfahﬂn%? e ﬁﬁcibility with
easily provided to the obtained polyner separation
the NRAIBRINARE- re}'hle?rby d;sathbﬂ & (RefeYAPRS 8P the i pugpdad! &Y improving the
constituted of a cellulose ester and/or a fatty acid
perfaimatice e tiey sepaatione metrpsares e li egbe f eRequ@ing @neste hyalrolysis in this
cellulose ester or a fatty acid vinyl ester of equa
methed, ot isl prefgmble tohpositivdr thellager of thréqxdintmsionslenetwiork séructure in an
cellul ose ester and a fatty acid vinyl ester are both .
outermogloparh PhEe sqpgragion ypsiBprane CPReTEIpst syrfage da|be goptasted with the

iqufy i e FB05PSeRs L0 RBEIAD T gicnest T QYT BRES g oo avoid
detr%%ftzﬁri?ﬁllléﬁcg gf ; lal_logg%rwswtgher In the pol yner

separation ne o; he invention, the layer of

thr ee-a1eld TRN#{e0PAbriRREY QAL Sl %whfer Ofephfdfioh a%Efbfihe of the
spherical structure may contai n another™ 5 conponent,

invéntieh, Béviad ®bhetheOthgR difefislbEd] ateRorkagiriché @Rt Gnd the spherical
substance or a polyner, within an extent not

strubturedyemdx ishartéful byt prefefratilé ¢hat e hydrophili¢ polylneer pohtpimed in the
separation nmenbrane of the invention, since the )
thregslamersiangl netyvdrio pivature Layer yhe hydropkibia tpeiymsy ponripally constituted
the | ayer of three-dinensional network structure, the .
of g gellulosd gxendientatt acidayayl estert nilug iyberanss: BVE‘EP the hydrophilic
networ k. strycture. an he l.ayer of 10, spherjcal . .
polier S bR FEPRGS ALa cr ARG S ARUTER FOpy i viny! este, the
extent ijﬁ}gcﬂ‘gﬁfs@ fis ?&i{lgaﬂlélx%rsa' widd r%&%en within an extent not deteriorating
the miscibility with the fluorinated resin-type polymer whereby a hydrophilicity can be
easily provided to the obtained polymer separation membrane. The hydrophilic polymer
principally constituted of a cellulose ester and/or a fatty acid vinyl ester may be

represented by a content of a cellulose ester or a fatty acid vinyl ester of equal to or larger

than 70 mol%, or, in the case that a cellulose ester and a fatty acid vinyl ester are both

16



10

15

20

25

to inprove the peeling resistance at the interface. In
a prior separation nenbrane in which each of the |ayer
of spherical structure and the |ayer of
t hr ee- di nensi onal network structure is fornmed by a
fluorinated resin-type polyner only, the |ayer of
spherical structure and the [ayer of three-di nensional
networ k 15 structure .do t easi | ener at eel..n
contifefehy s s BF A£G sl ar G SEREACST ol Seid Wyt ester
] i t o hey f ' R0 o .
of e%l%tl ;tz;‘({ n@ﬁéfgg%% \72’?&“ . o f]Sugix Eé’r&%x&é% Iﬁ{ij)lre{: &%Eeg?t{%gﬁ mol% or higher.
di f f eqenhe foRMdr h&Pgﬂaﬁeﬁ | RahBEnE &% tle itP&iBR! Y layks of three-
contained in‘one of the both Iayers, the preventing
diméisid@fal nt@vork heruttake bt akd adyep €| SpheHday stri@ukty a9 Pdvakiie another
interaction between the fluorinated resin-type
compohantesush dearotizs @sgamiqsubbtiangn th ynorganit ubstapecesrenpdymer, within
20 the hydrophilic polynmer not only decreases such
an ekigdt o) hbistering theeaffectsiad thepinverdiono causes a
hydr og]obi c- hydrophilic repul sion, whereby the peeling .
at t h&n ithg @PHaRSE sepamtipR HaymbRag of | hatiBYetivhe siapethe specified

L L Mt Y,
e S o A R LG sl PR e s o

sphdrRhEsthRARe elgﬁlﬁlllﬁ‘é‘%ﬁﬁ&*ualﬁ;%nt%ﬁﬂg%ﬁu%%ﬂ&fl ZdyRsh, in order
the content of the hydrophilic polyrmer in the layer of

to ithptoeethdipeelixgd @Bislancd@tth®inkerficé.uct ure. For the purpose
of preventing the interfacial peeling, a ratio (a/b)

of anlIn 4 priamsepatati¢@ neafbrardedn yhdehogaih bt thepayey € spHeticarstructure
amount (b) of the fluorinated resin-type polyner in

and theelay¢rrafedhngerdomenssonal nefavorlo structure ig farmed by aptledrinatds) ipsin-type
Pl &mbh cleuE §f TEPGRFAS SECIYS SbIhe ST PhETE GReophl network
seo, SR D, S0 LR s Bl P
inteﬁs%(?rg 'Bﬁtlﬁ»{égn thd AT AR ?@sm.{yggi %gyxﬁék. %%@?ﬁ, {mﬂ% a hydrophilic

I'c polynmer and a centration

polyiit® diffstend MérhaHe HRSHAuEY RRIIPODY FBlynich i@cAfAiné®n one of the both
solution for formng the three-dinensional network

layesd, rthe€ tpagventiny effectafoe aheliifigrihcialapéedihgLbhya tHeahy didphobic interaction
100. The ratio (a/b) of the amount of the hydrophilic

betwreh ythe flupunated resimtype polymére dedi@adek significantdyl and the presence of
resin-type polynmer, in the | ayer of three-di nensional

the yedrophilic pelymer gptep,nlyfﬁ%rwes such hydrophobic interaction but also causes a

hydrophobic-hydrophilic repulsion, whereby the peeling at the interface is further
facilitated.

Therefore, in order to reduce such interfacial peeling, it is preferable to reduce
the amount of the hydrophilic polymer in the vicinity of the interface. The amount of the
hydrophilic polymer in the vicinity of the interface may be lowered, for example, by
minimizing the content of the hydrophilic polymer in the layer of three-dimensional

network structure. For the purpose of preventing the interfacial peeling, a ratio (a/b) of an
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arbitrarily regulated and optim zed so as that the
separating characteristics, perneability, chem ca
strength (chem cal resistance), physical strength and
stain resistance neet the required conditions and so
as to suppress the interfacial peeling. An excessively
small content of the hydrophilic polynmer is difficult

ey B0 08 Ao oSS i
polyRir i ®e Mfde-ARleksibiisl l‘iféﬁ?&ﬁk REuctGRe] ;{I‘é%ra%w @CR?LE) &drger than 2

the physical strength, thereby facilitati'ng

wt% Bhteleés2hbR 20Peeh,| Mbre preferably $Ont SRS 5tk € AVEEraiBEWt%) of the
perneability since the pol yner separati on nenbrane

amobacofrde hydiesystelic pblymies taltiso apoaitesfadhe ehiopinated tedntyj® polymer
anount of the hydrophilic polynmer in the 20 vicinity

mayobe tchksulateaderffan ey comcentragrand (dnwt%) roficthe rhyydiraphviivi pdlymien and a
the | ayer of three-dinensional network structure, the

congenyaten Gfl PHG) 19 dho SupTinaied sisiimtyipe qrobumuell inya pelymes selntion for
fromthe surface of th ol yner separation nenbrane
formigg dhey H\‘?Fég‘i“fﬁ“é‘r"f‘%\lc'ée“t"ﬁg‘r gtfﬁu%%yer,oacﬁ?rﬁ@g O E:)Onnula (al/bl) x

100gradient structure, it is preferable to enploy a

non-sol vent of a high polarity as a |liquid for
sol i difkyi i s '
o gt FR 19 DTl 0B By 8 el o e

fluoBififted PesiRfYHa Hblyeits Ninlthellal el dffRiRtldiReina@wdlidfnRiure, may be
thus coated pol yner separation nmenbrane. In this

arbitfaifaegulated dny dptiptizdd s @Othytreie, sepadiing clRaradiérstics, permeability,
polarity than in the fluorinated resin-type polyner,

chembiseb steengtlr échentical resisthngeyephysitsl stnangtht and stahreresistdnge eneet the
side of the polynmer separation nmenmbhrane, whereby the

requited FeRdigions epd Spparte SHPITES the iteercial prsling| yAlsxessyely small
t the interi f th nb . b
confegy S frychrahific @p bt TR dp YoURe thio i Brplgge. On the
h - 50| f i Lar | | f
o 5a 3Gy el ' kel SRS S s e
chemicAl §fREALIR tBEPR @all istre}RS, tRerBbPcARkRle Y 1ifBTadia I{Jeeling, but

I nexpensive. In"the layer of spherical structure

alsot lR8dss RpAsIatd e Faﬂibaairﬁey siticd @ieJPolyMeE céiieationl MBRbRIne Becomes

the approxi mately spherical solids increases a pore
denseat e, thereby elevating the perneability, but reduces

the physical strength. On the other hand, a smaller

aver adleis alsapreferable ddueduredhp amountpb thet hydremiylic polymer in the
. .elevating the physical strength, hut reduces the 10, X
vicipty A ipteEgee, hart P SHHER R 8y eh. dp Sirelpgr of dhree-dimensional

netvporrEfs%rrugt?llr s tfng %rr}l]oghtlo} %eshy%%phﬁ?cr 1e)olymer gradually decreases from the
surface of the polymer separation membrane toward the interface therein. For forming
such gradient structure, it is preferable to employ a non-solvent of a high polarity as a
liquid for solidifying the polymer solution, which is coated for forming the three-
dimensional network structure, and to contact such liquid from the surface side of thus
coated polymer separation membrane. In this manner, the hydrophilic polymer, having a

high polarity than in the fluorinated resin-type polymer, becomes present in a larger
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preferably fromO0.5 to 4 gm The average dianeter of
the approxi mately spherical solids in the spherica
structure |ayer may be determ ned by photographing a
cross section of the polynmer separation nenbrane with
an el ectron mcroscope with a magnification of

10, 000X, by neasuring a dianeter in 10 or nore,

referably 20.or re, .of arbitrarily 15 sel ected
amolyp et 1BF AEae, sidk, R Rie ALy BT FeRaratian meRprang, SfieEiYne gount of
' [ n I ' .he

e BEADRIRE 1580 B ced R LANEH S5e Sfehof s membrane and
becdifidsCrelied shalfdr ! the {iRMHMyVEH BI intdrfck ) TR HoRGoRRNt of high

area sanme ‘as that of the approxi mately spherica
pola$i@} inthy 88CkeR¥tedUirbinl Zi03g thhee AkplaRiearlaRf, BCWater is particularly

equivalent circle. In a separation nenbrane having a
prefbraplebecdust itrhae a dighgrdaritp ahd iscihexpeksiv0 structure as

the outernost |ayer at the side of object for

separ &t therdayepof spheaical sitwsbire uthp geparatiingnernbiapé.ct larger average

. Observation of the surface of the outernost |ayer from
dianggtereafithe appygyimatady gplericahiolids yrgreases @ ppredate; theprlyoieyating the

peIRE 53 LSS DR e SEP 0 RO IERAD s ors
B 1 A0 TS PO el pgnces e

pemQécabhHﬁ SBRREDBL Bl %%@H%neﬁgéét lﬁtrefé a?o[]# %n‘fi‘\f?f qgeS um, more

pore size on the sur e ree- di mensi ona
prefO@bMCdin 1T 16C4 UME IThe avadape Blathct@ REMH HerHAmMbRSG, spherical solids
substance to be separated, but, in order to realize a
in tHei spheridab stkuatgre 1gren peaythe detamdndd ghphpesgrasiting & cyosatedtioa of the
same tinme, the average pore size is preferably from
polyhger Isepanation Imembrane ewith efne elgblrgn frpigrasgopenwith 8. Bagnification of
Particularly for _the purpose of water treatnent, the .
10,000y Y angssiiang p Adbameter F‘bg Qroxpngre; preferpbly g0 off mopg Al arbitrarily

el P s S BT B A s e
The?iﬁierﬁé?&eof 4 § r@xiﬁféﬁi‘}é %ﬁ{lﬁgﬁ%l%ﬁg Irxﬁﬁl 12 o%?zgﬁe%%geﬁexﬁﬁﬁingfa circle

pol ymer ‘separ a rane over a

(equd@ldrR Gircl@Phdviney RPLES sAhE ad' @bt SBRE hyprokBAaad stherichitsolid, and by

stain substances in water, whereby the perneability
utilizigg e dig@stet yf duoleqéisialed Grleven when the pores are

cl ogged, the stain on the nenbrane surface may be

renovéd dysepwateal nssntyrene thevingr pelayewas Hhreg-dmendional network

washi ng. The stain substances may be different by the
struefpigras dheputopmast layemat thegide pt phieet fox sparalienniioges areobsgseed by a

.of water froma.river, a ke or a pond,. inqrgani .
MICKSHANG PSS 24AR Of Hie Brigee aﬁ*ﬁw&tfnfestﬁw@ﬁmf@a} ircty f’g’ﬁ?ﬂ? Since

the g&%;@gﬁ%%gd@gﬁﬁl ang nCVOTE rs]{rgctltlrréet{egr%fthe %Qp%raqglrg iﬁnction, an average

pore size of the pores on the surface of the layer of three-dimensional network structure is
controlled at an optimum value according the purpose of the separation membrane. A
preferred average pore size on the surface of the three-dimensional network structure is
variable depending on the substance to be separated, but, in order to realize a high blocking

property and a high permeability at the same time, the average pore size is preferably from
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fromplants. The countercurrent washi ng neans a
washi ng operation for the nenbrane surface, by
passing a perneating water or the like in a direction
opposite to that in an ordinary filtering operation.
The air washing is principally enployed for washing a
hol | ow fi ber nenbrane, and is a washi ng operation of

shakj ng the hol | ow;fiber .menmhr 15 an.aj.r s I

1 on L. ohSie fstedi Bk STRHO LBl (3RS plepose of

r .

vk \FBER GBSt bBESc TORRIPAEA BOREoFHE O 005 . ot

morRtpréfetablyeinl £ r8t OF HoRed.0lb Yo PNOLAIT ARhivREhot WRrSHES 8f Bhe surface
of the three-dinmensional network structure with an

witliih 80¢H @dhgBientblss @ @nithidus aisérag id pslfinked Bepataton, BEbane over a
by neasuring a 2 0 dianeter in 10 or nore, preferably

lon®® periodyms theapdres aramyt goile sloggmbbbthestdin slbatanngy inrwater, whereby
arithnetic nmean value. In the case that the pores are

the peymeabilipits Aot easHy Ipywered.di Alse ewen yhgn the poesisiaed ¢legredythe stain on
determ ni acircle (eg%i val th circle havirlg an . X

the megbrang suriace MAK pe HMeYre by sercalledrmmirseirsnf apiipe phair washing.

di f [ ircle. Th I
T AR B P AT bR e ik sy Ried B fuxample

. 5 f.i : : , .
in fsc00% P ey BV 8 IR G e by RRSLE) oitlds derived
fror@Soil tandB¥Yud) nifdokgainBRls! ahdf felnn&itts ithdrSof afE HANGibstances derived
nodul e, thereby increasing an effective nenbrane area
frorf@llangs. UNTHe oodhteRRureA) whkling aleyn®s vashiag aipefioidoitha tRembrane
of the invention is preferably so formed as to neet a
surfpes, rhyabrsbing ya, pamentipgiwatey dpltbe kikegn pr dipetipy oppdsite to that in an
stren?th-elongation property, required in practice. .
ordinaryt fliening peertemi | The arrgweshing fapercipdbhemplayed foptwashing a
50 kPa and 25C is preferably fro .20 to 10 nBLpRhr,
hollgh i) et BT A PRUR SR oF Sk i llg i Taembrane
r t erneapl.).i ss_.t.hap, 0. 20 - hr he
by BT AR BL LT Shtind b, RSk, BT gy ) membrane
surfd€d meabi lity and is inadequate for practical use. Al so
wth a pure water perneability exceeding 10 nB/ n2hr,
t he pothenRErage pafedizelsh e RixfAR Y RyeCXGRfEsdV@bdsional network
| arge pore size, resulting in an undesirably | ow
structupdl is tatetmbinedk by gphotappapting thEhsurfany wifithy tiee-dithdigional network
property may be represented by a blocking rate for 10
struptaire Withean elfctepndmagrescepe ¢fithoa 8w@nifieatiorn pg 66,080Xf by adaguring a

. polystyrene | atex Particles of an_. )
diameter in 10 or more, preferably 20 or more arbitrary pores, and by calculating an

arithmetic mean value. In the case that the pores are not circular, the pore diameter may
be obtained by determining a circle (equivalent circle) having an area same as that of the
pore, and by utilizing the diameter of such equivalent circle.

The polymer separation membrane of the invention may be formed as a hollow
fiber membrane or a flat membrane, but the hollow fiber membrane is practically
preferable, as it may be efficiently filled into a membrane module, thereby increasing an

effective membrane area per a unit volume.
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average particle size of 0.843 m, and the bl ocking
rate for the 0.843 pin particles is preferably 90 %
or higher, and nore preferably 95 % or higher. In case
of a blocking rate Iless than 90 % the inpurity

bl ocki ng property is excessively low and is unsuitable
for practical use. 15 Also a fracture strength is

f | . f {
b 1 a8 P01 bl PRI ST soefmed as
to meeP'a JeBhEfility, B Enfirf) BIRRINS grﬁ%r%’ AHd 4 ?t?cg%tihd? 0 gation property,

fracture strength 1less than a“or a

reqitednf ptdcbe.| E8StolthaPernBbilfiy, & puRAQSEY seinRabiBE /36 kPa and 25°C
pol ynmer separation nenbrane shows an insufficient

is phefadblynfrompd.apant ¥0, mof’ehy, hedidiorg prefeblYEfBMANS0 to 7 m’/m*hr.
fracture, a fiber breakage and_a _destruction under 20

Withrgusaiweteapemivability tess thag Ocifemiini’ dm. thEpolyiner straeation membrane
hand, since an increase in the fracture strength or_

has ap gx¢asgivelydew peanpkility ang éaadaapgte ferapracticgl use o4dsq yyith a pure

the perprability., t fraciure strength and.the
watpr, efmgaiiy o‘?%‘ﬁﬁ‘tyql%qg’f B ol Yreho KBRS g S bR bave

n .

ed, qnl e .maintai ned wthin ange ¢ | e. of
exeBSFEpIReY i SPLRIERE aibebdtitally 1Y Hip GRRRR Rifkproperty
t he physi i : ot i ' t4i300,:
(e PR, it DRI Pt BT b S SLIGICARG] 3Ry e for
partidiésoft DR PREESHDO BAY Yind {fhob§heCIRARY pORsERSHe-1afd¥ particles of an
nmeeting the conditions of pure water perneability,
avetagp paiticle bizooiog#3 pmppaid the Blocking fate $orr thegl.843aneh particles is
fracture el ongation, there can be obtained a pol ymer
pref2iablefhVeari loghemewtd maore phefeiahly ¥ %tor drgheh dnaage of a blocking rate
perneability, sufficient for the applications _of )
lessfhpm P01t %0 e Hieriapurityy blogking aopsahbisreessiyehy low aed fis gpsugfable for
| ood cl eani ng nenbrane. The pure water perneability
PrachieAl YShe bl ocking property for 0.843 mparticles of a
separ af;i | 0 | 1o [
ar o s d AR ) B bR B oo br IRk thd WREE proferably 7

MPABFRBLe MRGUl &aCrt AbREADn(io gfef&%ﬂy% L2 ?F%&E@Bé%@ferably

of a Fength of 200 mm so In case"of a

70 SEePAladddrONANRTRIrdREendth 968 RADBEVIPA RS AfiEctiRAGUERHoR Y ess than
a filtration test utilizing a filtration apparatus,

50 %rispmdesirable, euthei podyrhéresepaptiontieatbrarendhoas an insutfficiant handling
di sc shape of a dianeter of 43 mmand setting it in a

PropyyW; AP IsadinBdb dememhine Aicone, & fbe palge B dedestruction under
UHP- 43K, nmanufactured by Advantec). 10 Such mniature

pressisrt dhe HsHME peratien. té%tﬂi‘eoﬂthﬁbb%datsl%e 28 1peregperigthe fracture

strerexéﬁ%lf”tliaengacmre elongation generally leads to a loss in the permeability, the fracture
strength and the fracture elongation of the polymer separation membrane need only be
maintained within a range capable of attaining the aforementioned handling property and
the physical durability at the filtering operation, and may be determined in consideration of
balance with the permeability and the operation cost.

By meeting the conditions of pure water permeability, impurity blocking

property, fracture strength and fracture elongation, there can be obtained a polymer
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a dead-end nenbrane filtration under an externa
pressure for 10 m nutes, under conditions of a
tenperature of 25C and a filtration pressure
difference of 16 kPa thereby determ ning a perneation
anmount (nB). The perneation anount (nB) is converted
into a value per a unit tinme (hr) and per an

sepgafiiay Brofe ooy By REet Shs aleBition sBlictene R g gpptications
of wiRd erealztlxe%,%s&ﬂfﬁ%d %en%}ﬁ@: A fudtel iEa bﬁ%ﬁ %léﬁﬁfrlrigg][ﬁr%brgrrle.

permeabi [1ty. SO such riniature nenbrane
filtrghtQraRRRE dbMfeablity asd t}feoélocléﬁf? pHipbAg & G180 BN Fhrticles
menbrane filtration under an external pressure for 10
of alSepath®sn méftbedne, OMhEifoin® 08 a bibllawifivenerahicheref by aElamibn test,
a filtration pressure difference of 16 kPa, on a 20
witlsporimeturatnembranewnoduite paitaising fewrehdllatvelxbep ardmbtohres offa length of
an average particle size of 0.843 m (manufactured by
200 mana dyMisol inceaye af e flag spparatien mearvang, thepe PIOPETiEs ai¢ pggsured by a
of the latex particles in the source water and a
filtratinnclesit pzingn BHjatiop apRaatusy I&?P‘"ﬁﬁ‘ij by cpidiagithe pparation membrane

ol ARG PSP OLSBEOPEET BHP BBLAMRE it o RO BPiRp | heiadon-

f € ' i1 ' eterm ned by (1
Wpe%@@%po%.ﬁp%mr%ﬁ%%?@?%a %I?X‘E{é‘?er?g‘abi lity of the
separ &uk10 hifRARE AREHEE xﬁb&ge E? fifthkidh ABFarafd is used for executing

converting a val ue, obtaine y a pressurization or by
a deader! infdintnin@ filttatior0runlde ahi kternal Jrds3@reWddrel0 minutes, under
tenperature at the neasurenent may be suitably changed
conditiony ofl gpniperdtine of\A5SC awil tayfilohitio prebsugel differancbef 16 kPa thereby
filtered (source water), The fracture strength and the
detetpiging p peErestigh eMONNLIN D he The pamesiiohamewi(ankls cgpeerted into a

valu e i S R P 8 <Eistign BOTOBB AL 0 r Ry il by
2ngt d I ti bract b t j

O gL ER 0. e b PR AR g me BT ResfrE REPY b oo he

pureS@El@xd?é?fne?QH mmn utilizing a tensile tester,

repeating t measurenent for 5 tinmes or nore on

di ffergsd seaMphifRnRs InédbiGaHt ahodide dY SIBHESH @PpdrA@s is used for
fracture strength and the fracture el ongation. The

exeduting i dead-ead resibiade)fileapial yirdes as eparmal pessunefdrri@neinafes, under
the invention, 10 including the |ayer of

conditipaeofia rempéromzd ohddWorkd stiiltratien preasvde difter¢negent 6 kPa, on a
spherical = structure, may be, Fr oduced by varij ous

soure (aEIdN Whigh alyptyreae datgi pRBislesfof g ayeisge pagicle size of 0.843 um

(manufactured by Seradyn Inc.) are dispersed, and a concentration (A) of the latex particles
in the source water and a concentration (B) of the latex particles in the permeation water
are determined by a measurement of an ultraviolet absorption coefficient at a wavelength
of 240 nm. The blocking ability is determined by (1 - A/B) x 100.

The pure water permeability of the separation membrane may also be obtained

by converting a value, obtained by a pressurization or by a suction by a pump or the like.
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fluorinated resin-type |layer of a spherical structure,
a |layer of three-dinensional network structure froma
fluorinated resin-type polymer solution containing a
speci fied hydrophilic polyner, or a nethod of

si mul t aneously di scharging, froma die, two or nore
fluorinated 15 resin type polymer solutions (one of

i ER N
V1sc§§1%ftt§@ﬁ§m béﬁ[té‘i'eg%q&.?& Laysr of three-dinensional

net’'wor ure an | 'ayer  of spheri cal

St r UCHIHE Grachire fsiré afid @Fé Redu@feléalibR @f tﬁl{‘sé?oaratlon membrane
fluorinated resin-type |layer of a spherical

are Bdtipdeiculagly rasthione lin ke rhdas@en (fihﬂfﬁﬁé | Add Fhay 6 BAskired, for example,
structure froma fluorinated resin-type 20 polymer

by medsutinga stremgthiand ag etorgpéai i @ftadtyrriophidnside pest ymarsample of a
wi Il be explained. In such producing nmethod, at first

lenggh of dminn aithck teasilerspegpefl Hiemi/mie utilizipe a)ter@ﬂe tegter, repeating the
spherical structure is prepared. A polynmer solution is

meaﬁ\ﬂféglsme@rb%/tlmegsoesm?rﬁgoradl rend rsmﬁaleéang «d|cylagipg @averages on the

relativel Y hi gh concentration of from

fracﬁ‘f,% a(“éﬂ%?)ﬁa?/\tt’%‘?l?f’ &"8%or or good sol vent for such
pol yma#,. olIlOQina%ldaEeSl et%yé HJ ege@%aﬂ&%‘ em@ﬁge SH¥He 21gvent10n

pol ynmer s ron 1sd oma SO as' to

mcl{lcﬁﬁéntﬁe haek {h&é}eﬁmﬁﬁ%ﬁﬁnﬁet@&kastmﬁre zﬁﬁnﬁfeaﬁ?er 8f gphencal

solidifiéed under cooling in a cooling bath to cause
stru@hfs SnayeRApBEIEHA, by Vaes 8 Rieth6dsTdidex@mpE hhetRdd of formmg, on a
structure. A poor solvent is defined as a solvent that
fluoripate@ Besimtyppdayee offa gphesall virugutehe lgek pifthrebylirbenstdiabnetwork
more at a |ow tenperature of 60C or less but is
struetarsafiora acﬂuomng@d|rv31mgyrterwlmwbmowostam% aspeeified hydrophilic
polygrgﬁrr],:ﬁrh%%n%f oqlillg)ﬁléq‘rnaeggﬁy Ofésg}équ]f ; ongm o V:.rg}?o or Imtolren %uormated

resnh- eé)ohg%l?r Sﬂ 8? %{ne véxbcg{ll?én}d_gigaygrluum?% rdegmljtg}r)rggﬁy%gr solution
t‘%g@cflﬁéjd ﬁ%&bﬁ!ﬁlﬂg B%&gg%%? éﬁ?ﬂuﬁaﬂ%{gl fﬁ%g tﬁenlayer of

nper at range ess 1’5 Yefine
ﬂueé‘-dﬁﬁ&ﬁloiﬁi YE@Wbrk ARetde &R 1he Myet bBIpheR&aS sﬁ‘&ﬁtm‘é' ssol ve
nor swell the polyner at a tenperature as high as the
mel ti g fps, Atmethod bE f@raliydywh Oflubdireitdioiekingpd iyt oDE spherical
the solvent is defined as a non-sol vent. Exanpl es of
stru¢thee, plola[yels of vleme-dimensiduel hettwork satedrer foimatfypeinated resin-type
pol ymer include 10 nediumchai n al kyl ketone, ester,
POIY@PG}@@]NU@% cRIalamg wipgaiticd hxdoplilia pelymegatillde explained.

figgﬁgqex@f%ﬁ@cnf’goﬁg&ﬂ& atﬁ'ﬁ%/ ﬁaﬁflﬁ@g{ Crtesqrr;-%ypenrgérplgrane (layer) of

a spherical structure is prepared. A polymer solution is prepared by dissolving a

CO’nt%u Ty

.-

fluorinated resin-type polymer with a relatively high concentration of from about 20 to 60
wt% in a poor or good solvent for such polymer at a relatively high temperature, and such
polymer solution is discharged from a die so as to form a hollow fiber membrane or a flat
membrane, and solidified under cooling in a cooling bath to cause a phase separation,

thereby forming a spherical structure. A poor solvent is defined as a solvent that is

23



10

15

20

25

propyl ene gl ycol nethyl ether, propyl ene carbonate,

di acetone al cohol, or glycerol triacetate, and a

m xture thereof A m xed solvent of a non-solvent and a
poor solvent is also considered as a poor solvent
when the aforenentioned definition for poor solvent is
15 net. Al so exanples of the good sol vent include

incakg%%ﬁ@lesé( l’lﬁg tegé]cﬁm%:l?ye% Iwﬁ%;? %%rg Et 3 W&g}p%?ature of 60°C or less
. I ; , ¢ . Tyl
but PRI SEREHATE e TRERY PR s ERRY b range of

front OIS WHe ROBRPBEHE of BRDolFENdE (ﬁrué'x‘émy@ bRyl 3Pnstituted solely

exanpl es of the non-solvent include an al’iphatic
of viytid@afliaitle dopalydiBrthas a MydifCBsiRO6Y, abdt Fgeghat Ako a solvent
pol yhydri c al cohol, an aromatic pol yhydric al cohol, a
capable afdissolviag the polsdiicr bgriwtys oandrainat loertetipbfanira edngd of 60°C or
organic liquid, such as water, hexane, pentane,
less i wed as 8 gbod s venindarol vent thatdesis notdisspdye nor swell the polymer
tetrachl ori de, o-dichlaorobenzene, trichloroeth¥lene,
at adeRperatyee g% ek as e ansliing paingof ¢k polymier oh hechriling point of the
| y.cql ropyl ene, gl ycol, butylene glycol,
“ﬂvgaﬁfgﬁéﬂﬁiﬁﬂaﬁ%afghga-o| or pol yethyl ene glycol of a
| ow r L gh ] X ereof . .
the prsanbiRetrgt Rty sufdR B e hulale g Ravpg Babiher include
med?drﬁ—%haiﬂr %Fkg"i exLiBfe, PRL¥AE glyc§lo| diter O Qmpy?%hﬁ'i\% OlXihBfat8, such as
[uorinated resin-type pol'yner at a relatively hig
cycloRExaBaid, Aédphbroat, y-buGraladent, méhyi0is&n M KétoreN dBn@BAN phthalate,
or good solvent for the polynmer, at a relatively hig
prop¥enk e glyeolatmutleyl otther, opropjlend datbonatel didcetofre halgbissl, or glycerol
concentration in this polymer solution provides a )
triadetagsh end gtmighge theserd. a Ahhiyied sobeimyat namsalyent hed ppognealvent is
separati on menbrane, but an excessively hjgh .
also copdered 26 2oRPOF SelyersWheteths piferepgnigonsd %ﬁéﬂm foprppor solvent is

separation ran t her.e eteriorati t he .
mety o R sppley BT MedGoR ho L EeraSBrah BT 8. tidiand amide, such
k I . - pg: . ey .
o 1A Ao AR AR R0 e PR ol R RR Y B frmamice,
metiBletyil RBohS, Abkbh, Qet?d]‘lyéﬂﬁ&xﬁﬂ,%ﬁ‘&rﬁetﬁ?lﬂ%; orltbigte®tyd pRosphate, and
t'he polyner solution "nore preferably has a
a mikQiie tkdotl | Alsovdxhiniples af Ngm-olveht Md1ude ah alipithtiotBadrdcarbon, an
order to solidify, under cooling, such polyner
aromsasicuityidoocarbona ap b plegtier prilytedric siapel, o @oraaticapdiphyduiv alcohol, a
fiber or a flat nmenbrane, a nethod of discharging the
chlogippipddyydrorarben) ad apother ehlerinases prggnisdiqid.sugh @f syaterg hexane,

A cooling liquid to be enployed in the cooling bath is
pertghe nagty tﬁﬂFPjﬁ PEORAR) AEPaRSl SRPOR PRl de Doshichlqpenzene,

trich?gr%et%?%ng,oe%}ma& El%é’i], BR ryle(%lre glycol, triethylene glycol, propylene glycol,

butylene glycol, pentanediol, hexanediol or polyethylene glycol of a low molecular weight,
and a mixture thereof.

In the producing method above, it is preferable to at first prepare the polymer
solution by dissolving a fluorinated resin-type polymer at a relatively high concentration of

from about 20 to 60 wt%, in a poor or good solvent for the polymer, at a relatively high
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good solvent at a concentration of from60 to 100 wt %
The cooling liquid may contain, in addition to the
poor or good solvent, a non-solvent in an extent not
hi ndering the formation of the spherical structure.
When a liquid principally constituted of a non 15

sol vent is enployed as the cooling |liquid, a phase

separation by t in i on, pf . the non- .sol.vent .
emB BBk, PimababCRe AP 1472y o RebiiGeBSiliagdt i B, ppjymer solution
[ 0 [ : r .
prodfis EhiehEPHI AR BHER 1R oAb R boliier RREEL G nebrane
but Rh &RREIsRE1YA highOkoH¥BAtraiRR ARk NhdHIRY A€ 0P%h& pIBMINR Separation
of solidifying, under rapid cooling, a solution,
merffrefal hereby dhitGscsrhtinid) ghed phinbkabilitat edisbelmi Bodsydegation of ease of
polynmer at a relatively high concentration 20 in a
hangiog andrmerobrhne ddrweng pfaperty lo€ theopotymeer sohatiost, itas preferable that the
~relatively high tenperature, the separation menbrane )
viscagity elsthaselusiot énvethieamepinopiateitangee Thereosl the pelymer solution
spherical structure, depending on conditions,

morg e eRblydias p oAt e WHBINA ANSGNlFIB A0 QPP Witure, a
nbi nat | f . t i d t t f .
the pof 9REF Copiifenndsr cstipecr el slime PhsO2dp uhedsgrmined
ST Y B e VTS 20 UG e
solutiBn GR8 eahcgﬂlcoliflg b3ing ptréfr@rréﬁl YATBS0IRRPR[A PP BRPIYENE the cooling

into a | ow fi ber rane, such hollow fibér may

bathbie pediérablyedidquid dhwas arghpgatufecoflfraR 316 010 kiydredntaidiag a poor or
solution, froman outer tube of a doubl e-tube nozzle,

goodndvehtsat haogeengration bfifrdnf @ tof K0nwtle aThdaddling lipaid may contain,

. froman inner tube of the doubl e-tube nozzle, and

in addisiont ionidre apags| dragdadcsnlvent a gedsplvenbin Ay exient et hindering the
cool ing bath. The hollow part form ng. flujd nmay. be a

fon@aa@no(?fg they sahgrical stpigiure.j nWhHER & i it peipalty Cﬁpéft&eg ptya non-
a liquid cantajning.a.pooer or, good solvent with a 5

songt s Hirfaeh the onlisk BER s st SiraRioh Y i dclisfi gt he non-

i QL QW R he | i fLyi . . ' .
s TR N8 LR B R B8 BH AL i,

whe‘?él?l thBGpNdRA] §thRturb Vet otes dibRiult®roviane ARB iRRase of preparing a
sufficiently solidified by the cooling power of the

polyeasd|sepegatidnadnbmbring .byAl sethod of aslédifying, anhdérngpidheoling, a solution,
pol ymer separation nmenbrane into a flat nenbrane, 10

prepaedl by dissolwidig pollyormatesiolesinitype palyunies etharedatvely bigh @oncentration

. slit piece and solidified in a cooling _bath, thereby

in peen AT ®god selvent fenthicapdlymer and at a relatively high temperature, the

separation membrane may assume a dense network structure instead of a spherical
structure, depending on conditions. Therefore, in order to form a spherical structure, a
combination of a concentration and a temperature of the polymer solution, a composition
of the solvent to be employed, and a composition and a temperature of the cooling liquid,
is controlled appropriately.

In case of forming the polymer separation membrane into a hollow fiber

membrane, such hollow fiber may be obtained by discharging the prepared polymer
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On thus prepared fluorinated resin-type nmenbrane
(layer) having spherical structure, a
t hr ee- di nensi onal network structure is forned
(lam nated) froma fluorinated resin-type polyner
solution, containing a specified hydrophilic polyner.
The lam nating 15 nethod is not particularly
ests]ct I S € t in the f.0ll ow nnes . .
sol b, b Eibuuchtind T PHSEIRR, sl C i AP IR R Gr fogmine o

hollSRI®H 8 & EL HIbE ofdhd 'dHn%lif-i‘E@engzgoyzgt%%ﬁa %X&%ting ?nsé?fﬁfﬁcation

sol'ution, containing a spec . rophil'ic po
undérScobfiag 8thad REbliry BAAEN THMGRIoSSshrt OrBingGluidhfayibe @ Jagbha liquid,
to forma | am nated | ayer having a three-di nensi ona
but,niat therikvaitiong isu peferaifly Th éiqhiduconitdiningth HpesH br igyed solvent with a
pol ymer sol ution containing the specified hydrophilic
congrotrgien of from §Gtarl lywthenstih rtee calilmgrisjuah al Thediollomkpart forming
.Structure, is constituted of a specified g%drophylic
fluidy gyay rhersupplied werder saeling, busmay @lsecdbepnipplied witheutooling when the
sol yent a descr.j bed.aboye, and the solvent is .
holIg¥efEF ApPrancc P BTSRRI sl B 116, Gonfipi gower of the cooling
batr%ﬁin-type pol ymer. The good sol vent for the
1Wu%rinated resin-type polynmer may be the good 25
sol veRiso 48 s5kiopesnah . f ' k=
so4fre e.ori’ % ?gll% rﬁol : er sl:frh‘i‘%tgi/(gﬁﬁr ogzﬂ}){aﬁé idts %\)%%grrnembrane,

pol ymer sol ution con t he I C po

the prephietl alpmdtadhiiondk WiiRhargN GO/ h alit pRcMVahDsNidiERNDE cooli
gf@fro%?éM?o 30 wm% angﬁnore prefe?ably fron1i0 to i

bath? thevdbpbobiritiag adlat meibeanel €ss than 5 wt% tends to 26
reduce the physical strength of the three-di nensiona
net wolJa gtus uprepared [fpenatedviredie-type membeamer @ayieonhaving spherical

exceeding 30 wt% tends to reduce the perneability. )
strugtneeg ajthregrdimensienal Retvosk peagtyretiy fermsd| Gapipaigd) frpng fluorinated

s R e ol i Pt o P e FS e SRR, g aminating
! i f t | ] i Nn-

e o ORY FOb I S L TR R on e

ﬂuofigmé@ %sm-ﬁ'gg n?erﬁl%fﬁ’t’fe (Wrﬁa%?%é‘s?ﬁ%ﬁ&i PRt @ﬂ%@%&d M¥8in-type

e explained later.” I'n o 0 reproduc

polyied Psulgtich, Sdoatdiing | 41@pédiaée hyd@philict YePmBR! ¥ "&ated and is then
solution, the preparation is preferably executed by

imnieesztli inga fsolidi@ug rbath o domn at lamitaeap dayat lhaeingod three-dimensional
exceeding the boiling point of the solvent under

netvggyk s@uGtBIe; t her eby obtai ning a transparent sol ution.
Also a_ 10 tenperature at the coatin

f I uor ilh&t dBopaaied- fSsHEtps| bemegmsagliﬁg% fcé‘fmr& tAt specified
hyd%))%hiéicﬁ)g) al egrlhg)? i‘?ﬁnﬁ}?z‘:{ é{éﬁéﬁ%—e a::er?sg(ifr%gfx%%‘%(r satpuectlg*];, is constituted of
a specified hydrophilic polymer, a fluorinated resin-type polymer and a solvent as
described above, and the solvent is preferably a good solvent for the fluorinated resin-type
polymer. The good solvent for the fluorinated resin-type polymer may be the good
solvent described above. The fluorinated resin-type polymer solution containing the
hydrophilic polymer preferably has a polymer concentration within a range of from 5 to 30

wt%, and more preferably from 10 to 25 wt%. A concentration less than 5 wt% tends to
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produci ng the pol yner separation nenbrane, it is

preferable to control the tenperature so as not to

deteriorate the stability of the fluorinated

resin-type polynmer solution, and to avoid an entry of

a non-solvent fromthe exterior of the system An

excessively high 15 tenperature of the fluorinated

e " " ubion he . . ti '

e EESHO pABEPRIIRT o o0 B RELAO BSLR. 05, wie o

conRAN edcReding 90 vA%) @hdPBTEARE thd Vet of spheri cal

structure, thereby promoting formation oliy a dense
| ayer Ao trh@eifRofinhe8 Sci-tiprGdlAi&! sofiftion containing the hydrophilic
t hr ee- di nensi onal network structure and the | ayer of
polysire ranc aptimtunu dissolatiom n@mipasiree diagien glepédiing on a type and a
perneability of the obtained separation nmenbrane. On
congehgaiderhel the fhwdrinatad essire ype \pelyme2 Gint dlve kysiropliilie polymer, a type of
tenperature at the coating qgperation causes a partia
the splyant.iagd agype Ml aseangenteation of ap pdditivg toshe explaingdtlpteyy  In order to
operation, ther eadi ng to a separation menbhrane ..
TePrRgift ?/rﬂrﬁ@”‘i’r&rﬁ}gbqﬁvj é}r”é?ﬁlf’%‘e‘gﬁﬁuagtpgr e FRUHGRe the’preparation is
preip AR At Bl o EERA RO ot AFerRrdlbls Wy cxsgoding the boiing
it QIOGE QAIVeRE WiBd:! 3iRG6RT BkR8y Lobtdifife P bienPRoRition.
pOISg%ut%on and tﬁef;esﬁgé% se%ara#ﬁhé pgﬁgﬁ%ﬁangg.agg
tempétateAsS @ 18 cPARIUST he RuoPRhiaBEISGRRI I JORRHINAR mPbrtant for
a hollow fiber shape, the fluorinated resin-type
obtairdhy e rpobyrhett isepurativnt ajemibigng o opelidti adrdvyaistiphi | For stably
polymer nmay be coated on an external surface of the
producingrthe pokyther separatioppaembianenit 1si tyeferabbartorcamgrol thg temperature so
(layer) of spherical structure, preferably by a nethod

as 16t 19 dRieFigraty thendahibity aivthe Buerinatrghissianaps Rokymss| sphnion, and to
avoégﬁ{ar:xt% bg%%’%ﬁ?@”ﬁ%gg qugrlliﬁgchﬂ&np?s %QCJH geé{n excessively high

tem GRS e S8 fidrestoitFht BAVER: RGN ARSIy BRdption causes a
dissBR¥ioR 8f ARETRHNNRd 28bin-VrR PRBIMme ¥h h3&SaGdl fahf Ay LW spherical
fi1 ber nenbrane, preferably by a nmethod of injecting a

stru@iGtey Mgrets0ptiimdihgi PtBatidieof BQlehssMalybibar thetifteeRBE of Itk layer of
such nethods, the coating anount of the polyner

three-dim¢risomal netwotlestoenire ahd dat, layayrof eplamishlestruoture amd tthwdreducing
of controlling a supply anmount of the polymner )

the paymgabibity eighe pbtainsd sepryatinpenembne. oPn éhermgﬁdwdam @qcessively
i mrersing the polyner . separation nenbrane in th

low splu{ipi tenapsratine s thsreoafing PPV RYsRPFH! griston 8? theisglytion in
e i R BB T RSP 3o many
defegg%ﬁ'cfe%giopeﬂin)é%é sei)%alt’i'hk %Bility. Therefore, the solution temperature at the

coating operation has to be selected optimally according to the composition of solution and

Also a

the desired separating performance.
In case of producing a polymer separation membrane of a hollow fiber shape,
the fluorinated resin-type polymer solution containing the specified hydrophilic polymer

may be coated on an external surface of the fluorinated resin-type hollow fiber membrane
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The solidifying bath to be used for imersion after
the coating preferably contains a non-solvent for the
fluorinated resin-type polymer. For such non-sol vent,
the aforenentioned non-sol vents may be enpl oyed
advant ageously. A contact of the coated 15 resin
solution with a non-solvent causes a phase separation

(laylg? dt#ﬁ r%ejneef%allt Qﬁlcﬂﬂg,' ?&Eéé?l\%&’rw ta“&%@?é{ gfo {r{xrx]ﬁxgxghng {h%yl%llow fiber

nmensi ona structure. process

merfbrahd B a bgl}rﬁ{& lsORtioh,NorMyl £heltag Jf! dﬂ%@%x%?&egﬂyﬁl%ls 58lufidPEnto the

pol ymer solution, contai'ning the sp

surfBdeds OB ihol 6 wfbey Hdmbrase. C OEls6 theafMabrida@d deSBRYSEFollyher solution
the solidifying bath, a non-solvent having a hig

confaoliny theyspedified hadrophilierpolymserpnaf B¢ abdtyd oh iahiidethabsurfdve of the
solidifying bath. 20 A nethod of controlling the

hollawelitey engmobrene ipreferablyt he asuethed of dfjedting 4 helymer solution into the
di mensi onal network structure layer within a desired )

hollpynfgker eRbrRBSankyl Bichimethedn (henshatine amayt pk theapelupyere solution

dependi on. a type and a concentrati of the
mast SRRSBPYGCE TBOIYHEPIS, 4o e, A1 FGRTTInE Ho SUPPLY amount of the
ro O BRSO PRONTRE o BRHEP et e, e gotymer

sepdR&ihin Iin&?xb{aﬂé i QY SNSRI EorSdfte FcoéMchtﬂ hﬁl}me? RERHon on the
In the fluorinated tesin- type pol yner sof tiron

polyettsdpdrhtich mbfbeMRCbf $@Ehifly SRR bldviiag RAF, YT an 4i6 knife, a part of
di ssol ved out at or 28 after the formation of the

the ddposieeddiotanead sohalonnet wor kK structure, thereby
controlling the average pore size on the surface.
ExanplTas sofidifyios hatik do diezesed diat imiversign afiei theveoating preferably
i nclude follow ng organi c_and inor?anic compounds.

contpiis apRPanlend dorBe forgated resimyhypy dglymery r Eposugh npn-solvent, the
sol ubl e .both .5 in the solyven o0 be enployed in the

SforF G P P BRI TR e BOPIVED L REE O Bhnch FAREH o costed

resift 91)1%88{1 .V\‘iﬁlali n%@-%%ﬁl%n{ Fh%s@sog' EQJ Vs%ggrh{i&? lljﬂ:cﬁlgecf Bg%ﬁe non-solvent,
separation, and exanples i hE tde wat er-sol uble

therP®) YdR{ing 4GBy &SoP@kedimehR¥hd HebWORestrRAlrY €t AYIhE MRocess of the
gl’ycol, ~ pol yet hyl eni m ne, polyacrylic acid, or

inves€iyh I idnwhigh she lactigdiéd r&in/6pe ipdlydier dofiAioa) asntsi@ing Tihe specified
i norgani ¢ conpound to be enployed is preferably

hydsphilisl glipoer is vodtdrk asd kheanmneysddeinitBe snjidifyingl bath, then-solvent
fluorinated resin-type polynmer solution and in the

havinga-high palarityt ugh ag aNatesgis prefierably mtibieed asthe polglilying Yase
separation, and exanpl es include cal ¢cium chl ori.de,

magnest pefroliing the, AYCEHICORG A S1Zenen Bhe Fface of the three-
dimg’ﬁ'lslign%i gétw'o%k ISt?uC?lllI% ?a;%? %v?tlhpnl & des\llge(ti rr]a&)nl'lgte (form example of from 1 nm to
1 pm) is variable depending on a type and a concentration of the hydrophilic polymer to be
contained in the fluorinated resin-type polymer solution, but may executed, for example, in

the following manner.
An additive for controlling pore size, which is blended in the fluorinated resin-

type polymer solution containing the specified hydrophilic polymer, is dissolved out at or
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utilizing such additive, to control a phase separation
speed by a type and a concentration of the
non-solvent in the solidifying bath and by a
tenperature, thereby controlling the 15 average pore
size on the surface. In general, a higher or |ower
speed of phase separation respectively decreases or
afie MJ 81REROh 1 AY ShAISRGESomA TR BEAN T fERLy Ao8folling the
he speed ol phase separaglon may be con rorl e (fy
ave@dgg%g& S Qhteat to the polynmer solution. Now, as
anot her nethod of producing the fluorinated resin-type
pol y mExanpliasfatitld Poreiter e oMing tAdgitive ifihideOfdllowing organic and
including the |ayer of three-dinensional network 20
inorghiit compeuraisd The otgayiey codiiponplies be anphiyed ¢4 preferabilii@si@ble both
wi |l be explained a nethod of sinultaneously
in thii stteat tyi begeroployask inrthe Buorssited resihdypeoprdyrierselwionwnil ¢ the non-
being a fluorinated resin-type polymner solution )
solvesh thit iiRntss athe gwarsolveat-mgueesh Rhase csepypijorerand exasples include a

di e her e formng a |ayer of three-di mension
walgge e SPTVEEL T GRS eV i pRGAone PapRhKiens o lveol,

at, hhe s e 25.,Such produci thod. may be . .
po Bl Fobedfis fra e BBl aS I LG R GFdprige. The

inolfgh:'}igg_oz;ﬂi’oﬁﬂd TtSSl'Béf éﬁ%ﬂﬁleﬁq&yﬁﬁferm UhiBlk boh {nOEHQ Slvéht to be

I'nmensi ona et'wor structure and a fluorinate

empl&yeddnn P Bu i ayddBresif Al pe pAPmEPEOI G AnAUn FheSRRLEI G that causes
29 structure sinmultaneously in a lamnated state from

the atioragudventHreluaed tabé dieparation,t hed sedatiiplesninclhide a@alcium chloride,
cool i ng bath containing a non-sol vent, thereby
magyiesiainn ¢ gride, sgpawna chlonidesmdrzanem sulfaigi db ibetsh pasyibles without
_are superposed. Such process allows to sinultaneously .
utilizggpuehadditiye to cqaftrol g phasesepiaionipged R & Rigekand arqeaegrtgation of

e 3 e B o S RERLG8) o b e B et
ave{a%g | Qfegs\f&eorp&le% ce$0|IHt IenE&alf Qhighef g1 ﬂ)gve%g eed of phase separation
ree-dimensi ona net WOT Kk &t fUcture con s X he

respeb @ HTRALEARE Oy FRAGKES @ abé‘r‘%@ g&iel dife AP BFfacaNAlso the speed
after” the em ssion, the par f such polynmer solution

of pHAKEEFR8SorBmBY BS BordANIRE &l iaQdink A6 S\IveNt tolthepolymer solution.
non-sol vent in the cooling bath, thereby formng a

t hr ee Mbiwresas iapothér et bf grodicing ¢he fl0orShadde desin-type polymer
differently, a solution dissolving a fluorinated
separati¢m mepbeansodfythe Ainyantignsiwecluding thadayes of ttreerdirgengional network

S e s e 055l 8 e o
simhﬂaeneggsq}_/ ﬁl%kﬁa?gfng twlg eorren%/re 61l*estirt11 rso lelfigrils one io QN%chnk?etir\llg\D A lfluorinated
resin-type polymer solution containing a specified hydrophilic polymer), from a die
thereby forming a layer of three-dimensional network structure and a layer of spherical
structure at the same time.

Such producing method may be executed, for example, by a process of

discharging a fluorinated resin-type polymer solution for forming a three-dimensional

network structure and a fluorinated resin-type polymer solution for forming a spherical
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structure is fornmed. In the fluorinated resin-type
pol ynmer solution for form ng three- dinensiona
network structure, the hydrophilic polymer is

contai ned preferably in an 15 anount equal to or

| arger than 2 wt % but | ess than 20 mﬁ@bof the anmount
of the fluorinated resin-type polyner

stru&ﬂfésélﬁlﬁft%e'oﬁﬂ A 2 1RinGRA' AR ﬁB $§ﬁ faﬁuﬁ%oﬁ?ﬁ% h%ﬂfé solutions

sepa at1on nenbrane. uorln

inad &ﬁihﬁ%tﬁéﬂ?c&%lﬁﬁ@ra 26h-4blver, ﬁﬁ?ebfyodﬂﬁlﬂﬂlgtd"@epipcﬂﬁﬁ' féhbrane in
structure is capable of form ng a spherical structure,

whibly bathsaydrsl afel suiptiposedundach paekisngloms ta siniltaded@isiynform the layer
bath, after the em ssion. Such pol yner solution nmay be

of thoverdithensional emetwptle strbgturti 88| the Ngyer #f wphdrival etfucture, thereby
resi n- type polymer with a relatively high

simpléfiytngrihe menvracyfing peseessabout 20 to 60 W% in a poor or

good s nt. for the fluorinated resin-type po .
at a ﬂl@ fﬁ{or%*ie r?ﬁngfmeen?ﬂ%?%& w?%wpffpbFﬁrgmﬁwséreﬁshmenswnal

net\%'%gc%%@?e ggtlﬁtglfr)]%k@ Fc{q'ﬁtrggrit élyg?flﬁ?ji Xg%oglg[lﬁ po }ﬁ]éer and, after
the E %rslﬁ)ﬁo the Jart O %1 gr])%ggx?&dso é%ﬁe@geﬁg pﬁggg ﬁgngﬂa}{lduced by

ose e use n cas

the H(gn %l%ﬂt tu@ﬂl%QH&nY BHtR Ctﬁ@x{eg* RmifEa {Hrééodhh{éﬁ&@ﬁ’al rn%ﬁ)l/cﬁk structure.
type pol ymer sol Ution for orm ng the

Statbd dEfferétitiip A Sbutioh disbWaika Shubtifdted eesaiithpt polyndd in a solvent and
fluorinated resin-type polynmer solution for formng

containéng plspedifial hutrophilic pelymies casts, upan tontadtarg the solidifying bath, a
restricted, and, in case of formng a flat polyner

phasge sepasatiosn indugest ahb{e theg ngp-solyent, gwhesete. @) threq-¢igrensional network

havi ng_.t wo pay al slits, is e ed adyant ageausl y.
strugluige, i) F?r@aéeafsrr obmrﬂgtegl ff&wﬁ pgéf Y\&Wn puping three-

ow, f i.be of c.oncent

dlmf’ﬁlsb%m{l] L:W?r§ éﬁﬁﬁgye@ea%%?hélé é’%? Wer IR OB rf{ﬁc prete er?bly in an
h eg@chﬁpﬁ) 6rsla1fg?{t'i{§1q 2%"/95&(‘1&% rtlgelnnﬂ) W% o? {H4ORA L 6€khe fluorinated

type polyner solution for formng

resihYiRE pOIykRAS i tdhsiDEEHON KofS tHeU chatieridtiesN ¢IN tRUbBfaided Dfolymer
of 't he trlple tube die, the fluorinated resin-type

sepgrafionembranet i on for form ng spherical structure from
a mddle tube of the triple-tube die, and the fluid
for fg¥led tlge dlubuhdtedv rpsintyrfer pelyaar isplution tfoh domfing Hhe Spherical
triple-tube d|e and solldlfylng t he sol utiaons under

StrugtyEs 4Sr¢gp4h#e af fasping:g seharial SruelaT. & oiplidfcating updir copling in a
coo L S AL e R BB SRe58, LS DR AL o ot
diss%)ﬁlgnghglflu%\ll\l’ngtgﬁ tresquyp%epomgr %%la Feﬁatﬁlg%)thtgﬂecog%%{iog fof from
about 20 to 60 wt% in a poor or good solvent for the fluorinated resin-type polymer, at a
relatively high temperature (from about 80 to 170°C).

The fluorinated resin-type polymer, the hydrophilic polymer, the solidifying
bath, the poor solvent and the good solvent to be employed may be those described above.

A die, to be used in case of simultaneously discharging the fluorinated resin-

type polymer solution for forming the three-dimensional network structure and the
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solidifying liquid in case of producing a flat
menbrane. A hollow fi ber nenbrane, having an outer

| ayer of three-dinmensional network structure and an

i nner |ayer of 15 spherical structure, is obtained by
di scharging the fluorinated resin-type pol ynmer
solution for formng three-dinensional net wor k

ﬂuo?ﬁfa{é?lt Wshn- { an(algﬁep ﬁftioﬁu? y ﬂ'ﬁnénhtﬁef @‘l‘%ﬁ&eﬁ at ture, is not

resin-type r sol ution
parBéulat i @ictedOmd, Recdsk df f&m‘ir&?&?ﬂa@blﬁﬁ@r seﬁirﬁﬁ‘én Hl@ﬂl@ran@ a die of
hol I ow fi ber nenbrane, havi ng an i nner |ayer of
doublr g typeBnsn®tvad parailelslits, is ehiplsled hvaidgeanslput er
| ayer of spherical structure, is obtained by
di schaklgd ny cakee o Goriing rai pelymer semiationypemprang neéra hollow fiber
solution for form ng three-di nensi onal network
sham, raudie pf congenipie tride fakeatype iy paploxpd adyantageoesly. naA dallow fiber

sin-ty mer sol uti or .form ng spherica
merg %aaetlar@nmgﬁgrhy Aischarene @ﬁbéuorw%a?wpeswgma{ isghytion for

o AR L A PRI i 5B o
ﬂuol?ﬁlﬁfgﬁq §119 2}84 ﬁl)lfﬂrrﬂere Jtm%sfo?ﬂ{iq E%I onnfﬁét ﬁorflaar}?kddle tube

'S uti ina ne rane reat nent
of tﬁé‘%@pl@ftuw Hilel Zﬁd‘ thet fh@id 8t Yﬁﬁnéﬁ%ﬁl@%‘ oz iy %Hfom%epﬁb% of the
l'ow fiber form there nay be enpl oyed, for exanple,
tnp& ﬂilbddieeaﬁd solidifytry thé selutiyieurider véulilg iA abeblh@bath. Preparation
plural hollow fiber nenbranes are 31 acconmobdated in
of the byllowdiber alembonteansech prdedshe phdichilavly fpréferables mipca thesamount
fixed at both ends or either end with a resinous

of thatfbnd dor fyenng shepbollay derianey be ‘@%S’@x?nﬁrll%ithaﬁ the amount of the

soliHBE ALY it rcage (o FEOHR g HALHBPRBST | Bcollutbah gembrane,
ha@{%ee%lﬁx“ % ﬁ‘t"ﬁ‘” 23 e”Sdsmsn%%l}aiene%%%’rkbﬂ%%ape | B0 ippigclever of
sphBfRaEP Eﬁ’ﬁﬁﬁre aihéd H;?ls(éﬂ%vmgfthé’h n%ﬁ&dt&g%etsfﬁetyﬁé’ :gxgﬁ{er solution

separati on” nenpbrane 0 rane rorm

for T@hiRe 1HERHRYS@HionhChet S ATRhR turd FiRe tHeColiér t6é,Udrd the fluorinated
which a flat nenbrane is folded in a envel ope-1ike

resifitypecpalyensudutivaufod fapiingspheriediatroctard fropithe middie tube.  On the
collecting tube and is accommbdated in a cylindrica

othgrdrandi sbelldw fibeokmbranaghaving 4 guedlayer pethreeatimaniignal network
the nenbrane, or a npdul e structure in which flat

StrUGRD ragif eah e AYpE jafneRheriepl HBICHITS; dfebiained by q@}ﬁ‘alargmg the
ﬂuoslg):a{e Crtflﬂgq%gl S&%%? gﬂ]g{lg‘l g?lg Pqtﬂlxlﬂe/l}gegveet @qnﬁlagziﬁ \rx]/grkastructure
from The TdRS tu%g, Ia%gﬁlqgrﬁrﬁ?e%sreélﬁ-tﬁ% }Loqﬁhgrdsdutlon for forming spherical

structure from the outer tube.

The polymer separation membrane of the invention is accommodated in a
casing provided with a source liquid entrance and a permeation liquid exit as a membrane
module, and is utilized in a membrane filtration treatment. In the case of utilizing the
polymer separation membrane of a hollow fiber form, there may be employed, for example,

a module structure of a type in which a bundle of plural hollow fiber membranes are
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Such nmenbrane nodule is utilized as an apparatus for a
wat er preparation or a fluid filtration, by providing
the source liquid side with pressurizing neans or the
15 perneation liquid side with suction neans, whereby
a fluid (particularly water) can perneate through the
menbr ane. The pressurizing nmeans nay be a punp, or a

acc §§EH&§ in chyﬁnm H@%g aﬁ%%ﬁ’e BQI?OV? lffBEf HeadBrats A8Y at both

a punp or “a S|p rane separation
end@lép%ﬁtﬁéluénd WHEtNE febRoae Pefididl OB MBethe or epoxy resin for
filtration, may be utilized, in the field of wa
colléd‘tﬁgtﬂ%Hquldflﬁfm&taﬁﬁbﬁtheﬂwllbﬁyﬁm nhenGhiEsNbs a peiih Which hollow
water 20 treatnent, a waste water treatnent or a
fibet makushirancs| areefixed grbphreatds an,a #adphatee shapt efor teollénting the liquid
treated includes river water, |ake water, underground
permgatas by the hobew fibcsmagmbeangat er and waste water. The
polyner se ation rane of the present invention
may bé\ %ﬂ i the,Fasts of u'g@&mge F‘V g%lpfg&eatsswrﬁmn sparags 9§ a flat

mertafi R A B Rertratdl g Bl aan B ireiEian Wit o na
merfabd Y ?81%@&3 T, 4 Yol PBp AL ShacREL (R TBAGR BSFAN S0l £ tgui

ionlc pernea an | nmprovenent
cou&aﬁlg%ue Mﬁ@mdohwo&aeéaayﬁg c9ﬁmﬁqca1 8bhthih&Ctos rc%uecung the liquid
strength. 32 Furthernore, the pol yner separation
perii@iiddl e icathiay] obi nidiRlqstadtied BOwhiok flaosleMbranbeare positioned
i nvention, when prepared as a charged nenbrane by
on hoth sidekuefi zngqlad chledgiag platoand aiedighdy cbaleden gpeopheyal pasts thereof,
anticipated to provide an ITEYOVIng effect for ion

to thei plate W@Vutbﬂghw@p@meﬁtedrhy QCHPEOGH r$900é1ﬁ¢te¢:t for
the d bility of t g char menbr ane because of a
hi gh %Pglb “g’terr%?fgﬂ f1s ‘fi{] ‘ﬁé? ﬁ%?l%par%thse %GI Watgh preparation or a
. ti of th
nif R, O PR o AN b8 i iouriipg ymgpag o e
perxﬁ&tﬂog Plbcgff&;gﬁ&g%ﬁe el w'eﬂls v}’l%?%gngzﬁ%fl (’tpamcplaﬂ?' water) can

ant | I nprove the per

penﬁwté thrO&dht thé Whedibriind. N TRSReRhriziRFPAANS Ry BRIDBIRD, A% Fressure
fuel, since the ion-exchange menbrane can be
by a&uqttarmaedAlsmH& suclion snveahs mag bby pomipleaciphoht is al so
anticipated to provide an inprovenent in the
dur abAmenybrawg sqph@tim ebpasaths, usingdheiseparstion nigmjirane for filtration,
fracture stren Furthernore, the polyner separatiaon
maykesHizgd ipthe d PFIWQWF trestmeh &0 a water purifying treatment, a city water

treatment, a waste water treatment or a industrial water preparation, and the water to be

treated includes river water, lake water, underground water, seawater, sewage water and
waste water.

The polymer separation membrane of the present invention may be utilized as a
battery separator for separating an anode and a cathode in a battery. In such case, the
membrane is anticipated to provide effects such as an improvement in the battery
performance because of a high ionic permeability and an improvement in the battery

durability because of a high fracture strength.

32



10

15

20

25

enpl oyed as a bl ood cl eaning nenbrane, is anticipated
to provide an inproved ability for renoving waste
substances in the blood and an i nproved durability of
the bl ood cl eaning 15 nenbrane, because of a high
fracture strength. Exanples Now the present invention
wll be clarified further by exanples, but the present

SR S NI I T L R T ——
met?élfpfrﬁﬁqﬁmlonp%&%?@age é‘ea;%eagée?srg%rggrahg b&qﬁtr 11cmg a charge

oW ng manner appr o

groxﬁ)o hRhl@hankR! Ebsp), Nist Qﬁtldléa\(@d' thpr%pﬂgrhrpaﬁnp%\ﬁHgtéﬁegt for ion

separ at’i on nenbrane cross section of

dlscﬁﬁhbiﬂ’tﬁfg [Eepatyadndn irpIbY ﬁ%éﬁféc& fehat agrabpipdf Vbletdhaﬁge membrane

magni fi cation of 10, 000X by a scanning el ectron
becauseof)a;hrghefre(cﬁusaeengﬂanuf actured by Hitachi Ltd.), and

an average di aneter is obtained. by neasurin

di ametfartierpforgQ the3 polypparo sepasationy meptbsaniec af ol inyention, when

the spherical structure |ayer, selected arbltrarlly on
lmpfqgeateﬁ Rty @pwxal@?algsrwsemm ¢raploysd as @} ipgre¥ghangg membrane in

Foel G5 RGP EGD PRiSY e PRGBSt rGF Spiccihaiarly in case of
emp?(#}rng bk h%nol sQaf fusf Q@c@h{qu ng%ﬂ%&!‘%eg@o il faﬁl%h @Jap]ﬁlgst%gd from a

parfation nenbrane®i s ogr aphe
sweﬁlngrﬂigﬂb{h'aﬁ@lt ' @tnis %iso%tlgﬂygt)édtﬁ‘ p%\gdé&@ﬂﬂf)r%gerﬁérﬁ(ﬁ rtﬁ’é"durablhty
m Cr oscope above, and an average dianeter 1s obtalned
of tiYfuBERHLbdcagsesTachigh HARLRIstreffth30 pores on the surface
of the three- dinensional network structure |ayer,
sel ectedhamiire,r dhial Ipplyowert bepaphiohogreabrarendf the invention, when
arithmetically averagi ng the neasured dianeters.
empiepsage hleed Waeyng grembinse isginieipgied i@ uorqvedw knproved ability for

structure | ayer an ver age, t hi cknes
remgyipg &aaxeew})mscw grdandan H’em%ié 6§ e oo cleaning
ection of a r.s ration nenbrane IS
Inesw' Fgﬁﬁ%af§ﬁﬁﬁqgf%E%§EW£§¥cations of 100X and

1,000X by the scanning el ectron m croscope above, and
a thickness of each layer is calculated fromthe

ExaRpRisogr aphs by the fol |l owi ng nethods.

Now the present invention will be clarified further by examples, but the present
invention is not limited to such examples.
Following values representing the membrane structure and membrane

performance were measured in the following manner.

Average diameter of approximately spherical solids in the layer of spherical structure of
separation membrane:

A cross section of a polymer separation membrane is photographed with a
magnification of 10,000X by a scanning electron microscope (S-800, manufactured by

Hitachi Ltd.), and an average diameter is obtained by measuring diameters of 30
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In case of a separation nenbrane of a |ayered
structure, having an outer |ayer of three-dinensiona
network structure and an inner |ayer of spherica
structure, an average thickness of the |ayer of
t hr ee- di nensi onal network structure is nmeasured in the
followng 20 nethod. On the photom crograph of
1.00 a, di stance is,neasure rom.an ar
app e PpAiL Rl i SR sipieh Ry e elpeled ity on the
t first,
phol{IERE ofd OBl PLTSE SR SRIEES.
perpendlcular to a tangential line to the surface of
the outer |ayer. Such distance defines a thickness of
Avetdge pofe diamdici®ahe Bdlfacd kS 19EKoSthideCditieAsibl SletwdiR structure
aver age thickness of the three-dinensional network
of sgtaraioh megnbrhmeyer is cal cul ated by repeating this
operation in arbitrary 30 points, and arithnetically
aver adi sigfaced atasefn qodym@dseparation magyebrany i plategraphed with a
the spherical structure |ayer. may al so be cal cul at ed
magniications jof 601005 Ay dhe smmge@lectm PTPEAPRA Gbe Y Frlen average

nmar a h h I
dianiele ¥ ORI Hy eSS Rere e sigts Rt RS 0 Ui suface of the three-
dlmgﬂﬁc{n%f: e%vmtlé1 &E&?g lagé/rerseie%t Efjlh earbﬂ?‘r%{y Gh (Hmet oao%)a/ph and

Ia er t e cannot be cove
arltﬁéfcglg}l %éaﬁﬁ@ﬁﬁ%&a@&gﬁ APeRlrs. 1, 000X, so that the
nmeasur'enent” has to be nade by pastlng pl ural
phot ographs. In the foll owi ng exanples, a
phot om crograph of 100 tines is used for neasuring a
Averhigs tthinkrees$ 06 thredrdinsansioaalenativotkhgineuire layeayed atveragdthickness of
surface of the inner layer at the opposite side on
spharigal stugBise kawen ofsapasatiethaembtapeer separ ati on menbr ane,
as an entlre t hi ckness of the separation nenbra .
and ah SiP&t é@@lqnh PEianBRYMGF SEPREatH meér@@ﬁaa%pfl%tﬁgrfehed with

o FRRACY) S FAICIOR S TRk ISR v, an o
tth%E Do dd hL Pié%ﬁl%ﬁla?éd f‘r&ﬁﬂﬁegih eg?%%ls% e B@vdgﬁéﬁ%ﬁ&é

al ne subtracting e h|c ness
t hr ee b4 F1a0RBdrafist WRibratk0f Gl Iy &ed SYhuk! RIVidd % outer layer
average thickness of the entire polyner separation
of tHredrihesnsiondimeRudik svattare frraitafsrlayey oDSphefpd satittafe, an average
menbrane: In case of a pol yner separation nenbrane of
thiclnehodf they 1yeb of tHree-dimensionali metwork stmyetubs Bmeeasoictd lie thesfollowing
prepared with four hollow fiber nmenbranes of a |l ength
metlgd. 200 nm

On the photomicrograph of 1,000X, a distance is measured, from an arbitrary

point on the surface of the outer layer, to a point where a spherical structure is observed at
first, along a direction toward the inner layer and perpendicular to a tangential line to the
surface of the outer layer. Such distance defines a thickness of the three-dimensional
network structure layer. An average thickness of the three-dimensional network structure
layer is calculated by repeating this operation in arbitrary 30 points, and arithmetically

averaging the distances.
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Also in case of a polyner separation nenbrane of a
flat menbrane form it is cut into a circular shape
with a dianeter of 43 mmand is set in a cylindrical
filter holder to forma 20 filtration apparatus.
Utilizing pure water obtained by reverse osnosis as
the source water, a dead-end nenbrane filtration

under ,an externa ressure.i s conducted for 1 .
i 60 = SR B s Bhisfeef SRS Pl Moyl sconlpoed in
a sirgil!n" 1111515&}' %o@é%?,%ﬂrfgllg\b{ngee&%?ﬁ ,&_@ 3 tfn xhélﬁﬁr%ﬂé( has a thick
eternmning a permeation dnoun f ?. e permeation
sphedPRLFuchiR 1dySr afkPiR¥ @htiRUnéMbAn A 1HE sB$iced YR butkd B¥er to the
(hr) and per an effective nmenbrane area (m, and 25
surfage! off ptheethry 1ahél/ b6)thti oBsosit® S adafiné B’ BBREDby a single
anount (nB/n2hr) under a pressure of 50 kPa, as the
photomierogmpk rof ple@(084 lyol thaty the3Ihedsatemenphag i be niddeddkyi papting plural
ability of s%para;ion menbrane: A mniature nenbrane
rhotegtsphe florthe fpbevyingr exaapdesatai photomietnemanh of 10G|tinesy is used for
fiber form gr a filtration apparatus for a flat

meapg afistances rgmdhe sudacerdf threowrmipyerto thentvstace ghthe inner layer at

describ above. A dead-e nmenbrane fil.trati gn under .
the QPRGN SRR PR BEE 8F theduiae FBplioh HoRITRte, o an entir
. ngli b | r.at fy- . .
sclR0E D FAIOG8 6o TR 5% RSP0 . enis, sption
menRhRY isloBtalfiddy RpdBE YRS "(‘)getlaﬁ&l? $n B¥ittdr§ B8Softts, 3Rd averaging the

average particle size of 0.843 pm (manufactured by
thicloRs&dy NThéiCthk thicknads 8P theSphericANSnRturé tiyeL iRt obadih@by Aybtracting

of the latex particles in the source water and a
the aanagenthickhessrof(tB tineeidireensicuiab retpark strhagrei laydrhfgom the average

_perneation water are determ ned by a nmeasurenent of an

thickpiess efthe petire polyanss separatimn meebranei ent at a wavel ength

of 240 run. The blocking ability (% is determ ned by

(1 - AB) x 100. The ultraviol et absorption coefficient

at 240 nm,l. sured by a, spectrophotoneter (U 3200,
Pm%’ﬁ?fﬁ’f %e ?%lﬁtyg(ﬁaslﬁmrg%?ﬂ %E{"&Fa;“g: Fracture strength and

f ract 0Bl PAGRAHAG BbadERFLRLILMBREUAS fidet Brm. 2 mipiature

speci men of a ‘nmeasure ength of 50 mmis subject

menitRar Bhslk i plePafed Wit FouR hbBOWIiRr hRIR4net DENIEAS of 200 mm.
RTM 100, nmanufactured by Toyo-Baldwn Co.) at a

Alsd BnGist of afetynaf sephratiom Mefnbranedeft 21180 membrant fermgtih issad into a
an elongation at fracture. Measurenment is repeated 5

circtlamgwpe with 4 fiamster of g onmeans!, is aetdn ancydindrical dilfer holdgr to form a
strength and an average fracture el ongation are

filtrgjionaapppngty.  tiligingues Water phipinge Ry Feiisese opp@sis as the source water,

a dead-end membrane filtration under an external pressure is conducted for 10 minutes,
under conditions of a temperature of 25°C and a filtration pressure difference of 16 kPa
thereby determining a permeation amount (m®). The permeation amount (m’) is
converted into a value per a unit time (hr) and per an effective membrane area (m”), and
multiplied by (50/16) times to obtain a permeation amount (m®/m*-hr) under a pressure of

50 kPa, as the pure water permeability.
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20 specinmen has a wwdth of 5 mm Evaluation of air
scrubbi ng resistance of separation nenbrane: An air
scrubbing durability test was executed in order to
eval uate the physical durability of the separation
menbrane. 25 A bundle of 1,500 hollow fi ber nenbranes
is filled in a cylindrical transparent container of a

di f. 10, ¢ d ) th,of 100 to f
Lot RoR B PR SrHeRieHE HEmBRSRe modul e is 1111 ed

W h %rﬁ]ghétﬂ% Pﬂgltngfane %Qo%;;%yﬁ)r get}yg[f%rﬁ&ese?)wa{igr? %eb&ran%‘iof hollow

subj ected t0 an air scrubbing by continuous alr

I I t Qi at
o o Ao BRI Oy BB Bt 0 e

as @e@éﬁﬂeﬂuﬂid)‘ifl‘:y fp1deddend QIYe?fmbrﬁxﬂBj filtrktfoh Uherf Ab @Kk Epressure is
i nspected for fracture during such 122 days. The

exequgadi fd BF ndiddteslaysder condeiopondsa tanparataier of Q5UDKInAQa filtration
for 10 years, in a practical operational condition of

presgure diftruericapidin kdlay o g sowroe mgter an whigh prlystwenalatexgpaytides of an
m nut es. Eval uation of filteriqﬁ operation property of

averagh ardtieonzareh9r84d eim Amapylactysad by Ssradypdpe japndispersed, and a

ropert conducted on the hollow fiher nenbrane
confihiERiqny Bone TG RS e URE TG rorGER TR of the
LLEty [law fi rane d w th .
ey B ARER Yo BPpRelt VA bk efer RIS E iR onllrdp Juraviote

absdTRHEN REIAHR At 2 IvalelBndlh 01850 RIEPAHE HlocRHE %ﬁﬁ? (969%s @ermined

external pressure dead-end filtration wth a  constant

by (Ll-omvB)at €00.ut The gltragiolktaBsorplior- keTfiBeataBIOL HIR 1S BAtaSiRed by a
water. The filtering operation was conducted by

spequopbatometet (Ig-320e, mawfaruradbe Hitachilitd). punp at the
source side. The linear speed of filtration was
selected as 3 nfd. At an 15 interval of every 120
m nut es, the nenbrane surface was washed by a back

Fracjyre sirength ad Bertion sl@igauonph KParaBonBRmei€ous sol uti on

E T Tk R JLE
wisSHSEE LA HHANOT b, ILACERILOh Bbaduin Co) at
tensg-jt: fs%@éae RESH Mm/mhiiMRdietkRhive af 8EnH SR ¥ | FizatiBrs it NBacture.

he start of filtering operation, and a filtration

MeadGrefiefSis tegeatidf § Gimenog diffdretspbditents) in@fanfavbiagé fiagrure strength
operation were neasured. A lower filtration pressure
and dinf erapecBaciie albngdtionsarardetayiiredl t ém icage op @r Bati membrane, the

means that the operation can be
specimen has a width of 5 mm.

Evaluation of air scrubbing resistance of separation membrane:

An air scrubbing durability test was executed in order to evaluate the physical
durability of the separation membrane.

A bundle of 1,500 hollow fiber membranes is filled in a cylindrical transparent
container of a diameter of 10 cm and a length of 100 cm to form a membrane module.

Then the membrane module is filled with drinking water, and the membrane surface is
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initiated with a | ower energy. Also an increase (% in
the filtration pressure difference was cal cul ated by
a formula (B - A x (1/A) x 100. A lower increase in
the filtration pressure difference enables a stabler
operation, nanely a better operation property. 25
Therefore a nenbrane having both a Iovver filtration

subBHET 14 PE® arraShRR B areohifiouhiaf SN pivenaiey sl the container,
at a%ﬁséﬂﬂﬁ) Hhhiher ?’filg %1re§lﬁ@ cofih@&écf [1%891%51%1{/ ?&) 44 Hays and

ower energy. e fi

therPR ViBhek S ars h§et o4 foﬁﬁa&t@ﬁ*gcﬁfrl %hﬁclﬁ’ﬁ@ﬁ:fdh I e penod of 122 days
anticipated filtration tinme ( m nut es in order to

corréypdndatte dnheir pdbalg @t PO GRAK! Yn W i)ﬂébtﬁbali opeitional condition of
period. Exanple 1 5 A vinylidene fluoride honopol yner
exehamgng air seribyhig-fay & nag@esinl everyl Hrmumieght of 417, 000
and y-butyrol actone were dissolved, in a proportion of
38 wt % and 62 wt % respectively, at 170C. The obtai ned
rrer soI ution was discharged from a die,
Evaﬁee te&laogpeyatmtmmcﬂ f seRarationanerabrpgy part

f d d lidified
o o sveltagon B9 oo boBPt [ senbelsiToR ahe dialigey fiber
mertrad Chta?wg@rgﬁ oBurch0n 08 LG P RAPE AR vy

Vi nyI | RO O ﬂngﬁbfb?ngm&@%ﬁh Rathfieflof 3 cm, a length ¢ of 50 cm
wei ght - average nol ecul ar wel ght of 284,000 by 14 W

and G8leffeb@aemanbiant arda@tl0.3hd Seastpidpaceat ateudedd4dban’ 5§ernal pressure
manuf actured by Eastnman Chem cal Co.) by 1 w %

dead¥enc tiltydtiod- wigh alonstamefldy rate, wlilising patey of JekbBiwaeas the source
palmoil fatty acid sorbitan él onet T-20C, hereinafter

waterepl &g é‘ﬂteéaga@emﬂzoovaﬂ@m@m dut Preesgiripipg Shnsgurce water with a

Chemcal | ndustri Ltd.) 5 W% and water by 3 wt %
ﬁeéaeereepesg Oés”eretbonoty@% Seected 3F énefvﬁ- At an

pumpegtethe soureg :

inteRBL ooy 1 Tl ”E*&SQ%P&?‘%%"SI}? s s R Bl b for 30

secadl %ﬂﬂ?aci 5Spin afqtﬂé&s scﬁ&‘c%n"‘@ ?\%&:ﬁﬁ’mﬁ@l fflofWe8%y an air
I'n water bath to obtain mertbr ane

scrulBBﬁ‘&I Wih aft foPYShingfe. tTRE Qﬁfeﬁh%'%ﬁéﬂaﬁ&@lwaﬁ RL¥RAdd continuously for 1
structure on the | ayer of spherical structure. 20 The

mombtfedrh e0ctbiedr] Y2 FU4bey Nowethibans, el a diltratidre predbieadifference (A)
of 1340 m an inner dianeter of 780 m an average

imnetidiately exfter thet physsphenshing asthe staruoefibérigy Gperaticam and a filtration
aver a&e pore dianmeter of 0.04 mon the surface of the

pressurgediffereneer(Ba at theend of SHaring eparafiga were measured. A lower filtration

pressure difference (A) at the start of filtering operation means that the operation can be
initiated with a lower energy. Also an increase (%) in the filtration pressure difference
was calculated by a formula (B - A) x (1/A) x 100. A lower increase in the filtration
pressure difference enables a stabler operation, namely a better operation property.
Therefore a membrane having both a lower filtration pressure difference (A) at the start of
filtering operation and a lower increase in the filtration pressure difference enables a

stabler operation with a lower energy. The filtration time (120 minutes) above is selected
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structure, an average thickness of 34 gmin the |ayer
of three-dinensional network structure, an average
thi ckness of 246 min the | ayer of spherica
structure, a pure water 25 perneability of 0.6

nB8/ n2hr, a latex particle blocking ability of 99 % a
fracture strength of 8.2 MPa and a fracture

tongs WBRBHARRRIR, affeithied Suhish ERer @l BRRLRILE SR RN syaluate the
b ' in Eig. 1. A |
opelBE brdBRHDLANG L ShagAD 1 Lo, 1 M S0 an election

fi ber nmenbrane (surface of the three-di nensiona
network structure layer) is shown in Fig. 2. 5 1n an
Exagtiple 5Crubbing durability test, no fiber fracture was
observed at all even after 122 days. In an operation
pr opeA yinghddngdtuoade hotepdlyintr bavigna pregdhsdverage molecular weight
difference was 30 kPa at the start of filtering
of 433 HP8 tand ry-butsirotartaeawere disselveddinod prodortgon pfj38 wi% and 62 wt%
operation,_thus bein |l ower at the start of filtering

respSgbtelt #nl 7086 i nicheeaRiained nokemey selution d¥pspAischpiged from' a die,
accqqﬁé{fegie gg}ﬁp‘égﬁ%?(g{%?g%g 0&;3@% b%gn%n%ﬁﬁgll’ugs Iﬁrg tsloﬁ(%ﬁed in a

j | i . . ,
ol BFSAB LIS RT RN BB GHORURARS 2 1 o
hollBRETHRE hRMbRARRDLEHutel BYS shiferiasl eRehgb! e stably over a

prol onged period. Results of evaluation are summarized

i n Talhen & vihPlidena fRlogide hdmbpblyaivr hiabial T weRherade Molecular
spherical structure was prepared in the same nmanner

weiglt dbh 2ROl byl14 TWwen, achulnyd iadetate (dellotaseletriacetate CA435-758,
honopolgner havi ng a wei ght-average nol ecul ar wei ght

manyfacpgead 0p FagimaniChamiralce.) by dswt’acktmetbylsz-ppirelidang by 77 wt%,
(CAP482-0. 5, manufactured by 20 Eastman Chemni cal Co.)
polyoxysthyeng Pl @it F 2oidsprian i(keaple - Crersipatier remrpsensyl as T-20C,
% 3.t % i xed. and dj ssol ved at .95
mand e e X Sron i SR, LAY o et iR vt A ghe were
minkl B oS SRR 008 DO RSPt i
was [HREhB! DavedS@ tdisuifaet dtha hWBbRIiHRA ItenitRaRid Biphedcal structure,

hol | ow™fi ber nenbrane bearing a | ayer of
and tvils e@mtbidieel g isolidified & avoimter Bathuo tobtatn aholléve fibay Rlembrane bearing
a layer of three-dimensional network structure on the layer of spherical structure.

The obtained hollow fiber membrane had an outer diameter of 1340 um, an
inner diameter of 780 um, an average diameter in the spherical structure of 3.0 um, an
average pore diameter of 0.04 um on the surface of the layer of three-dimensional network
structure, an average thickness of 34 um in the layer of three-dimensional network
structure, an average thickness of 246 um in the layer of spherical structure, a pure water

permeability of 0.6 m*/m*hr, a latex particle blocking ability of 99 %, a fracture strength

of 8.2 MPa and a fracture elongation of 88 %.
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25 of spherical structure. The obtai ned hollow fiber
menbrane had an outer dianeter of 1340 m an inner
di aneter of 780 m an average dianeter in the
spherical structure of 2.4 m an 39 average pore

di ameter of 0.05 pmon the surface of the |ayer of

t hr ee-di nensi onal network structure, an average

et wort SLERR EplomigioEdy aéS@O?é- HehagesSofoengn Pnihe obrained
hollgufeﬁlle"f%? ml%%neslg Qﬁgv&ﬁ ?r% f & UCMJ ee}e on d)h\e@ rﬁ%x:{ogagp (SB,OOOX)

er meab

of a/ %m@acfer@iq}férﬁolﬁw ?i'ngt ﬂleﬁfbrﬁlef’(swﬁﬁc B[’j the'5 gﬂtﬁéngfoﬁal network

el ongation of 87 % In an alr scru b|ng

strutt@fd layd1Pisfshb®h id Facpure was observed at aII even
after 122 days. In an operation property eval uati on,

t he filhtanaidi soputbigs duasilidy tdse menfilter iBR 128 walks Rbsaved keall even

start of filtering operation and 30 kPa at the end of
aftef 122 dayisng operation, thus being 10 lower at the start

of filtering operation. An increase in the filtration

pr ess Uk @nAPEFaiPB EQPertkaeyaliistippyihg diltratiompressyge difference was 30

I cat t hat a st.abl bl
KPayzh e B LTl PerRHoR Bet ShEvor et fliana OP%aB@n this being
low&?’ a&etlm %&n Afnﬂl{enn o%re] I Cal Agl’{rrléargéslellglxqm ag gfl AL ressuxi,e difference

Operat - 6n propar FaY pelng-eperan

e 13 Ber d@?ﬁ?ﬁﬁ ymari zed
wasp‘%%ra%?%h.ﬁ’l}é&%galnp € %‘gt ao% %[%v&?ﬁ%er as?é lfrBane of a
spher iTgak, tk robedinddehoibw BbePReRBrdng Wilefohdd®o bEBIXQENent in the
as in Exanple 1. Then a vinylidene fluoride

phykicaiopahlyitier ahdvinnhe aopeeitipnt popeity ghuseaipu bperabl2Ostably over a
wei ght of 284,000 by 14 wt% cellul ose acetate

prolongedperied ( CREB%HS ob evaluatien atesmmaryedyn Tatle i man
Chemical Co.) by 1 wt% N-rnethyl-2-pyrrolidone by 77
w% T-20C by 5 % and water by 3 wt% were nm xed and
dliBglved at 95C to obtain a polyner solution. This
ane formng liquid was uniformy coated on the

sur 256 alol TR AL et s AREST SAROL PRISERER) sy e s
marfRf & hEakpR N 2
Then a vinylidene fluoride homopolymer having a weight-average molecular
weight of 284,000 by 14 wt%, cellulose acetate propionate (CAP482-0.5, manufactured by
Eastman Chemical Co.) by 1 wt%, N-methyl-2-pyrrolidone by 77 wt%, T-20C by 5 wt%
and water by 3 wt% were mixed and dissolved at 95°C to obtain a polymer solution. This
membrane forming liquid was uniformly coated on the surface of the hollow fiber
membrane of spherical structure, and was immediately solidified in a water bath to obtain a
hollow fiber membrane bearing a layer of three-dimensional network structure on the layer
of spherical structure.
The obtained hollow fiber membrane had an outer diameter of 1340 pum, an

inner diameter of 780 um, an average diameter in the spherical structure of 2.4 pm, an
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25 hol l ow fi ber nenbrane bearing a | ayer of
t hr ee-di nensi onal network structure on the |ayer of
spherical structure. 40 The obtai ned hol |l ow fi ber
menbrane had an outer dianeter of 1340 m an inner
di anmeter of 780 m an average dianeter in the
spherical structure of 2.8 m an average pore
di anet er._ of 0, on the swifa of the.laver. of .
ave{ief BhteClimBrict 8O0 hET o IR sSifhoci g Lo R RdBhsional neowork

stru%tlg.th%\o ke[#ﬁ%tgexg%e FRickRdsy drhso lp@/ Gh AL hl%%{(regf ey -ﬁﬁﬁ&ﬁﬁ)‘nal network

ructure, an average t ness of 250 min

strubfie, laRYaREragl 1SBRRES 685 SLMURUHE Byefofipheriv@istcture, a Jure water
perneabi | ity of 1.1 nB/n2hr, a b?ocklng ability of 99

perifeabilifyrofdt Winé/nSthrenigbéking atdlif d¥Ra s dlfractufer sirehgthef 8.5 MPa and
el ongation of 82 % In an air scrubbing durability
a fractigt elamgafiotbef 8% Yoact ure was observed at all even
after 122 days. 10 In an operation property
eval udpiasnir serabling durabilsy test.arpsfiber fHactyrerwascebspiyed 28 all even
kPa at the start of filtering operation and 31 kPa at
aﬁqﬁé?gﬁﬁ'of filtering operation, thus being |ower at

1t r 4 onsraionmepd PRl e halioF BREEe nirdfe was 28
papf i fRELE Rl driPiiofiald 30)Pa AREE B OFMERAGRBIh hus being
lowBeatehe &tdrebf filtéridd SperdifonP MW medeastuind@k IfiltdtiNsrebdird Bfference

operation property, thus being operable stably over a
wagHsAbwnRgFd %ethus thdiddeiay thas a efabR\opetatibh Was possilsemar i zed

in Table 1. Exanple 4 A hollow fiber nmenbrane of a

spher iTais, tter ehtdined hokew dibep areatbrane whe f@mdeto R0excellent in the

manner as_in Exanple 1. Then a vinylidene fluoride
phypisglogatabiisy dngyinn ghea OpRERiEM PERPSFLSgEuspPRE) | operablge sighly over a

of 284,000 4 %. pol yvi nyl acet at ving a
prologe fofat %ﬁ‘ﬁ&e‘gﬁ@%‘“&" ?)S%’ama‘?é%%&ﬁgﬁo‘r sol uti on,

manuf act ured by Nakarai Tesque Co.) by 1.25 w %

N- et hyl - 2- pyrrolidone by 76.75 wt% T-20C by 5 wt %
Exﬁggegvater by 3 wt% were m xed and di ssol ved 25 at 95C

to obtain a polymer solution. This nenbrane form ng

|'i qui da WRHoWibe idnibrafi® af @ pR&ridal 8tritifedwas PfephiR® in the same
hol | ow fi ber nenbrane of spherical structure, and was
manner as in Example 1.

Then a vinylidene fluoride homopolymer having a weight-average molecular
weight of 284,000 by 14 wt%, cellulose acetate butyrate (CAB551-0.2, manufactured by
Eastman Chemical Co.) by 1 wt%, N-methyl-2-pyrrolidone by 77 wt%, T-20C by 5 wt%
and water by 3 wt% were mixed and dissolved at 95°C to obtain a polymer solution. This
membrane forming liquid was uniformly coated on the surface of the hollow fiber
membrane of spherical structure, and was immediately solidified in a water bath to obtain a

hollow fiber membrane bearing a layer of three-dimensional network structure on the layer

of spherical structure.
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41 imedi ately solidified in a water bath to obtain a
hol | ow fi ber nenbrane bearing a |ayer of

t hr ee- di nensi onal network structure on the |ayer of
spherical structure. The obtai ned hollow fi ber
menbrane had an outer dianeter of 1340 m an inner

di anmeter of 780 m an average dianmeter in the

PSPPI S et 5 IR 0 wn o
o 50 0P KB AAOAPD BB o 3. v, o

avm?gée PO Klianddt LU HOE pmadh BY ShPHR JFCKEREST tRke-ARRerBdnAl network

[ ayer of spherical structure, a pure water

struf@iffeRabhvdrige eickheSs BB/292 ph in ahd !Bk gTOthedl ditrleMsiBhal Ofetwork
% a fracture strength of 8.8 MPa and a fracture

struethe) ga by eragothi&ne$d of 150 om am thad layacsfisphérivgl stictle] a pyre water
test, no fiber _ fracture was observed at all even

perradability 00 2.1dnym’ht, 3 borkieability ofi 99 o pdiacjure vaéngsh pH3 MPa and
the filtration pressure difference was 33 kPa at the

a fraghuge elopgation| of$2i% g operation and 37 kPa at the end of

filtering operation, thus bein | owver at the start of

F111 o A8 bt iRy et 8 ek araly piak pkparge atall even
aﬂep{z(-?s&ure difference 15 was as low as 12.1 % thus

I ndi C

AL ng that a stable operation was possible. Thus,

the o F’ﬁe%h rbff)gralﬁgh |p9%¥he§/‘t§b§;a}lﬁﬁg&rtg9 Qilt\.f‘ﬁ&m];%‘élgkﬁrt{ ﬁigﬁ?ence was 28

excel t in the ical durability a
kPa @Pehe 3tarQiT fIcPIRE bb¥ratibhbisd PEKPat IREEII il fetiAR byeraM e, thus being
prol onged period. Results of evaluation are summarized
lowernat Tabd ktartlof fAGring aopptatioh. AAhdhdreasefin hisg filtibn pressade difference
spherical structure was prepared in the sanme manner
wasas law aEkGABb,ahus indicatingthat awpatilel epryatidnuas phssible.
honopol ynmer havi ng a wei (f;lht -average nol ecul ar . wei glht .
of 284 hgecthepbiainagy halloy, Tberpemheng was foyad e be excellent in the

ohy A capraling 554 Rcfhe, RAmishaRERRed By° FaolPeeBgRigatly over a
i & oA ' % T-20C
pmlé;?/ge)g d\%}[l%} 'a\gggg\klg%?%{w%m\ﬁwa&o/%r%&%ﬁi% Xball%g \élvlt sgol ved

at 95C to obtain a polyner solution. This nenbrane
formng liquid 42
Example 4

A hollow fiber membrane of a spherical structure was prepared in the same
manner as in Example 1.

Then a vinylidene fluoride homopolymer having a weight-average molecular
weight of 284,000 by 14 wt%, polyvinyl acetate having a polymerization degree of 500 (a
75% ethanol solution, manufactured by Nakarai Tesque Co.) by 1.25 wt%, N-methyl-2-
pyrrolidone by 76.75 wt%, T-20C by 5 wt% and water by 3 wt% were mixed and dissolved
at 95°C to obtain a polymer solution. This membrane forming liquid was uniformly

coated on the surface of the hollow fiber membrane of spherical structure, and was
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was uniformy coated on the surface of the holl ow
fi ber nmenbrane of spherical structure, and was

i mredi ately solidified in a water bath to obtain a
hol | ow fi ber nmenbrane bearing a |ayer of

t hree- di nensi onal network structure on the | ayer of
spherical structure. The obtai ned holl ow fi ber

oERSR 35 P  FHE PBE Rb  B e MRED e o
threé-&lﬂﬁéds?&lal ?étg)_&ggé{fu%nﬁé oft ﬁ% lg%err ?’2 g%}%gi?&taﬁ%gc d €

i ameter o pmon t ayer of

t hr ee-0i ERAhQNBSIARNEF knemiblrdridChAA & ofRr AMRRIF 1340 um, an
thi ckness of 30 min the |ayer of three-dinensional

inned eliRétkr of 780IGIM I8, avkfagaVdirager ihihekapdsscadlstrdérirePdd 3.0 yum, an
the layer of spherical structure, a pure water

avefage paehlidmeétyr of 0.04 hon® théknrface dfithe kayeagofabickidinesior@Pnetwork
% a fracture strength of 8.7 MPa and 10 a fracture

struethren et Rosragst tigskasgss |off 2 pa rin gbe Uawsirnef thueeadimensipnal network
test, no fiber fracture was observed at all even

strugfpigeg An pyerage thickness ofn? Wolwpdh itsnlaysiopfeipherica) sirudpteop pure water
he.fil i di f.f. 5 kP t
pertfiEiliy 5 O 0B g Bpiod $HS i 94 fepacie ST BgS iMpa and
aﬁJcHr%%{oitxlggﬁé}P@frﬁt%on' thus being 15 lower at the start
0 [

ring operation. An increase in the filtration

pr essyf, endiif {&hsvine dul\ﬁllﬁﬁitﬁ%s{,% ﬁl§er]fzac%ur%wa{shﬂ!ﬁervc_al_cli1 Sts all even

indicating that a Stable operation was possi bl e.

aftef I® @bisai ned hol | ow fiber nmenbrane was found to be
excellent in the physical durability and in the
oper atlh an quecgtientpropdriyusvabeting, thpdilabiien pteadre diffeeenca was 33
prol onged tper_i od. Results of evaluation are summarized
kPajapthegtareofiiiltezipgopanappe and A7 kb atahe endel filtasingoperation, thus being

lowgat e it BSOS RSHLANY | AP PERS I FgHon pTESSTe diffrence
h I o i ng. a.wej ght - . o] I 25
was STORE £ 2aanpun isgEied s S PGB RO BB et ny
th ' ivaht- .
ol ouhr e ARRAATRIBRE GEUT briilenda B AL e EERIT in te

hy$ieal4@urabilief @nB ot Be bSRARME PRopRrtRS HEYNRIGD vpfRbleDMaBI
P th% l\l—arrle%yl -2- pyfr oﬁdoneptﬁ%g Wt % %OB e¥tably over a

prolonged period. Results of evaluation are summarized in Table 1.

Example 5

A hollow fiber membrane of a spherical structure was prepared in the same
manner as in Example 1.

Then a vinylidene fluoride homopolymer having a weight-average molecular
weight of 284,000 by 14 wt%, an ethylene-vinyl acetate copolymer (Polyace RDH,
containing vinyl acetate by 68.5 - 71.5 mol%, manufactured by Taisei Kayaku Co.) by 1
wt%, N-methyl-2-pyrrolidone by 77 wt%, T-20C by 5 wt% and water by 3 wt% were

mixed and dissolved at 95°C to obtain a polymer solution. This membrane forming liquid
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T-20C by 5 wt% and water by 3 wt% were m xed and

di ssolved at 95C to obtain a polyner solution. This
menbrane formng liquid was uniformy coated on the
surface of the hollow fiber nenbrane of spherical
structure, and was i Mmedi ately solidified in a water
bath to obtain a hollow fiber nenbrane bearing a | ayer

wascqutog‘hg/ coq{ ﬁeé}fihg@ a&:eé 5 Iﬁo ?wsffbeyﬁﬁo 11? tt%ﬁelju?ay Structure,

|ca ruc ai ned

and %@J‘?ﬁlﬁ{éﬁla@(}i s@difed ?ﬂr a %@%ﬁtﬁrto Bbtad34 QolMdw @ﬂ)er f3R®Fane bearing

dianeter of” 780 m an average dianeter in the
a laydR IOE EHréllinsdnkioialetmtk sBubtufd orfthe 1%L BPBeREd Structure.
di anmeter of 0.03 pmon the surface of the |ayer of
t hr ee-Tie rabredhainadllave fiber memdidnd diadr a, owter diaeeggef 1340 pm, an
t hi ckness of 33 pmin the |ayer of three-di nensional
innenetigmwetkr 40784 postanraveragn daaregteyin thhisq»kﬂé@i; swhct@epcofp?S pm, an
in the | ayer of spherical structure, pure water
avergge H@Slﬁ”}m%t? ff0 ‘éﬁo umy the Swlface@f tsheol@wrrfg‘ thusp{dpmensignabpetwork

% a fracture stren f a .and fracture.
Stm‘ét%lf?ngagt fothasst ﬂ%@‘n%s E 3& “51 i Q/E H’tﬁ?ea gupignal network

stru&t, ch fgezra%ﬁp 1ckni§§c(§ %351% e\alreoqr 58% r(ia struc(?ure a pure water

- operat ron pr

é’a% IH?BT 03 mI/Hle bl la lﬂl«?&?dg‘)ﬂnlﬂ S99k JridGh gﬁﬁrgg%\%g 8 .gtqv[Pa and

the start ’of tering operation an

afrgchﬁe@mgmonfdﬂgtse,m ng operation, thus being |ower at

the start of filtering operation. An increase in the

filtr &b iaomipsonssbinige dakiabiliey engao filss fastirewaaobadrvdd % all even

thus indicating that a stable operation was possible.
afteTiiddayshe obt ai ned hol | ow fiber menbrane was found to

be excellent in the 20 physical durability and in the

oper atlR 3R 9pEEHER thOPWL&vaB@ng thp dilpion Brehrs diffresncg was 35

Pafi oy SRt Eipg et s et he B GheB s epgpagn. This being
lowéxpzptetﬁé gfﬁl’t dsftf{l %%ﬂx#:ﬂ%e%%nprggqg&gaﬁeQnttﬁg ﬁﬁ?a'?:%n Oogg’ssure difference

nner as 1n The ymer so
was% WE@W LA 15%1{5@‘?15‘[6&' st@ble bpe E@&ﬁ{%@?&sﬁl@ept
hat T-20C was not added and the anount
N- et Mabs, 2he YobtadddsIRw\iberChiembRthe tWasBbund 4o We%xc¥liéht in the
used in the sanme manner as in Exanple | to obtain a
phy$icdll dwrabilitye andreinbthaneperation property, thus being operable stably over a

prolonged period. Results of evaluation are summarized in Table 1.

Example 6

A hollow fiber membrane of a spherical structure was prepared in the same
manner as in Example 1.

Then a vinylidene fluoride homopolymer having a weight-average molecular
weight of 284,000 by 14 wt%, a vinylpyrrolidone-methyl methacrylate random copolymer
having a weight-average molecular weight of 42,000 (copolymerizing ratio = 55:45,

hereinafter represented as PMMA-co-PVP) by 1 wt%, N-methyl-2-pyrrolidone by 77 wt%,
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bearing a |layer of three-di nensional network structure
on the | ayer of spherical structure. The obtai ned

hol | ow fi ber nmenbrane had an outer diameter of 1340 m
an inner dianeter of 780 m an average dianeter in
the spherical structure of 2.5 m an 5 average pore
di anmeter of 0.02 mon the surface of the |ayer of

T-2d;(2 :bgﬁsn g\étg)e gt?& %% r W@}’*ﬁ{% wir ‘f&i&?& t%ﬁd in‘ssgt(r%&aag%?c to obtain a

m i'n e layer o ree-di mensi onal
polyRfl Wokkion St THIS tdnShra foR¥RigAMRid Wab kSR LoAaP ot surface of
the layer of spherical structure, a pure water
the BélloWR&lbel inhamisrhnd of spidrizBihstructurb) aekiwag imbiddidialy Gblidified in a
% a fracture strength of 8.4 MPa and a fracture
watez|batigatobtain athoB&w Fibet iambmsine heargngea lageves! three-deadnisional/ network
than in Exanple 1. 10 In an air scrubbing durability
strugturston the l4yebef sphereal sirectyas observed at al |l even
after 122 days. I.n an operation property eval uation,

the fiTheobaigad bellovs fiber memPergdied aRaguiaigdiappier of 19A@ pm, an
o i Bl S 28 SRR 0 63 A LS . o
aver%#% {)&@.td'ia(}f?etgrr S0 Emddfglil? %lgnﬁ&? ’r?f ealtﬁa_gn% o%ttﬁreé-dﬂrlensio network

ering operatio e | because 0
strudthie, |AVeYerRR WRARIES bF :33HANE YL the Myel Y HRELdilRndiBRal network
filtration pressure difference was as |ow as 25.0 %
strudtiiie$ ah A0kragd thidknb4sadf 651 h eheOlp@sradfi sphericaBStnRESs] Hbere water
Thus, the obtai ned hollow fiber nenbrane, though
pernxabilitg o0 dantmirht, atvilgikerg ability tof 88 e fcass strength of 8.3 MPa and
difference at the start of filtering operation, was
a frachup elopgatipn &880 ent in 20 the physical durability
and in the operation property, thus being operable
st abl Y1 89 &ir 3grubbing 6\?@@8‘%@?{ &9. fiheg fractuse gres @bsgrved piopll even
& %‘fumri zed in Table 2. Exanple 8 A hollow fiber
atte %Ife of a spherical structure was prepared in the

Sane 123, HRRRAGbn gagoéepty R1i6n, ine HIERidR ﬁgé%ggiﬁ%feéwﬁ was 38

sol ution, repar n“the sang nanner as in

kPa Wehe sthStst fllferihp Sp&afih SRIVEKP A thdlerfdGHMIefing OF&aﬁm, 3hu being
a hollow fiber nenbrane bearing a 45 |ayer o

lowdrhit@Re diartestStileeiak opefaonk Ahribiertasedn ale fihextionpeessae difference
spherical structure. However, the polyner solution
waswabveanl bl %.rhes ihdicgerg thatmustable opastiarowadypassiblea | ayer
of three-
Thus, the obtained hollow fiber membrane was found to be excellent in the
physical durability and in the operation property, thus being operable stably over a

prolonged period. Results of evaluation are summarized in Table 1.

Example 7

A hollow fiber membrane of a spherical structure was prepared in the same
manner as in Example 1.

Then a polymer solution, prepared in the same manner as in Example 1 except

that T-20C was not added and the amount of N-methyl-2-pyrrolidone was changed to 82
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di mensi onal network structure thicker than in Exanple
1. The obtained hollow fiber nenbrane had an outer

diameter of 1400 m an 5 inner dianmeter of 780 m an
average dianmeter in the spherical structure of 2.5 m
an average pore dianeter of 0.02 mon the surface of
the layer of three-dinensional network structure, an

wt"f%yevés? HEBrSE R "HEPRoPn Bedite dri oo 4,1l fber membrane
beahpé §§f &}eeztﬁgehélﬂ%xél el @ %re%ﬁmytﬁ% PS%I‘ %ashgf/‘n structure.

a pure wa per nea O
a bl oohien&otahb& hbMoW fibdP niémuEtakd REE B %uéP pRedt of 13&03 um, an
MPa and 10 a fracture elongation of 87 % thus shomnng
innér diamgRF oRV780AGR, A hedARSSiafktick e theayRieri®d]l suic®€e of 2.5 pm, an
di mensi onal network structure than in Exanple 1. In an
avegdge pood dibineteg ofl0.0Alpink bh yhet smsface oftthé idyer of thesetdimensiasal network
observed at all even after 122 days. In an operation
strygtuspeart \average thickerss athaS flim tinathe olaygrr ef ghree-dimensional network
difference was, 55 15 kPa at the start of filtering
StrugHiEe. A0 aysrag dhighnespaf 335 upeinghe layer of spheripa] gtructure, a pure water

BB s WP RS BRI B M P
a frg&S[eae%n org hfa@S ‘%, t}Ffé %ﬁ@\lﬂl%g% 19%&3 ee%tht Eﬁarl %rigglm‘,ﬂle 1.

aver ag e ness 0] I mensi on

net vvorlk'l a§1t 511" GLibBing m‘ﬂﬁgf tesdnd ﬁﬁ&eﬂgﬁuﬂer\zv&sh@os%rvsed at all even

filtration pressuré difference was as | ow as
aftér NP3 dhyadi cating that a stable operation was p035|ble
20 Thus, the obtained hollow fiber nmenbrane, though
havi ngnaansnipmwhmt priopeyine evalliationy dfei flrapioe peasswee difference was 48
difference at the start of filtering operation, was
kP giuthg stast be fiktgiieg loperatipm and 168 Iglayati theilend of efﬂtdrungwparﬂﬁlon thus

in the operat operty, thus_being operable sta
shoyirg a épmw t&fﬁg’é’dp B@.tlpa@ref»ﬂgg diifesense. afhg star ob Al tsv%g Operation,

thaf PG B Bt 2‘5? %%w B eBb it Bfoevb%%&"qb?flﬁ%e in the
ﬁltr%ﬁ Bfegﬁﬁl? ﬁ{/flfe?é} her B %5 5, 2 Gndl 9At %tlfgtgble operation

ate
‘Nmﬁkggb I nc., nunber average nDIecuIar MEIght_ 475)
and nethyl methacrylate were random copol ynerized in
an or difsy therodtdined hdllompiiBérmembiane ahvwebpiRtviges séthewehat higher

copol yneri zi ng
filtration pressure difference at the start of filtering operation, was found to be excellent in
the physical durability and in the operation property, thus being operable stably over a

prolonged period. Results of evaluation are summarized in Table 2.

Example 8§

A hollow fiber membrane of a spherical structure was prepared in the same
manner as in Example 1.

Then a polymer solution, prepared in the same manner as in Example 1, was

used in the same manner as in Example 1 to obtain a hollow fiber membrane bearing a

45



10

15

20

25

nolar ratio of 55:45 and a wei ght-average nol ecul ar

wei ght of 45,000 (hereinafter 5 represented as

PMVA- co- PEGVR) . More specifically, polyethyl ene glycol
met hyl ether nethacrylate by 12 wt % nethyl

met hacryl ate by 18 wt% ethyl acetate by 69.9 wt% as a
sol vent, and 2,2‘-azobis(isobutyronitriIe) by 0.1 wt%

tavef B BT DeE Bk e e e B g dTowerer

the o%&éﬁfdo@%ﬁs‘j Q%Jtécﬂ%nop arget ep%{ Nt %Q ab htg Noktain a layer of three-

| uor i aV|n
dxm%ugim n@WRHaGAICHRE ﬁﬁéﬂe?[han‘?ﬁEQQﬁ]pﬁfl 284 000 by 14
/o, PMVA-co- PEGVA b wt % N-nethyl-2-pyrrolidone

by 7 TheMNbeainekt &Q@vbﬁbéf efibade tat BY olt¥r iaitlelsr WEIIR00 um, an
m xed and di ssolved at 95C to obtain a polyner

innes aliamhétemof T8I pinnymniavarsge fdiametagin thgwiptentad sudtiuer ofl 315 pm, an
coated on the surface of the holl ow fi ber nenbrane of

avergph porechdmeter ofcd-0d pm aridie wadaderafwlesi layed of thuskidgnéniseanal petwork
a 15 water bath to obtain a hol|ow fi ber nenbrane

Strugfueey i g averagsy drclarss vf e6é>f #Mith $he ﬂ?rerrﬂft thperdimensional network

Strugien AR GHRET HORBETt S PR e ol PPBERSel R catre, apure water
2 0

pemgéabﬁﬁ?%f 02 ) Wehg%ﬁoﬁoc%%%ﬁlﬁpugf;gfg a ffc ﬁ&}g s gu?gfs 3 MPa and

eric

a fra'?:“ﬁ'é @Qﬁgﬁﬁfn%f%?a’}ﬁ%ﬁér sﬂ?)fang DrpiPaQBra %@ ﬁllé&ﬁ%&%ﬁh@faﬁm three-

[ ayer o hree- di mensi onal” network 20 structure, an

dimensedrad Betivdtic kR G fe tHan3d ERarhpletine | ayer of
t hr ee- di nensi onal network structure, an average

t hi ckiheas aixf sc2@ibing durabihiey teaty e fiber fpHeane eak observed at all even
structure, a pure water perneability of 0.7 nB/nRhr,
ﬂﬁmﬂlﬂ@%M4ng ability of 99 % a fracture strength of 8.4

MPa and a fracture eIongat|on1£f 87 % In an ajr
scr ubb® 78 %W&BPIW?RP“F@? uafgn,f séirltr@tfogcmﬁf%r%gfference was 55

pa IR SR8 1 Bminer SrearicPoa B ed € o ¥4 of Piing cnrgtian. thus
shovgi gf Ers%ﬂx%%h%%ﬁg& 'ﬁﬁ?ﬁ At Jegs%re?' t(ﬁl?f&}gr?{ Et! l{eegt]axqgof the filtering

ratiton and e end ter

opeﬁﬁ@t‘i ahhPTh EXOMSe Debslise 6? tHeQWRer ﬁ‘@erﬁéi'éeihﬁskﬁésg oPthe layer of three-

I tering operation. An increase in the filtration
dlmatsaﬁﬁu hetwdrit btelichiree Hoasvdsand tidtease ihdhd fifratioRessure difference

indicating that a stable operation was possible. Thus,
wastahéowbs 21.866, thad indicatingitbat swatile apa@atimswhopmssibleo be
excellent in the i
Thus, the obtained hollow fiber membrane, though having a somewhat higher
filtration pressure difference at the start of filtering operation, was found to be excellent in
the physical durability and in the operation property, thus being operable stably over a

prolonged period. Results of evaluation are summarized in Table 2.

Example 9
A hollow fiber membrane of a spherical structure was prepared in the same

manner as in Example 1.
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physi cal durability and in the operation property,

t hus being operable stably over a 5 prol onged peri od.
Results of evaluation are summarized in Table 2.
Exanpl e 10 A holl ow fi ber nenbrane of a spherica
structure was prepared in the sane nmanner as in
Exanple 1. 10 Al so pol ypropyl ene glycol nethyl ether

acryl at.e nuf actured b ich lnc. .
nurber sk BIRAHV RS ELEPLRANE] S Mt inte cpampfgstored by Aldrich
| .C I ' ' [
Inc. h”g@ﬂ%g{ %(voefi‘ﬁo%t \;}fop]&g[aggﬁglgpﬁ c‘g%& %glﬁdeggﬁ’ aﬂl&hé‘&yﬁ[ed WREL Yandom
copSIOReHYEPR &l HAinatP hRthodabi obiddd a 3ndbe I¥er of a copolymerizing
wei ght - aver age nol ecul ar wei ght of 38,000 (hereinafter
moli€ patRs ot B4 R anBPMVAvE ghtRRGAbe MYbleulapewiglitcaf 4$,000 (hereinafter
pol ypropyl ene glycol nethyl ether 15 acrylate by 14
repregeifiedrastANIM Aveo PEEINIALL eMoie spBcific8l]y, polygthybane tghtcel mgthyl ether
69.9 wt% as a solvent, and
metlrcpylatg bl 5 pitsomethyt srsthactylay byl 8ovtvo, silusl ssetgte by 69.9 wt% as a
ol ynmerj zati on jéﬂﬁi ator. were _ polyneri zed under

solvg{stn ane i%oh 228PisEshutxFARIETIShbY Gl #etppay atghangizatere injHgtor were
| i zati ti f 5 h . Th i nyli.d

PolsFRRF AUPIB S BRPYAE GTadt RS AR - EOUPIW S B Gy 2nd 2
i aht. of 00 by 14 wt % PMVA-co-PPGA by 1 wt %

pol éﬁ%@ﬁ§$§5@6§§§§ |doneyby 77 ;£@6 T-SSC by 5 a£@6and°

vat er 1a¥n 3 WhyiRBE S1ubkive hofdgoN s BhVigd @iveghCatRage molecular
obtain a polyner solution. This nmenbrane form ng

weight@ffi2d4 006 byri4f wios] BMMALePRGMANS B uhfademethyl-2hSrrolidone by
hol | ow fi ber nenbrane of spherical structure, and was
77 wifreydld2GE by Y wiSh axll vated by 3 vet% wateanixiedtahd tlzsawedatrD58C to obtain
“hollow fiber nmenbrane bearing a | ayer of
a polyypelesoiytingn s i Idfamembrape frming liguid was yrafosmly preatgdagiethe surface

f heri cal t The obt ai ned, hol fib . .
of i B0Fme R Bh PLF LTI, HDY i ECiaie i gpldified i a
di;apeter_of 780 i an average.di apeter..in the .
wardh TR p o worPer, P RS ROE Y ERL i psionat nework
LATRL surface of the |ayer of
S“w?Hree]ﬁ%#@%g?%ﬂ@fﬂﬁﬂﬁﬁgr "structure, an average

t hi cknagoudfineBhABw fibkN fehdy e 10 4d6@8r diafRRs i ANMRI00 pm, an
network structure, an average thickness of 251 gmin

innefr [Barhetyreof 380 pyph)aihi Datagstdiamtéten i, the sphédcabvdtracture of 2.5 um, an
permeability of 0.6 nB/nRhr, a blocking ability of 99

averg@g percfdiametien of G9F pmgerhthe fuac® affze lapet of three-dimensional network
structure, an average thickness of 31 pm in the layer of three-dimensional network
structure, an average thickness of 252 um in the layer of spherical structure, a pure water
permeability of 0.7 m*/m?hr, a blocking ability of 99 %, a fracture strength of 8.4 MPa and
a fracture elongation of 87 %.

In an air scrubbing durability test, no fiber fracture was observed at all even
after 122 days.

In an operation property evaluation, the filtration pressure difference was 30

kPa at the start of filtering operation and 34 kPa at the end of filtering operation, thus being
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5 a fracture elongation of 88 % In an air scrubbing

durability test, no fiber fracture was observed at al
even after 122 days. In an operation property

eval uation, the filtration pressure difference was 33
kPa at the start of filtering operation and 38 kPa at
the end of filtering operation, thus being 10 |ower

low tttPg rsl[sdftac{ft I?erf e?a':uoﬂg 5&%55%% tﬁ@ ﬁ'lt&cfllrog%?gssh%sc.li?‘erence

i'on pre SUre di frerence

was 4é 164 H§ 13.8 % GRd lﬂglc thét 24 Qﬁé SP I%Vhénﬁbs‘é\@fe

possi bl e.” Thus, the ob alne |ber menbr ane was

f ound Thas,bee %ce@ﬁédemwvn ﬁb&emeﬂllwas)b CRs Fiuhahb Ibet skcalléht in the
in the operation property, thus being operable stably

physivar dérabifityo laad gadthp espetddionRe®iptity  thiis ehehlgl apérable astably over a
sunmari zed in Table 2. 15 Exanple 11 A hollow fi ber
prolpegedimenied of Resudtp o€ evaledtiogtarasimmariaedsn paldpdred in the
same manner as in Exanple 1. Then a vinylidene
fluori de honopol yner having a wei ght-average nol ecul ar
Zogﬁﬁ;ght of 284,000 by 14 w% cellul ose acetate
Examp as in Exarrple 1) by3vvt% N-

h lid wt %
et yAbg 1 e} Gans %rar}é %25 3 r%he?n&al 2t a'(%s }gg/@}?cg in the same

wat er owere m xe

man?l@xta%' gEg(aglgleyfrer solution. This merrbr ane form ng

I qui uniformy coated on the surface of the

hol | ossbigaBpropildieaiifol ey %bﬁ@r%lﬁfer(%hﬂfa%ur% AY#&h Inc.,

|nned|ately SO|IdIerd in a water bath to obtain
nurmbel-hwradei aolecdatbracightheddngind méhylayréthadrylate were random
t hr ee- di nensi onal network structure on the |ayer of
copgdpinerizesiain ant erdinany methipd do obtaa aeahdoot bmmlsfmctrenf a COpolymenzmg
menbr ane had an outer dianeter of 1340 g in
molgs; et oF Br4S79pd g%nweaa\tm@r@a@ anelpeitet e\felghﬁ qfhéS 000 (hereinafter

PRSI SR A R s o
w85, 1 011 AEHARS by BLELMEE g RUBEIRE 0 v o
solvgﬁt ‘&9& b 2> SEbbiSE bRy @ AYeEPEe WiCone ?yﬁlﬁ{err%ﬂt’ffor{rlﬂmator were

he Tayér of spherlcal structure, a pure water
poly@ﬁiﬂi&@bhhdetry cOhdiflords e/ Izcﬂph[ymalzhh@c kichpeicki 6 60°0%nd a

% a fracture strength of 8.1 MPa and

polymerization time of 5 hours.

Then a vinylidene fluoride homopolymer having a weight-average molecular
weight of 284,000 by 14 wt%, PMMA-co-PPGA by 1 wt%, N-methyl-2-pyrrolidone by 77
wt%, T-20C by 5 wt% and water by 3 wt% were mixed and dissolved at 95°C to obtain a
polymer solution. This membrane forming liquid was uniformly coated on the surface of
the hollow fiber membrane of spherical structure, and was immediately solidified in a
water bath to obtain a hollow fiber membrane bearing a layer of three-dimensional network
structure on the layer of spherical structure.

The obtained hollow fiber membrane had an outer diameter of 1400 pm, an

inner diameter of 780 um, an average diameter in the spherical structure of 2.5 um, an
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5 a fracture elongation of 75 % In an air scrubbing
durability test, no fiber fracture was observed at al
even after 122 days. In an operation property
eval uation, the filtration pressure difference was 52
kPa at the start of filtering operation and 67 kPa at
the end of filtering operation, thus 10 showing a
aved SRR ol GG L e 8 PRI b R ipllihed Rerwor
I NGl | B Il t4at 1 OF e ¢dj 4 S
strufre, 067 G038 DRSS o T3 T 15 e ot GBS MR network
stru@RRY, 8h 0PRSS & B51 YA thd Bgmocht@h&%_ 1 §@4dt, a pure water
fi ber menbrane, though somewhat higher in the
perrhédbilitaiof 016 rat/e:s-bt) adblstikifeaRgafad % hefrsdae sttofgth bE8.3 MPa and
filtering operation, was found to be excellent 15 in
a frachae plopgatoml of@8r%bi | ity and in the operation property,
t hus being_operable stably over a prolonged period.
Resul f® apfaiescantbang dwabiiey Sagtner fibes drachird atss eobgerved at all even
Co rative Exanple 1 A vinylidene fluoride
aftey, ymer having a wei ght-average nol ecul ar wei ght

20 of .284,000.by 25 W % [.| ul t at [

Eanplis 8j0g5pah erpesty Syefting B8 TRGRCpRABRE Ty Roge gves 33
kPah e sl Cfing oReriiB fod 84 8 bincold o iRh e Tk Hius being
low&b4tah& SrtRsH Y108 ng SPletHiiogn )A@sn&ie%hﬁrtg@ﬂnra]{tfoﬁrpr@ssd}eedifference

acconpani ed by a 20 wt % aqueous sol ution o
washs i@y Ay | 5.2 2p)thiioihdidanie tat Bstablo bperatigronvhs passiblelg

liquid, and solidified in a water bath of 40C to

obt ai Thas,hthk |obvairddblerllov fiberemembrene cwass found tte besaicellgnt in the

of a three-dinmensional network structure. The obtai ned
physieal| dwabilibe andeipbtha nepapnaproperter thys ivinge pperpble 3stablyn over a

an inner dianeter. of 780 m an avera ore di aneter
prolgpasg Rysof, R3S OLAYAIUANENGRE RUmAR Y Tatle gt

t hree- di nensi onal network structure, an average

t hi ckness of 280 min the |ayer of three-di nensiona

Exafiopr k structure, a pure water perneability of 0.4
X ’nﬂ-hr, a blocking ability of 98 % a fracture

st rengf Rolw Fibér WRentaxt &f & lspdrichPstalcang &Hs%ke?ﬁre@gn Yhe same
ow

The obtained hollow fiber nenbrane had a | racture
mandier &igHxampte B | ow fracture el ongation 5 because of

t he absence of the |ayer of spherical structure.

Then a vinylidene fluoride homopolymer having a weight-average molecular

weight of 284,000 by 14 wt%, cellulose acetate (same as in Example 1) by 3 wt%, N-
methyl-2-pyrrolidone by 75 wt%, T-20C by 5 wt% and water by 3 wt% were mixed and
dissolved at 95°C to obtain a polymer solution. This membrane forming liquid was
uniformly coated on the surface of the hollow fiber membrane of spherical structure, and
was immediately solidified in a water bath to obtain a hollow fiber membrane bearing a
layer of three-dimensional network structure on the layer of spherical structure.

The obtained hollow fiber membrane had an outer diameter of 1340 um, an

inner diameter of 780 pum, an average diameter in the spherical structure of 2.5 um, an
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In an air scrubbing durability test, a fiber fracture
was observed after 12 days, and a fiber fracture was
observed in the order of tens of fibers after 20 days.
As the fiber fractures were observed in the eval uation
of air scrubbing durability, an operation over a
prolonged period mas judged difficult and the

averagn a)%fa ! 31%1% {3 of P Sﬁ e IS%Hiag [ OPRE tle}S’e}Nng thpe% dua\ensional network

evalua on are’sunmari
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77 % T-20C by 5 wt% and water by 3 w % were m xed
a fragtaredilagatiom df 31 %O5C to obtain a pol ymer sol ution.
This nmenbrane formng |liquid was uniformy coated on
t he supfascar s¢rubbiag rsi@rqbdwyrtmemo fihemfpciwe Wis ehsepicaglall even
gﬂﬁture and was imedi ately solidified in a water
é % obtain a 20 hol |l ow fi ber nenbrane bearing a
| ayer of three-di nensional ucture on e
| ayer B SiEiLEPREHY ERE HrenBishf mea S MifiEnce was 2
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lowehp&tredbilien s i lisadver) @h\Vifdriase In el filbiatioe predsuradiffeddee was as low
t hi ckness of 30 pmin the |ayer of three-dinensiona

as 28k o thus igdicatinguhat a stablevperaige wasipokniblss of 250 m in
the |l ayer of spherical structure, a pure water
per meabiusi the eptained bellpyypliher membant. thgugh isrrrwhasfhlglger in the
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proIoBEeJ pdiddaat | 'Ké@ul%r ﬁ%%b!l'h@n&i dré %ﬁ&%ﬁz@@ﬁq T%El XPa at the
start” of filtering operation and 70 kPa at the end of

filtering operation, thus being |ower at the start of
filtering operation. However an increase in the
Corhparttiwt Example éssur e

A vinylidene fluoride homopolymer having a weight-average molecular weight
of 284,000 by 25 wt%, cellulose acetate (same as in Example 1) by 2.5 wt%, N-methyl-2-
pyrrolidone by 64.5 wt%, T-20C by 5 wt% and water by 3 wt% were mixed and dissolved
at 95°C to obtain a polymer solution. The obtained polymer solution was discharged
from a die, accompanied by a 20 wt% aqueous solution of N-methyl-2-pyrrolidone as a
hollow part forming liquid, and solidified in a water bath of 40°C to obtain a hollow fiber
membrane constituted solely of a three-dimensional network structure.

The obtained hollow fiber membrane had an outer diameter of 1340 um, an

inner diameter of 780 um, an average pore diameter of 0.03 pm on the surface of the layer
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difference was as high as 160 % thus indicating that
a stabl e operation was not possible. Thus, the
obt ai ned hol | ow fi ber nmenbrane was found to be
excellent in the 10 physical durability but not
stably operabl e because of the inferior operation
property. Results of evaluation are sunmarized in
Tapl - ' j ]
of AP i RIRA A, (o HRTRA S IRURIL 085 WP TP ler of

threBIME iRl hdtwbdeHRIcRIrd. -2 ﬁ[ﬁ@ Watkr }Shﬂﬂéabﬂlﬁj{?‘ 6f 6. Uy indgr, ﬁl blocking

honmopol ynmer havi ng a wei'ght -average nolecul ar wei ght
abili®y 0284 %008 flaytidstvdntah §0D Y WPAYhd BEfdtase ElongatiddDbAD&6. The
BR- 85, manufactured by M tsubishi Rayon Co.) by 1
obtaiehoNowefi ey Iméin rsier dd « ve frigturd Atrahgh ahd 2A6wifyachurefeltngation
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d rApehn e OHhBTortbd BEAG! wi julgédiBiulRd tReevaluation f
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ope@BR piopaity Sak T dohBuditd. 2. Restilts GevaRMBSRER sRfifarized in Table 3.
di anmeter of 0.04 mon the surface of the | ayer of

t hree-di nensi onal network structure, an average

thi ckness of 23 min the |layer of three-dinensional
ComperatiyelExagples? r uct ure, an average thickness of 257 m

in the | ayer of spherical_ structure, a pure water

per nea\bmli/w fier membragrengih: spherisplotRicHye A17S| RreRarest imthe same

% a .fracture strength of 8.7 MPa and a fracture
ma’%?oﬁ?g}%h?‘ﬁwp[ﬁl‘m % In an air scrubbing durability

test, %}faid\gg\él.ic{efné‘%wige ‘ﬁ@ﬁlo?@ﬁx%[ay Ravif aaxlvéigﬁt\éag{%lra&g’molecular

after h an oper at property ev

ig @ high 1008 1yOrs WiESRURSRPILS - behEIcRe WS7BR1% kTR 08 byt B&i% and
Wé:lésﬂtiart of f'tHIyteri ng opera io%ﬁgnd 68\@§Pa at the ena)t of -

watdri Byl 8 RitPg) weRemtddodhd dibseSvddedt TF°C| o \udtaidta pddpmédt elitiol, This
filtering operation. However an increase in the

menfbirhder dotinoing pigsd was uniformly coated on the surface of the hollow fiber
membrane of spherical structure, and was immediately solidified in a water bath to obtain a
hollow fiber membrane bearing a layer of three-dimensional network structure on the layer
of spherical structure.

The obtained hollow fiber membrane had an outer diameter of 1340 pum, an
inner diameter of 780 pm, an average diameter in the spherical structure of 2.0 pum, an
average pore diameter of 0.05 um on the surface of the layer of three-dimensional network

structure, an average thickness of 30 um in the layer of three-dimensional network

structure, an average thickness of 250 um in the layer of spherical structure, a pure water
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difference was as high as 66.7 % thus indicating that
a stabl e operation was not possible. 10 Thus, the
obt ai ned hol | ow fi ber nmenbrane was found to be
excellent in the physical durability but not stably
oper abl e because of the inferior operation property.
Results of evaluation are sunmarized in Table 3.
permg%g) s 2&&1 K% E)(un‘??g',lr ag bl&glég Ablli} er tgyg ‘%I, %’ ﬁr‘éctmae@tre%%}gn ocff9 PMPa and
e 1$Re30R 6 do o ut mnth a sonemhat | arger outer
I ameter so as to obtain an average thickness of 280
m  Theph hipvelibbias RPPIRREst\AS fiB¥afrbdtRdwid dhtekled at all even
forming a | ayer of three-dinmensional network structure
aftedn22 dayd. ayer of spherical structure. The obtained
hol | ow fi ber menbrane had an outer dianeter of 1340
rn, ann @0opera@m property evalmttioﬁsﬁlem’lltlatiom\peasage difference was 27
dlaneter in the spherical structure of 2.5
kPagaf sheagjert phfibgingsepesstiongod r?pukﬁ’atah@ewag/ ef ﬁbmwatm thus being

bi | f 2,
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diffgteq and. 4 ﬁ %(f ﬁ}u ct;, 28 ﬁ? t #:o e n ot possible.
§¢ Pﬁ%B’F‘sn%S l&‘ﬁ Ap{ O 7y Mus dgdicating £ %SF E\b & [ﬁ“é’ \k%%? P ‘
obser V'ﬁgl a%eaeﬂtalﬁgf 'Pnoll%\g t?tre} %en]‘cﬁ%n G4s fo drﬂ BMbe excellent in the

operation property eval uation tratl on pressur

phydichf 802BARy WaS nb stdbBA opérablReheshidet oiofhef inktdrRri &}ration property.
oper ati on and 148 kPa at the end of filtering

Resufie bhévahmtioh Attssundarbed g Thdedr at the start of
filtering operation. However an increase in the
filtration pressure difference was as high as 887 %
thus indicating that a stable operation was not

Comppaaiivs Bxampplgs, t he obt ai ned hol | ow fi ber menmbrane was

f ound cell en hysi cal durability.
but nd{&?@ﬁgm 58 purbien ok otnber Gt SHESrenver prspetedin the same
I erty. Results of evaluation are
ma%%% rar ]g)gaéxﬁ?lgﬁ)Tabl e3 5402coaco~0' > j TNN

T 7+ OppheR ng-gd% ﬁ)lgorﬁel\ﬂo\élcmolymer having a weight-average molecular
weight of 284,000 by 14 wt%, polymethyl methacrylate (Dianal BR-85, manufactured by
Mitsubishi Rayon Co.) by 1 wt%, N-methyl-2-pyrrolidone by 77 wt%, T-20C by 5 wt%
and water by 3 wi% were mixed and dissolved at 95°C to obtain a polymer solution. This
membrane forming liquid was uniformly coated on the surface of the hollow fiber
membrane of spherical structure, and was immediately solidified in a water bath to obtain a
hollow fiber membrane bearing a layer of three-dimensional network structure on the layer
of spherical structure.

The obtained hollow fiber membrane had an outer diameter of 1340 um, an
inner diameter of 780 um, an average diameter in the spherical structure of 2.5 um, an
average pore diameter of 0.04 um on the surface of the layer of three-dimensional network

structure, an average thickness of 23 pm in the layer of three-dimensional network
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In an air scrubbing durability test, no fiber fracture was observed at all even

after 122 days.

In an operation property evaluation, the filtration pressure difference was 36

‘kPa at the start of filtering operation and 60 kPa at the end of filtering operation, thus being

lower at the start of filtering operation. However an increase in the filtration pressure

difference was as high as 66.7 %, thus indicating that a stable operation was not possible.
Thus, the obtained hollow fiber membrane was found to be excellent in the

physical durability but not stably operable because of the inferior operation property.

Results of evaluation are summarized in Table 3.

Comparative Example 4

A hollow fiber membrane of a spherical structure was prepared in the same
manner as in Example 1, but with a somewhat larger outer diameter so as to obtain an
average thickness of 280 pum. The hollow fiber membrane was evaluated without
forming a layer of three-dimensional network structure on the layer of spherical structure.

The obtained hollow fiber membrane had an outer diameter of 1340 pum, an
inner diameter of 780 pm, an average diameter in the spherical structure of 2.5 um, an
average thickness of 280 um in the layer of spherical structure, a pure water permeability
of 2.0 m*/m”hr, a blocking ability of 97 %, a fracture strength of 8.3 MPa and a fracture
elongation of 84 %.

In an air scrubbing durability test, no fiber fracture was observed at all even
after 122 days.

In an operation property evaluation, the filtration pressure difference was 15

kPa at the start of filtering operation and 148 kPa at the end of filtering operation, thus
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possible.

Thus, the obtained hollow fiber membrane was found to be excellent in the
physical durability but not stably operable because of the inferior operation property.

Results of evaluation are summarized in Table 3.
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The pol yner separation nmenbrane of the present
invention is applicable to a filtration separating
menbrane in the field of water treatnment such as

dri nki ng water nanufacture, water purifying treatnent
or waste water treatnent, and in the fields of 5

phar maceuti cal manufacture, food-related industries,

bat t.er v.. ators, charged nenbranes, fuel cells,
Ind%%éalap%gga%gﬁ&ani ng porous nenbranes. 58 CLAIMS 1. A

pol y”qrhe;[g)@%gf’x; %g%ammwémei es@nt InVOtJnadk & plicaable to a

resin-ty separati on nmenbrane conprisin
filtrhBHE befadtingOm@mbiing EindihEEfld AT alatBe teRtdens SGdC bl ld8inking water
and a layer having a spherical structure, wherein the
manuyoture haated pudifying efeatthér® nai wade wikdrwaedtmsiht, wat Uihethe fields of
conprises a fluorinated resin-type pol yner
phaguareuiéal | emanufavtwe.ni fogdaclhtedr apdustiies, pbhtyarer ,separatotshe charged
hydrophilic polynmer is a substantially water-insoluble
memgran@pmeﬂ p@ISpm%weﬁd glerning perays Bembrangst one of a
cellul ose ester, an aliphatic vinyl ester,
vi nyl pyrrolidone, ethylene oxide and propyl ene oxide
as a polynerization conponent. 2. The pol yner
separati on menbrane according to claim1, wherein, in
the fluorinated resin-type polyner conposition
constituting the layer having a three- dinensiona
network structure, the content of the hydrophilic
polymer is 2 ww%or nore and less than 20 W% wth
respect to the anount of the fluorinated resin-type
pol ymer. 3. The pol yner separation nenbrane accordi ng
to claiml1, wherein, in the fluorinated resin-type
pol ynmer conposition constituting the |ayer having a
t hree- dinensional network structure, the hydrophilic
polymer is constituted of a substantially
wat er - i nsol ubl e hydrophilic polymer including a
cellul ose ester and/or a fatty acid vinyl ester as a
pol yneri zati on conponent. 4. The pol yner separation
menbrane according to claim 1, wherein, in the
fluorinated resin-type polymer conposition
constituting the layer having a three- dinensiona
network structure, the hydrophilic polyner is at |east
one sel ected from
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substanti al ly water-insol uble hydrophilic polyners
containing cellul ose acetate, cellulose 59 acetate
propi onate, cellul ose acetate butyrate and vinyl
acetate as polynerization conponents. 5. The pol ymer
separation nmenbrane according to claim1, wherein the
| ayer of spherical structure does not substantially
contain a hydrophilic pol ¥fRiyMRut contains a
fluorinated resin-type polyner. 6. The pol yner
separati on nmenbrane according to claim1, which
conprises the layer of three-dinensional network
St ructiur e\ pely@br sephtioR sienlbaytRr whiéh isTh Qu@afdteresin-type polymer
separation nmenbrane according to claim1l1l, wherein the
sepdratyer meinbsanngompsghgr i cal structure includes
approxi mately spherical solid conponents having an
aver agdayir dawinge tyee-diroensipnal negwerkngtrugturetiaed pol yner
separati on_nenbrane according to claim1l, wherein the
| ayer 3 lpyeyhayng asphescalitieies-onal network structure

1o Sk A bS48 s o
: i t | ai. i- i .
R 0 I5EORL B L SLAU a0 o BBl B,

hydﬁ%?ﬂn%_a%lé/ﬁteﬁ/ is?d sutfdtdhbRl R M tetsofibld hMopRiLid Polytnet Lontaining at

a fracture strength of 6 a or higher; and

leasBohd €4 BEIR1l e @RQALanCMlipRAtic VARyI%str, Vih@gPpirolidbde, Ahylene oxide and
menbrane nodul e utilizing the polynmer separation

propyderierexide asacgodyengptibo campoment. as a filtration
menbrane. 60 11. A producing nethod for a pol yner
separati on nenbrane, conprising: coating, on a
surface of a |ayer having a spherical, structure ..
cont ailni e Polyms SeRaaten meribrane; deserding {yglpim 4, wherein, in the

f.1 uori nat ed in-t Ly, .ution_.including.
Aol L REPSPPS TeTarY oRBSr BT e HOUIUBR: Hec 5T y ivinE o three-
cim AL LB 5ol S8R Rl B R LRGN B Sinr B, 53004 o o
and 3 1ROV @R SvidXiedSecti the RRALYIEIItRAN bR hatedFERAMGY polymer.

and solidifying the coated material in a solidiTying
bath thereby formng a
3. The polymer separation membrane according to claim 1, wherein, in the
fluorinated resin-type polymer composition constituting the layer having a three-
dimensional network structure, the hydrophilic polymer is constituted of a substantially

water-insoluble hydrophilic polymer including a cellulose ester and/or a fatty acid vinyl

ester as a polymerization component.

4. The polymer separation membrane according to claim 1, wherein, in the
fluorinated resin-type polymer composition constituting the layer having a three-
dimensional network structure, the hydrophilic polymer is at least one selected from

substantially water-insoluble hydrophilic polymers containing cellulose acetate, cellulose
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| ayer having a three-di nensional network structure on
the surface of the |layer having a spherica
structure. 12. The producing method for a pol yner
separati on nmenbrane according to claim1l, wherein
the | ayer having a spherical structure, containing a
fluorinated resin-type polyner, does not

acetayb%trc?%ﬁa%l ;é%lfuggée acetgteo?gﬁltke Q elndC i }Jlg%ertate §s nd%lymerlzatlon

produ or - a r separa n nbra
si ng: dlscharglng a fluorinated resin-type

cmn%BFB&br sol ution containing at | east one hydrophilic

pol ynmer selected froma cellul ose ester and a

substantially water-insol ubl e hydrophilic polyner

cont aisni Mhegiolyntasepamiorsiatbiaael adopding té alainy 1awhekein the layer

vinyl ester, vinylpyrrolidone, ethylene oxide and
of sphompl etmectanei dbes nanshbatahtialbyr ¢onéetied hydsophilio/pelymet Yuterontains a

sol ution not substantially containing a hydrophilic
fluopigpipdaesin-ipgpolyafEous| y from a die; and solidifying

the discharging material in a solidifying bath,

t her eby forning a | am nat ed filn1including a Iayer

of tthe S|ona networ k. structure

{1 uor harids PRI Foafot B ORER: 45 aRaTR gl ERd: Whic Compriss
the [55({,9[ Bkl mPRi NP fxetw% set{fhf }\ﬁe\! &8 aPbut

ructure containing uori nate re3|§ type

pol ymer. 14. The produ0|ng met hod for a pol ymer

separati on nmenbrane according to claim11l or 13,

wher eim, The gohendr|seyprratival embage Bedoydiag poOtiieN, wherein the layer

sol ution containing the hydrophilic polyner, the
havingra sphieriod] strnetuteyicloded appropmiatetsesphiesicl satidocompmugngs having an

and less 61 than 20 wt% wi th respect to the anmount of
average diameggriof doay0.1 & Sy pe pol yner contained in the

sol ution. 15. The produci ng nethod for a pol yner

separation menbrane according to claimi1l or 13,

wher e'8n ’I* 1 o ggngr sé;?atrr!ﬁt? it rﬁgxafn%ﬁ% -do¥ R g%l (4 L%HR 1 Wherem the layer

sol ution co POpRITIC P

havmé(ytﬁfg&dlhﬁnﬁ&ka)f RBtwolr st‘f"’uc%ﬁ@ b a@u}tﬁcé’\@teﬁzrof ' ﬂ'&?&l Bh&verage

hydrophilic  polymer, mainly containing a cel ose

por€§ike€bf fEl/10im o {ahty acid vinyl ester as a
pol yneri zati on conponent. 16. The produci ng nmet hod for

a pol ymer separation menbrane according to cIa|n111

or 13, wherein, in the fluorinated resin-type polyner

sol ut |9on ]&@rppg,{mﬁrﬁg)qrﬁ@n membrane according to claim 1, which is a hollow
fiber separation membrane having: a pure water permeability at 50 kPa and 25°C of from
0.20 to 10 m*/m*hr; a fracture strength of 6 MPa or higher; and a fracture elongation of

50 % or higher.

10. A membrane module utilizing the polymer separation membrane

according to claim 1 as a filtration membrane.
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hydrophi lic polyner, the hydrophilic polyner is at

| east one selected fromsubstantially water-insoluble
hydrophi li ¢ pol yners contai ning cellul ose acetate,
cellul ose acetate propionate, cellul ose acetate
butyrate and vinyl acetate as a pol ynerization
conponent. 17. The produci ng nethod for a pol yner

enat 3 O FEARAISARSOIY Mol uerClepllidt imtbdne, comprising:

wher ein” a“s81%"d € Cco
coagxg?toﬁda Qﬁfagé SERRE ﬂavmé hlégﬁ E% ﬁfhcﬁﬁ§ b@ntgﬁﬁﬂfag PRLYABhed resin-

uti1 on contal ni'ng t he 1 C pO ymer, contal ns
typpolaRdr, SO fvieRhatdd Ydsittyde I'ﬁogﬁnd%odo&kicﬁx)/mcﬁamg a substantially water-
insoluble hydrophilic polymer containing at least one of a cellulose ester, a fatty acid vinyl
ester, vinylpyrrolidone, ethylene oxide and propylene oxide as a polymerization
component; and solidifying the coated material in a solidifying bath thereby forming a

layer having a three-dimensional network structure on the surface of the layer having a

spherical structure.

12. The producing method for a polymer separation membrane according to
claim 11, wherein the layer having a spherical structure, containing a fluorinated resin-type

polymer, does not substantially contain a hydrophilic polymer.

13. A producing method for a polymer separation membrane, comprising:
discharging a fluorinated resin-type polymer solution containing at least one hydrophilic
polymer selected from a cellulose ester and a substantially water-insoluble hydrophilic
polymer containing at least one selected from a fatty acid vinyl ester, vinylpyrrolidone,
ethylene oxide and propylene oxide, and a fluorinated resin-type polymer solution not
substantially containing a hydrophilic polymer, simultaneously from a die; and solidifying
the discharging material in a solidifying bath, thereby forming a laminated film including:
a layer of three-dimensional network structure containing the fluorinated resin-type
polymer containing the hydrophilic polymer; and a layer of spherical structure containing

the fluorinated resin-type polymer.

14. The producing method for a polymer separation membrane according to
claim 11 or 13, wherein, in the fluorinated resin-type polymer solution containing the

hydrophilic polymer, the content of the hydrophilic polymer is 2 wt% or more and less
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than 20 wt% with respect to the amount of the fluorinated resin-type polymer contained in

the solution.

15. The producing method for a polymer separation membrane according to
claim 11 or 13, wherein, in the fluorinated resin-type polymer solution containing the
hydrophilic polymer, the hydrophilic polymer is a substantially water-insoluble hydrophilic
polymer, mainly containing a cellulose ester and/or a fatty acid vinyl ester as a

polymerization component.

16. The producing method for a polymer separation membrane according to
claim 11 or 13, wherein, in the fluorinated resin-type polymer solution containing the
hydrophilic polymer, the hydrophilic polymer is at least one selected from substantially
water-insoluble hydrophilic polymers containing cellulose acetate, cellulose acetate

propionate, cellulose acetate butyrate and vinyl acetate as a polymerization component.

17. The producing method for a polymer separation membrane according to
claim 11 or 13, wherein a solidifying bath to be contacted with the coated or discharged
fluorinated resin-type polymer solution containing the hydrophilic polymer, contains a

non-solvent having a high polarity.

62





