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DESCRI PTI ON FLUORORESI N PCLYMER SEPARATI ON MEMBRANE
AND PROCESS FOR PRODUCI NG THE SAME 5 Technical Field
The present invention relates to a fluorine resin
pol ymer separation nmenbrane suitable as a filtration
menbrane in water processing fields such as
manuf acture of drinking water, water purification
treatnent, or waste water treatnent, and in fields of
10phar naceuti cal manufpgserepTioNed i ndustries, and
bl ood cl eani ng nenbranes. In particular, the invention
relates to a fluorine resin polynmer separation
menbrane especially suitable as a filtrati on nenbrane
for the elimnation of microorgani snms such as a virus
FLHQRORESIN POLY MERIGHPARATIAN MEMBRANISANE BRIOSHESS FOR
menbranes are uti| PRO®DIHSING THESAME nenbr anes in
recent years in various fields, e.g., fields of water
processi ng such as manufacture of drinking water,
water purification treatnent, or waste water
t, and in a field of food industries. In a
’Rm&&@%dﬂ&? wat er proceSS|ng such as manuf acture of
%;F@e Vé?sW%E nrvgrét orxrler Iatéjsutlr I Iﬂrugoalltn% O@sm2 g(thlgzrsengt g&g%dtloﬁ membrane
ra has been used rities
suilfEiE g 3 Qﬁ%‘foaege%lﬁfaesmﬁer BrorE e it PR mghgfe of
fl.occul ati tation processes

i S etet BB R RORT REMB & meler SRRl o dp fieds of
PR ARGt LS e Qe Penes. In

nes are used in hese various fields, and in a
paxugﬂ%, ‘P%%i‘t“ﬁﬁ ATAER I & B%‘&‘?F rgglrwak‘ é?erﬁﬁP?fPﬁ‘%‘hﬁe rane
tnen stevmte gquired.to
e PP BREPI S AL B b PFHHE DT TG CHEVRbioa G Ciogreanisms such
f||trat|on since a great anmount of water should be
as & Yifysdpadiavig-eat er wat er perneati ng performance nmakes
it possible to reduce the area of nenbrane to be used
for filtration process, and a 5resulting conpact
filtration apparatus can reduce the facility costs, so
BagkgequndiArt s g so advant ageous from the costs of
nenbrane exchange and the space for installation.
asqna@nen SpenTARGS agswﬂﬂ:feéa@ﬁ iRt OngBeRpINeS WdReFIAYEHH In
nmbranes are also required to have chewnca
var{cgs fistdsinee, fisids of wates prrcessingetuch 3s manytashue eﬁﬁlﬂnkmg water,
hypochlorite is added to the water in a nenbra

watghBfilicatign tieptEngstqs Festeoratpl ERARRERthgndingt ligld oh goqsirindustﬁe&
In a field of water processing such as manufacture of drinking water, water purification
treatment, or waste water treatment, filtration with separation membranes has been
used for removing impurities in water in place of conventional sand filtration and
flocculation-precipitation processes. In food industries also, separation membranes
are used for removing yeast utilized for fermentation, or for the concentration of
liquids.

Polymer separation membranes are used in these various fields, and in a water
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10 the nenbrane surface, or nenbranes thensel ves
shoul d be washed with an acid, an al kali, chlorine or
a surfactant. Further, high physical strength is
requi red of separation nenbranes so as not to cause
breakage during use Thus, separation nenbranes are
requi red to have superior separation performnce,
chem cal strength (in particular, chemca

tredt@ehSh ARS %/h ashhxsy ﬁﬂlﬁcﬁﬁ&?ﬂ t&eﬁmﬁég@gv?@?@e!ﬁ&e}ﬁt, it is

Accordi ngly, separation nenbranes na

reqffdtb ke Eiote VAR Bl R el %?‘alﬁ%@?ﬁ E‘ﬁ%g'a great
amﬁlg}rft%ﬁ g\rg’keri%%&?ﬁ gk ?iiléé%\ég E‘;ﬁrgep[eru&%gr i)é}m\ég{ili;go Sirforlgxeaﬂcég’ makes it

franutf act ure o i nki
har.jaceut .cal ,ma ctur

er, ' nyf d .foad

posS Bl A GRSt Ry 36 it ror AP ir P rasees At e

to 2 Omanufacturing lines an rooducts, since.if. .
res{ifipf SRR THiFEt o Botohiron S oB RS ok, 66 i is also

manuf actur i rocesses, the nuf act uri ng Lines are
advaBageqis fram it O of rapranc Selimee D9 the o ap s PO

infg@&g@ ﬁA&h ggthoﬁenic m cr obes such as Vi rus

cau &d of welst prBHeaitontieatpent pitogrEpR membrangs are also

sterilizing nethods, heating treatnent and.treat t. .
reqwf‘f‘#oc,lﬁé’ Fncg%{P AgTGaRtanee, é‘l‘i‘F%giSWé‘ IZ5TSUER awavmiapgﬁﬁ?me 15

tges treatnments have 25l jttle effect gn viruses )
addgd (¢ g Wrdeh InAdBFRPRRE B104RIE TeRENiPUEROSE @5 Preventing biofouling on

Therefore, _.as a neans of physically elimnating X
the menmprane S%@ﬁ&rcgﬁ%embmwéb?rsﬁﬁ)fxr‘ssis @uléélsa’fagb? With an acid, an

anes has cone tg aftrac ublic attention.

Gl B IeEE G SurasBRan o her, biabBiEicy Bl Mg of

judged in accordance with sizes gnd separately renoved
Sepﬁ@&g’F GIeEREAY SPRe nPHQCARTC %Féﬁ?&? ?}nggg 41¥d chemi cal

properties of. viruses. As descri bed, above, it

has nSSPRFSIRG IR RIARAS AERTaayred EpRAVE SPRITIVSARATEHATS t o

have hi gher water perneating performance, and the
PeT{Qipiaptse fRFRicat %reﬁg@t@r PHHEYRT, s%%%albqeﬁlﬁaaycqgawwwlsﬂrength

done repeatedly. For exanple, there is disclosed.in
andam-reﬁablgﬁfoozxcepw@l&hé rSﬁPaTQtFﬂme@?r%%ﬂlaﬁ%PéP?JrYY‘é‘Vléﬁi@et 0

an "exan ned Japanese patent publication")_ an
fluoridergiins havipg hﬁtﬁzﬁh@nw Fangtndn gantigpkag ichgmicgbrssistance) and

fluoride resin having a structure provided with a thin
physigak grqngihehavedeer pyedrn vpdeusoieldhe menbrane surface and

m cro-voids wthin the nenbrane for obtaining both

exceFyrgier, i dhmafields ehmamiipetute of sinfingeratple pharaisiceyticpl

The asymmetric menbrane reveal s excel |l ent water
mapwipeied and fapdipdustréespyarigus istemilizingdeehmiqnes argsappliad &

and m cro-voids to thereby reduce filtration ]
mapeigtyrina dines Fsepradyatsrsinet ¢f paghdgenisanicrobes puchtas\agvifug are

the case where striking through of a small anount of
mixsidj in manuEacturingtpaoeseses othp enanufactring lings ateecogtageinated, and there

perneated water is allowable (e.g., in the case of the
arerdangarathab fhetprodhicth infectad withrpatbogromcmrdrokeisisoel) as a virus cause

However, in the case of elimnating a virus, if the
maskeihéctios uf finalscoasymerhol As tre ssayiteritg megthbdk deating tagdtmest and

present on the thin dense |layer, the virus strikes
tredtimeotughth thenivhls soch/as didorfrecme thenpldiedc byt thesettiratmériighave

virus cannot be elimnated conpletely. Accordingly,
littfeauffeptr @vemisen fatihg hedt résistange tahd obigrhicelf resistancals TEheeaforef as a

a pinhole or a crack occurs, it is required that the

separation nmenbrane has a dense | ayer not contai ning

m cro-voids, or even if the_dense |ayer contains

i cro-voids, the mcro-voidé are sufficiently small to

the thickness of the dense |ayer. JP-A-58-91808 (the

term"JP-A" as used herein refers to an "unexam ned 3

publ i shed Japanese patent application”) and

JP- A-58-93734 di scl ose nethods of form ng a nmenbrane

Y o s o o o




10wat er perneati ng performance of the separation
menbrane, it is difficult to reveal physical strength
of the suitable degree necessary as the filtration
menbrane for use in the manufacture of drinking water,
water purification treatment, and waste water _

megnsefiphypicallyrelipiaating viruses, gaeabrape fitrafion gsing yeparation
manuf acture of a separation 15 nenbrane by using a

melmbaaried heoerinae 1oi atigac? Poblor attentien. gfccohiin gl membrave fippoations
of a polyvinylidene fluoride resin as a solidifying

virligk Bar Be fidgedindcEordam@! with ydsl MaRepdrityrremovédEiirdless of
di scharged to thereby delay the phase separation rate

thelherhi¥® pldpERicO b it AP AR ABFugRI @l  a separation

aving a ns ayer not contai ni ng

m cr,0- voi ds. wever . according to the nmethod, a void
C hat e e AR 1 Hab b3 abhRe S Forie it SFpeepBon BRmb s o
di spersed in the separation nenbrane at |arge, as a
hayechigher watei@eppeatingpsdompanca.cand dhsimprp YrngpiniorbsHer watey
whol e i s evened off and becones | arge, and the
permisabilitebiavedisam doneowpenteddy. dive ekaraple, thereas disclpsedda por e
size, so that this separation nenbrane cannot be used
JPB01-220038hetetmi“TRMB "I ubkikherein refers to an “exdminédBapandsb patent
is disclosed in WO 03/026779 a separation nenbrane for
: Lip . . o ' _ '
PURALETS eh TG ribmbe CorbiIg £ g Ry AR Roride rein,
den struct.ure | r._havi a.smal ] hcal
ha o8 8 B G v Y Sip R 5 RO L By
r less, and, physical strength is sacrificed for )
SUriacg @a¢ Mg °p ‘@t‘%’/’é‘&ﬁ It Tefarang, g‘?ﬁ@&’é?lﬁé lbﬁ@r?"ﬁ?lrlFé‘ﬁ gparagign
that it is difficult to use this separation nmenbrane
abitippangh wales peameabiiypAhaasysrmeiderbieansane reveals gxgekigns sater
prior arts, in the case of a separation nenbrane
petn@eabitigy by thegaodside 0f e tHimderise hayer angd micoivbaiseo gerebysedee
and a thickness of a degree capable of elimnating
filt¥dtioH $E&Fstate. TR ﬁﬁﬁie@ﬁ@h@&bi’ﬁn@ﬁ@eff&ki@é in thBRhR Whee striking
dr awbacks t hat en the thickness has practicably high
thr dfcaaémagf A\ Br oP{)@étFJe sﬁﬁs&{l&@ B bl FiMeR@ RS Ble SRR Y
rs and, contrary to this, when water perneability
i S ffici.entl racti.caple, physical strength is .
perpip S ovBE A e SisaBE e apgr of Fitlaly of simple
difficult to reconcile physical strength and water
CONGEREHIM-ng per f or mance on a practicabl e | evel. There
is described in the draft of the 29th Annual Meetin
of YewererEimnthe casewekiminutiog @ivamp.dhthealeéast sysh ag@pinhole or
(1995) that Q of coli phage having a dianmeter of 23nm
sora¢tting likpheatrackds pssent oh whiethiradense layet, thd drfstrikes through the
99. 99999% or nore by nenbrane filtration treatnent

midYolvdids fGh HRWMR R0 tHRTRY ARR dafhdterd eimitReFtdhSetely.
pol yacrylonitrile (trade nanme: Torayfil (registeréd

Ak 8 pre FlE i Mg bl o s TR A Lo Y crc
fi ber. nenbrane i,.s a separati on nbr ane de of ..
0CGY L8 FSAVGRS Lt 16, SCPERRGTHMERBRIE P & AR JORY Bptgontaining
_physical strength, and is deteriorated in a short
migsarvoisds, o evep Aethpdensedeyes caniaing mieroatoidsn thegricer-y s are
acconmpani ed by washing with chemcals is perforned, so
suffibigntly brmallremthe iriekriess ofi thé densetlayieo use practically.
Patent Literature 1: JP-B-1-22003 Patent Literature 2:
JP- 2858098868 (tied ©rh “IP-IAETragtubddehedéin ETeR-td 8n 98X 4mined
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Patent Literature 4: JP-A-58-91732 Patent Literature
5: WD 03/ 026779 Non- patent Literature 1: The
draft of 29th Annual Meeting of Water Environnental
Associ ation Japan, p. 267 (1995) 5D scl osure of the

I nvention Problens that the Invention Is to Sol ve

An object of the invention is to solve the above
problenms in the related art and provide a fluorine

putﬂ@ﬁé@]a%ﬁﬁéé%&teﬁ?ﬂﬁﬂ@ﬁﬂi&ﬁ% AR A58 9% 8 4i881bsd Methods of
virus-elimnating property, further excellent in

foriHe LHEmPRI- UHIRAGSRe a Rofhqued(Bl £EoHIE LI RRrb] l?iinc inorganic fine
chem cal 10strength %chen1ca resi st ance), yS|caF
. i f i:0d- . d ' )
prfe 008 B0y A A S BEEIS B0 R i
i PIANED Rhatldls Sond S nd RN Dkl BiOBufORs
the?e%P'o%Ya'iﬁlg sbflFat px%&nﬂ%ggbj gg&or&iﬁg % Megé) feffods es%hﬁ'ation
pofyner separation nmenbrane conpFising a lTayer having
e R R D5 e 5L BT Bl e o
ot SO GRT el OB, L6, ABREa e s o
uorine res

di t S5 . d the fl .
exts i nsdePar e ARl he et o T apsn fopien
malii8CE et WA 1 CHORISEt PEe e r9di6a0s Hordest e
wale P iHGE BEDABRS 0L ORI PEBPHBOR el o eveal

conpasi tion.containing cellul ose ester, and the m xing .
Physigal girepiethy piahe yifahi o ekrercResPSslY asBe filpsiaPrReRaiann for e in

pol r is from20 to 75 w% _The cel |l ul ose ester is
thewé%g?&mf dHPKing yeterapaenpwifiqation regimanty and asiiapaleh e

| ayer having a 25 three-di nensi onal network structure
tregtgiept ovj ded as the outernost |ayer of the pol yner

separati on_nenbrane_of the_invention, and the |ayer

t hi ckhfge & geclpsed in dPwr-SEA g the mapudectere,nf ssepaafion

network structure is preferably from?20 to 120 m
membgang\ Ryruise ahigud spntaining3Q et B1oje ehihesplvant capppapent of a

conponents present in the |ayer having a spherijca
polyyinjidenedlyogidg resin pud pliditysng ath tq ¢pagulate 3 pelyvimslidenser

havi ng a 5spherical structure preferably conprises a
fluprideaiepnelischaigad pothpraby dglkuy the pliase sepasafinit @if tahg yme of

contain cellul ose ester.
solidification and obtain a separation membrane having a dense layer not containing

micro-voids. However, according to the method, a void that is intended to be used to
form micro-voids is dispersed in the separation membrane at large, as a result, the pore
size of the separation membrane as a whole is evened off and becomes large, and the
obtained separation membrane has a great surface pore size, so that this separation
membrane cannot be used for virus elimination use.

Further, there is disclosed in WO 03/026779 a separation membrane for the

elimination of virus comprising a coarse structure layer having a large numerical



In the case where the pol yner separation nmenbrane of

the invention is a hollow fiber nmenbrane, it is

preferred that the hollow fiber nmenbrane has pure

wat er perneability at 50 kPa and 25C is fromO0.10 to

10 nB/nR-hr, tenacity is 5N or nore, 10and fracture
apafyp gad p densestraevsedaysrdiaring a small numegigalppetpigsy However, the

separation nmenbrane in the invention is used as a
thifkiress tais oirin e 80 riameoriless sandgilysiaal stramgib isssacrificed for revhaing

pol ynmer separation nmenbrane in the invention can be
prifEEAE FAR] By fP L ifuntl sb N Rt LRG0 e LY paration
m1 Qeggp ggugneg aaﬁgfxner golution containing a

FHUBNG Rl A° HERY ANEES ul ose ester in an

m xi.ng ratio of the cellulose ester to the flugrin

r esilh ﬂ“ﬁé‘F PrRirarst inthe,aqso 0f £ sepALatignomerabans Bavieg cwlﬁg a

the coated solution in a solidifying bath to thereby
densgrlayes hpeipg e sheadernpresivh anka thickeassi daalegreetoapatite of

structure not substantially containing mcro-voi ds of
eliminaving vilusaseihd hoodonbaiming imiofor wids) tHelhears Wrdvetmaekothat When the

spherical 20structure layer. Here, it is preferred for
thitkRs$ REPradiRYbIYhigh SBRRAI trthghl Waeh PErtncabiliey éctispRudusly

fluorine resin polynmér not to substantially contain

I : . ) ,
o b B3RS 18 b, MR TREmBBRAY T R RIP AR,
a_.pol ynmer. sol uti.on conjai ni ng, cel |l ul ose .ester. a .
phyqlgag ls%ﬁtégtlil éss‘ioﬂsqif)‘f%}‘ﬁlé(r efqgoaqﬁgqﬁ%c%1 Viilpis gffl%]f:ﬁlg go reconcile
cel l.ul ose ester to the fluorine resin polyner of from
physice) strengpis ang vateppermeating parformanessoma piarieable 1§wtlut i on
not substantially containing cellulose ester at the
sandheiere déscabrediinghe dradt ofahe 29 ¥xnmapl Mieetiog af Bhter
solutions in a solidifying bath to thereby forma
Enabthmaitgida dsotiati 60Yapan 5. 267 a19985 gt Qi SRR sb19 padgeMat@rak
structure | ayer conprising the fluorine resin polynmer

.cont ai.ni,ng cel l ul ose ester and not s tantial
st e e creBhIRuE e A S ey AP0 of more
heri cal I i Si
by PR GHE0R BeRpeponyasollon et mepblnedgmed of spediic
manuf acturing nmethods, in the case where the pol yner
polyarivianitnile Grade naneigl areyfili(tegsstered trademask s apisle/Ner CP10-
solution in which the total polynmer concentration in
101 venamkactured by Fofaydndiséridsdn3) Héwéeven Bihct ke halbomnfiber
ratio of the cellulose ester to the fluorine resin

meMHrREE alsSpa#htiod Hedbral® hfada Bﬂpélﬁ&cﬁy%ﬁﬂﬁle?ﬂ)v@%"é}'ﬁeﬁhical
10sol i di fyi ng bath containing the good sol vent of the

oA Oy IR B AL R LB L K0,

cantai ning cellul ose ester. is a polyne ol utjon i
mefphigie Haton PRIraON dFramPpanie By Wesipg Hth Beisals dt perfaspRed.
is from14 to 30 wt% and the mxing ratio of the
so ghat the) raerabiane isydiffigult i use npragticaldy.r esin pol ymer is from
50 to 75 wt% the good solvent of the fluorine resin
15 Patepnbiteratmye hdP-Bd-22908ai ned in the solidifying
bath. Effect of the |Invention
Patent Literature 2: JP-A-58-91808

Patent Literature 3: JP-A-58-93734
Patent Literature 4: JP-A-58-91732
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The fluorine resin polymer separation nenbrane in the
invention is a separation nmenbrane conprising a | ayer
having a spherical structure and a | ayer 20having a
t hr ee- di nensi onal network structure not substantially
containing mcro-voids of a void dianmeter of 5 p.mor
nore, and has the ability of virus elimnation. Here,
since the spherical structure |ayer has both chem ca
st r epgih 12 wedl 03%iseh@t h and bears the chemnica
and physical strengths of the separation nenbrane at
| ar VA . t D& [
nengsg%ggg? é%ggﬂ%%ggkﬁ%?ﬁpgg%r anéﬁg@%%?ggg%%gmvﬁth
j YA d igbk{ Y even when the
En\%)mégﬁ%%séoﬂu@é}g@%ﬁ%élp. ?ﬁ@agésndi tion of nenbrane
filtration operation acconpani ed by washing with
cheni cal s. In addition, the |ayer having a
. three-di signal network structure does not
Dmgggghggyggpvgﬁgghtain m cro-voi ds having a void
and has perneating

“”%%%ggbﬁéhgéﬂggﬁ&iﬁﬁpﬁ%ﬂghe function of virus
s 1A EbieEkiot Ry Uivemortis T AR PR Ple Ry ioghe reIAed art and

structure | ayer,. the thickness of the ) ) e .
proyide adlugring ﬁeayna)n%lwn%{smﬁzlogtmwra%@fcgg}sﬁ“ ip Zyigyg-eliminating
thin EﬁLVWthi the range qf capable of elim natjon of .
propgi, J@her sierat BrvapaRY RS TBIOGEr F & VT PBRFRYALY: chemical

| .mnating

enhanced. w t hout sacrificing the yirus, el
strep i Pica L AEaBe Sl sty’ﬁf?ﬁé‘gﬂ!, aesl phenttaufing propgeand
.separation nmbrane according, to the inyvention is.
sui@hledpt BrEtcae s ias & pstiqryprghraes for by ehmingtion of viruses.
virus-elimnating property, water perneability,
chem cal strength (in particular, chemca
resi stance), physical strength, and an antifouling
Mepsige Selyingathe PaelerBe used continuously for a |ong
period of tinme as a highly reliable filtration
menbFhERolyBer senaragipn menzirprsrpighe ifventinsior achigyipg the above
Description of the Draw ngs Fig. 1 is an '
objeqtdte flypring resHRMYBer P AP HeAYrans ComprisNEAlay srdivie a
the hol | ow fiber nenbrane manufactured in Exanple 1.
threer¢jmensippal petveprk strpetvranandralgiethsyingssphroodl suethee, wherein
outer surface of the hollow 20 fiber menbrane
the fayen bagng e doreedirmsusiqiabneatwork structure gpes nag spistapiially contain
el ectron m crophot ograph showi ng the cross-section of
miqrererofdls Ihawingfa tad diasreterat é vomaumars, and thei finoEingmpdie pglymer
Fig. 4 is an electron m crophot ograph show ng the
sepatatien membiraeschastfiltragorhparfagman¢erepresemed by the elimination rate of
manuf actured in Exanple 3.
80% or more of dextran having molecular weight of 75,000.

Here, the layer having a three-dimensional network structure comprises a
fluorine resin polymer composition containing cellulose ester, and the mixing ratio of
the cellulose ester to the fluorine resin polymer is from 20 to 75 wt%. The cellulose
ester is preferably cellulose acetate. It is preferred that the layer having a

three-dimensional network structure is provided as the outermost layer of the polymer
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25 Best Modde for Carrying Qut the Invention

The fluorine resin polyner separation nenbrane in the
invention is a nmenbrane having both a

t hr ee- di mensi onal network structure |ayer and a
spherical structure layer, and m cro-voids having a
void dianeter of 5 gmor nore are not 5substantially
present in the three-dinmensional network structure

sep Arav &l membrane of tid 1g§ent1]ona51ﬂi the MyRr FH a&#egsoﬂt the layer having a

m crophot ogr aphs show ng an exanpl e e separatio

tore R e OB B L s B "o e
Sphefrheca@%ragé Ellig'i)i"?ﬁpr S¥ifatel 's:ﬂ)}%nc%]. soﬁd ?nﬁﬁggnttg &ser{t in the

?YOS SecC e separa
{
1ayeﬁav1p§onp§né%c%gp I o sn %rﬁfer?ablyg 2\0 ém%j?anfi%he Féyernhav1ng a

k t t
sohl R TE PRSIy Cﬁnﬁr“r‘égs 1 TS tje@ﬁwo Wi iert o
h di t k st t I dth
subftarma'lrv%?eﬁrmrbé%‘ftﬁ?qs %ﬁa”ipﬁ‘éh cal structure layer. In
t he .t hr ee- d| net wor k. structure }$¥er, ﬁs .
shovm encatsT‘l@V S’iﬁ‘r %B ypgg,gqpaiaélgg,merglpra{nﬁg ghtertpgp L2

sid 1.ar s distribyted a
hoﬂgrvrfﬁter E}}eé‘"?%ﬁnwﬂé Hre?%rr%’g@afotbe ﬁrgﬁ IbepMEmbEAng hag pure water

perepila ot 80 kPARST 28 CCR ogm0 0t b b misnariay o Y woRre

structure) I n the three-dinensional network
M1§F$HE?Epégﬁﬁﬁﬂéégéﬂﬁ‘WHFds di vi ded and forned by
solids of resin constituting the network are
s catkNEMOlmerTEREaS} BEMAHHe VB g nugndion ibiedias afBrack
s.in the Figs On the other hand, in the
me@&a&r incamenbranemdils- ayer, there is distri buted a
structure in which a nunber of approxi mately spherica
(al Siheinobymes sepRraitfomeRRranedn thedavetionsan e masufachiredby
directly or via streaks of solids (this is called a
coatig, onjth@surface of o davey having a sphpsicakitrugture gemprgiag a dfuogine
spherical structure neans a | ayer wherein the above
resig pRbinieEad paymgesalution eonginiag adiopie resimpolymes andsegitulesg
of a fluorine resin polyner separation nenbrane is
estep e mixips eatiofithe eel 1$519g toctbe dluptine sty R rpeoftiyom 20
000 magnifications. In the case of a separation

to 7&5#% ané splidifnng thelcagled selutior inup eolidifyirg kath¢p theeeby form a
layer having a three-dimensional network structure not substantially containing
micro-voids of a void diameter of 5 um or more on the surface of the spherical
structure layer. Here, it is preferred for the layer having a spherical structure
comprising a fluorine resin polymer not to substantially contain cellulose ester.

The polymer separation membrane in the invention can also be manufactured
by discharging a polymer solution containing cellulose ester and a fluorine resin
polymer in an mixing ratio of the cellulose ester to the fluorine resin polymer of from

20 to 75 wt%, and a fluorine resin polymer solution not substantially containing
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5| am nation of a spherical structure layer and a

t hr ee-di nensi onal network structure |ayer, taking a
phot ograph of the cross-section of the separation
menbrane with a scanning el ectron m croscope by 3,000
magni ficati ons and judgi ng the | ayer having the above
spherical structure as a spherical structure |ayer,
the renmmining | ayer can be recogni zed as a

cell%llageegs'té}i maﬁ{éatiql@ E‘B}delg a%tdrsUﬁEl Eﬁﬁ% n[gey&fated]s%ilﬂwhgﬁl a

| uorine resin polyner separa 10 rane 1 n

sohleP)YIgE ghﬁﬁr{o t}llérel%ffogﬁcael%%ﬂecf H cgpng %i % Qltlgge ?ﬁér{%ﬁmﬁl

I amet e mor nore are ubstan

netx?(%rﬁ%ﬁﬂ&%k@%&e ohﬁnrn%ﬁgsth lg{ IC 31\1/L|r})r u)ggér co?n&arllrg ?1% UL ifulose

or.mance n be, achij eved ener a
estelp gﬁé not su sct tla?‘l contamm 1(f‘r0-vo : rres1n(%,a \Ig%gglamec( 5? urg

S eV e I SC a
15a d hardl h
morgfd a; %‘ﬁ%léim B Mp PR B RS R m e o

gm"ﬁp ?l?f'%? 83521?; u?#n%ag "Lhoqsﬂﬁlvtﬁlﬁ?m Hite 1 SR poRtiPng

th or nDre
confiiniSe S Bt D aapcﬁsta ik HRdp b PRYZEF uct ur e
con%:ﬁa egg%?}b ggtgl%%?)g rﬂxa\érré}t %gél t h{enl% Eq%g of the
ifficult to.jud e 20th Ion Ien th a .vo
cellist SRR Lo G AR PEHRR g0 Mot GoTedus It B Lovve.a

e area of the void (an, equiyv nt circle) is found
Sohéa%ﬁg Hath; Goatpanipg HtCe%%’érSOlaYﬁHt ef HE ﬁm%ne resid RohEMef, is Nagdeas
of the equivalent circle my be taken as the long axis
the solidifyrneohath.n eFythes, Inpretase W¥'ﬁ{eéh% POlyMEs selHtPR on2nEIg
dianeter, of 5 mor_ nore are_ 25substantially present or
cellplgpe psierds ppobEnegispten dhahichdbatit P@imt%%eqné‘?@’fl i thg
be _judged by photogr ﬁhln with a scanning el ectron
Sd%"@r‘%ﬁ‘@@‘p’é" o0 WG, angd ea@@epg aatwmfﬁbe efllubgserestey i e
havi ng a voi d_di anet er of nor e bei ng
fluogigg sesimpelamey isdfgem 5Pde & ﬁtwt‘u%n tlzf gqvﬂéelvaph%ﬁfbﬁ &ygrine resin
network structure |ayer, for increasing the accuracy
polysperqaavnetdiernontainediin thessobiddymerhath.t o t ake phot ogr aphs
of a variety of 5 different cross-sections and judge
in a wide range of a menbrane. In general, when ten or
nore el ectron m crophot ographs (3, 000 nagnlflcatlons)
Effest ofifhieflaventionparts are exam ned, and the number of
phot ographs in which a mcro- v0|d having a void
di anBtedituopine Sesimpolymep separationgnembrasein the gnvention is a
m cro-voi ds having a void dianeter of 5 mor nore can
sepiretisremembcasiotprising alldgérdavingsisspbéricdh strmemtsendaflaydre
10 m crophot ographs exam ned, preferably 5% or |ess,
havintg athreebdinjensigral nehadrk strobturs mot substandisillzcentaoting micro-voids
substantially present. Since a fluorine resin
of apalid dimmetdraif 5ipgn ar base apd hysréhe abibig of vims elgniaation. Here,
t hr ee-di nensi onal network structure layer is high in
sin@rthagshepioalr satuctuge Jayopiestbpth oiteatica stremdih ané physical strength and
manuf actured by a nethod of solidifying a fluorine
beafsathé bhéaticyinaid phybisall stiehgihs bfithe segarats@] membrdnatanlafgd)die
is, a so-called non-solvent inducing phase separation
phySihhatthgthao ithérispanitioh aidnttdtalas 14fge doesitdswenmsidgdrovided
t hat manufacture of a nmenbrane free from m cro-voids
with pradiiédbly Hédessafe darablilitgbyen windnhthe snenibramsis usédnimidgr tHee
formati on of m cro-voids have so far been studi ed. For
exanple, there is a nethod of restraining the
formati on of m cro-voids by8adding t he good sol vent of
a
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2 Ofluorine resin polynmer to a solidifying bath to
reduce the non-sol vent concentration in the
solidifying bath to thereby | ower the penetration
speed of the non-solvent, and restraining the

aggl onerating property of the fluorine resin polyner.
However, the formation of mcro-voids is restrained
according to the method but, on the other hand, a void

conhﬂx%'h of Snenftir firaliBn B eﬁﬁ&g a%gnn%%l% %a%h g \gﬁ‘h El’?emlcals

di spersed in the sepa ation ran

resyltyagfids, MQNEer P%\ﬁa%ét E.dRRAR] Sl R&Mﬁﬁﬂﬁe g%esanot

whole 1s elene econes ar e, and a surface

sub?tgﬁt?alﬁ/' c%?ltat?r? ﬁl?%sﬁlo%seﬁ%/lnlgq: crl%aﬂ%[) r’of% ;? VI ore, a%ﬁ%as

ecessary o a sepa rane

L tai ped b reI adoptlng
p © ﬁétmgﬁ%% 9@ ensad ?fjé}ql%ar y ﬁhnc(): ﬁo% oﬁl/lélﬁ lm ﬁtclzci’% g phase
S|t|on of .a.

32??%“ §'inet e SORBASH hisfibrs f Bﬂp%%dﬁ?alﬁg‘lo e{}gﬁ{‘by the
Sphf{a a‘%qg% ‘ﬁs??%‘%%%? g hres: lrf{f}fsio(f&?\ %iﬁWPé( Structure layer
candg) %ertﬁ%l i fiiGe BRERS Canrle AR R TG PR Pt

case where in additiop to three conponents .0 T
pergaR e oamagiedaibe ANENCE] HOROLLIRGBHENE thovifsi ipinating

conponent and others are added, statistic analysis is
funcliqfpst 10i npossi bl e. Further, in non-sol vent inducing

phase separation, hesides the conposi tion of a polyner

sol (AFQrIIngly; the Hioxing resinspol ymetsegarafing meghsaneAcGPiding g the

vi scqosity_of a pal yner solution, the conposition and
inverdionds s%qﬁ}lémdp Van%ﬂ Regforpanegs su¢hnas aaﬂalwgnm%g Bfoperty,

solidifjication influence the nechani smof phase
watgperpgability, chgrpiclstrepgihdingpartigtar Flkﬁmlpe}ﬁe%ftawéhphyswal

factor affectlng phase separation by the conposition
streggthy, arﬁ-,gbqumf@v IngHrOPeTHR aqugcem be ysed gpntinuously fomg lopg period of

result of exam nation on whether these various factors
timg p§ # highberelinble Jiliratipnemppbrang ferthe eimyratign g pisusase or

not, it has been found that three factors of the

concentration viscosity and aggl onerating property of

ol ymer solutlon are factors affecting the surface

Bﬂﬁﬂg@wnp@WEP@@eIHWWH@Scase of the phase separation of a

fluorine 20resin polynmer solution. That is, it has

beerFigoliiscant dhegtropymiciaphatographcheving the cress-Sersionreé the hollow

resin polyner solution to high concentration, high
fiberinganolyrne/ menufactwredgy lExampket I.on, the surface pore

di anmeter of the nmenbrane is liable to be nade snall

W t hFige2 seant elearontmisrqphetegraphshowing the opter surfiaglof thivfeollow

to the fact that these three factors cause the
fiberenkmchrannmahufatieradondExastpieol.and t he reducti on of the

aggl onerating rate 25of the polynmer, and phase

sepaFiagt 3 crancdectiva mizcsphdtographrshowingahecwss sgaion. of the aollow

fluorine resin polyner solution, for achieving high
fibaangebranainanifactaregin \Bxampsd 3.y, and a | ow aggl oner at i ng

property, the nodification by the addition of other

conpiigefissan dled@@Uuritfiphs®geaphtshowirig thé pueasirficeaf die hellow

t hought. However, as described above, not only the
fibdran@nbiage manbRttuedd ia@xaopsd.s, the nore difficult is

the statistic analysis, but 5also the estimte of the

effect of addition is difficult, since there are cases

wher e each
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conponent accel erates or offsets their effects with
each other, so that the design to obtain a separation
menbr ane havi ng desired performances is not easy. As
anot her nmeans for solving this problem there is a
met hod of finding a conponent capable of achieving
hi gh concentration, high viscosity, and a | ow

aggl onerating property at the 10sane tinme, and addi ng

Best %&qu@&%ﬁhgmt%ﬂnygﬁt%&e resin polyner solution.
Therefore, as a resu eager exam nation of

concany MbrloSieesip BONRRP SHler iR Ahe AEBLBURAORI, g
merBB%ﬂ@ %L‘Ymg fboﬂl 2{ {hyérér clhﬂﬁan 18§é1 r})eg% }é@ﬁﬁctﬁ% lld%éroaﬂdmﬁﬂencal

rrer SO ution esent 1 nven

stru@ﬁlgce g/glu ?g &%%ﬂ&c e@mge aceﬁer ol}'l hIB\(/)Ir ?f??g %ilteyﬂot

agg neratlon can reve
tat de th
s B e o rnitée %*g"%@w"é‘ecn%@ef R RRRIT IR,
b { t.rat ]
and 45! i gF PR BhosPERPTEE O B et e

uorirne resin

centr 0
sepgBEEMEPRE T PIghe BPRAr BT St BF B G BE r esi n
r. sqluti | op t hus .the d gn, of. se tion
e BT iR St ey heSipiptied sEoRBr it Bl 1is
as been realize When the_.concentration, of
an QIR BGE RBP4t PodT Se3toR BETHE SEORGHISH MEBbLRE G000
in reases Qncentration and visco y of th
magnificAtioss: fiwipt%a§és an, ctf%m&w ) eﬁfilf S48 Of the
(2). When the co centratlon fluorine resin r
thrqerﬁlglemﬂ%ar |“ﬁE”‘FE§FH°tB’€ﬂ 9¥Fér(g%§%¥rﬁg’f“§r‘?a‘i‘%? -eaddidde- kynlg
concentration and viscosity of the solution increase,
light waperrpart 15 s thresrdimepyionah ap sk strugtae layar ppd theded dower part
is highin a VISCOSIty i ncreasi ng degree to the
ISﬂﬁﬁﬂW@PﬁﬂsﬁﬂﬁBﬁ%aﬁ§ compared with a fluorine resin
polymer. As a result of the exam nation based on such
a cofdhpihres-dimegpionalmetyork styciure layetas shosimyinghy surace layer
separation nmenbrane of the_object of the |nvent|on it
parhesthsatght PRRA §idedn Big- éf%@ﬁ&/é thete i fqtlmla}t¢41@str@éinﬁ in
polynmer solution to contain a fluorine resin
whl&hdole@l Hups ereapesadiia spepessiomibrgendimeasiopalbr ingt E@ sthte of
cel lul ose ester to the fluorine resin polymer of_ from
netork SR ra s el eghadhese bimgn il SORSR OGS o i
polymer in the solution of from14 to 30 wt % 10That
thrdesdimengiopalingtveark stsnetare; petes and Veids Hividddiandi faenedelsy splids of
pol ymer solution is from14 to 30 wt% and preferably
resinrapnstiteting theheiwork awhsoattered. thW&JOTQXﬂﬁde’m(ﬁ@ﬁ gowisIn
|l ess than 14 wt% the physical strength of a
blackhspets giitheAigsonal network structure |ayer |owers, and
the pore dianeter on the surface of the
t hr e@n thenetheri lond) inrthe syhekicaltstructuy leyérathere igdistnilgaed aso
that there is the possibility of 15 | owering of virus
stnehirgiimwvhichg: pmifen ofapprexin(tely kphevtchle(alsoandyding spherivel)
pol ymer concentrati on exceeds 30 wt% water
soljde ofreshi dre flipkerhdiaactlyadn lvya stwaks of soHds &hispekaltedra spherical
concentration in a fluorine resin polynmer solution is
strich@esum t ot al of the concentration of each pol ymer
contained in the solution, and this can be conputed

f r oninchiengilly) thé 1a3et bid geheried tsenctaonaenisradtyawlanen the above
fluorine resin polynmer concentration.
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20Here, the mxing ratio of the cellulose ester to the
fluorine resin polynmer is designed so that the
viscosity and the aggl onerating property of the
fluorine resin polyner solution obtained reach
prescri bed | evels. Wen cellul ose ester is not
sufficient, viscosity | owers and aggl onerati on
i ncreases, thus the pore diameter of the obtained
hidYaf & ek i
sph 8 SR e R e IR Bl hith B s MY BlinBER i mer
> ] hysical, strength of {h
sepfiidh nERPRLE Ko T RERAD IR o OB e RRRTRE B S 000
nm%ﬁluﬁmngince the proportion of the fluorine resin
ol'yner relatively is reduced. Fromthese points of
of . the cellul ose ester t

71 ua o el et Pioammuohre S £ ISFEsGRIe cofphiie e
ferably from20 to 65 wt % f erabl 20
e R R e s e

wt % . When t he pr rtion of. cel|lul ose ester i s too
layqi; (3hing A WOI9EFaR, o1 the FROSHIHHPR OF IhesgPaEioR mempEane With a

vi.scosi ty and aggl ration operty of the fluorine,
scaTi FIeHEy ROSOPE OT i 0D EBLeRP AN geing the fayer Having
The m xing, ratio of the ce|lul ose ester to the
the pqysrspherical STUEtYE Ry Aephqricabstipeiure layshin emaiuag ayengan be
to.the foll ow ng expression. 10M xing ratio of
recqgaizeq jag & dhrggdupensiprp| pefMOREStICEIR [ysFymer (99 =
[(concentration of cellulose ester by wt%/ .
( corB &t Hyaringfesin pplymsy iSeRATRtOH THETRBap et thgynygndzpp, if is
100 . Wien the mxing ratio of the cellul ose
necessryrthatanicreveids Bayipg a veid dlametey fey LMSOIRYNG 299N % t o
| ess than 50 wt% a solidjfying solution containing .
substprtially jaesent inghe thage-dimensional nefworksdiuptugylay g by i@lasl@ahly
as the solidifying bath for the purpose of avoiding
reliabde wisus-gliminating performanee cyrobejachieved. On the ot her
hand, when the mxing ratio of the cellulose ester to
t he Ihiggaarhlne miexorypidad 8 i hagingseyarggen Smps opprmare sdafoef an
the formati on of mcro-voids can be avoi ded even )
air spachaconpanedivith agorshandyersdly sbpve filtrasiontrpristingedpjarfiuid
resin polyner in the solidifying solution, water can
penbeatingsimambtane. sEh¢ dii¢rpivedd havihg a soididiametanoll§ pot ermheng
20process can be sinplified. In this case, however,
spesifind & thkenehton tsed vait hevigg la lemglaxih lengthyefi i ostmara gthien the
of the three-dinensional network structure |ayer are
crossisbiien ¢foa thoewedintepsipha riehgoriatacture lagéris pbetegephed withta
is preferred to use the separation nenbrane under the
scamingl elecoors migyosioge by Ag00heagrinfarationd. sWhemgtih didfichlt togudge
physi cal strength of the separation nenbrane such as
the lanlgi axis lengthiof alvoaf bynpishogrgphing,a dfvbhhodahgan areg egquivalent to
25menbrane filtration operation, and setting the
the amaoE e adid (ah @fuivalhanicireleyisi found Wik an imageprocsssosad ths like,
the solidifying bath in the manufacture of a
andSh@ diagieted f RdYuAAGnk Ciféle ntdyshetalsa, asttheomgxix i etnigth iof the
of the cellulose ester to the fluorine resin polyner
voils from50 to 75 w% and preferably from55 to 65
wt %
Whether micro-voids having a void diameter of 5 pm or more are

substantially present or not in a three-dimensional network structure layer can be

11
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The | ayer structure of the fluorine resin polyner
separati on nenbrane of the 5invention is not
especially restricted so |l ong as the separation
menbrane consists of both a spherical structure |ayer
and a three-di nensional network structure |ayer, but a
| ayer structure conprising |am nation of a spherica
structure |ayer and a three-di nensional network

]udé&iggﬁfal{&%gl\ﬂﬂﬁ%“ﬁtﬁ ¥ _?x%nagct{drﬂn?crg}él Bé St,@?ﬁ)r tl;rle

rane o rm

ascér?aYrﬁﬁe?ht o Phit evoqmvn@eg f%h%;(ﬂae%f% Sh'o ?Q%X Pgiggonded

e interface, sin ayers are genera
her e | I cture
sub&?ﬁtza'f[llg%olt ﬁ_{e@gxﬁgﬁ Ia%r g dgng}é on’ab}leq 8#81 .l;etFuacE aﬁ' ximcreasmg
thegermeablllt IS her.

nde
TR Qaretl n&tf Gefeteted o PEe phePeehfs S Lyt
the nterf |st|n stren th at the
diffprefiprpeech T HSUEHC FRES P r BEPSTRBRT | () sl pyen
ecre Thus e I|n t|n tren d water
ten ifslagfﬁéa%m whﬁ?l Ggeitte b B0 ipeiiEaficiapr albfonlfutiare
to trar 0.ea h other, and it has Rheen
G S BRE PO aS 1G MBIIR Marrp e i
time. Fromthis aspect, the interf lan1n i.on
dmﬂifﬁlb%frf B OF TR i Rl dFeseph GE MR- gﬁgevw vpid dizmeter of 5
t hr ee- di nensi onal netmork structure Ia égat IS,
Wm R EOFR, PN ASEOPRGHPOH %P &7 s p }hsmuyﬂ and
. especially preferably a separation nenbrane conprlses
micEephotagraphs F’éamwe@{ﬁrgﬁ%ra&#y drertIleSpeit caf basudgebibpt sich
structure | ayer and one |ayer of a three-di nensi onal
miCERY iep Rregtat é%lfslﬂﬂé‘al%?@seml:ur ther, layers other than a
spherical structure | ayer and a three di nensi gna
net Wonge sflyeraeyedn palysier that és a basepobpugricopgifalingich as
ﬁgmrous substrate, may be cont ai ned as ot her | ayer.
threptdamgpsienal apeyosl pgqtergtlayey ishigh e agglomerating Prperthoyhen a
especially restricted and orqanlp materi al s and
mempbiapg psgap i acaied by 2 sethag obeolidifying pilvoriegasin eobintar s
are preferred for their lightweight. As nore
solysioafie pmed-satvest bash Ghatds, asopnllet sonwplyentinducingphase
fabrics and nonwoven fabrics of organic fibers such as
separatipnumgthed),iagaembrape fdroied das mierpatoedsfingide.so thasiganmfasture
fi bers, polypropylene fibers, and pol yethylene fibers
of azmembraperfriet fiosumicTorooidsisidiféerdnt Adcordingly, methods of
t hr ee-di nensi onal network structure |ayer and a
restfgpng thecfprmationefi miceo-veaide hayd so fahbeapastedied. dFqyleaample, there
menbrane, the arrangenent of upper and | ower |ayers,
is aamedhodoft thetraising theef foambtodnl ofmicrepidsbyiadding the geod solvent of a
arrangenent of internal and external |ayers) can be
fluorina mepanl phlynteh &0 & yol tdifyingf bath td redticeothe nbn-sblventsmpeeratation in
menbrane of the invention, since a three-dinmensiona
the paidifylikg Bdth te thereby [lasyarthe penesratios spedaif ittenndnosodtang rand
and a spherical structure |ayer bears physical
restediniap ghdaggldihéraiisg propéey othe tflmoaine agsiyepdlinatr. t However, the
t hr ee- di nensi onal network structure |ayer be on the
forraatile effmiceovviids 69 restiaiiks] agoidig: wapanrtlicdrbuiiithebther hind,
particular, to restrain reduction of water perneating
a vae tHB i mtmded ttcbd Wed @ fFin0Ricod-vbidl lis Sivpatcalia elte sepaiafion
raw water, it is preferred to arrange the
merhbra@e atliafge) aé ®raalilt,Bé porelsiiofukd suparatiay @fentbiaddws a whole is
outernost |ayer on the side of raw water. The
t hi ckness of each of the 15t hree-di nmensi onal network

structure | ayer and the spherlcal structure | ayer can
be
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arbitrarily adjusted so as to satisfy the condition
requi red of each performance of a virus elimnating
property, water perneability, chem cal strength (in
particul ar, chem cal resistance), physical strength
and an antifouling property. Wen the

t hr ee-di nensi onal network structure layer is thin, a
virus elimnating property and 20physical strength are

evehd P Snd Qecloﬁi@,’? 'iar%é"hcxhh% swhas: ﬂ)&re kSe i)gédﬁlfes ter Ac?ordhngly,

perrreabl |tytensto ower ject o

surfﬁul: rE Bize 'h@éésgar? % e g@ﬂareﬁfo[ﬁ%a{l%)ﬂﬂe %Wu@ %ﬁnﬁﬁ]atfoltﬂqlse carglot

ention Is to have 'a virus e |mnat|ng prope

bstanti al |
be o%t“ﬁ%a‘@e%‘% Y R0 R BRI 2 S0ar metvor k. st uctur e
! ay%ﬁ ordah%rs'tnﬁﬁ Sg veIIR ﬁ(lflplgp g O a%tilz b 2 qcro%\glpg)%}tleoglo a

the sumo e ‘anoun cap
el im each cknes

polfpdrBoloR valife %f‘@ﬂ%?%&%?ﬁ?ﬁt&nﬁe SHREE v it e polymer

sodiBfi bl yflaton Ol iy BRireP ggh%ﬁ&%éthabl«lﬁ%}lvcinﬁg Aiffiglt

and s S o B8 T Hism ol sepuatioh %iﬁﬂgh@ﬁa@e In particular,
in t%eh%ﬁ%r”v%re ip PR 3 firet, AprohenBOr A FOBEch SoV eyt &

sessin ove variou erfor ces i.n baI nce, e
nonRA MR R dACBRA CHRP RS an P IREuFD Ae St e otk &
roi enerally preferably from20 to 120 m and

lmpﬂﬁ%g‘ ©pr ngr%wmfi 15ahieabingBein® Ph#e SN, BRAGSNS! ¢ he

t hr ee- di_nensi onal . net wor k s%ructure | ayer may be
compgpiinn 268 PRYMAR EOWEPR VAHOHF fAclPTs FEHh a5t frgmperature and

concentration of viruses in raw water to be filtered
viscopigy ¢f 3 pqlé{mebwlgw dhe enmpagitipetand demperature offg, golidifying bath,

fluorine resin yner separation nmembrane in the
andithg, 4me jof 50 u%@gatwatmﬂ%@te thameghapisppfihiase saparadiopngsthe

of a void dianeter of 5 gmor nore, but mcro-voids of
ratepf\pontgbytiemat each é#ctwe%féecgaa phase sepAEgHANEDb Y the semposition of a

W t hout departing fromthe scope of the invention.
Wﬂﬂb@EVéﬁwnWhéﬁﬁ¥%g t hi ckness of the three-di mensiona

network 15structure layer is as thin as |ess than 20

m &34 regult ef exAnriastiongopwbeiber thesesvapiopp fastary indhiepesibe

even with mcro-voids of a void dianeter of |ess than
surfgcqpare idipgnedereaf @rinembranp gr noteitthas bednrfoundthap §uwes fastoss of the

m cro-voids are distributed gathering together in the
cong¢riteakinmssadsity and agglomernating propedy of apakyinten aplutien weer factors

structure | ayer, the real thickness of the
affectingthegirfasrspayn diammaeniothe eise of the ipbagessgparatign pfal fluetine

at that place, so that a virus 2 Oelimnating property
resin polyinadslselution.c ofibasiis uohes| beenl épmd dlsat by Abe modifregtign ofaen

with mcro-voids of a void dianeter of |ess than 5 m
fludrine résiss polyheer baltitien fo laghl comsntraticef, bighbliscostie or low

t hr ee-di nensi onal network structure layer is free from
agghinoaratiom) tlkssurface pore didmeetehsfche diembrgiedn iibbleed horade small.

structure layer is formed by the penetration of the
Witheespsal ty eliik phéhomenohj idis prengndbiyt due totthe facpthay these three

solution to thereby fix the structure.
factors cause the reduction of the void ratio and the reduction of the agglomerating rate

of the polymer, and phase separation can be caused at an ultra micro part. Ina
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25The penetration of the non-solvent at this tine
starts fromthe surface side of the three-di nensiona
network structure |ayer, so that the fixation of the
structure on the surface side advances at a faster
speed than in the internal side. Wen the thickness of
the three-di nensi onal network structure |layer is as
thick as exceeding 120 pm the difference in tine

fludrRRYESR olyPnefr sSikibe rfopgchﬁal‘?ngsltﬁ%fx A6 fcedtrdfort? :i‘;%ﬂ Q@cosﬁg and a

i nterna de 1s great 5 so at m cro-vo are e
o T, 8 B AR B i

seqRQicB o al I ?a"t@f ckog %a%mqf s {Azsﬁgﬁéﬁ ;gw%vgﬁ s 'dggaﬁhe& 2B Kot

structure r i1s pre erab
onlgtl%. rﬁé‘ﬂgﬁﬁ‘{‘g&@%&us { e%pé%ehna gl Cearlng ae:c{ﬂ‘l’? i gtheas\[a%r 1 nal?sels but
gulk nlnat

also estlrggte%f ag%garcp cgfé ]; g(%lni% { culgﬁériﬁegliefre lg{e ceaﬁ%st Wﬂ%e r<1:ach
°°ﬂ§99&elat e %fja%egmr ”ﬁéj S B altnat GEge T
obidig Ehiteon BFBPrrh IR pRaF I PerPPRRIR S Pohyary. phpmother

r meabi
meqrB Gt STPHF ROV IAEE Tof el d5 i, CRRacngp anele of
t he thickness of t her.i cal ruct re | ayer is
achm\%é}l&*bﬁ‘g}@msm% lepgresisgend ov aaelBreEhecruey 3 the
from20 300 Further, the ratiq of the
samer{iRe aaﬁ iR She-fomRomspi @ Ayl e PelyBer sfHtohe
spherical structure layer is also jnportant for these
pe r fT&wﬁ%fﬂ@e as afRgultiof P?gﬁ PEAiRation ehisatshmeddor 8 fompenant
praoportion of the three-dinmensional network
CaP%‘?lF Qé @ﬂv%vm%b@h GopesnEratien, highyyiscosity. andradlayt %giogneratmg
reduced. Therefore, the ratio _of the 20 averag
prommfr?eﬂgorafe rEHE Pplyimsa sekoen SR afdekio,bs ROmED selifien, the
¥ (A) to the averagg t hi ckness_of the spherica
pre@p ventes hayg dpundghat highgyoncentsatione hlaebwsopﬁlamaad Wto
0.5, and nore ferably from0.1 to
aggqunqrweorp%ﬂrwﬁeqcﬁsﬁé%bﬁthwdﬁmmféﬁﬂulpﬁp 29¢82t¢.n\RY EpRpiflering
since the three-di nensional network structure |ayer
the ¢oJlavang shree behavips daciers sythetiqally; i§ begoafes poasble 4o oontEe
the interface of the spherical structure |ayer and the
conpenteasioni ieersity nad agademerakion by theanprepriasy adjustment of the
structure of getting into the other layer in view of
congérdragioh of flupene resin prdwphénandrthe cercgnigation of cellulosaster in a
the average di aneter of the approxi mtely spherica
fluegslei résin pokysesm tsolution, Itbusthh desigm bf & senacationen¢ralyrane having an
becones large, the void ratio becones high and water
objéctiyersmeadsi pare diameserdas bedn nphlyzsidcal strength | owers. On
the ot her hand, when the average di aneter becones
(1) Svheeinl the tdreenmattbr afta w@llblsoaser inauilwmthe pésps palymer solution
strength increases, but water perneability | owers.
increhsasethe cencenhatiay adagiecaditané thersobftion iwcreaspr oxd that el y
spherical solids present in the spherical structure
agdlayeantiosloweed.erably from0.1 to 5 m and nore
preferably fromO0.5 to 4 pm The average di aneter can
(2) Weheénatie dortgntratkonngf alflugpinetredi aplimedin 4 fleodniorsingetimean
of a fluorine resin polynmer separation nmenbrane with a
solwtinanintiegse) the touentiatisrogionscoblty d0theG0lutieg Mdréasatdndrike
nmeasuring the dianmeters of arbitrarily selected 10 or
nmore approxi mately spherical solids, preferably 20 or
nore, and averagi ng the neasured dlaneters i n nunber.
As the average di aneter of *he approxi mately spheri cal
solids, a circle having an area equivalent to the area
of an 15approxinate|y spherical solid (an equival ent
circle) is found with an i mage processor
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and the like, and the dianeter of the equival ent
circle may be used. In the case of a
separati on nmenbrane where a three-di nensi onal network
structure layer is arranged as the outernost |ayer on
the side of the object to be separated, pores are seen
by observing the outernost |ayer fromjust above with
a 20m croscope. Since the three-dinensional network

aggRindiedidt gC,Legyégr bears separation function, the average
Si ze and e naX|nun1S|ze of the pores on the surface

3) @Enﬁlpgei %%EE g st'ls% g}e\ﬁﬁﬁgd?ér%%%t%%%dhﬁ%ﬁ%ﬁﬁt as

cont e use separ at

cmﬁﬁﬁ@yﬁﬂﬁaﬂﬁgﬁnéﬁgx%&hﬂhgﬁt'ng function of virus that

I's"a primry o e fluorine re3|n polyner

S€ep aASag. re%u nF{E%re 1na§10%1 %?% nV eSrl]l‘(:: ) n ?f%ell? 8];]% a.ﬁg}%

25si'ze e sur ce 0 reed
i 550 t éfng% Fepartighse o oﬁiefﬁgﬁt‘ﬁe EREP RS i been
fouRleChe b oria Bns oG PV IS L iy wd'oatalmamapgae rosin
pol ,ggrfsa%gcghx@;g ?«re’t‘%‘%%&%ﬁéﬁ% Eotyp B T Faeto i dorine

Si z | arg en the avera
resif ofymRes Oh o 29 o/ SWER CRdHRreBiFbAhe Sone e aHaR Phih polymer
urf ace e size eds 100 nm the elimnating
in the splwHgy éﬁmﬁﬂﬁﬁ% 8 %Iable to |ower, and the
elimnating function of virus is dlfflcult to be
obt at e H> e vingrirengengraipp aytheluokipe sesin aﬂg@ebfolm@l is
ee-di mensi onal. network structure | a VWhet her an
frmaﬂf‘ép RBP4, @bd preéerRRYifrom 4P yorde “§é’par‘¥%/ nothe PeleAne
reveal st he 10prescr|bed elimnating functiogn of virus
conggntiggien iplpspiden b yete. Hie Rhysicalsrengthio threeddimgpsianalng
function by actual ly using viruses. For exanple, it is
netwoRkfStRICBIRE Layer lowars, ardthemoredinmeteacn the yustase of thy
separation nmenbrane wth raw water containing of coli
thrashtimentional agtveorlstnetteer laysr enbargan %atathg@gg therpossibility of
i cosahedral structure. However, handling of viruses is
lowering pf vireselininatingpesFsmEnces afin teiogher haad.tweenithe aplymsr
15process is conplicated. Further, viruses continue
concé¢ntiatign gxededs B8 Wit watpr iparuskility Hn‘éﬁwdra;bbel@e\fevm iave,
and even during eval uation. Thus, viruses show agi ng
polyherepacemtionan aflyofing rasin miymglssohgcont inghe gunetotal of the
guantitative evaluation of the elimnating perfornmance
conpgntritioa of kgchumilymendontasessl inghesaluteers pnd fus cardbereimputedn
the fluorine resin polynmer separation nmenbrane of the
frola0hewembf oellulame estee corsiisatoi anddluooine egxin polyfmeacenagntahtion.
nol ecul ar weight that is generally
Here, the mixing ratio of the cellulose ester to the fluorine resin polymer is

designed so that the viscosity and the agglomerating property of the fluorine resin
polymer solution obtained reach prescribed levels. When cellulose ester is not
sufficient, viscosity lowers and agglomeration increases, thus the pore diameter of the
obtained three-dimensional network structure layer becomes large. Contrary to this,

when cellulose ester is too much, chemical strength and physical strength of the
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used as an indicating nmethod of the pore dianeter of
an ultrafiltration nenbrane, the elimnating rate of
dextran havi ng nol ecul ar wei ght of 75,000 is adopted
as a nmeans of sinply evaluating the elimnating
performance of a virus. According to
"Ter m nol ogy for Menbranes and Menbrane Processes,
| UPAC 2 S5Reconmendations (1996)", fractional nolecular
LPred-SinldiSiofRY! st | |
oL Sl S RSBy Olches LU AEPARER Pl
[ I ul ar . wej I s det.ermne fol ] ows..
ﬂut{%{}n%&%éég E?ilyg%? Fr)?qgtli‘ve% lsviﬁ%h&llé Prg h(ﬁs?g mgs i W, ti)% mixing

ace,” every kKind o e “sol 't on

.coptai njna.a_plural i of ki.nds, of water-sol uhl e,
ratif 3P R AR oottt Btarfle Rz ies S T el e e
lLecul ar i ght s, as respective sal ut is, filtered
el frAlo S B Bt Parior Rer BoPrthacDayh apd G For
Y Ki of , water-sql ubl e polynmers is found. .In th
el BPICES R SRRy oM el das ebPosionot ar lulpsesitii s g Hibor
| ecul i ght. of the water-sol ubl e polyners the .
too g‘g‘@c}? §s‘§§ﬁ§\ﬁﬁ ‘g ﬁ@’ udh theViseRsity gnd geglomergtion I{S?Eﬁrﬁ’a‘taé?e g‘Hﬂ“ne
the nol ecul ar wei ght of the point of intersection with
reSIPWQIYé‘quﬁPﬁ’é‘PPﬁ@PWé?rébeSfle‘@é% i s taken as fractional
nmol ecul ar .wei ght .. 10B usinq the cqoncept of the .
f r actiedRBing e of thercellulogh estertodths Huerngysyia pofyrper is a value
el iminating performance of a_virus can be
compidaceprsing 1o th frllovdag exfiressiame el i mi nating rate of
_dextran havi ng nol ecul ar wei ght of 75,000. That is,
Mixipg ratioj qficgHulopgyestertte fluarine rasepdy ey ek T Hgorceatrpiigrof
sol ution contai ning dextran having_ Stokes' dianeter
cellyloge peter phwhvoilgonsentegian pfflugeing wesimplumar By Wik yhd 06 f
75,000 15(Stokes' dianeter: about 6 nm as the solute
i s tWhemthesmixing watip of thegellglose osteraithoHuerinegesinmedymer is
el i mnation performance. The reason for this is that
fromR8 vl ti ks them 59 axt¥, afsolidifiing polnaen erntainingdhe geod solvent of
wei ght of 75,000 of the separation nenbrane described
the ffilyopag rasin palymenis wsed as the soledifyingbath fenthe pthpoag/¢f avoiding
(registered trademark), article No.: CP10-1010,
the fermatian tof madrobyoidwr ay | ndustries Inc., hereinafter
abbreviated to 20CP10-1010) is 80 wt% and 80 wt % of
t he @h thei oth¢ri handy when the ndemgraimo dbthe ggllutosecestdrde the fluorine
wei ght of 75,000 can be considered to be correspondi ng
resingpol ymeeras noim3A footh W linasfth® SorBRE08 9 micrppoedsafan®e avbided
coli phage. Not wi t hst andi ng that the above
eve@MitholOdéhtamimgrthe goadssadivesie pathet{luonineessior pelgmenpeathte of
elimnation of Q of coli phage by 99.99999% or nore,
solidifgingi splutidhi Wweteel eqyr Beudeiat tHQ solidifping batha ge thmanmaatfabeiring
detected in the filtered water at all, elimnation
protess eawbe sieilified. havihixgcass)|heewtver, sine¢ dietchemicaAbstdfidth sand the
80% The reason for this is that the pores of
phySieaDstiddgth ¢fthd ttaes diehsioxal en®wbik ssnlture Bigecanpiabedo lower
wth the size of Q of coli phage, and the distribution
by Ok ifgeseth aEMRil6decSestes, it 13 préferredttOgsetthdsepat adion Gfdrhbrahageder
cannot substantially pass, but when conpared with the
the $bAdtiOhs SondiRiétih@ thelthdiniGi BdrpEhrdl thehgdital @frer/dth 00 theof
the smal|l dianmeter of about 6 nm the pore size is a

sep&tafion leniBienJQQh QS taAid Oivteital RENRERE g MfithZh%nidall Ok it S
poi nt of view, when a certain polynmer separation

meRBrdde dHRatich GRPARNCaR] selingihB abhddatrBG06 6 chéRfials low. When
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dextran having nol ecul ar wei ght of 75,000, it can be

consi dered that the polyner separation nenbrane has

pores equivalent to or snaller than the pores of

CP10- 1010 10nenbrane, and the distribution of pore

di aneters is also equivalent to CF 10-1010 nenbrane or

on | ower pore size side, and such a pol yner separation

menbrane has the same or higher elimnating rate of
wat€Hi3 ueéd asthe splidifiéng Bath o thenganufadhae ofl alsbpiRitidiEme@bidne like

pol ynmer separation nmenbrane to highly reliably
thisedabe]itlaexing faiides theeddlRERE adr )the AubrifdRe® galyrhér ik $rom 50

necessary that the elimnation rate of dextran having

to 730496, haprofiaBlytfrdid 59fto 65390 shoul d be 80% or nore,
and nore preferably 85% or nore. The aver age

di ameedhy@fstrhb@redARS 108ridd R Yol B3R& separBtion membrane of the
t hr ee- di nensi onal network structure layer is found by

invérfon19ndthBp A lyOSsERRA s@floﬁép& 1B 5ERAERioR mdhirane consists of

t hree- di nensi onal network structure layer with a

botl® § 3pHbred] ShRadé HYeffd M&Qﬁngﬁsiggalgﬁgvﬁ%ﬂhéﬂu&afag&{] But a
r ily I or

nmeasuring the dianmeters of arbitrar selected 1

. . ar ahl '
e LU e T T
oA IO B SR e
el 0T REIREOC A e L 0 L L

bon?récll_r%thtﬁe Pr%r?ace-rgﬁcef ‘Jhg ?{)je{kear%ggﬁ%%ﬁ)}g%%é 1@3 Hl%rog#lérggyer, the

raneé 1n the | nvent’i on orm
LB T T P AT T i
i BSSE B 1 BB BES0E S FF Ot
o EBEL AR E ot P RS el
re R Bt o Ll P R o W
A ORI CRTTN LY T —
Ry R R LA B e
s, BB o R B LA PRIt B

0.10 nB/nR-hr, perneability is 10too [ow and.is not
‘hf‘?fr‘%tg’tep%agﬁﬁ Qetpork gEugtprgdpysiethpids; the g ﬁ‘e‘?ﬁ%‘%’&{‘ *on
rane. Whi] e whe ure water perneability exceeds
pre%gaﬁwwﬂlﬂr ani %ee%ﬂpyegr&fea#& &SCRFFAHEMPIERNF (EMPEETS WO
pol ymer separatio myrane is too |large, so that
layggs é‘%/té’i‘ﬁli"% G0 BYER? “%fﬁ StrHgHe lpY g and One lgyenala not
preferred. The tenacity of a_nenbrane is preferably 5N
thregy dipggpgiona] pgtwask strpstaredpygs) y Feherslagers gfies thamgespherical
fracture el ongation of a nmenbrane is preferably 50% or
strugiire layghendya thaeepdiareapignalynetwpork strugiyrelaysaphe 4. agapport layer
tenacity is less than 5N or the fracture elongation is
such@s  porAN SBUsIEaAteh ey bsslontained as pthes faver- nglhe matgBals ne
resin polyner separation nenbrane is deteriorated and,
congtitufing aparaustshbairateyre ar@h@@eqjallx restriggadandrasganic materials and

inorganic materials may be used, but organic fibers are preferred for their lightweight.
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in filtration, fiber breakage and pressure breakage
are |iable to occur, and so not 20preferred. In
general , when breaking strength and fracture
el ongati on beconme high, perneability |owers,
accordingly the breaking strength and fracture
el ongation of a fluorine resin polyner separation
menbrane are sufficient in the range of capabl e of

As motu prefengd mierddiofos alpmnclisesabsthatd, ywaved fabris phy abawbven
durability in filtration, so that these factors may be

fabrisaif deghniofibérs eudhng dellelobafibats scetifilope aeerabifibeisy pélpekter
operation costs 25and the like. By

fibess pbBpyopyieretitess, aahpboliyethnene fibprdraée weinglifiedr neat i ng
performance, tenacity and fracture el ongation, the

f | uarhengrah@&hént RE b YiReE-dsRERIGHal AEWSBRhRNGe Myet Bfd a
i nvention possesses strength and water perneability

sphéidal bte@dhi@ 14y (®8hé Baskio® h@ﬁa@h&mﬂm@mﬁ&gemwf upper
processi ng, phar maceutical nanufacture, foo

andi1&WeSIhydre Sandan thexakOofla ROIEAN (1BE: maRBrank.! tHe afhhdintkdt bNd
function can be achieved by menbrane filtration in

intebRE 88d LiBhal layers) can bEGaREdELY\RE &Y stORoTEdRAt dnl Y Iﬁ’fthea
hol | ow fi ber Separation nmenbrane can be neasured

sepm AChBEARD 3 d InVé@idA] SinBEI 8N GintEREOhEl FRRBI s%lueaue
four hollow fiber nenbranes having a [ength of 200 mm

layed B8ark st ch f\hkﬁ&@&ﬂ&{‘sﬁh‘éﬁkal strﬁc&?@la?&s&aﬂsq)kﬁglcgl strength,

separatlon menbr ane o [ ain menb rane, pure wat
it 15%2 @tli)id ér}éﬁgeghme% 1913én§1Uﬁatl' g%&k%ﬁﬁ&{l l'a 4} be on the
rane 1 n isc form aV|ng a laneter o mm an
oSSR b by a0
i bR e
raw ‘Qééég&g bt?% O?é‘rte%l‘l‘glr an eéjef ﬁ?tﬂr%g?l on {O%ta!lg&m nu é&:ﬁ[\l{?ﬁ?’er on

the B&%nﬂ&{é H@ie bi 5{%1?? n%f'lgvﬂ?&&l € 19k thiflendsh b &{ch%? the

ara erenti al pressur

threesciuth 1%10 gtvK l@ tlﬁlla re-ll_a}ger Bgﬁ Fﬁ% &)ﬁgrlgﬁgt?%%ﬁ%@qg}h% céﬁ'ﬁé

conver o a va

arbx?rgﬂfylaé%]uﬁ%?q?%easttgf tgs?y:ﬂhe congﬁlob) ?,relreg g%a m)ﬁerk‘or:na cYe (f)f a
vinds R ha e wBIeF PR Shit SRrictby gl Gy et el
chefi e %ﬁ@ﬁffﬁl?ﬁ%é@%@%@%ﬁ? \5&12*2@6%‘33%3222@%“ fg

sugction mnth he elim na
thr ftioeppontl o ik Kibkvns e et %ﬁsgmﬂ%ﬁﬁmﬁ@r 544
[ e nmnjature ul e or
Py i o DAPIB (WS UR WHET B % Pt e Spylicy tends to
nmethod. In the first place, nmenbrane filtration is
lO“ﬁérforned for 10 minutes by an external pressure

cross f]low system .under the conditions of tenperature,
of 2‘51{:0]3_]60’( of'the fluorine resin polymer separation membrane in the invention

is to have a virus eliminating property, and a virus eliminating property is substantially
exhibited with the three-dimensional network structure layer. A virus eliminating

property is revealed as the sum of the amount of viruses captured and eliminated in
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differential pressure of filtration of 16 kPa, and
menbrane |inear velocity of 1 nmls, with an aqueous
sol ution containing 1,000 ppm of dextran havi ng
nol ecul ar wei ght of 75,000 as the raw water. In the
next place, the dextran concentration in the raw water
5and the dextran concentration in the filtered water
are neasured with a differential refractive index
eachatimarte {iRh Ehi6knesd 60th¥ threedithasianabfetyriShtirweaez tayer.
Corporation), and the elimnation rate (% of dextran
Accbhalingly foptevealimy a highhhtlisfle vEudEninating pruperd it is also
according the followi ng expression. Elimnation rate

necébar§iax irich¢asé fivtrApnndge bk, the tlgbé-dihensfondPRet(WUik sirdclure
- 10(dextran concentration in filtered water)/ (dextran

layeg BREL Bértah UOgted Bf thioknd&t €ThbreforéOfdr the purpose bF®evealing a
nmeasuri ng met hods of the tenacity and fracture

higl2} dHaBlel iihs Aindn £ RIZITSHdrB ndBIHREARRe b6V e HrioBS PEFbdidn¥es

restricted, and the tenacity and fracture el ongation
in batlande) thel thiRn&s o@ﬁlﬁ&ﬁé&%iﬁ%ﬁsi&%%ﬁv@&% sirQétuRN@PeR!i® generally

with a tension tester and a sanple of 15 neasuri ng

prefe@BBL 082038 190unfRdd Mord PR AT B0 RSB AT Mehe thickness
tensile testing at a tensile rate of 50 mn. This

i . i ¢ g , .
of tl?*tgﬁé diR@n BRI Aotttk stulle 19y dFeshybd 6;33%%62{8 bg%e\?r]%{’éré’@ahty

ferent sanple, and the obtal'ned

sucl@Xse&l?gsgcehﬁa@&} 84 NrdsBSin UG LEr B URRrA aﬁdﬁtﬁﬁﬂﬁ‘&bér&ion

and fracture elongation. In the polynmer separation
jfbrane in the invention, the spherical structure 2
ayer conprises substantially a fluorine resin

pol mrﬂuﬁkiﬁg ?esix?ﬁkg Itngles Qfagg? ﬁle%ﬁljleoiﬂad]e &%}gﬁ%ﬂ(does not

structure layer rises uorine resin polyner and

o M o apte o gAY BB Bt 8o
o SHES 1 9140 05 TEOSL BP0 5 o
or PR R O, S AR BB b
e 35 5 P TR S AR
s SRR o B B R B B RS b e
o AP P P RS BT AR Wi
o P R ST A ks
o 5 G S s B BRLR 30 STREIRE, g i
SECRIE IR R S

micro-voids of a void diameter of less than 5 um, the less the better, and most

met

preferably the three-dimensional network structure layer is free from micro-voids.
The three-dimensional network structure layer is formed by the penetration of
the non-solvent in a solidifying bath into a polymer solution to thereby fix the structure.

The penetration of the non-solvent at this time starts from the surface side of the

19



10

15

20

25

pol yners may be contained. As vinylidene fluoride
copol yners, copolyners of vinylidene fluoride and at
| east one polynmer selected fromvinyl fluoride,
et hyl ene 10tetrafl uoride, propyl ene hexafl uoride, and
et hyl ene chloride trifluoride are exenplified. The
wei ght average nol ecul ar weight of the fluorine resin
polymers nay be arbitrarily selected according to the
three-doénsenhal metwoik struehote Wyer 1so pleat theeafinidtioh yof die dthweture on the
fluorine resin polyner separation nmenbrane. As the
surfavei sidet advanceagea fstee cpdearthaveinght intermakedide s, Whae theahiekness
perneability Iowers, while as the wei ght average
of thenheewdimensieial httwibek seacee, layb i thizkas iekyeeding i20Qle, the
to lower. Therefore, the weight average nol ecul ar
differenagtih tidfe refj@irdd indixation bEtHesufadey/di@s snd the Piteinal €18¢ 3 great,
from 50,000 to 1,000,000. In the case of the fluorine

so tha SifroP@ide@e easyiabaitb@iedWithinahembMbrdhnt fhe\6tj€dt of the
processi ng use subjected to chem cal washing, the

invenBb ¥ di kN8 8 ABRiEEAd. AIFr¥RItEIR o, thO Bhilnesd bfMBer €Si N
polymers is preferably from 100,000 to 700, 000, and

thre€@iBerRicdhPAaRbK Sthefird ePRGréRraBBOPID BEQr less.

O her conponents, e.g., organic substances, inorganic

subghaRGeeneANr e syRERical FRENRE 165004 Refbitirily#djusted so as
spherical structure |layer and the three-dinensi dna

to sd}%ﬁ%ﬂ% KondifiBf teuftell BY 8dchl porf Bﬁaxﬂ:%l f A&firus %Hﬂﬁl}?&tiﬁl%{broperty,

rane of the invention wthin the range o

wat%é;{%ﬂﬁé&ﬁf?lgty} dRnfiBI %ﬁﬁneé?fl éih'})%nidﬁl’aﬁ!ﬁﬂeﬂﬁ‘eal LRI CES 'p}xgéi&ﬁe

ers fof use Iint vention are not especia

e e
lowé{ng)% H%épl%?fg%ig}#teﬁ% é‘r%%t‘ﬁ@ ik e ipnAad .sﬁ‘ﬁ!:t!l.xl’ggﬁ?ﬁéﬁl%tl%ér is

€ nononers ‘constitutin

the g‘ﬁt{ggﬁé{%%bixﬂ.t SA&%%%%&,“%%%‘&EJ?%%}.I%%ﬁlaﬁéé ﬁ{(&eseevagiaus

e such as et ene, al Kyne such as
BRSSP P o
t th | at d t hyl
s 8 S8 T 3 A R oo o et
| nexpe

51 P O A TR boo Bl LGRS Dy L e

mai N cﬁafn and/ or ~Si e
t hod K . pol v.neri zat i t echni _
sohdF ] S8 AP Pl B s SRy AP SR P
mergGiand PosalBLIRy | ARsheBPoisho I RsestintioRal network

subst ant.ial |y cel |lul ose est.er al one.as the | ecul
strugfi Bt dnggi, Posica KRB syt o hersipey fisaglio ofthe

acetate, cellul.ose acetate propionate, and I | ul ose
ave g et 2y b e a1 Btk S gD o heerage

. honmopol yners. are preferabl for .t reas t

thic{pray OEIE SPhEEL Rultvae Jokt dh) bR s ey PR DRI b s and

15Si nc hges% ceh& | ose esters are used for formng a
Inm?ﬁ?@%“@b’ W@ioh%ﬂ'%etmork structure | ayer together

with a fluorine resin polyner, it is preferred for

t hed? thy BRAYRFGEPHREOHMEMEMEIR thicinyertion. HBFSWer s on

appropriate conditions. Further, when cellul ose ester
ﬂlreaﬁgmﬁmw RetWosk stRuGhaE Jawst captainsiceliylptecacsiaie, ddp arferredito

t he good sol vent of fluorine resin polyner, a polyner
makedheintesiace o thsesphatien! squitpierayes sad theghieszgimensional network

20especially preferred.
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Since cellul ose esters contained in a
t hr ee-di nensi onal network structure |ayer are
hydrophilic polyners, the hydrophilicity of a fluorine
resin polymer separation nenbrane increases, and water
perneability and antifouling property can al so be
i nproved. Further, the water perneability and
antifouling property of a fluorine resin 25 pol ymer
strusterrappdri the strertiye aif getiny idta thatheblayarih aissedf thg enhancement
hydrol yzing a part of ester of the cellulose ester in
of paclingrresistdherensi onal network structure |ayer to thereby
forma hydroxyl group of nore hydrophilic. The
f | uVhenethe as¢ragpdagrer of teappidxdmateBdphaieal solidsh@esent in
i nvention having both a three-dinmensional network
the spheticdl dirgctuylayerdidoesSRigR! thealoidtatidebsified BigR and atdpe
5 manuf actured according to various nethods. For

perfédilRl Rises) biepiyaetaPbtréiat loR@rsd Tl theioftier fhnd® WHeAQhé Rferage
resin polyner containi ng cel lul ose ester on the

dianSétérl Re6me$ salb,RhevbidahtiS bédeaiey|Gw hay Fﬁysuﬁl‘l‘ girédp@Rincreases,
sol i difying the coated | ayer in a solidifying bath

but HaRkt peiidaBilitP &vee9d BIRIVBRL R aveRfe ididitl T the §}')1ﬁ0x1mately
pol yhrer to thereby forma three-di nensional networ

sphéﬁc'falJ §J1ids %rés@ﬂtelﬁ tINsphlfcat B{}Qéth&%yért1£ pekdthly lFRHL 0.1 18 rSChm
Onet hod of discharging a fluorine resin polyner

and %Uré‘ bie?&tab9Hcth 0193 £gh! UlrRs §Vé?§éee<§1alfn@{er E 93 ﬂﬂma by taking

hr ee- di nensi onal networ k structure l'ayer and

pho{sdgh%hlh ggf}{ee&bé@ s@@tli(}H‘EFP; a ff¥rite!1@8n rr(e? rséBa?ﬁ%cﬁl mergbrane with

structur yer at t I’TEtIITE rom

a sc?rgg e% Ql%&r&%&&ﬁ%k? QY 30 ‘606 Q‘%ghﬁﬂ:aﬁ&ld q‘lefd rﬂ)% tHQggmeters of

s in ng bat h~contai ning t e goo

arbi?rgllil;?es@fecgh o rhrd %f)f,lﬂéﬁmﬁa‘%él? %pﬂé}i&ég%{lllrdé Qlfr%fé%b? ¥o oP lBre,

I mensi onal net wo stru ayer

and %9&21%1}\??1!1 igﬂégéﬁ%&'&xgm% se&x nﬁhﬂ;%{ t %se gsdlvé(ragé ggmeter of the

he solutio

app{ﬁ%mgt%ﬁgphgﬁéa'ﬂ s&?dsygné{rclg ?l?ﬁlﬁé 'ah g?e ggd\}iiegf o tﬁ? Lfdarof an

e es O the

appio %(H%teﬁ/ Slp[lgé(l:ali] s&?ci %//ag%r u Vﬁle cucl ns ?osunﬁgm #\i/ %gWr&essor

necessar he goo
t he

andihﬁl”‘ﬂ%’e”?m do"“f‘ﬁte? ﬁ*ﬁé '81?1.*91&%1?3’» oA BE uidd, ¢
0
S onif e ea8 off betmtio Hherfab S h%rﬁgﬁ\‘%/eﬁe&em%?ma Retwork

ol e S A
ol A S48 9 08ed B AR s O e
iSSP e BT R SR Bl R Y el

ol r . .
ﬁm«gmn}/tm% average size and the maximum size of the pores on the surface of the

three-dimensional network structure layer are controlled according to the use of the
separation membrane. For the eliminating function of virus that is a primary object
of the fluorine resin polymer separation membrane of the invention, the average pore

size on the surface of the three-dimensional network structure layer is preferably from
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25 separation nmenbrane having a three-di nmensi ona
network structure |ayer and a spherical structure
| ayer, a polyner solution containing a fluorine resin
pol ynmer and cel lul ose ester, in which the total
pol ynmer concentration is from1l4 to 30 wt% and the
m xing ratio of the cellulose ester to the fluorine
resin polymer is 20 ww% or nore and | ess than 50 wt %
1 t0i29 mmzgd Inadre gréferablysfodr &i th 0 man. b afurtheanhainakingurh lpere size on
good sol vent 5conponent of the fluorine resin polyner
the $wfdcoyahthaughhit diffas nersdiag & theaizes bR vidtises ¢d be eliminaerd, is
Further, when the m xing ratio of the cellul ose ester
prefemablyhBO(f hh OF 138 ni@® iphefpablyHY nihr l¢seandGtillandie préfieablyt 50
IS not necessary to contain the good sol vent conponent
nm 6f lekNe WhetDpars Size€sietod RirydTelg. i whentBle 8®dragh furfaag pbrtdize
for solidifying the 10pol yner solution. Accordingly,

excédds 26 nél, 90 tHeafistiRlug $uifikce bR R KIBIdsIOD Wik, 9Re eliminating
containing a fluorine resin polyner and cellul ose

fun@RhF virul is bl kollBRet, @h@theRPin ARingCRNEEIH sk RNs 8Fficult to
from14 to 30 % and the mxing ratio of the

be dbBlihdd WiEin RS FrefdrRdithitkhdsY drgl @ f HRSthiteREIEARbNAl et QR
50 to 75 wt% is coagulated in a solidifying bath to

struf@fdTadert hree- di nensi onal network structure layer. 15In
the first place, the nmethod of coating a solution of a

'l uih&fer HSIbfiR HiBincGedh ?PW s&ﬁ:%t%&%@mﬁ%@ lre¥ls the

t he surface of a spherical ure layer, and then

pres%ﬂt,wéﬁrxinaﬁn% ﬁ%cﬁ&%?%si&ét%{oé gﬁggegeageqiﬁy%h@ gﬁieahtan of

contal ning the good s nent- of "t he uori ne

elinfiftstind ARLAOTRYy dcRiallels yvnfugéﬂ1 Fol Q{(ﬁﬁ%lgi AR RG8 to
n e spherical

et rk structure Fayer” on t structure

evalrll#ag%ﬁ}fi% El?m%ﬁh@%ﬂé% ﬁf(’) 2 ,ge%la&tlto %&Eﬁrﬁn@%& I?Jin% wat?r contairlligg Qp

cuuri ng a spherical structure |ayer

of c%l? @g&ageelgévg@t a diémHey B b4 rﬁﬁn%i ePregx?l'a}’ {E'BEah%QJa?‘ L QudeS

dissolving a fluorifie resin polynmer in
t i A ' -1 0, 9% |
Houf cF et i, O s PRSI 1 e flbnd SE PR art it hididihe
. I ag.i vel v .hj : re.. . e. .
proBy KA PInikae, St yis el vk RRE Pl By liingubgrion
to forma hallow.fiber 25 .nenbrane state,or a.plain
and pfsseRofbfd sy L Pl et PR e b5 il ale
oluti.on is cooljng solidjfied in.a c i bat.h
peciffs 6 s biPel 3R MthE R laiy® Erd Pl Mnitline
1§gﬂeri aI.stﬁucLure.I%yer %ubstantially conprises a
performande by iEesily, UsBe YRS At BHS Y ke this, so that it
possgesse ot.h chem cal strength and physi cal
D g rinRd 8 e Febrige b PoBie” semreteD e Disne of s
invén%iorrlo (t)n t%% %st,}ls (e)f t fe c((j)lngesp? |o¥ hggtiotngiemolecular weight that is generally
used as an indicating method of the pore diameter of an ultrafiltration membrane, the
eliminating rate of dextran having molecular weight of 75,000 is adopted as a means of
simply evaluating the eliminating performance of a virus.

According to “Terminology for Membranes and Membrane Processes, [IUPAC

Recommendations (1996)”, fractional molecular weight is the molecular weight of a
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5 fluorine resin polynmer by 5 wt% or nore at | ow
tenperature of 60C or |ower, but is capable of
di ssolving by 5 wt% or nore in a high tenperature
regi on of 60C or higher and the nelting point of the
pol ynmer or |ower (for exanple, when the polyner
consists of vinylidene fluoride honopol yner al one, the
nmelting point is 178C or so). Contrary to this, a
solutotapable of agerhing 99P6 df e @liviinginghatefdfuanémeranesi Fractional
pol ymer by 5 wt% 10 or nore even in a | ow tenperature
mole@garoneight i6 d&eaninkdve follosvsalrgihe dirsglace néveraRihdaf dilute
solvent that is not capable of dissolving or swelling
solutibfs Edritminingen plesility POkiNdRs! wateRsddyble pbBinit@s {detran and the
tenperature to the nelting point of the fluorine resin

likepRAWiigedi fR¥erit Iﬁﬁalamudrlm RO hfespdctivB Solatek Yefiltered tidhENLd
as a non-sol vent. %e bad sol vents of fluorine

merhit8hd) aR@ Wd@ﬁﬁmaﬁﬂgjﬁk@oicéﬁbnklﬁﬂ l6¥ bvale@isoRBle Por@nbRlis found.
glycol ester, and organic carbonate, etc., such as

In t/5dx0 PRY¥E %%prdx%ﬁ%%h%qs diavabb st akd %%cufﬁ?%yéht of the
i soanyl Ket one, di met hyl pht hal at e, "propyl ene gl yco

watéfedolible ]Bél?ﬁfers ARPYbLRASa &M theRAkAnatHp3a@ QM GIFRAOland the
gl ycero riacetate, etc., and m xtures of these

molE Sl B ENGAPYE 1Bte$é$ct1§r\/€/'i‘th'ﬁlé<8ﬂn§19{ﬂ{§fﬂt§ opéo% i taken

non-sol vent and a bad solvent, those that sati sf

asﬁggg&ngEﬁ&gméh@y%gf the bad sol vent are regarded as

20sol vent s t he good sol vents, the exanples

i nclgyog mﬁg leofid exf thg?fagﬁ@n 158 ﬁauilargeq glﬂ deSdrfoed aBYGd) the

1
as N-net one net X1 de,

elmﬁet o%@é&@%&@é@o@% vifls g {;ﬂ%ﬁﬂﬂtéi ﬁ )}’rlﬁ} !

. acet one, tetra ur an ur ea,
eliﬂiﬁ%tﬂ%tlj?%l of RSB RRng &Bﬁculaﬁwlgﬂ 5??%2@6%?%2 ssfé}he: ges e
<o R e o S e
Stolégeh C&’l te g LBL At @ﬁ o'f%gﬁ gﬁégfeba%'& mol"élaﬂar%ggflﬁqof 75.000

or gani uch as exane

AR S BT e SO
. di A
v1rug lel}%xé ea?fa&;gé@pgﬁ)é:eb Iext;g% reears](g }gig 18 t&fit the FF 1¥11nat10n rate of
aneal o

sox RERG e U U B b8 A TR
Pa%ﬁ%?eﬁf iR ﬁ@% RSy e P B S apisie:
CP]fq J[j(gl,ﬂl iz r }uﬁe%ij ¥ Iﬁl ls}uri_q:;s gnrg]cf %r%h%ﬁ%lﬁ\{)we%is}tgdeto
crigelGERes €€$ Wi S PITA D! s ipt el aath Rxtpapfoady
molf@ﬁ%n%gnﬁf%ﬁ ‘59‘% ‘ﬁmtbﬁé’om"‘ﬁ%;ﬁ? FCRab;- Q@rng é&féﬁe eﬁmmanon

sol ution, the higher is the elongation of the fluorine
level @EP%; 98%?%/1%@%’ m:?é‘b%f QB s RolkBMgeane to be obt ai ned.

However, when the concentration is too high, the void

r at iNPtyithstapding thet theeaboye PHIBdPQI%}eHsbéﬁzfrla@.ssv@raﬂon

menbr ane becones smal |l and the perneatin er f or mances
memipgaay gapableth el 4IRS dh pECadl Phase b 481958LbsE more, that i,

handl ing of the fluorine resin polyner solution and a
the degreg ti@? @B sgli phagseranpot het dqt@teﬁrléﬁ]é‘? filigred puatertapall,

sol ution viscosity is in a proper range.
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Accordi ngly, the polynmer concentration in the fluorine
resin polyner solution is preferably from30 to 50
wt % For cooling solidifying the fluorine
resin polymer solution in a predeterm ned form such as
hol | ow fi ber or a plain nmenbrane, a nethod of
di scharging the fluorine 20resin polyner solution from
a nozzle into a cooling bath is preferred. At this
elinfination rats of dexteanavirg holgtular wweightisf79,000 BR800l THeGeason
bath, it is preferred to use a liquid of a tenperature
for this it theutHe HopesSARCRIC] ClOhEhbrafg akt dxa@dm@Bl stedll asfongteet
solvent in concentration of from60 to 100 wt% The
witlcihesiza @ f Qaficali phyge; and gienidrib@tibrsef pore HiahRedrd @Sinttherange
bad sol vent or good solvent within the range not
that Y MéRJoliNthabd €arinet skstaffial®f pads abut Wheh ic6Rparfet WA thE Qize of

Incidentally, when a |iquid conprising a non-sol vent

dex@sn hdgng MBIcBulGPURRAESE 79,6005 e 3fall RBantA&! dfMBoht Fikndihe
phase separation by the penetration of the non-sol vent

porP§ifdlisd sHiTrehe i dréd ddowifg PARRE TS alFBhh Mis foRd! dfigew,
solidification, so that a spherical structure is

wheflial dettaitl JolRerARpaafion fdhibbite is bdpablSfehintindin t8_0% or more

manuf acturing a fluorine resin polyner separation

dexm%mécﬁlgﬁfv@%%hgﬁ7fé?d, FRlagllbg cgﬂﬁﬁé(;rgh gr%t g'lﬂzdpol er

5cool i ng soll yi'ng a solution obtalin ssol vi ng

sepa?atmnl'iﬂélinﬂﬁné ﬁﬁ% gbrtgﬁ!éc}{ﬁg%ergft? bEL ALY Shah tgé ggﬁes of CP10-1010

concentration ol vent or goo vent o

g
merffiin SR B B SR AT ah Pl R1ARGEb ERoT hictibldlethas he
oS SRR PO, S i
polffer 3ebisi il AembER: fo AMKTRIIA bl v, SRR i bori
phageg of. %Orlleei _Qs%ar'yi s e %lﬁm? Gty £de gag&ludan?h g%@%&@édg%t SLi¥ne

0 e case ere ["uort
S e
SoL k0B RS AR O S S b
sl GG SaL B B 1 SPGBl

di schar ge ol ymer solution.is cool.ing solidified.
thref e OB s TR YD o SRR Fle 5Pt MispSsope By
nbrane. At this tine, as the fluid to for e
60, (i resi fations, gaasuing Bt cEperas b e adpart 0 Geapre
but in the invention it is preferred éf use a 20Ii9uid
POTSoRiELTANN G0 2T BRRYe. Lo REFREHE t@%@aa%?dv Aefegs in number.
concentration of from60 to 100 wt% as in the cooling
When & ppg diamgtes is gopcif aro f¢lH 82 ¥BE PR RIS AL VARt Is’etge area of
supplied while cooling, but when the holl ow nenbrane
the ey (meequiyalenticirgle) {5 found yithiapdmags Arocewsor i the dike.pngddhe
. of the cooling bath alone, the fluid to formthe
diarpespy ofthe squivalagt dvslesupy be tenps hehamesen ofifhe pore.
25Further, in the case where the fluorine resin
pol yilerdluosiparesin pHlymensaparpsion gnembrane in the invention may be any

form of a hollow fiber membrane and a plain fiber membrane. In the case of a hollow
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made to a plain nenbrane, the prepared fluorine resin

pol ynmer solution is discharged froma slit nozzle, and

solidified in a cooling bath. On the surface of the

t hus- prepared spherical structure layer is forned

(lam nated) a three-dinmensional network structure

layer with a fluorine resin polynmer 5sol ution

contai ning cellulose ester. The lam nation nethod is
fibenotendsgecionh] iy iy @abiblectodil] a kipardiios nicnbrane effichatihaglai s

preferably used, that is, a nethod of coating a
merhbrané¢ mpduleemid hap tleyadrintagy oft dapable oNindtdaking adeiffettivsarea of

ester on the surface of the spherical structure |ayer,
merAbtdné péri Hhirfiy vl gme 6 thhtuOkdlvey fiB&i erBlad&BirnSialpeddtieably

coated on the surface of the spherical structure |ayer
prefedted mersing in a solidifying bath containing 10the

good solvent of the fluorine resin polynmer to thereby

for m {slefenad Br tRe H1H6:8R: RbiNROB AL BRI AMPIMKMBIndGh tHee

| ayer. In the fluorine resin polyner solution
invén@oh 3 Bati3gy &R!pratiessl @&{u%red WhBENhE PefTbrthatte Al dBraBllity.

the cel |l ul'ose ester ?o he #1uor|ne resin polymer is

For @8ab 18 Nadsero@atito8eforMREE. pide v ;
Orsol iic)ii f?/ﬁ%he ?tl ljgoﬁri r?e r'e%f’ﬁ %O@ﬂeﬁggﬁg}%ﬁ%ﬁfoﬁnﬁﬁce at 50

kPaP?S”b’JI% ?H?Qraﬂr th 811056 195h B2 RY, ah ﬁxdré‘@%"fi&?@ ftdn®.2t0 7

sol idifying bath not containing the go ol vent

3,00AP0 t i e8] I 3t.0o. e .
1 g Plre ey Ry HERLE A T e R iy s

too %)og?/ §0d is not Practicd%tle Lding ﬂ'ilL)HEe retsﬁexiﬂfl;lﬂigxr § Egra{igﬁ énbrane.

yimer sof ution containing ce ose ester is
WP RS BN BB hERE (RS e or e
T e
per@ﬁ%\@%’éégﬁogiéaﬁm%éestis’1&9% %P%E%Fﬁﬁ‘ef erably from1l6 to 25

€ m xi ng € cellul ose ester to

h I [ ' I ' Q 7 %
(1 LB oA B Sl A0 el sty
to 65 9 d i all ferably f to 35
ors 1 TR P 5L B SRRl R
25 tap ni [ | ul t th I X{ ti f
R ML X N YN

elongation is less than 50%, handleability in handling a fluorine resin polymer

separation membrane is deteriorated and, at the same time, breakage of the membrane
in filtration, fiber breakage and pressure breakage are liable to occur, and so not
preferred. In general, when breaking strength and fracture elongation become high,
permeability lowers, accordingly the breaking strength and fracture elongation of a
fluorine resin polymer separation membrane are sufficient in the range of capable of
achieving the above handleability and the physical durability in filtration, so that these

factors may be decided considering the balance of permeability and operation costs

and the like.
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resin polymer is less than 50 wt% it is necessary to
contain the good solvent of the fluorine resin polyner
in the solidifying bath, but when the mxing ratio is
from50 to 70 % preferably from55 to 65 wt% the
fluorine resin polyner separation nmenbrane of the
i nvention can al so be manufactured by solidifying the
fluorine resin 5polynmer solution containing cellulose
est @y safisyirgothewi doyiditignbaf purt MaterqrRiraéqtingetfoemagmedtenacity
sol vent conponent of the fluorine resin polyner.

and flecrire élbagdtionpthefRiokas rédirppdlyiier sepatatibh dfersliahabMNthe g
cellul ose ester for form ng a three-di nensi ona

invenEbuPbisesses biedrigtieandiyater p@IRADINES asiRchble 36 Aseimt filds ¢
fluorine resin polyner and a solvent, and the good

merBraN@tor Whatek Prockssif, pRATIR&It b al RRRLKMEREe, ifSodnahafiad akd
used as the solvent. As the good solvent of the

blodd d&nin}S ah®Firlls S1RhiABAg fndBoRBAYEe &8SE/H B9 IndMGdne filtration
sol vent's can be used. Further, thé opti mal

in tiibssg&dsut i on tenperature of the fluorine resin polyner
sol ution containing cellulose ester differs dependi ng

UpPOATHE Brdkivids p@rﬁfdzfﬁﬁ%‘:m ﬁ@ﬁcjv@ﬂﬁelcgeFﬂaHQﬁ b &R dAn be

pol yners and cel |l ul ose esters, the kinds of solvents,

e Y G DRSSt Rl e oy polow
fibet fR %HEE kﬁgwying 9 h BE26G M%g tlftgll a ﬂﬁratfo}x tést. In the case
preferred to per m prepar at i on stirring at a
‘ : . h J e
o sSEESFHHEGA: sPLO0GS pE BuAR i
by c%ﬂfnt%a{ é%ﬁara?il}ﬁ Irrﬁe%ﬂ?%e%‘ércﬁ%d {E&nﬁ%%ingga G eRPLY P fm and
SO 10 0 acC n

I'S al so 1 nportan manu ure a separatio

G v R
mapQRAE R THRREEEE: 14,08, RS 0eh RO Sl {fcin

re so as no
tpolymsr solution, and to prevent the invasion of

non-sol vents fromthe outside of the reaction system

i DR R L Erf by PR R Bl g oy
ex T B S PSR 13 g Ul P gane
modft S8 Eer AP Fre GRS ST € F e ofJ6
e e S o R P Syt BTSRRI 3
o R bR E R HEE P 250 o058

coating, so that sSeparation nmenfarane full of defects
permgalpdpput g es(gﬁ&l 240 ddes Pﬁ%’*ﬁ%ﬁ%&ﬁé‘i’ai ¢ yalug pf pure

t herefaore necessary to optimze the solution .
waterpgsReatilie he oaliiof Q“{?WQtﬁrePeé@ﬁ%aL*Wt 9fsepratipn membrane

pol ynmer solution and the qbjecting performance of. the
canglsghredpnshbyerryeE e, 2 value obtainggh By, PECSHIBE pBGSYGHeEWith p BUmp.

a fluorine resin polymer_ separation nenbrane is ]

mandfube theeliminationojaie@f degtpm hadng medecylar aigy of 75,000 is

contai ning cellul ose ester is coated on 10t he outer
fourd,with ke winigiurpnembraae madplecarthe filtereg aprferdies dcserdingorthe

menbrane (spherical structural hollow fiber nenbrane)
follawingrragthed.t olnithe figgh plase.rraempane flrationasperéorned fpg10 minutes

preferred to i Mmerse the spherical structural hollow

fi ber nmenbrane in the fluorine resin polyner solution

containing cellulose ester,.or to drop the fluorine

resin polymer solution con?aining cel lul ose ester on

the outer surface of the spherical structura

tes
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15 hol l ow fi ber nenbrane. In the case where the
fluorine resin polynmer solution containing cellulose
ester is coated on the inner surface of the spherica
structural hollow fiber nenbrane, a nethod of
injecting the polyner solution to the inside of the
hol | ow fi ber menbrane is used. At this tinme, for
controlling the coating anount of the fluorine resin
by anodxyersal mgedsutel awossdlow systimgunclet thelcosditiost ef temperattra o 25°C,
of controlling 20the anmobunt of the polynmer sol ution
differested] fpressuteet Siltpaidnadf tockPapatd megmbrane dinemt vebatityfof 1 m/s,
i mrersing the spherical structure nmenbrane in the
witlpai yqrepussilutionocontaining d Z100gn bfdgxalay tfeving @halédudar vogight of
t he spherical structure nenbrane, and then scraping
75,000fasah@ent watker.t a tioihet pthcpahy dextraadontémiationlin tHeQwvngater
off with an air knife, to thereby adjust the coating
and alodextrag @bndratras@din tBS Filtetddaratendie measuied wilihfaydiffgreadhin
cont ai ni ng the good sol vent conponent of the fluorine

refri@Bielindesl iuéter (RID-618 £TH0S, rhdifnfecdhried bl WhitGad¥@ttorpération), and
i mrersion after coating, it is preferred that the

the alif@inatioRfaté (78) GORKAAMUGRAE nfleRLAaHigRf oft 30D is86hPered
resin polymer is from10 to 60 w% preferably from 20

accr@ingGh¥idovBig tXiRetlinust nent of the good sol vent
conmponent contained in the solidifying bath to the

abo\Einkidlish ratd 6 deRRgh halih® ﬁm'iécala@ wilight of 95,080 (%§RL[1t0
the coated fluorine resin polymer solution contai ning

cel liabane BatSirallss ILAR&GS ng@i%(trﬁl EdHceRr &I IFBATARN Ritter))
network structure |layer not substantially containing

m crotei ds having a void dianeter of 5 mor nore can

be fornmed. It is difficult to control the invasion

r at erRfm&shieils SeIh%aObs e tbhakltf aﬁ@ﬂ%&ﬁ?e é?f)n%al'ﬁ%n QQQeraratlon
sol vent conponent of |ess than 10 wt% so that the

merflﬂraﬂggfe%t 9£pe@?aﬁ§ PeViUteS 268 PEnd G TRIchRE eMnkRion at the

difficulty. Wien the content of thé good sol ven
um& SFRREAE afRERTR AR \é&a@lpl‘eh@nﬁ Qb lidn @kt 814 4 ﬁn?ple of
| owers conspi cuously and fication takes a ot of

medshfifg | dﬁg H S 09RRdarkPby ﬁﬁtm&ﬁ?@ Qgﬁégfo?nﬂg fheid tleéiﬁfg' %

reS| yner those exenpl | bove tan be used

tensji:l?rrat%%WSBt n neg ﬁxs%@a@?ﬂ@%&g{ riticH i€ e ngx&é@S fiteb Qf'ﬁmre

yner ation ane to a
A A AR i L R i i

aveﬁa%e ggfﬁgg Gflhe %rfa@%r 91?:} ggctgfefefl(% 1gﬁ.p endi ng upon the

and concent ns of ose esters used in

the Ig%egﬁtglgrglg %&)aﬁtlbg Er?e%ﬁ%:?gg | $he HI%L’:%M Wéf)hgltlé'ﬂ %&H&ﬁre

| ayer or con I'n pore - size
layég é:ﬁ[hg)l %?gngﬁbgtaﬁt:lalf%;@&gg eesxjegln %8% 0%% El% ?tﬂ'ee dimensional

hree 03190 h I ruc or
netw :k tggema er con%i nrgse | (r)rte?}rlles &gngfol)ﬁn T an cteH l?)aéc ?%grr

o elséhe“@ler %ﬁ %%?r%gﬁﬁ%%sﬁ% e Ma% By i '”Cf%ssfﬁe bffacr
conp it et Bt AL PR TR B e G R o a%SCBBﬁ%ﬁ?OVe t

1mHaﬁrH13&lil chnscentrg%%ehl?g vtljskgslos%tybgntdha for\}v etlghg orrslc(e)rlat\{l?gn It)rsopfex?y ay t?le

same time to a fluorine resin polymer solution in forming the three-dimensional
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25t he pol ymer solution and in the non-solvents that
cause non-sol vent-i nduced phase separation are
preferably used. The exanpl es include water-sol uble
pol yners, e.g., polyvinylpyrrolidone, polyethylene
gl ycol, polyethylenimne, polyacrylic acid, and
dextran, surfactants, glycerol, and saccharide. As the
i norgani ¢ conpounds, those soluble both in the
netwark vanetsref layerus dccordingty, pompowrdssind nidti especiaity destricted so long
non-sol vents that 5cause non-sol vent-induced phase
as tisgpatisfyithnolea. plTabesabley whea thighasuthcérnteatioxahigh @scosity and a
i ncl ude cal cium chl ori de, magnesi um chloride, |ithium
lowabtlomedainggropdrar danrbedmiphrédto a fluorine refin pbhydier sblution by the
phase separation rate can be controlled by the
addaddiof b @luralitya fromps 0hdspa flubfind feeinf polhémepaatibi membrane
pol ymer sol ution containing cellulose ester. In
haviagdi suitabble fasctidn dbhdfusistindhaidnldah g obelifkad of the
fluorine resin polyner 10 separati on nenbrane of the
| NV eihk ifidrinaYésigpalyinBfsefor G4 TR Alsd DR ahtionedrd @y lidbhd hdHR
| ayer and a spherical structure layer, a method of
honfdps Bt @ amboRyihyid¥ht MRI0Fi8S tSpddirhdEBAndSOplutdliRN of BEse
form ng a three-dinensional network structure |ayer
polydikéts thaly [bd@ohiagnede S IAR viX®)1MeRE flaSHdH dopolynRdrs,fRpolyRErfof
spherical structure layer at the sanme tinme fromdie,
vinydfdénd NesYi &Odrddit st éheitily R el 38 dSRth FirdyY 106188 ebhylene
| ayers in a solidifying bath containingthe 159003

tetratRIoYi@B8 probylEREndxa Qs AL ah & SthPleRO LHIBRHe HPddRICRRY e phified.
a three-dinensional network Structure |ayer and a

TheSR8Ht 9B ags W JIEduttr Sveli %ﬁé QF 1R MR RIEGN b niets AEF BE iaflﬁﬁiarily

bel ow. According to t nmet hod, a three-di nensiona

seleBRH WBEdFdidk "td Mt Guit @iBhaclty dnd wikh e b @l bile ot Shd fiorine resin
| ayer can be forned sinul faneously, so that the

polYIRAUERELEEH REMBEAEES A sGR W h{sé\m?aléefr#)@lgcul%o\bﬁrgﬁt intRGses,

fluorine resin polyner solution for formng a

the %v:a{e? ﬁéx@&é&gﬁﬁ%’ mrs,WiwsKPé %}é‘m H&e@aée.aﬁ{,gfecﬁl%r l@vlei%ht decreases,

uorine resin polyner sol uti on contal ni ng cel | ul ose

the %ﬁ%ﬁfy is §01elth Fowdtm tl"ﬁ&%kor@,fthé 0Ri gh? Q&&S@ef rﬁﬂeeﬂlaptvei ght of the
cell Ul ose ester and the concentration of uori ne
L _ " Cai
Rk BRI 020141 0GR ) B e o
: f . 0 . t . Xi . i
B L N T R
to c[x%rg%?\&f%%%é, El?{’ﬁéi@?favépag.\éﬂx%le&ﬁﬂ WSl ﬁvﬁx{ix?e@esiﬁS

uorire resin poryner Sso I on

porfh &) QEBT | AEDE PR doRZ bR RER, Rl D000 0

f 6n150 to 75 wt% and preferably from55 to 65 wm %

600,00 . ! .
urther, as the fluorine resin polynmer solution for
form spherical 5str.uctur
'Btﬂg' c%nr F%tﬁ’ epg.egrgrméla S H

pol ynmer S0 ySt

polymers may be contained in the spherical structure layer and the three-dimensional

e D S

I'SSol'v a uort ne

network structure layer in the polymer separation membrane of the invention within
the range of not hindering the object of the invention.

The cellulose esters for use in the invention are not especially restricted so
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resin polymer in relatively high concentration of from
20 to 60 wt%in the bad solvent or good solvent of the
fluorine resin polynmer at relatively high tenperature
(from80 to 170C) is used. Here, as the
fluorine resin polyner, cellulose ester, solidifying
bat h, bad 10 sol vent and good sol vent, those
exenpllfled above may be used. Further, the
long @sthey haveragllufose esters ohithk mym@abaaml/cucsrdaaaham@ thtvenolecular
good solvent of the fluorine resin polyner is fromb5
units,En8 0@)leanal units jothep thehearlaldse esters nmayibe grésengoosls the
solvent of the fluorine resin polyner in the
momaretecinsttuting tief mbdleonbad Onitsoothé thard/geljul @t estaty, y.gf, raticen2 Guch
to 50 wt% By the adjustnment of the anmount of the good
as ethylenenhd bbopyldneealkpid dich wb agetylahd) virtyl hhlkdeg binydidemnigaide,
the invasion rate of non-solvents to the fluorine
methyglshéthpoypteeandsndthyli aefylterard elefiplidicd. t I paticlilng etiyluna)
network structure |ayer lowers, and a
methylimeéthsbrparsindiadthylelcysits asd prafdriedefot My @€asbny that they are
substantially containing mcro-voids having a void

inex@le A1 avaifable H cakilyit®dGeblels temA@bhaintanidfor side chain.
difficult to control the invasion rate of a

As the intfodluvigtmethdds, kiewic polySietizatfont tBehnIQRe sdéh SqhyieAl

conmponent of less than 10 wt% so that the formation

polyheriPatib®) 'a‘ilﬁin‘i’@pﬂﬂlﬂeﬁﬁatfbﬁ%ﬂ Rhii®fc PoliyhesizAtidrCatintbé usbien
e

the content of good sol vent conponent exceeds 60

W %A sithe caRllbgi dsief2 hbMBpbIghR siélifx%&r%oﬁ%ﬁhﬁﬁ& eYl ﬁﬁ@ t
solidification fg kes a F ? f tlné ' adjusting t u e

alore QR RIRS AbKCElaPinit AR k@BWndi f/%'sﬂal H&hbp&?m&ﬁecama@% acetate,

range, the fluorine resin polyner solution for form ng

cellﬁ‘lo§@£1?efdt@ ﬁilopﬁinraiéc bl Eelhufse rac&@t@ ey rad aRchethpliF@Adand these
cooling solidified The nozzles for use for

ho%%@ﬂﬁg%%rﬁbfabgﬂféeﬂ Sor' 18 kdhsHRY tﬁﬁ'ﬁheys&leliﬁéx‘%@n&%ly available

formng a three nsi onal network structure |ayer

and @R81yahahliliRg. i ne resin polyner solution for formng a
spheérical structure |ayer are not especially

r esigii &lifthe c@H&lok@es&&? afeARBd Ar Brringlathie 'H%@ﬁk%ﬁa)r B@twork
fluorine resin polyner separation nbrane, a doub

stru@l‘?ﬁ'é lta érytggetﬂ lﬂ? ﬁﬁxtﬂegre‘@{ e;ﬁ)n}fg‘ﬁg‘ EWQPéErFeﬁ ﬂolsthem to be

prefe ably use In the cas ow fiber type

mls&'bt)ée I Aub &R 1‘% %o?ﬂﬁérs off QE?*%P*‘% BRARLANE. F\ﬁ‘}lﬂtef e

type nozz! ate i's erably used. dorine

cellﬁl%?é Qstn‘k} ndl e 0{1ﬁ9 Hé @(ﬁ?’lfngf AiLiPR aﬁgtstuSFe 1‘r'1'tfige cpgb"l’\llent

ure I SCnhar ge romthe

of ﬂtu‘dBSe PJsuf’%J ngﬁlQJé glpbp}ﬂ?er s§Rifiofl 84¢ b&nRldid tf;i‘ ehdelQS | {hﬁ?

orn1ng a sp cal

ayer is 10d|scharged fron1the m ddl e tube,
eSpgctl%@ ?feﬁeg for formng a hollow part is discharged

fro 1}1&60611{}%% eétélr? %Ontlélﬁl%ﬁ & L#hrgé Xtm%lgg)ngpf t\%?&éswcgﬁg layer

sol utions are Coo0 coa U

are ﬁ%%gléﬁé nggl hat Etf a}@{ h nflagycofo a lflonbeerre?m gﬁﬂlmaer:rg%]ar%non
merpbieh? i EC e O °“%gtgar?%gﬁe$¥ra%$@ﬂ g SRES PR A
e kb S e e 0 ok Bl AL L Ol i

polymer separation membrane may further be enhanced by hydrolyzing a part of ester
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especially preferred. In addition, when a fluorine
resin polyner solution for formng a three-di nensi ona
network structure |ayer is discharged fromthe outer
tube and a fluorine resin polynmer solution for form ng
a spherical structure layer is discharged fromthe
m ddl e tube, a hol |l ow nenbrane having the
t hr ee- di nensi onal network 20structure |ayer outside
of theraglltiloee sgpbmeimi acthfeestimensioma nktwork sirngigdayano dereby form a
obtai ned. Contrary to this, when a fluorine resin
hydpaylgrenp e6ineir¢ bydrbphili€.or mi ng a t hr ee- di nensi ona
network structure layer is discharged fromthe m ddl e
t ub&hadldiorné tasor palpmeesiparagioh yreaibraw intthohvemtior kavigligoth
a spherical structure layer is discharged fromthe
a theatdimensidre) natwook bwictameihyeanrd haphdrizal ftAucture layer can be
t hr ee- di nensi onal network 25structure |ayer inside and

manfuftetsphacdoedihg §¢ vaiiuy heeth@ger Foudaintite, aafeth6d 8PEuting @.
The fluorine resin polynmer separation nenbrane is

solu€ibg 36 & flubfin@res ASpdtgmetittneigit g \Gelllloded&tdr dhhe §dfack dWa
water and the outlet for perneated |liquid and used for

sphefrabdtaReurt 1dyef, ahd eienolEEFSE fitk @ated 18R ARl ABHRE Bath
When the separation nenbrane is a hollow fiber

con@RIRY @B Eood 861vexTRhE ludtit¥adith PoBinteded tefelf foAntaype in
5 whlch%a bundl e of a plurallt3 2?{h0||(MNq% ber

threBRIMRERNAD] AétSoB0aARBS e 14y ef of Y @ﬂéﬁ@a@lsuﬁaaﬁeqhy@randwd
the hollow fiber menbranes are fixed at both ends or

metKdd Ms&lﬁ%n@%g fiblife RsRYNHAE RARRBNLonRARKY cEIRTR ERE for
recovering t liquid permeated through the holl ow

forntih® 8 threB IR &Eshal AQofk stMRSurk T géhwa RbiaWMesindSlymer
menbranes are fixed at both en ina flat plate Torm

soluEQﬁ ggr%ﬁﬂﬁfg' | \Phbdal sirgidthd IQfe"r ﬁ?ﬁk%gmk %ﬁ%’ﬁ&n@@ aHQ |t1|1e91W

nbranes are exenpl

soh(ﬁlk‘}l'iﬂé ARt cd Al RoRGIFYAR bo& B R td Q%lmﬂ{ga&ﬁh b§nt@mﬁig&h8

menbrane, a nodul e structure of a type in which the

goo® k@ Ent FEIRY ANt eSedift pdRehed &Y BleRddS-f¥ing @ tRRe-diYakibnal
spirally around a liquid collecting tube and encased

netvdk @trﬁé‘chfeﬂﬁﬁércaﬁh aGPRERIal Sikudt@e 14726 SivflliaRodsheark ledéthplified.
perneat ed through the nenbrane, and a nodul € structure

of el ih MREOLRioHUI Gk rﬂemm&aﬁ%mﬁaﬁu%réeﬁﬁ%@l eQE,
both si'des of a liquid collecting plate an

wheGhd RpERY rétfo dffe BRIIERNERT tSthe |th§ﬁhé’ récsir?(ﬁqyxtn@r {518 high as
plate frane for recovering the |iquid perneated

50 M% Qpﬁhret G s TBMRICBRES B/ BnBitEMBlcbbd %Veﬁlagﬁlﬁom&”ﬂ{be

modul es are used as a separatlon appar at us r water

ﬂuol%g P%Erﬁéval?f}xep}ﬁ #RE QUi Ay Bhth 'f&as%hdﬁyﬂﬁge%ﬁé %bl?ﬁ%‘&h'&ﬁ?ﬂ%

wat er side or  a 20sucti on ans on

the ﬁ%ﬁﬁe)% r?'o Fﬁ\%r%oﬁftl‘gﬁ cﬁﬂtan g %éfluiclsg 'egte£ 5§ tlpﬁriﬁé ﬁ'twrﬁ'lre resin

neate th roug mbr ane.

polyhé&tSe rhﬁéx?&a%?ﬂé’of %eoiﬂmtg;gycag %Cei %%Qfac ecPf)§ ﬁ'&u re by

ter eve erence may use e suction

A
sohmggt?oa{ln% dgéé)gglrfg{nig%aﬁ'l P&%@nﬁm{n ﬁm%g&i solvent co ponent.

on appar at us a separa
e g

& {t ?%%Jer Irr‘;ed% 'n?a'ﬁu%%ﬁ)?eth%%dﬁ grésnn %&gmteif gérﬂ%a%on

wat er Préa rpuri y ng

memfarg% 3 SRLE 1nven¥1§r? 4% me nt grqﬁgtelnvgang{f%%tﬁr%\?é?ﬁ%?ng esin polymer

rial parat oh

separa‘t‘lz3 at egmt%ra%e hav1é\g a)t | g clamgx%%onal ngtwo\f\@%t?udureziﬁjer %n&i a

oun

bt
i

and wast e wat er .
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Furt her, when the fluorine polynmer separation

menbranes of the invention are 5 used as a bl ood

cl eani ng nmenbrane, the separation nenbranes are

prom sing in view of the inprovenent in elimnation of

waste matters in the blood, and the inprovenment in

durability of the bl ood cl eaning nenbrane for their

hi gh breaki ng strength. Exanple 10The invention wl|l
sphérécat] ssutirb éay el gpaciohitival doytamiiig a fRbEhE€ A3t fdlymer and

exanpl es, but the invention is by no neans restricted

celltlogg ester, in which the tdtag polyfiRt t&RenitddHEiS foaP I £&L0 Wig, iftbthe
structure of a nenbrane and nenbrane perfornmance in

mixgRNatiabl tie RROBEERS t0 ARCMLdIRR Bh PYIYHRE €5 PBABIU R Gnore and
according to the foll ow ng nethods. 15[ The average

less@ha 150 ®1%0 caRRIAXA [TPd 83131 § Pt 8bntHiAlHoth® 8bPsdiVerdthe
spherical structure |layer of a fluorine resin polyner

confpBRETt d HRMAIWBRHR 1848 bolJRRr &Y RirRGLhlcadiRleRSioha HeAVEIE sB¥icture

t aki ng phot ographs of "the cross-section of a fluorine
]awﬁesin pol ynmer separation nenbrane with a scanning
el ectron m croscope (S-800, manufactured by Hitach

Li mpbaddr Bhed thedBi%idRQRb o Gl deARse 9&%%@?9&% resin

20di aneters of arbitrary thirty approxi mate

polyiRAGE o 5PR! 750w RATE RnoRHek WY RPLNhih ?hegéﬂmesrolve['@- he

average pore di aneter on the surface o

con'#ypﬁgrﬁ.'o‘f“tmrﬂfg%ﬁig Eél Sﬁ% oihe l’a”Sﬁ&ihﬁ% %(tgxﬁgﬂoiolﬁifying the

1
uorirne resin po eparati on

polyp & sBitfioRY eAB?(grtﬁH%!l)g ﬂq% Glso 'pg?sflkgy Q%F Pxﬁe (}&ro?ﬁlex&?sé)giltinon

ot'ographs” o urface

con%ﬁlér?f%? hugggﬁ%gﬁgp%%%%gﬁlﬁ?wg% Fsitérhl% \%ﬁi@ﬂ E}lentgtag E?ﬁ/sér{eg’ n

scope ohs, neasurin

et . v I .
congﬁ%gr?ggﬂ} %gﬁgsr,ﬁ 13 48 f30 %@o‘ taﬁc?gh'et %fn%rg{;ié r%gt tezc:eg{rxr%)tsee «Fssteri tﬁ the

and averagin

nunber . The avera t bl ckphess of t,hr ee-di.aensi onal
tuofidT BSEy pafEr BRI 36 16 78 SR ReoRh Bl R E S5 SRRR LR form

spherical structure | ayer. of a fluorine resin polyner
athgegfo WSP?I%W?ge%O F%cé]‘%qayer‘ The cross-section of a

photbdrapricaety i ¥REod SERH RS "GP LR uer s coipRymer
confa U R ey ek A e ) Ak b O SEErd iy, andsthen
soligi%r;[l.ﬁg ttheedcoaa{:e((:iq.'El)‘fjeirri1 atS(())licIiPyeméc gilitl’) %\(I)Vriltgglir?g tthg Og((j)gd solvent
component of the fluorine resin polymer to thereby form a three-dimensional network
structure layer on the spherical structure layer is explained.

In the case of this manufacturing method, a spherical structure layer is formed
first. A fluorine resin polymer solution is prepared by dissolving a fluorine resin
polymer in relatively high concentration of from 20 to 60 wt% in the bad solvent or
good solvent of the fluorine resin polymer at relatively high temperature, and the
prepared polymer solution is discharged from a nozzle to form a hollow fiber

membrane state or a plain fiber membrane state, and the discharged polymer solution
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10In the case of a separation nenbrane having the
| ayer structure having arranged a three-di nensi onal
network structure | ayer outside and a spheri cal
structure layer inside, the average thickness of the
t hree- di nensi onal network structure layer is found
according to the follow ng nethod. On the
phot om crograph of 1,000 magnifications, a distance
is cholorp sohdeiedi ih maoylidd path thuoa spheeicslutfuatee biyet I3domeder The
| ayer to a point where a spherical structure is
sphetixat stredudei lagdr sabstaigiatlly dompeisésenflicrit@resih polynted @fone like
| ayer and perpendicular to a tangential line to the
thisgstr thacie posetdes bothitchemicay siferigth amBstysREl stlngthdi st ance
Is the thickness of the three-dinmensional network

St I Ugdrd[tBe bay Sdlvent hean@ BBoINEMABAIUS ot GiphllB @AHRE0IRIng the
arbitrary thirty points, and the obtai ned val ues are

flucihi@ r@ff Polythed B 365194 Br MOFEPAtISw tERpARRYES PARCIRISKAEBS is
of the three-dinensional network structure |ayer.

capdBl8 oPURESAIRIY K% DF nifre th SRIRMEMAPdraditd +EIdH T 609 BF higher
can al so be conputed in the simlar manner. However,

andithe FRltQUE SPIRRIGBer SNBWEPITBF &xaplS tinttHE ?ol‘yﬁié? Consists
of the separation nenbrane is thick and the fluorine

of \)tfirﬁﬁi'd@né) ALYHEE h&ﬁ&ﬁﬂ?&ﬁépﬂoﬁ@ Wﬁ@lfﬁn% ?G{Ht ie7gedik 36 Of

e outer layer to the surface o e inner layer” on

coity DRSS gL IR B e S o
or %%Uéfﬂ?ﬁ%o&‘f%ﬁup{eﬁagﬂ? 6%181‘? oPYog! drqgfvgxgi,s & RblisBlvehY afd a

tograp OW ng exanp

B FREL LB AR TR O MO L 0, oy
: i | i f .
rofRRE R la B A e Ring RHA 1 oMl 41T pBERr oF i boiling
oititW5he LY& iPR g aORRBRIsbRef d€ On the 5Scross section

POUGt t%e O?Yuorl ne resin poldyrrer_ separation nenbrane is
”e?‘sfg{/ &g bad Igglvgrgtn f flﬁ(g&geb{égiﬁ rﬁg@x{}%ﬁeﬁ}d%ﬁe &tair%lﬁgltgﬁeeg&l}’eh

thir ornt’s, ues are aver

este?,:%r]?ceorl egtlgr falncrl1 %r tatr]nec GY§ondfe ettch isﬁ&ngs}?cﬁ)gls)téagl%n%iggﬂﬂo? e,

n polymer paration nhenbrane
t hi ckness of, the s rical,. struct | ayer J1s ophtaine
oG RER o) RRBBY G0 i B ars HiBeRe 81 My

ety B R R R TSGR alSpheD ey Biter o imap minfires of
thes e Rlsa PO PR B o™ FLSTHY PP TP abd 28ed,
conf TR B0 MR e e as b
e e R
etc.?guch as N-methyl-2-pyrrolidone, dimethyl sulfoxide, dimethylacetamide,
dimethylformamide, methyl ethyl ketone, acetone, tetrahydrofuran, tetramethylurea,
trimethyl phosphate, etc., and mixed solvents of these solvents.

Further, as the non-solvents, aliphatic hydrocarbon, aromatic hydrocarbon,

aliphatic polyhydric alcohol, aromatic polyhydric alcohol, chlorinated hydrocarbon,
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different thirty points. The presence of a mcro-void,
and the void dianeter (long axis length) of the
m cro-void are neasured fromthese photographs. Wen
there is not present a mcro-void, or a mcro-void
having a long axis length of less than 5 malone is
present, it is judged that a mcro-void having a void
diameter of 5 mor nore 20 is absent. \Wen a
andwitler chlooindted avganie quids)guaxasswhten txanef péntanep bervene tbkiene,
present, it is judged that a mcro-void having a void
metbamiledtieanob fcatbopneteachiaride, o-dichicesesiizend, Ridhdoroeth§lene, ethylene
perneati ng performance of a separation menbrane]
glyddhetiethylehel glycole triegipilénepgll yoTEsropEipae gliytaNbug e aheol,s a
hol | ow fi ber nmenbrane, a mniature nenbrane nodule is
penfaheial, @ekaelid], owmdleddlawdipiggolthyTeiexaes setef, ad mixed
I ength of 200 mm Using pure water obtained by reverse
solVeaRF itifese BEVBItR AR kemiplified.aw wat er, dead-end nenbrane
filtration under external pressure is perfornmed for 10

M Nyh @fe abeRe BlanhiHBnEPBFhdthA $t IQF)retf@t‘F&ﬁlro rébdte Ble HiRfrine
and differential pressure of filtration of 16 kPa to

resih BEIVRRY sblufién By ﬁ%@&%ﬁg&ﬁe YRbShe RERWyrhBh reldfifely high

perreat ed wat er amount” (nB) is converted to a value

conB&Hirafion BF frofn‘ TEto(doratod 'i}ijth@ Dad8f E&&d éo‘f@en@ bEmheG{uorine resin
menbrane (), and rmultiplied by (50/ tinmes to

polﬁﬁéxait pel&ti\&%l gﬂ%rﬁﬁer@tu@@“@ﬁttoeldmv@t e’fh ﬂgHE}Ithe Polgmoefr

pressure of 50 kPa, he val u

conPéhrtr%uB\@Irﬁﬁ]e RfabHhE Ps vve| glﬁc%n' ;Heggé%éggs {h%te?or&fation of the

dextran having no ec

RS LA Al gr%%?n% LD e
conp o U B en%é{&}?ﬁfr’eiﬂ%?e‘ﬁ%&gﬁ% PR Sepitaftn
e 2 Wi ol R B e eat R B TR T L R
wev%@e%% oﬂﬂ“ ,m%szng;h%@ewg CFRRREAS PRl 3
form %g?%g?@y)t iS rel’erred G the%% utlc;cno\%%c]oglt)r'r}snllrjlt esfoﬁéé ?nge

pr ESRTGHEE MO8 S
Accf 05%55% bepah e BraRaFLge ?15%416&6%@303 il R
BRI 4510 s st (ROn 100
AR R e R
ZOgé@ﬁl ion., Elim atlon rate of de t

forrprBP loweii' léqﬁtor pr BB nmr?x% ame[tl'io f%ﬁ%}g?f%gngle fluorine
resig %H gr?f{rlrsg ngﬂ fl}or#l {1 Ig{éai%{néq, §£0 ftﬁrr%(}%\% 15 préafgrred At this time, as

the cooling liquid for use in the cooling bath, it is preferred to use a liquid of a
temperature of from 5 to 50°C and containing a bad solvent or good solvent in
concentration of from 60 to 100 wt%. The cooling liquid may contain a non-solvent
besides the bad solvent or good solvent within the range not hindering the formation of

a spherical structure. Incidentally, when a liquid comprising a non-solvent as the
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[ The tenacity and fracture elongation of a separation
menbrane] 2 5The tenacity and el ongation at the tine
of breaking of a sanple of a neasurenent |ength of 50
mmare found with a tensile tester (TENSILON RTM 100,
manuf actured by Toyo-Baldwin Co.) at a tensile rate of
50 mimn. This operation is perforned 10 tines with a
di fferent sanple, and the obtained val ues are nunber
maingemageeht ipusshasihe dokbingliguidgphasa sepesatvn tyttbe pemeiativy of
and fracture elongation. In the 5 case of a plain
the nexbolser octims prifeiehtially ta phasgepatatio® bpwoolind solidification, so
scrubbing durability evaluation of a separation
thatraesphedent ktructure is diffculatorotsain ubBurigerpinrthd tdse oy niadafacasing a
descri bed bel ow was perfornmed in order to evaluate the
fluopiny sésimpolgtiea bépatdtiyn Gherhbrans B theahéthod bErPIdy Guendhing and
menbrane nodul e is manufactured by filling a bundl e of
coolin® S¥)idiBid oMk FluthaT obEIRBd B GisolRing Lihhdriv@rredabolther of
transparent container having a dianmeter of 10 cmand a

relati®&19 hilodont Okiratidh id (e BHBIVaRCo Edd|selviesit SfBE flhbliheksin
with drinking water, and the nmenbrane surface is

polyihéd £atreidtivély digh tembeRir&Gh&¥ afORskNWRE e SHRRAIY oPthe
air froma |lower part of the container at a rate of

separBfonl m@inbratieqs Abt'a HhEHON sBcti® RARIdeRE Rk ork structure
continuously for 122 days, and then the fibers are

accorafipesondiiohd! RE@&ags, for fdrd@ng a¥pheridaPstARhiredhef 122
15days is equivalent to air scrubbing for 10 years in

conibigations 6f B cOAQRPrhAch hltEthe R&hpdrhtare 6 NestiRfresin polymer
performng air scrubbing for 1 minute in the frequency

soludon S8 c¥mPBsilbABE £ olvEnt AT, And thd dWAPHRIE ahll WahpBture of a
honopol ymer havi ng wei ght average nol ecul ar wei ght of

fidd 1i§9Q 188E uYed iU AphRIRiatdly Eoifirdife@POr ti on of 38
Cooml/ggﬁd 62 mﬁ@brespectivgﬁgmfgﬁererdfssolved at 170C.

The 1R/ ERE whetelthé gﬂoﬂﬁ@regim%&%@pﬁfaﬁ% ﬁaeﬁfﬁ?ﬁe@s made to
y

bei ng acconpani ed y-butyrolactone as a holl ow

a hdIRW fib& i fBrahd %@V\%pﬁgé fR8tihEdsirfisbl{Mesoh @R 8 QiseRdrBed

conmprising an 80 aqueous sol ution of

frotd TRUSUEOLBE bPR 8o e g%gty 7RYand abfle! Qe fHinREX fluid for
menb h p

rane having a spherical structure was

f " i i
R BN 68 e o, PLT5BR J BREL covrie

and‘c‘:Mgair %f%@%&f ;?&ﬁnmoﬁﬁwn% c@ﬁin%%ligfﬁeaQﬁ’ ﬂ’%%bﬁn%gﬁlqr) thereby

form a hollow fiber membrane. At this time, as the fluid to form the hollow part,
gases or liquids can be generally used, but in the invention it is preferred to use a
liquid containing a bad solvent or good solvent in concentration of from 60 to 100 wt%
as in the cooling liquid. The fluid to form the hollow part may be supplied while
cooling, but when the hollow membrane can be sufficiently solidified with the cooling
force of the cooling bath alone, the fluid to form the hollow part may be supplied
without cooling.

Further, in the case where the fluorine resin polymer separation membrane is
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acetate (cellulose triacetate, CA435-75S, manufactured

by East man Chem cal Conpany), 77 wt % of N nethyl -

pyrrolidone, 3 wt % of pol yoxyethyl ene coconut oil

fatty acid sorbitan (lonet T-20C, trade nane,

manuf actured by Sanyo Chem cal Industries Ltd.,

herei nafter abbreviated to T-20C), and 3 w % of water

were m xed and 5 dissolved at 95C to prepare a pol ymer
madedbatplan meébhlerape, éxaprepared lflwefine resingpodyroeksohaliontis dischaged

uniformy coated on the surface of the hollow fiber
fromanstit aowzld)and sngjidafiepiver ¢capding dathuct ure, and t he coat ed

solution was i nmedi ately coagulated in a 30 wm %

N- medrhhe-sirfpye sfcthe doneresgpiabiphesall stri@aret 1aydrds Brehed

hol | ow fi ber menbrane conprising a spherical structure
(larhidyted) HevéddinicntioRal dedeskafrudtutdla@e- Withe fisiofifé kesin polymer

10network structure | ayer. The obt ai ned hol | ow

solfticB@bntaBiihy ¢lulbkeEsRR OTHeSlati@ndtion HRitRéd Bfnol esiBiaNiresticted,
inside dianmeter of 780 m the average dianeter of the

but SRIBNbHAg HEthbE isusrefepdbly usktdPiRat {sh8 nRWRIIAER otk A€8orine
pore size of the three- di nensi onal network structure

reSIh% Bine? solkfioR Bbnthitth AUIARE edtbi SR8 SHrfRe Jmﬁe spherical
ree-di mensi onal network structure |layer of 38 m

struéélwrayav SRR difyifehE BRoRhbe tIR IIRE s‘éﬁltlo%tcro%l&ﬁ%Qhe
|'ayer "of 243 pin, pure water perneability of 0.15

surﬁéé"gf thE sp ﬁéﬂﬁaﬁéd&hﬂ@ﬁ g@gbﬁ; fhfeRin ﬁ)étSBﬁﬂlf{']ﬁg 'Hath contNalnlng

nol ecul ar wei ght of 000 of 86% tenaci

the 856k &gl G Hfﬁleqimqe&émgafynéﬁ% thére e g%ﬁm‘i@w ng a

voi d met er of r-more was hot present “in the

thre%rlﬁﬁgns‘iiérﬂi‘?Béﬂvs%'?ﬁ'strﬁk%ﬁéqa%ft ructure |ayer. 20The

el ectron m crophot ograp 1,000 magnifications) of the

cr osig TR .r@gmﬁﬁwlsl)@f‘l'ofx ic?i?tﬁ' lﬁﬂ)%e gster, when the

manutactured IS s el ect

mlﬁE}gCJaEB %Ehfégd; ‘?19!2) %@Qexotgﬁ%gﬁg&:{é £8h gjﬁ er% o% fﬁ?ﬁ%&' 5b 3646 or

er nenbrane (the ace

mofzy G5 HEE O Y Sl PR FolkbR TR 0
ce:lquér g?s't%;lj l;gy t’higlj.?g%;sn?r{ &%&Qﬁl%% %Ergr%t c%Qt%‘ﬁ{%g %xe]aéooﬁlshlvent

obtai ne

n{{)lotr)l it o'ﬁfé'%ﬁggr ne r%mg me%q ther b%{}% laamlné{e Lapility,

Im na excel lent in
d h hl
threﬁrcg%%‘sg‘&%ﬁ %O&E%g%}“ée %ge?ngel oﬁg plefl o:jgof ytl nme as
the‘%tbtrtat gﬁ nmbr anefo t he tlon of%‘gS eterlsa
The €&t HRs I“tfaft"?‘BrPé’ Yé’i’eé 58 FP’% 88“%" 1€ %

a ho

T n%C%‘BH%SP ooty aud ?@BP{J?@WOA}"@& paem
tota) Pt ¥ hee Mg Fenthlhse 4aRbat B cormeniaion s Digine rosin
polyjpop B he Bt P en S Ao 2B oA 36 1 BeWYs, 81d preférably from 16 to
25 Wt%, and the mixing ratio of the cellulose ester to the fluorine resin polymer is
from 20 to 75 wt%, preferably from 20 to 65 wi%, more preferably from 25 to 65 wt%,

and especially preferably from 25 to 35 wt%. In the fluorine resin polymer solution

containing cellulose ester, when the mixing ratio of the cellulose ester to the fluorine
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10 manuf actured by Eastman Chem cal Conpany), 77 wt%

of N-nethyl-2-pyrrolidone, 3 wt%of T-20C, and 3 wt %

of water were nmixed and dissolved at 95C to prepare a

pol ynmer solution. The prepared filmformng stock

solution was uniformy coated on the surface of the

hol | ow fi ber nenbrane having a spherical structure,

and the coated solution was i nmedi ately coagul ated in
resimp@omat % Idssrtbarh §0 wopit iy wdceskanetoaspnedn thelfoed [sulvientoftthe

forma hollow fiber nenbrane conprising a spherical
fluosine asirupe yinay sy thé aMidifyidgbatiechut vhes die @ixing ratio is from 50 to

t hr ee- di nensi onal network structure | ayer. The
70 vos, pirefechbhofrbmvs 5ftb 166 rwtfrs iy Aierideadsia pobuies isdgaraticimet er

of 1,340 m an inside dianeter of 780 m the average
menibranedfthe dfvehtién s4lio bamasilfactatedtsy Riiddyihghhe fllibiene resin

average surface pore size of the three-di mensi ona

polyhedr\welukiof cbnainiecdllayiRe estbr thGh soMianfyin R tAY&RcBBRining the
t hi ckness of the three-di mensi onal network structure

goodl 8¥19€ntRompendit of iR MURIRGEsih PbEkieess of the spheri cal
structure | ayer of 244 m pure water perneability of

0. 1Hem8/ R fIidrinel F86in Pbiyihdd Ablufien takiRindlg dgildsaRstBANrNg
nol ecul ar wei ght of 75,000 of 90% tenacity of 8. 1N,

forn@Ag althrREIdihEnsEd RN A& WoBDstRIctEE HyefcBh i Qs Lol HofAsstdida @
vord dianeter of 5 mor nore was not present in the

fluokifll RRiFhdTPRE! AP scdnig i@ e S4dGIHERE of the fluorine resftd 2

result of "the evaluation of air scrubbing durability,

' t1er: .
polyféx‘éléggéfj p&?&é&?%@#ﬁﬁ?ﬂyﬂggeﬁgﬁﬁo%% v 6@ hBlind f&in

er nmenprane 1S

polyg@%leggsvé-@eseﬁyé& la sOHVeARidah bY uF%H'égh in the

mnating rate o extran, exce nt in virus

el Enatl B ﬁ%%ﬁfa?ﬁfeg?r?ﬁﬁon %gq)g* urf 0%%%&?%&?5?{5 ?8@%62

filtration brane ftor t I'mnation o

solfi8R gé\%tﬁiegﬁﬁr%\ﬁgioggEétgpﬁﬂfsﬁqeig@m%hﬁﬁﬁh% RinRUE cdncentrations
o L 05 Y08 4 PRGBS 5 R SRAGETAR o
condy T B R RELRE PELATEE N e
presifog BRI T 1 tireris eGSRy MRk
temiirdbft ueriaer o o oic BB Bl YRR Sk FopdRor s o
oot &R Rt sORLSR i T B B ere ot B mTmRETlgns s
impggfg’ét{%ﬁﬂggﬁ%?g%gg@g{;{ogfnté%ﬁﬁqngﬂg‘ﬁkgﬁ)%ﬂ%ﬁtec%af’a%le‘#itsligs'?

N- met hyl - 2- pyrrol i done agueous ) ..
For example,y }or staBKI trorm{ng a t?uon%e resliln polymer separation membrane, it is

preferred to control the temperature so as not to hinder the stability of the polymer
solution, and to prevent the invasion of non-solvents from the outside of the reaction
system. Further, when the temperature of the polymer solution in coating is too high,
the fluorine resin polymer on the surface area of the spherical structure layer is liable

to be dissolved to form a dense layer at the interface between the three-dimensional
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solution to forma hollow fiber nmenbrane conprising a
spherical structure |ayer having forned thereon a
t hr ee- di nensi onal network structure |ayer. The
obt ai ned hol | ow fi ber nmenbrane had an outside di aneter
of 1,340 gm an 2 Oinside dianmeter of 780 m the
aver age di aneter of the spherical structure of 2.8 m
the average surface pore size of the three-di nensiona
netwarkwouktust layertamdahd sphericalfst@Oturmay¢hso thaethageater permeability
t hi ckness of the three-dinmensional network structure
of theaglstained s@@rariontrheniarane Ryeers. hi Commss toothist vbes gestempeadature
structure |ayer of 244 m pure water perneability of
of the 28ymBY sddution intdoatied isrtoe hivi, e palymendoletéon patialbagdls uring
nol ecul ar wei ght 250f 75,000 of 80% tenacity of 7.9N,
coati sb tiag bt garefi@ngambeine ¢l 87 defeds iV forred tdisephviong a
voi d dianeter of 5 umor nore was not present in the

perfofth@eedoWerssi B8 theRerbitidse sshifys lopfifiizeAhe 8ol tdmpkature in
t he eval uation of air scrubbing durability, fiber

coalMiEBK BB oWPOsifidh of BRGIolAfeAolitldn 28Y eRe ai;&&fnglp%zfo@@xﬁee of

The obtai ned holl ow fi ber menbrane i s 5éexcellent in

the Ripusdtioglmanbrad. ity, high in the elinminating rate of
dextran, excellent in virus elimnating performnce,

and wherfa RHIURL YibBY §p¢ L FRBLRe fdstd & @1”5 FERbA AR Khne is
the elimnation of "virus. The resu eval uati ons

marﬁffﬁ:t&ﬂémﬂﬁ&ﬁﬁ: kﬂnB@B‘n%r%oﬂlﬁbﬁWontgﬁlﬂmeﬁuﬁse ester is coated on

First, a hollow fiber nmemnbrane having a spherica

e AL o GRS E RARSfBhic

stmuuyﬁ glbﬁeghgaxgmme) Q@eerm%mﬁ oA/ RERRA TPhEBUALe, it

wel ght 000, 772 wt% se acetate

Pfef(ﬂqg%yo "g’éé’s&,%h Eﬁﬁktg%l pyrr Be %Q%V\%? é ﬁy)%‘gg%.ng

resif :pﬁiérﬁlr gg]%lﬁf) ita e?le’orsE eﬁexlp 81 %"a“%[) e ﬁﬁdrﬁi%-rﬁ%i'ﬂ Sollyer

Ofﬁ] stoc ution S uni

sollﬁ%ﬁtcggtaﬁﬁnéﬁ lru%‘sre e@fé off ft (nﬁeljk%}% 1f thp g@&%&ﬂﬁﬁ%ﬁxral

cal ructure

holl@ﬁ%qu?e%bq&rg%&)lg ?@egv\%%s Rﬁ'ltgré tﬁo ?lr%glgh%%ls{%v&%%ago%tmn

confIRE AORISQRIL 1] (il eesrgtﬂsqn%%ﬂsur%t CUE T Sk AYS L DAY

I Mensi ona rUC ure
nolls Bt RS o iR e TR FTIR TR P8 e gp e
o S0 T LSRR o
the hﬁ%“%‘i/%lf“g‘eé’g) TRrCRhE Sptime PR R R Shat SrEtimine
the %hﬁﬁﬁt e e¥er i la tsie%ﬁﬁgliﬁ%%ta&"élcﬂ%ggig mibthod %

g ab I|t of 0.30 [/ n2- hr. e elim.nating r.at
mmg:}r 198 {he iSH@CtH’B’I memprane \l/%p]ﬁﬂf’f) ymer solution, or coating the

polymer solution on the spherical structure membrane, and then scraping off a part of
the adhered polymer solution, or blowing off with an air knife, to thereby adjust the
coating amount can be used.

Further, when a solidifying bath containing the good solvent component of the
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of 75,000 of 90% tenacity of 7.0N, and fracture
el ongation of 55% A mcro-void having a void di aneter
of 5 mor nore was not present in the
t hree- di nensi onal network structure. As a result of
t he eval uation of air scrubbing durability, fiber
breakage was 5 not observed at all even after 122
days. The obtai ned hollow fi ber nmenbrane is excellent
fluoirime pesys pelamed isrusod ks the sohdififing hathier ghinaisivat afteg coating, it is
of dextran, excellent in virus elimnating
prefoued thatrthecmnoumn df the gao sglvént conmonemalfities fludrineatsiompolymer
menbrane for the elimnation of virus. The results of
is freyal Wtwt §Qowts sprefesabdyrfromz2itoi 50 Withl eB¥ theddjustment of the good
Conparative Exanple 1 10First, a hollow fiber nenbrane
soheav¢camgpamespirertdinal inghe sulidifiymgnsash pr ¢ap abedt tangd, hike pai@aration
manner as in Exanple 1. In the next place, 16
ratewif %roh-solveyit todhe eodtbdiflnoriie: desiigobiyeraLlutidYicogtantn@bdllulose
aver age nol ecul ar wei ght of 284, 000, 78 wt % of
esteNde@tangh, vheapytiyr Dihirebodighens odd] Yedfork-stlEiureaNaglerhovsibstdntially
wat er were m xed and di ssol ved at 95C to prepare a
conPijigreficrdSands Kavriy a Véie dpmeped & fihlonié bage frPed. 1t is
solution was uniformy coated on the surface of the

diffitaltlevodttdehe MRBR6R AR BBy hétDsAvERRELH BBlcosiehtUsHitHE Bood
and the coated solution was i nmmedi ately coagul ated in

soh@nBEbripSteht FEbVthar’ 1 OWiY.05d Bahthe FoHARA1% oF BhibilolRildd Gan be
forma holl ow fi ber nenbrane conprising a spheri cal

confrbN&Lwith iffieNey. NRUéNhelcBhRBCL1 tRE EESNsAvent component exceeds
t hr ee- di nensi onal network structure layer. 2 OThe

60 ‘Qf% 3he @@hdaﬁédtfa)w bW e RBRARR U AnaRoRU sk Wk ANEILEST

1,340 pm an inside diameter of 780 um the average
timé! 3NB{RIg08H sbEntSRRGohERS oﬁh@lﬂ?}o%@ r&fin Bol§md}, thd¥e

aver age surface porée size of the three-di hensi onal

excRBlifRd ibSleldifi pluged aver of 6. Tim the average
i ckness of the t hr ee- di nensi onal network structure

'Sf‘?’ ?;:Otr S&ré@ hﬂ Jf% a%¥ SbAMGd M HEREFRr tﬁé‘gbtﬁﬁl@&?bfﬁ’ﬁer

4°m pure water 25perneabi

sep&raﬁg’h Hﬁ%‘x{@a&rto atdgﬁr% élé@ &g%ﬁl@ Sf Ee?l;eghﬁg thd &%E @Hﬁp ‘.(18%9

ar weight o 32% tenacity o

fun@fth, b a‘ifléjfo?lowu?gg@{hoﬁ Rafbe §él0{9tedAaml&\E%x 1Y8ff{%r41(?f}r€eﬂ%ng

vol d di’anet er nor e s not present

upo'ilggleel?mgé Eﬁﬁd’]?c}n%gfrf'[#at%% \3@5%%5% lég%i.g d)fs ?& the Io xtnl;lcﬁlon ofa

al ned rane

thre%ed,ﬁlghsgéﬁal G8hh stliguglage surface pore size of the

I mensi Bstr uct ure layer was |arge.

dur é%ﬂ S&f 11;’6 8rr;'tr lﬁggkhe}ore SIZ s b%ndeﬁq H%oﬂge resin polymer

solution containing cellulose ester, and dissolved out in forming a three-dimensional
network structure layer or after forming a three-dimensional network structure layer,
whereby the average pore size on the surface can be controlled. As the pore size
controlling additives, the following organic compounds and inorganic compounds are
exemplified. As the organic compounds, those soluble both in the solvents for use in

the polymer solution and in the non-solvents that cause non-solvent-induced phase
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not observed at all even after 122 days. The obtai ned
hol | ow fi ber nenbrane is excellent in physica
durability, but lowin the elimnating rate of dextran
and inferior in virus elimnating perfornmance, so that
it is not suitable as the filtration nmenbrane 10for
the elimnation of virus. The results of eval uations
are summari zed in Table 2 bel ow. Conparative Exanple 2
sep@atien aregpréforabbvused beThererdmpexinblade mgtea-sepibda palminers, e.g.,
structure was prepared in the sane manner as in
polsimylpyreolidong Spalyeatiydemeglycell pagethgiSnintite,qfol yacnglid abéh end
fluori de honopol yner havi ng wei ght average nol ecul ar
dextaan,ghtfactint? Qly @06, add seicéhavidec e Al theoimerganizt @igpounds, those
(CA435-75S, manufactured by Eastrman Chem cal Conpany),
solubBe bdthamwtheNolvents\for usefiy theopolpiaarcsohdiont Aadadh the @dtCsol @difs that
3 wt% of water were m xed and di ssolved at 95C to
caug¥l ifegodv eat-ralug e phas0 kefaration afé prefiireigrneed, fant Mhd edamphe;
stock solution was uniformy coated on 20 the surface

inclgfle theiumadhl@idef imaghesimiBhiRhide Nakividcllosd) @ahd Gatium sulfate.
structure, and the coated solution was i medi ately

COaQurib thel phade EPamitidn MNatBRANKE colrtidlled Bk ORI ASHISOM S
solution to forma hollow fiber menbrane conprising a

nonSRNRRht ©athe HLbHAL 16R poyiRér JoRitionGohAIMEBE c4INBERARtR
t hr ee- di nensi onal network structure | ayer.

The 1Rl &tiBg das*&ﬁbﬂh@i’\infah@ﬁ&uﬁﬁg'%eﬂﬁﬁl dTafe Aot ébﬁl olymer
dianmeter of 1,340 um an .25inside di ameter of

sepﬁrﬁﬁorﬁx\ﬁ%ﬁ%%e %‘f%@h%ntﬁ»fn Habﬁlgsaotﬁ%rel-diﬁ%nﬁsﬁdl %EHﬁc?rk @{rugtuie
t he aver age surface pore sSsize of

layerr Qﬁ@ & sPhdRAPLARRre DRV Kethbd LGN Hr Oé ?%Q rﬂu@lc‘mé]' festBolymer

the average thickness of the three- nsi onal networ k

solu?itoﬁ%xt f&tfml t‘ﬁfeeoélm%ﬁmefﬁl e rﬁ\éﬁ'ﬁ&glee Iﬁﬂr%ﬁ%sf?uo?fnetrps‘?n

erica tructure |ayer o m pure wat er

pol éxfE%ﬂRioh'fB%’ foPhhi r{% 4%)hlgﬁéﬂgfrh5turet lg§er%lt 'tl{El sgﬂ'%: to e f‘r@Inedlefand

extran havi ng ar weight 5 of 60%

thert ?d]ﬂ?ﬁy%/x% aglfd c%oﬂﬁ% scﬁﬂﬁif EW r@e&l if! '3%@&51{8% gfbaf%ScéhteAlmg the

havi ng nor e was

gooﬁ%&lv@{ﬁeﬁé h&lﬁeh% hrbrofﬁné}'tméb?ﬁk '&ﬁ[e Ce(ﬁn sional

ure |nce t e m-ii ng rati OSG

netvggrtkes(ru&(&ré ?erunﬁoar ﬂgnéa?ﬁrﬁ] th %\ﬂ:? ﬁl eeéaak:&yg’l }s%s?nbed

rage surrace eszeo h S| Ona

belo et V\R&%r& hE ltlo f lérn?eti'lgc%/[ % Alsn%f -cﬁ&gn @ I*lglt%\g) Q’Jnll eflé)be? ag? a

eva uat ion

| sc bb| | i eak
spherkl) (le 5 \5u UIg la ?ﬁlﬁe 6%; ir:o mmt&l%%e%}gﬁ th\éégr{lgﬁ]uﬁéc uring
ro Iomg)fllbe1 m?nbrane is excellent in phy5|ca
P 8 TYYP BEY 1 ow in the elimnating rate of dextran

Hrdbe Hiphtiieaaorimg R fondth B AT AT rurseR

eI|n1nat|o of. vgﬁ@s The r sults of eval uation

net@WF%% ayef %3 rge i@lrb%? Siher solution containing ceﬁulose ester,

and the sum total of the concentration of cellulose ester and the concentration of
fluorine resin polymer to the polymer solution containing cellulose ester is adjusted to
14 to 30 wt%, and preferably from 16 to 25 wt%, and the mixing ratio of the cellulose

ester to the fluorine resin polymer is from 20 to less than 50 wt%, and preferably from
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Conpar ati ve Exanple 3 First, a hollow fiber
menbr ane having a spherical structure was prepared in
the sane manner as in Exanple 1. In the next place, a
pol ymer solution was prepared with the sane
conposition 20as in Exanple 1. A hollow fiber nmenbrane
conprising a spherical structure |ayer having thereon
a three-di nensional network structure | ayer was forned
25 tb13 5twido.s almetherfinoete @sini polymaspheioh,contairepd cdlddseasq) the
wt % N- et hyl - 2- pyrrolidone aqueous sol ution of the
mixiny ratdo by thegeellalobe vasr toald Acathewesih poBingr may be from 50 to 75
The obtai ned hol |l ow fi ber nmenbrane had an outside
witoliapndpieferably ftord43 to 65 v, 251 nsi de di anmeter of 780 m
the average di aneter of the spherical structure of 2.8

M HubBed Ue (ROFBICTHE rae® pHI9hRr SdldCorPfor flgning a spherical
t hree- di nensi onal network structure |ayer of 16 nm

strubtige 1%?4&{ a2gRotihé FgsolyRér doidnrefréel Bfaﬁémﬁxg alopRek

structure layer of 38 m the average thickness of the

resif POBAct 3 reditives MER cbABira®bn S7F0d 0 16D SviWRInShe bad solvent
perneability of° 0.30 mnR. hr, the elimnating rate of

or g@@&%&l%hthﬁ‘fﬁééﬂu&ﬁle%ﬂh blyWRir Ghfelativafly High 8Qhed: %%om 80 to
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fluorine resin polymer solution for forming a spherical structure layer can be qlienched

and cooling solidified.
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fluorine resin polymer solution for forming a spherical structure layer is discharged

from the middle tube, a hollow membrane having the three-dimensional network
structure layer outside and the spherical structure layer inside can be obtained.
Contrary to this, when a fluorine resin polymer solution for forming a
three-dimensional network structure layer is discharged from the middle tube and a
fluorine resin polymer solution for forming a spherical structure layer is discharged
from the outer tube, a hollow membrane having the three-dimensional network

structure layer inside and the spherical structure layer outside can be obtained.
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284,000 (14 wt%, 2 wt% of cellul ose acetate
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pressure by water level difference may be used. As the suction means, a pump or a
siphon may be used.
A membrane separation apparatus using a separation membrane for filtration

can be used in the field of water treatment, e.g., a water purifying treatment, city water
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10excel l ent in physical durability, but lowin the
elimnating rate of dextran and inferior in virus
elimnating performance, so that it is not suitable as
the filtration nenbrane for the elimnation of virus.
The results of evaluations are summarized in Table 3
bel ow. Conparative Exanple 7 15First, a hollow fiber
menbrane having a spherical structure was prepared in
treatrhent swaste waten @eatasent, for indusyplab whter preparation) and the waeettto be
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in the sane 20manner as in Exanple 1, except that the
av erragbet, hihek fesBudiinetgo@yrhdi’separdii sremendRales BEtHaGh¥ention are
structure | ayer was changed from 38 pmto 125 m
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the average thickness of the three-di nensional network
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the spherical structure |ayer of 242 m pure water
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. 2 days. The obtai ned holl ow fi ber
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fluorine resin polymer separation membrane with a scanning electron microscope
(S-800, manufactured by Hitachi Limited) by 10,000 magnifications, measuring the
diameters of arbitrary thirty approximately spherical solid parts, and averaging in
number.
[The average pore diameter on the surface of a three-dimensional network structure
layer of a fluorine resin polymer separation membrane]

The average pore diameter is found by taking photographs of the surface of a

fluorine resin polymer separation membrane with the scanning electron microscope by
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15pol yacrylonitrile (trade nanme: Torayfil (registered
trademark), article No.: CP10-1010, manufactured by
Toray Industries Inc.). The hollow fiber nenbrane
conprises polyacrylonitrile having a three-di nensi ona
network structure | ayer al one. The hol | ow
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photoigraphs dindenrveragingl the ateamnréd diameedrsiinendngheer of 65 m
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[The hverageathidkgegsaif @ thiee-déntiisionalh astiwogk silctnre laer aed gletavefage
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thickha38 gfik isphierichl Shturdlayecola fladriherasin polydner Gephrakiciret er
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merh¥ag€)- di mensi onal network structure. Since the hollow
fi ber menbrane 25is formed of polyacrylonitrile and
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elimnating raté of dextran, but inferior in physical

theﬂﬂﬁﬁ@ﬁ%hkﬁmdQSO that so that it is not practicable as
the fiTtration nenbrane for the elimnation of virus.
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bel ow. eg Vi nyl 1 dene fluoride pol yner

arra}(ééw 4 1&NGinfdnbBhi 1R R R E wre layer outside and a spherical structure

layer inside, the average thickness of the three-dimensional network structure layer is
found according to the following method.

On the photomicrograph of 1,000 magnifications, a distance from an arbitrary
point on the surface of the outer layer to a point where a spherical structure is observed
first along a direction toward the inner layer and perpendicular to a tangential line to
the surface of the outer layer is measured. The distance is the thickness of the
three-dimensional network structure layer. The same procedure is repeated at
arbitrary thirty points, and the obtained values are averaged in number to compute the
average thickness of the three-dimensional network structure layer.

The average thickness of a spherical structure layer can also be computed in
the similar manner. However, in following examples, the spherical structure layer of
the separation membrane is thick and the fluorine resin polymer separation membrane
from the surface of the outer layer to the surface of the inner layer on the opposite side

cannot be included in a single photomicrograph of 1,000 magnifications, so that the
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measurement has to be done by sticking a plurality of photographs. In the following
examples, microphotographs taken by 100 magnifications are used as the thickness of
the fluorine resin polymer separation membrane at large, and the distance from the
surface of the outer layer to the surface of the inner layer on the opposite side on the
cross section of the fluorine resin polymer separation membrane is measured. The
same procedure is repeated at arbitrary thirty points, and the obtained values are
averaged in number to find the average thickness of the fluorine resin polymer
separation membrane at large. The thickness of the spherical structure layer is
obtained by subtracting the average thickness of the three-dimensional network
structure layer from the average thickness of the fluorine resin polymer separation
membrane at large.

[Confirmation of the presence of micro-voids having a void diameter of 5 um or more
in a three-dimensional network structure layer]

The cross-section of a three-dimensional network structure layer is
photographed with the scanning electron microscope by 3,000 magnifications at
different thirty points. The presence of a micro-void, and the void diameter (long
axis length) of the micro-void are measured from these photographs. When there is
not present a micro-void, or a micro-void having a long axis length of less than 5 pm
alone is present, it is judged that a micro-void having a void diameter of 5 pm or more
is absent. When a micro-void having a long axis length of 5 um or more is present, it
is judged that a micro-void having a void diameter of 5 pm or more is present.

[Pure water permeating performance of a separation membrane]

When a fluorine resin polymer separation membrane is a hollow fiber

membrane, a miniature membrane module is prepared with four hollow fiber

membranes of a length of 200 mm. Using pure water obtained by reverse osmosis
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membrane as the raw water, dead-end membrane filtration under external pressure is
performed for 10 minutes, under the conditions of temperature of 25°C and differential
pressure of filtration of 16 kPa to thereby find a permeated water amount (m®). The
permeated water amount (m’) is converted to a value per a unit time (hr) and an
effective area of membrane (m?), and multiplied by (50/16) times to obtain the value of
a permeated water amount (m>/m?-hr) under pressure of 50 kPa, as the value of pure
water permeability.

[The eliminating rate of dextran having molecular weight of 75,000 in a separation
membrane]

The elimination rate of dextran having molecular weight of 75,000 is
performed with the miniature membrane module described above under the conditions
of temperature of 25°C, differential pressure of filtration of 16 kPa, and membrane
linear velocity of 1 m/s, with an aqueous solution containing 1,000 ppm of dextran
having molecular weight of 75,000 (Dextran 70, manufactured by Pharmacia
Bioprocess Technology) as the raw water for 10 minutes by an external pressure cross
flow system. In the next place, the dextran concentration in the raw water and the
filtered water are respectively measured with a differential refractive index meter
(RID-6A, 100 V, manufactured by Shimadzu Corporation), and the elimination rate of
dextran having molecular weight of 75,000 is computed according the following
expression.

Elimination rate of dextran having molecular weight of 75,000 (%) =[1 —

(dextran concentration in filtered water)/(dextran concentration in raw water)]

x 100
[The tenacity and fracture elongation of a separation membrane]

The tenacity and elongation at the time of breaking of a sample of a
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measurement length of 50 mm are found with a tensile tester (TENSILON RTM-100,
manufactured by Toyo-Baldwin Co.) at a tensile rate of 50 mm/min. This operation
is performed 10 times with a different sample, and the obtained values are number
averaged to obtain the average values of the tenacity and fracture elongation. In the
case of a plain membrane, the width of a sample is 5 mm.

[Air scrubbing durability evaluation of a separation membrane]

An air scrubbing durability test as described below was performed in order to
evaluate the physical durability of the separation membrane. A membrane module is
manufactured by filling a bundle of 1,500 hollow fiber membranes in a cylindrical
transparent container having a diameter of 10 cm and a length of 100 cm. The
membrane module is then filled with drinking water, and the membrane surface is
subjected to air scrubbing by continuously supplying air from a lower part of the
container at a rate of 100 /min. The air scrubbing is carried out continuously for 122
days, and then the fibers are inspected for breakage in 122 days. The period of 122
days is equivalent to air scrubbing for 10 years in the case of adopting the operation
method of performing air scrubbing for 1 minute in the frequency of every 30 minutes.
Example 1

Vinylidene fluoride homopolymer having weight average molecular weight of
417,000 and y-butyrolactone in the proportion of 38 wt% and 62 wt% respectively
were dissolved at 170°C. The polymer solution was discharged from a nozzle being
accompanied by y-butyrolactone as a hollow part-forming liquid, and solidified in a
cooling bath comprising an 80 wt% aqueous solution of y-butyrolactone at 20°C,
whereby a hollow fiber membrane having a spherical structure was manufactured.

In the next place, in the proportion of 14 wt% of vinylidene fluoride

homopolymer having weight average molecular weight of 284,000, 3 wt% of cellulose
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acetate (cellulose triacetate, CA435-75S, manufactured by Eastman Chemical
Company), 77 wt% of N-methyl-2- pyrrolidone, 3 wt% of polyoxyethylene coconut oil
fatty acid sorbitan (Ionet T-20C, trade name, manufactured by Sanyo Chemical
Industries Ltd., hereinafter abbreviated to T-20C), and 3 wt% of water were mixed and
dissolved at 95°C to prepare a polymer solution. The prepared film-forming stock
solution was uniformly coated on the surface of the hollow fiber membrane having a
spherical structure, and the coated solution was immediately coagulated in a 30 wt%
N-methyl-2-pyrrolidone aqueous solution to form a hollow fiber membrane
comprising a spherical structure layer having formed thereon a three-dimensional
network structure layer.

The obtained hollow fiber membrane had an outside diameter of 1,340 um, an
inside diameter of 780 um, the average diameter of the spherical structure of 2.8 um,
the average surface pore size of the three-dimensional network structure layer of 14
nm, the average thickness of the three-dimensional network structure layer of 38 um,
the average thickness of the spherical structure layer of 243 pm, pure water
permeability of 0.15 m*/m”-hr, the eliminating rate of dextran having molecular weight
of 75,000 of 86%, tenacity of 8.0N, and fracture elongation of 85%. A micro-void
having a void diameter of 5 um or more was not present in the three-dimensional
network structure layer.

The electron microphotograph (1,000 magnifications) of the cross-section of
the hollow fiber membrane manufactured is shown in Fig. 1. The electron
microphotograph (60,000 magnifications) of the surface of the hollow fiber membrane
(the surface of the three-dimensional network structure layer) is shown in Fig. 2.

As a result of the evaluation of air scrubbing durability, fiber breakage was

not observed at all even after 122 days.
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highly practicable and usable for a long period of time as the filtration membrane for
the elimination of virus. The results of evaluations are summarized in Table 1 below.
Example 2

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, 13 wt% of vinylidene fluoride homopolymer having weight
average molecular weight of 284,000, 4 wt% of cellulose acetate (CA435-75S,
manufactured by Eastman Chemical Company), 77 wt% of N-methyl-2-pyrrolidone, 3
wt% of T-20C, and 3 wt% of water were mixed and dissolved at 95°C to prepare a
polymer solution. The prepared film-forming stock solution was uniformly coated on
the surface of the hollow fiber membrane having a spherical structure, and the coated
solution was immediately coagulated in a 30 wt% N-methyl-2-pyrrolidone aqueous
solution to form a hollow fiber membrane comprising a spherical structure layer
having formed thereon a three-dimensional network structure layer.

The obtained hollow fiber membrane had an outside diameter of 1,340 um, an
inside diameter of 780 pm, the average diameter of the spherical structure of 2.7 pm,
the average surface pore size of the three-dimensional network structure layer of 10
nm, the average thickness of the three-dimensional network structure layer of 35 pm,
the average thickness of the spherical structure layer of 244 pum, pure water
permeability of 0.11 m*/m?*hr, the eliminating rate of dextran having molecular weight
of 75,000 of 90%, tenacity of 8.1N, and fracture elongation of 86%. A micro-void

having a void diameter of 5 um or more was not present in the three-dimensional

network structure.
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As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days.

The obtained hollow fiber membrane is excellent in physical durability, high
in the eliminating rate of dextran, excellent in virus eliminating performance, and is a
highly practicable filtration membrane for the elimination of virus. The results of
evaluations are summarized in Table 1 below.

Example 3

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, 12 wt% of vinylidene fluoride homopolymer having weight
average molecular weight of 284,000, 3 wt% of cellulose acetate (CA435-75S,
manufactured by Eastman Chemical Company), 79 wt% of N-methyl-2-pyrrolidone, 3
wt% of T-20C, and 3 wt% of water were mixed and dissolved at 95°C to prepare a
polymer solution. The prepared film-forming stock solution was uniformly coated on
the surface of the hollow fiber membrane having a spherical structure, and the coated
solution was immediately coagulated in a 30 wt% N-methyl-2-pyrrolidone aqueous
solution to form a hollow fiber membrane comprising a spherical structure layer
having formed thereon a three-dimensional network structure layer.

The obtained hollow fiber membrane had an outside diameter of 1,340 pm, an
inside diameter of 780 um, the average diameter of the spherical structure of 2.8 um,
the average surface pore size of the three-dimensional network structure layer of 20
nm, the average thickness of the three-dimensional network structure layer of 36 um,
the average thickness of the spherical structure layer of 244 pm, pure water
permeability of 0.25 m’/m?hr, the eliminating rate of dextran having molecular weight

of 75,000 of 80%, tenacity of 7.9N, and fracture elongation of 87%. A micro-void
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having a void diameter of 5 wm or more was not present in the three-dimensional
network structure.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days. The obtained hollow fiber membrane is
excellent in physical durability, high in the eliminating rate of dextran, excellent in
virus eliminating performance, and is a highly practicable filtration membrane for the
elimination of virus. The results of evaluations are summarized in Table 1 below.
Example 4

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, 12 wt% of vinylidene fluoride homopolymer having weight
average molecular weight of 284,000, 7.2 wt% of cellulose acetate (CA435-75S,
manufactured by Eastman Chemical Company), and 80.8 wt% of N-methyl-2-
pyrrolidone were mixed and dissolved at 95°C to prepare a polymer solution. The
prepared film-forming stock solution was uniformly coated on the surface of the
hollow fiber membrane having a spherical structure, and the coated solution was
immediately coagulated in a solidifying bath comprising 100% of water to form a
hollow fiber membrane comprising a spherical structure layer having formed thereon a
three-dimensional network structure layer.

The obtained hollow fiber membrane had an outside diameter of 1,340 pm, an
inside diameter of 780 um, the average diameter of the spherical structure of 2.8 pum,
the average surface pore size of the three-dimensional network structure layer of 20
nm, the average thickness of the three-dimensional network structure layer of 35 pm,
the average thickness of the spherical structure layer of 244 um, pure water

permeability of 0.30 m*/m*hr, the eliminating rate of dextran having molecular weight
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of 75,000 of 90%, tenacity of 7.0N, and fracture elongation of 55%. A micro-void
having a void diameter of 5 pm or more was not present in the three-dimensional
network structure.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days. The obtained hollow fiber membrane is
excellent in physical durability, high in the eliminating rate of dextran, excellent in
virus eliminating performance, and is a highly practicable filtration membrane for the
elimination of virus. The results of evaluations are summarized in Table 1 below.
Comparative Example 1

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, 16 wt% of vinylidene fluoride homopolymer having weight
average molecular weight of 284,000, 78 wt% of N-methyl-2-pyrrolidone, 3 wt% of
T-20C, and 3 wt% of water were mixed and dissolved at 95°C to prepare a polymer
solution. The prepared film-forming stock solution was uniformly coated on the

surface of the hollow fiber membrane having a spherical structure, and the coated

solution was immediately coagulated in a 30 wt% N-methyl-2-pyrrolidone aqueous

solution to form a hollow fiber membrane comprising a spherical structure layer
having formed thereon a three-dimensional network structure layer.

The obtained hollow fiber membrane had an outside diameter of 1,340 um, an
inside diameter of 780 pm, the average diameter of the spherical structure of 2.8 pm,
the average surface pore size of the three-dimensional network structure layer of 56
nm, the average thickness of the three-dimensional network structure layer of 34 pm,
the average thickness of the spherical structure layer of 244 pm, pure water

permeability of 1.05 m*/m? hr, the eliminating rate of dextran having molecular weight
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of 75,000 of 32%, tenacity of 8.0N, and fracture elongation of 84%. A micro-void
having a void diameter of 5 um or more was not present in the three-dimensional
network structure.  Since the obtained hollow fiber membrane did not contain
cellulose ester, the average surface pore size of the three-dimensional network
structure layer was large.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days. The obtained hollow fiber membrane is
excellent in physical durability, but low in the eliminating rate of dextran and inferior
in virus eliminating performance, so that it is not suitable as the filtration membrane
for the elimination of virus. The results of evaluations are summarized in Table 2
below.

Comparative Example 2

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, 15 wt% of vinylidene fluoride homopolymer having weight
average molecular weight of 284,000, 1 wt% of cellulose acetate (CA435-758,
manufactured by Eastman Chemical Company), 78 wt% of N-methyl-2-pyrrolidone, 3
wt% of T-20C, and 3 wt% of water were mixed and dissolved at 95°C to prepare a
polymer solution. The prepared film-forming stock solution was uniformly coated on
the surface of the hollow fiber membrane having a spherical structure, and the coated
solution was immediately coagulated in a 30 wt% N-methyl-2-pyrrolidone aqueous
solution to form a hollow fiber membrane comprising a spherical structure layer
having formed thereon a three-dimensional network structure layer.

The obtained hollow fiber membrane had an outside diameter of 1,340 pm, an

inside diameter of 780 um, the average diameter of the spherical structure of 2.7 pm,
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the average surface pore size of the three-dimensional network structure layer of 41
nm, the average thickness of the three-dimensional network structure layer of 35 um,
the average thickness of the spherical structure layer of 246 um, pure water
permeability of 0.40 m’/m” hr, the eliminating rate of dextran having molecular weight
of 75,000 of 60%, tenacity of 8.1N, and fracture elongation of 85%. A micro-void
having a void diameter of 5 um or more was not present in the three-dimensional
network structure. Since the mixing ratio of the cellulose ester to the fluorine resin
polymer was low, the average surface pore size of the three-dimensional network
structure layer of the obtained hollow fiber membrane was large.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days. The obtained hollow fiber membrane is
excellent in physical durability, but low in the eliminating rate of dextran and inferior
in virus eliminating performance, so that it is not suitable as the filtration membrane
for the elimination of virus. The results of evaluations are summarized in Table 2
below.

Comparative Example 3

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, a polymer solution was prepared with the same composition
as in Example 1. A hollow fiber membrane comprising a spherical structure layer
having thereon a three-dimensional network structure layer was formed in the same
manner as in Example 1, except that a 30 wt% N-methyl-2- pyrrolidone aqueous
solution of the solidifying bath was replaced with water.

The obtained hollow fiber membrane had an outside diameter of 1,340 pm, an

inside diameter of 780 um, the average diameter of the spherical structure of 2.8 um,
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nm, () average thickness of the three-dimensional network structure layer of 38 pm,
the average thickness of the spherical structure layer of 243 pm, pure water
permeability of 0.30 m*/m?hr, the eliminating rate of dextran having molecular weight
of 75,000 of 54%, tenacity of 8.0N, and fracture elongation of 85%. Since water was
used as the solidifying bath, it was confirmed that micro-voids having a void diameter
of 5 pm or more were present on every cross-section of the obtained hollow fiber
membrane, and the proportion of the presence of micro-voids having a void diameter
of 5 pm or more was 100%.

The electron microphotograph (1,000 magnifications) of the cross-section of

the hollow fiber membrane manufactured is shown in Fig. 3.  The electron

microphotograph (60,000 magnifications) of the surface of the hollow fiber membrane

(the surface of the three-dimensional network structure layer) is shown in Fig. 4.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days. The obtained hollow fiber membrane is
excellent in physical durability, but low in the eliminating rate of dextran and inferior
in virus eliminating performance, so that it is not suitable as the filtration membrane
for the elimination of virus. The results of evaluations are summarized in Table 2
below.

Comparative Example 4

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, 11 wt% of vinylidene fluoride homopolymer having weight
average molecular weight of 284,000, 2 wi% of cellulose acetate (CA435-75S,

manufactured by Eastman Chemical Company), 81 wt% of N-methyl-2-pyrrolidone, 3
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wt% of T-20C, and 3 wt% of water were mixed and dissolved at 95°C to prepare a
polymer solution. The prepared film-forming stock solution was uniformly coated on
the surface of the hollow fiber membrane having a spherical structure, and the coated
solution was immediately coagulated in a 30 wt% N-methyl-2-pyrrolidone aqueous
solution to form a hollow fiber membrane comprising a spherical structure layer
having formed thereon a three-dimensional network structure layer.

The obtained hollow fiber membrane had an outside diameter of 1,340 um, an
inside diameter of 780 um, the average diameter of the spherical structure of 2.8 um,
the average surface pore size of the three-dimensional network structure layer of 34
nm, the average thickness of the three-dimensional network structure layer of 35 um,
the average thickness of the spherical structure layer of 245 pm, pure water
permeability of 0.34 m*/m?*hr, the eliminating rate of dextran having molecular weight
of 75,000 of 52%, tenacity of 8.0N, and fracture elongation of 86%. A micro-void
having a void diameter of 5 um or more was not present in the three-dimensional
network structure. Since the concentration of polymer was low, the average surface
pore size of the three-dimensional network structure layer of the obtained hollow fiber
membrane was large.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days. The obtained hollow fiber membrane is
excellent in physical durability, but low in the eliminating rate of dextran and inferior
in virus eliminating performance, so that it is not suitable as the filtration membrane
for the elimination of virus. The results of evaluations are summarized in Table 2
below.

Comparative Example 5

Vinylidene fluoride homopolymer having weight average molecular weight of
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284,000 (14 wt%), 2 wt% of cellulose acetate (CA435-75S, manufactured by Eastman
Chemical Company), 78 wt% of N-methyl-2-pyrrolidone, 3 wt% of T-20C, and 3 wt%
of water were mixed and dissolved at 95°C to prepare a polymer solution. The
polymer solutton was discharged from a nozzle being accompanied by a 30 wt%
N-methyl-2-pyrrolidone aqueous solution as a hollow part-forming liquid and a
solidifying liquid, and solidified in a 30 wt% N-methyl-2-pyrrolidone aqueous solution
at 40°C, whereby a hollow fiber membrane comprising a three-dimensional network
structure alone was manufactured.

The obtained hollow fiber membrane had an outside diameter of 1,340 um, an
inside diameter of 780 pm, the average surface pore size of the three-dimensional
network structure layer of 19 nm, the average thickness of the three-dimensional
network structure layer of 280 pm, pure water permeability of 0.21 m*/m* hr, the
eliminating rate of dextran having molecular weight of 75,000 of 80%, tenacity of
2.0N, and fracture elongation of 28%. A micro-void having a void diameter of 5 um
or more was not present in the three-dimensional network structure. Since the
obtained hollow fiber membrane does not have a spherical structure layer, tenacity and
fracture elongation were low.

As a result of the evaluation of air scrubbing durability, fiber breakage was
observed after 11 days, and several ten fibers broke after 20 days. The obtained
hollow fiber membrane is high in the eliminating rate of dextran, but inferior in
physical durability, so that so that it is not practicable as the filtration membrane for
the elimination of virus. The results of evaluations are summarized in Table 3 below.
Comparative Example 6

A hollow fiber membrane having a spherical structure was prepared in the

same manner as in Example 1. A three-dimensional network structure layer was not
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formed on the spherical structure layer of the hollow fiber membrane, and the sample
was evaluated as hollow fiber membrane as it was.

The obtained hollow fiber membrane had an outside diameter of 1,340 pm, an
inside diameter of 780 pm, the average diameter of the spherical structure of 2.7 um,
the average thickness of the spherical structure layer of 280 um, pure water
permeability of 2.02 m*/m*hr, the eliminating rate of dextran having molecular weight
of 75,000 of 10%, tenacity of 8.1N, and fracture elongation of 84%.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 day. The obtained hollow fiber membrane is
excellent in physical durability, but low in the eliminating rate of dextran and inferior
in virus eliminating performance, so that it is not suitable as the filtration membrane
for the elimination of virus. The results of evaluations are summarized in Table 3
below.

Comparative Example 7

First, a hollow fiber membrane having a spherical structure was prepared in
the same manner as in Example 1.

In the next place, a polymer solution was prepared with the same composition
as in Example 1. A hollow fiber membrane comprising a spherical structure layer
having thereon a three-dimensional network structure layer was formed in the same
manner as in Example 1, except that the average thickness of the three-dimensional
network structure layer was changed from 38 um to 125 um.

The obtained hollow fiber membrane had an outside diameter of 1,514 um, an
inside diameter of 780 um, the average diameter of the spherical structure of 2.8 um,
the average surface pore size of the three-dimensional network structure layer of 16

nm, the average thickness of the three-dimensional network structure layer of 125 pm,
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the average thickness of the spherical structure layer of 242 um, pure water
permeability of 0.10 m*/m*hr, the eliminating rate of dextran having molecular weight
of 75,000 of 70%, tenacity of 8.2N, and fracture elongation of 75%. Micro-voids
having a void diameter of 5 um or more were present in the three-dimensional network
structure.  Since the three-dimensional network structure layer is as thick as 125 um,
the obtained hollow fiber membrane has micro-voids having a void diameter of 5 pm
or more.

As a result of the evaluation of air scrubbing durability, fiber breakage was
not observed at all even after 122 days. The obtained hollow fiber membrane is
excellent in physical durability, but low in the eliminating rate of dextran due to the
presence of micro-voids and not suitable for the elimination of virus. The results of
evaluations are summarized in Table 3 below.

Comparative Example 8

Membrane filtration was performed with a hollow fiber membrane made of
polyacrylonitrile (trade name: Torayfil (registered trademark), article No.: CP10-1010,
manufactured by Toray Industries Inc.). The hollow fiber membrane comprises
polyacrylonitrile having a three-dimensional network structure layer alone.

The hollow fiber membrane had an outside diameter of 480 um, an inside
diameter of 350 um, the average surface pore size of the three-dimensional network
structure layer of 10 nm, the average thickness of the three-dimensional network
structure layer of 65 pum, pure water permeability of 0.18 m’/m’-hr, the eliminating rate
of dextran having molecular weight of 75,000 of 80%, tenacity of 0.7N, and fracture
elongation of 85%. A micro-void having a void diameter of 5 uym or more was not
present in the three-dimensional network structure. Since the hollow fiber membrane

is formed of polyacrylonitrile and does not have a spherical structure layer, tenacity is
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As aresult of the evaluation of air scrubbing durability, fiber breakage was
observed after 50 days, and several ten fibers broke after 80 days. The hollow fiber
membrane is high in the eliminating rate of dextran, but inferior in physical durability,
so that so that it is not practicable as the filtration membrane for the elimination of

virus. The results of evaluations are summarized in Table 3 below.
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1. Afluorine resin polyner separation nmenbrane
conprising: a layer having a three-di nensi onal network
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having a void dianmeter of 5 u mor nore, and the
fluorine resin polyner separation nmenbrane has
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phamﬁa&auaeﬁ rdhufAchireEdot indils@ier) dhd BIGRT @kdhihd Mefidrdnds.0SR
ester is cellul ose acetate. 3. The fluorine

parﬁaﬂamm@qmbm% r&%p{%@hiep SepaRitih 3NEnBrEnE tal BBStefebatily add for
whi ch has the Tayer having a three-di mensi ona

the ’éﬁﬁl‘ﬁ'&"tﬂén oF M%Hfg%xﬁﬁls%ﬁcw&kt £ViTRsih o 1808 4. The
| uorine resin polynmer separation nenbrane as cl ai ned

|n claim1l, wherein the thickness of the |ayer having
a three-dinmension network structure is from20 to 120
m 5. The fluorine resin polymer separation
menbrane as clained in claim1l, wherein the average
size of approxi mately spherical solid conponents
present in the layer having a spherical structure is
from0.1 to 5 m 6. The fluorine resin polyner
separation nenbrane as clainmed in claim1, wherein the
| ayer having a spherical structure conprising a
fluorine resin polyner does not substantially contain
cel l ul ose ester. 7. The fluorine resin polyner
separation nmenbrane as clainmed in claiml1, which is a
hol | ow fi ber separati on nenbrane having: pure water
perneability at 50 kPa and 25C of from0.10 to 10 to
nB8/ n2thr; tenacity of 5N or nore; and fracture
el ongati on of 50% or nore. 8. A nmenbrane nodul e
utilizing the polyner separation nenbrane as clai ned
inclaiml as a filtration nmenbrane. 9. A
manuf acturi ng nethod of a fluorine resin polyner
separation nmenbrane conpri sing: coating, on the
surface of a layer having a spherical structure
conprising a fluorine resin polyner, a polyner
solution containing a fluorine resin polyner and
cellulose ester in an mxing ratio of the cellul ose
ester to the fluorine resin polyner of from20 to 75
wt % and solidifying the coated solution in a
solidifying bath to thereby forma |ayer having a
t hr ee- di nensi onal network structure not substantially
containing mcro-voids of a void dianmeter of 5 pm or
nore on the surface of the |ayer having a spherica
structure. 10. The manufacturing nmethod of a
fluorine resin polyner separation nenbrane as cl ai ned
in claim9, wherein the |ayer having a spherica
structure conprising a fluorine resin polymer does not
substantially contain cellul ose ester. 11. A
manuf acturi ng nethod of a fluorine resin polyner
separ ati on nenbrane, conpri sing:
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di schargi ng a pol yner solution containing cellul ose

ester and a fluorine resin polyner in an mxing ratio

of the cellul ose ester to the fluorine resin polyner

of from20 to 75 W%, and a fluorine resin polyner

sol uti on not substanti all ontalnlng cel lul ose ester,

si mul taneously fromdie; solidifying the

di scharged solutions in a solldlfying bath to thereby

forma lamnated fil mconprising a three-di nensi ona
net wor k <A flucting @singpbymeraapurationngerhbrané tomprisieg:r esi n
pol y ont ai njng cellul ose ester and not

S ub St AH Ving dbiRe: AREHPR] BIFOUIBEWEAg a voi d

di a gnd a spherical structure
Iaygﬁhggﬁgyfgag ‘QL p?ﬁﬁbrlne resin polymer.

12. villeeeimtireufparthavingg theet hibdemsional hdtwork stmicture does not

B s R O
FIYOBNE ECS%HS%(??’IPIQII o aﬁgr? lnléf'rlb aﬁle'hQS a(fgntpggo{n%r@% %%}éﬁ@ﬁ by

concen e SO ron IS rom

thé dléminatiomtate 6t 09 of mokeofakirhh BsEngibculad welpht of 75,000,
quorlne resin polymer is 20 wt% or nore and | ess ha_n
whegeipthg, laygrhaying astBIePd%lmwwaba%tworlgst&w%F FAPPYIHG fi%’(‘ﬂ

resgxg P?I%Ehir%!r E&nf)&%&g&gﬁta“fﬂhg %ﬁul?s; e dsfaf a%h'ﬂl%ﬂnﬁ& dg ga?b;bf the

e~ manuf act ur’i ng met
cefluloss éstar to gwifluopink yesbr palgpar i tfioom 20rentfy witfe. as cl ai ned
inclaim9 or 11, wherein the polyner solution
containing cellulose ester is a polyner solution in
whi ch the total polynmer concentration in the solution
is from14 to 30 % and the mxing ratio of the
c eI |2u | os d'hgdtuering gesirhpolymenseparatior giembpuieyassiaitned firdaxm 1,

whereln 9ne cellV\fose ester is cellulose acetate.

3. The fluorine resin polymer separation membrane as claimed in claim 1,
which has the layer having a three-dimensional network structure as an outermost

layer.

4. The fluorine resin polymer separation membrane as claimed in claim 1,
wherein the thickness of the layer having a three-dimension network structure is from
20to 120 um.

5. The fluorine resin polymer separation membrane as claimed in claim 1,
wherein the average size of approximately spherical solid components present in the

layer having a spherical structure is from 0.1 to 5 £ m.
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6. The fluorine resin polymer separation membrane as claimed in claim 1,
wherein the layer having a spherical structure comprising a fluorine resin polymer

does not substantially contain cellulose ester.

7. The fluorine resin polymer separation membrane as claimed in claim 1,
which is a hollow fiber separation membrane having: pure water permeability at 50
kPa and 25°C of from 0.10 to 10 to m*/m*hr; tenacity of 5N or more; and fracture

elongation of 50% or more.

8. A membrane module utilizing the polymer separation membrane as

claimed in claim 1 as a filtration membrane.

9. A manufacturing method of a fluorine resin polymer separation
membrane comprising:

coating, on the surface of a layer having a spherical structure comprising a
fluorine resin polymer, a polymer solution containing a fluorine resin polymer and
cellulose ester in an mixing ratio of the cellulose ester to the fluorine resin polymer of
from 20 to 75 wt%; and

solidifying the coated solution in a solidifying bath to thereby form a layer
having a three-dimensional network structure not substantially containing micro-voids

of avoid diameter of 5 4 m or more on the surface of the layer having a spherical

structure,

10.  The manufacturing method of a fluorine resin polymer separation
membrane as claimed in claim 9, wherein the layer having a spherical structure

comprising a fluorine resin polymer does not substantially contain cellulose ester.
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11. A manufacturing method of a fluorine resin polymer separation
membrane, comprising:

discharging a polymer solution containing cellulose ester and a fluorine resin
polymer in an mixing ratio of the cellulose ester to the fluorine resin polymer of from
20 to 75 wt% , and a fluorine resin polymer solution not substantially containing
cellulose ester, simultaneously from die; and

solidifying the discharged solutions in a solidifying bath to thereby form a
laminated film comprising a three-dimensional network structure layer comprising the
fluorine resin polymer containing cellulose ester and not substantially containing

micro-voids having a void diameter of S # m or more, and a spherical structure layer

comprising the fluorine resin polymer.

12. The manufacturing method of a fluorine resin polymer separation
membrane as claimed in claim 9 or 11, wherein the polymer solution containing
cellulose ester is a polymer solution in which the total polymer concentration in the
solution is from 14 to 30 wt%, the mixing ratio of the cellulose ester to the fluorine
resin polymer is 20 wt% or more and less than 50 wt%, and the solidifying bath is a

solidifying bath containing the good solvent of the fluorine resin polymer.

13.  The manufacturing method of a fluorine resin polymer separation
membrane as claimed in claim 9 or 11, wherein the polymer solution containing
cellulose ester is a polymer solution in which the total polymer concentration in the
solution is from 14 to 30 wt%, and the mixing ratio of the cellulose ester to the

fluorine resin polymer is from 50 to 75 wt%.
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