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DESCRI PTI ON  FLUORORESI N POLYMER 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
10 pharnmaceutical manuhpgeériEFionpod i ndustries, and
bl ood cl eani ng nmenbranes. In particular, the
invention relates to a fluorine resin pol yner
separation nmenbrane especially suitable as a
filtration nmenbrane for the elimnation of
FRUQRGRESRY &AL YMMER SEPARATION MEMBRANEAND PROCESS FOR
Background Art SepBRODUECINGIbDES®MEre utilized as
filtration nenbranes in recent years in various
fields, e.g., fields of water processing such as
nanufacture of drinking water, water purification
Tec:%u[x glt or waste water treatnment, and in a field of
ustrles In a field of mater proceSS|ng such
nufac

2 th BBt a8 R B RE Ry kR pnbrane
suits s ReTEain RompEne ﬁfﬁ&%feg'ﬁ’i‘o%S?%wﬁ?9%%3?%@% 4
arikipg BBl g et Sete 8 aPuEs Rl shan i MaE fRids of
Pha?%ggeelﬁ%ﬁ i, 5 Sl L%E,ql'%?ﬁé% 2. %

ﬁ}lon nenbr.anes aﬁe used .in hese vari. ous f%elds

e YraER IS fouh e fepieyg MR oREAGH Bembrane
esp céﬁl f:“ga %gﬁﬁlgﬁégf Fﬁﬁ\% V\qs%ﬁgv\?%lglirleégte ?%Er%torg;msn{sssuch

erfaormgnce, in filtration, since a great anount of
fusin@ig¥d be filtered. Greater water perneating
perfornance makes it

Background Art

Separation membranes are utilized as filtration membranes in recent years in
various fields, e.g., fields of water processing such as manufacture of drinking water,
water purification treatment, or waste water treatment, and in a field of food industries.
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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possible to reduce the area of nenbrane to be used for
filtration process, and a 5 resulting conpact
filtration apparatus can reduce the facility costs, so
that it is also advantageous fromthe costs of
menbr ane exchange and the space for installation. 1In
a field of water purification treatnent, separation
menbranes are al so required to have chenica
tredtRShi A SEoh & WHE FuftlShibd | u i it
© hypotéfﬁ or?‘% e s a@'geof tlolll trﬁéﬁl\%gtg}”ﬁe glgm%%%ténﬁgt’ itis
: f ' ' .i.na.
R e L T
j id, -an._.al kal i hlorine.or .
3 PERARE U ERBRAL: CRON SRt perkidplly Pinflpaoe males it
separat

. ; . .
SO N Ry R T
ired t ' tion,. f .
R LR SRS 2 FERRS SRS i
adv}%\ﬁ%lg?soéﬁ% R:(éer%/ :theFS)cg%tg :,ogfarl}e trﬁ%qr e?%ﬁtrcg?]rgé%?agge %}eage oartﬂlétélltle}{ion.

polyvg€%lid ne fluaride resins having both chem ca
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hysi gal strength have been used in various fields. . .
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ter, pharmaceutj cal uf acture, and food. i )

addef} i e ingpephEns Pl ff?’f ﬁi’ﬁ PUERASH Pge@é{e%&rhg bipfontiag on

to 20 nanufacturingblines and prgd cts, sh&ie_if X
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nuf acturin rocesses, the nuf act uri | ines. are
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i nfected with pathogeni c ni crobes such as a virus
sepgratigR mempranes $p a8 pPGR C&Fsefrgrﬁa&"lag% HePHE¥s. As the

sterjlizing nethods, heating treatnent and treatnent

¢ 1 iteFARAHIHON SRRPDTaRES AF BpHEd L0 Rave SUPRSIOr ERATALIG,

hggfe treatments have 25 little effect. on viruses
Perfpyangs, hemicabtreaghappaHerlan shirpipl registrage)physical strength

Therefqre, as a 2 neans of physically elininating
and perpsehilitye fycardngly. sepHRIPHmg@PIges Bi3ds gt pJyvinylidene

menbranes has cone to attract public attention..
flugridegesing Baving hethishamical strangtl (ip particylay, ¢hemicakresistance) and

judged in accordance with sizes and separately renoved
physicghsteangdshaye begmpsedrn vadousfidger t i es and cheni cal

properties of viruses. o .
Further, in the fields of manufacture of drinking water, pharmaceutical

manufacture, and food industries, various sterilizing techniques are applied to
manufacturing lines and products, since if pathogenic microbes such as a virus are
mixed in manufacturing processes, the manufacturing lines are contaminated, and there
are dangers that the products infected with pathogenic microbes such as a virus cause
mass infection of final consumers. As the sterilizing methods, heating treatment and
treatment with chemicals such as chlorine are exemplified, but these treatments have

little effect on viruses having heat resistance and chemical resistance. Therefore, as a
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5 As described above, it has been strongly required
for separation nenbranes to have higher water
perneating performance, and the inprovenents to better
water perneability have been done repeatedly. For
exanple, there is disclosed in JP-B-1-02203 (the term
"JP-B" as used herein refers to an "exam ned Japanese
patent publication"”) an asymetric nenbrane

meAR B ph§i iyl Rgh Mt g Wihisele Merh brasy ﬁﬁﬁubﬁ‘%hﬁg %Qpeﬂavdmg a
structure provided with a thin dense |ayer for
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hin the menbrane for obtaining both excellent
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asynnetrlc menbr ane reveal s excel I'ent
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JP- ﬂelf 8%035@9&?%12 fPhEI”ra]lh %sed I reln rettgl“3 t hl ng‘examme Ja(l: ra%g;% ﬂa?ent

preseént ense e VITUuUS s
t he .m.cr ds fromtr1 def

pubﬁlﬁ%n({ﬂgpan as érhrrrll%t ic puem! Qtr Yol Oé{l%rbsl%%? Fﬁerie tfuoncfg resin
nanfic il o i PR R P sgtl'éfea?% s'eﬁ'er%ﬂpé O g Rbrhe
w0 e e R G R0 e

Cro- v0|ds t.he n1cr§ VOi

abilSG AR TR ey ETR s A% i eceoTghe T ueieh SntWiter

| aye 25, JP- A-58-918 the term"JP- A"

perreXiality tROE PEOIHOB AL (e Seme AT nd R rond aehpteduce
atent. a p|IC tion") and JP-A-58-93734 discl ose

AR B TIHGRCTHE MsTAREn P CHFCGAR (Y Gpse where

queous_al co and h er hilic inorg
Stn%agt%wep%%o%sraaﬁamaw&# IS Sihstmee wﬁ/{’; teﬁﬁ@ r%@ﬁélde of
fluoride resin nd then extracting and renoving .
perpRaied WAﬁM?%{ec%wa| SFRFeP éherfﬁa’r"éiﬁa‘rﬂflt}“é’“i/ o Gmple
fine particles to 5 thereby obtain a separation
congeiiAtigR. According to these nethods, separation

However, in the case of eliminating a virus, if the defect such as a pinhole or
something like a crack is present on the thin dense layer, the virus strikes through the
micro-voids from the defect, so that the virus cannot be eliminated completely.
Accordingly, for preventing the striking through of a virus even if a pinhole or a crack
occurs, it is required that the separation membrane has a dense layer not containing
micro-voids, or even if the dense layer contains micro-voids, the micro-voids are
sufficiently small to the thickness of the dense layer.

JP-A-58-91808 (the term “JP-A” as used herein refers to an “unexamined
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menbr anes having a dense |ayer not containing

m cro-voi ds can be obtained. However, extraction
requires special operations, and if the renoval of the
additives by extraction is insufficient, these
additives remain in the separati on nenbrane as foreign
matters. Further, when the thickness of the nenbrane
is reduced to increase the 10 water pernmneating

pubBhELTAFRAGE pafent 5HIRERGH FhAPIP-KESROENEY dikdlobsSmethods of
difficult to reveal physical strength of the suitable

fongkﬁ%raeﬁe&%%%weya@ﬁn Qﬁoﬁd@%&&tdlﬁomﬁﬁgg?@?ﬁ itbi€arlifine

e manufacture of drinking water, water I catTon
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I'sclose he nanu_acturé of a
o AR B U2 R AL Bkt

BN LS B CRL e DO 00 M
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i n.ended to be used .20 form.m cro-voids is .
extO R e oot IS ARUTT grmt S B & pafa PR inbrage g foreign
maff51 o Firthed e e Fokita’ LS AT roR O LR ercase the”
waigf pETeGhng REAoTHIGe QL BT EIPT HERBRaRet SR e sl
oS SR ot VP38t B e

elininatioE&Qf.virus conprising a coarse structure

themanufaciis of, grigking watern Wtk puficagion treatmgnt, andvaste water,

structure | ayer having a small nunerical aperture.
regi@eilyer, the thickness is as thin as 80 mor |ess,
and fhyslcal strength is sacrificed for revealin

pr act hak @sdasedrin S8l fd? B)@rm%ﬂ%ﬁ%r@,of@éewaf?or} t

is difficult to use this s%paration menpr ane
membrng iy disingaahiguid epafrmingtnorsioss ef ths splyepheaappqpenipnt a

arts, in the case of a seFaration menbr ane havjng
polywinykidens flupsids aesimper solidifving ket to sorenlaffos polyvinglidens a

t hi ckness of a degree capabl e of . i
fluoride resin discharged to thereby delay the phase separation rate at the time of
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
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elimnating viruses and not containing m cro-voids,
there are drawbacks that when the thickness has
practicably high physical strength, water perneability
conspi cuously lowers and, contrary to this, when
water perneability is sufficiently practicable, 10
physi cal strength is conspicuously deteriorated.
Accordingly, it is difficult to reconcile physi ca

t I a
apepthfeS Al AR sthRhGE lﬂ%ﬁer A $ gg gg éﬂsjlﬂﬁz ei?ﬂre dg—lgfvst/eve% the

practicable level.

tlncmgsg é? g{]ﬁhﬁﬂ@ ],gg(%? §ds8 gag.gfp{x%gﬁ)sugﬁ%th H%HZEPE for re%eahng
pra&?c‘éb%gwef'ler Mgﬂ@r ;g?fo@ﬁg%"g di / léﬁ?ﬁél%t%'uigwlg %%)%a%on

can be got 00r

me,%t,}a},yflé]j ?{gdfafa%aafgggg}tm gnlgm Dol I ow fi ber menbrane

yacry onitrile (trade nane:
Cpr b PSR L R et pitaig Phe&ugﬂeﬁiavmgmed :
t he hol.l f
deng l%?{?f VT A R 'tﬁbﬁﬁ%%r poltfee ciedbls gf, |
| st | t
cliBe Brugh i Prsotfiind 15%5' SRt e e QhmefPari Shps e the
thicResies pEctiSHCREh Auclool SHERHR, WeREPeREAD N B g cuously
lows ad Cepioaeto i, BHED BEPERIrBISY RywiSHDoTagicavle.
Patent Lit t 3., JP- A-58-93734 25 Pate
phye{%eﬁ%qﬁpg@égﬁgn85%%AU%% detprigmieds pfcaIEbPAITNtEe o
B
a an, 267 (1995) 5 Disclosyre of the Invention
Pr oleé?ﬁ% isedeggriber dn thedsaltiob the 29" 1Annya| Meetipe %beé@f of
the invention is to solve the above problens n the

En‘ﬂ@nafte@ep Astociatign Japagy P b (PP Sithat{dP pEegl hplwm%ﬁmg a

Paratlon menbr ane excellent in a virus-eli i ng
dlame er of 23 nm and a spherical structure can be got rid of by 99. 99999% or more by

membrane filtration treatment with a hollow fiber membrane formed of specific
polyacrylonitrile (trade name: Torayfil (registered trademark), article No.: CP10-1010,
manufactured by Toray Industries Inc.). However, since the hollow fiber membrane
is a separation membrane made of polyacrylonitrile, low in chemical strength and
physical strength, and is deteriorated in a short period of time when membrane
filtration operation accompanied by washing with chemicals is performed, so that the
membrane is difficult to use practically.

Patent Literature 1: JP-B-1-02203

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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property, further excellent in various performances,
e.g., water perneability, chemcal 10 strength

(chem cal resistance), physical strength, and an
antifouling property, and suitable for practicable
use as a filtration nmenbrane for the elimnation of
viruses. Means for Solving the Problens The pol yner
separation nmenbrane of the invention for achieving the

abo%teri‘tilfépdtﬁ%ts WBoD3jd2eghe ne resin pol ymer

separati on nenbrane conprising a |layer having a

thr%@oﬂj?o fhsmé}éﬂuré‘ﬁt vd%aﬁ%?k‘é" Hhﬁueﬁwilee%n B Wardl2vi NY

a spheric structure, erein ayer Having a
Endilln&&anth I ture does not
nsu stélnt %’F@lé}g}g‘njtggwo @o s)gl ds having a void
di anet er of 5 pmor nore, and the fluorine resin
polyner separation menbrane has filtration
resented by the elimnation rate of 20
Dm@@§n%°¥%1 3Vgﬁpﬁbxtran havi ng nol ecul ar wei ght of
haV|ng a three-di nensi onal

P“%é?ﬁﬁg%tgblﬂ@PﬁWéktSﬁ% Y%es a fluorine resin pol ymer
¢ t )
a5 ghle{o{dRE efigis ol BRGOPRE PIOOUG ebr EFAY & and

r is from20 to 75 wt% The cellyl ose ester. is .
ngl?i&agf Uoging resip PO BReE SepaBiop dnerpranc ysellpmiip ay i aliminasing
avin 25 three-dinensi onal network struct
propdtt ‘H@?eaéag%@nt e/ BBGHRPTFENTAPCHPef gewam@eaaﬁj%w chgmical
tion nmenbrane of the inyent d.the | ayer
SH%&M@%@@WSW@C@M@% Yrengthaang ap A e G lisRroBRAY. and
net rk st ure is referabl from20 to 120 m  The
suitghle g %fagﬁ“‘zaﬁeo e it fifrrcian BEpb @ﬁﬁ &%r thg plimgnatign of viruses.
conponents present in the |ayer having a spherica
structure is preferably fromO0.1 to 5 m and the |ayer
having a5 spherical structure preferably conprises a
Mepns foF PAkinethe KroRieWper and does not  substantially
contain cellul ose ester. In the case where the poly
sepakhs PAHNARIARERHEN srenhiang ofthe iventionsfos ac}HéerﬂS\R]ﬂe above
fiber menbrane, it is preferred that the hollow fiber
objet b SHerPRESSH LY MR EParation PsBIbFaneopmprisag Adpyeripying a
25Cis fromO0.10 to 10 nB/nR-hr, tenacity is 5N or
thregrdimensiopal petwerk strugiuee aidonlguenhanings sosient sraetare, wherein

the layer having a three-dimensional network structure does not substantially contain
micro-voids having a void diameter of 5 um or more, and the fluorine resin polymer
separation membrane has filtration performance represented by the elimination rate of
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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The pol yner separation nenbrane in the invention is
used as a filtration nenbrane in a nenbrane nodul e.
The pol yner separation nenbrane in the invention can
be manufactured by coating, on the surface of a |ayer
havi ng a spherical structure conprising a fluorine 15
resin polyner, a polyner solution containing a
fluorine resin polyner and cellul ose ester in an

sepa[fhfférpﬁieﬁl@}dng o?thd iiferfifo M{cpﬁg ,}%%I‘ ﬁio'l/cl&l%sg (;}eth% AXQ# h&\ing a

resin po yner of from and so yin

o BEERES 08 b I

St s%g%-a g P A 1
o PRSP €A B3 5 OTHER Py
i LD e grraﬂw%ho@w@fuoé@%%sgﬁ R
I R

fl t t
ol T SE Bt RSPy Ever beharition etk ﬁ5€8f (e dbvehion i
ner sol uti on

hollfgy s et fis PRGETTEA thﬁf{fédﬂfﬂég?bs{ Bewb é%‘?é’ias RiTe, Rater
perRgitlity Ghs0 kRS And 251G i ot R O it Bt B f<Bgrty 0 g more,

| am nat ed f1In1conpr|S|ng a three-di nensional network

and dactie gloBetRds SEX R MLeng the fluorine resin pol ymer
ontalnlng cellul gse ester and .not substantlaII¥

cont dieMohEnGF SEPB24} MEmBEARE AR the ip¥siogiinitedas adfliration

or 5 nore, and a spherical structure |ayer conprising
merpbiang [ HRCARTIEID Wl ymer. In these manufacturing

nmet hods, in the case where the pol yner sol ution

cont RiemohyneeeparRemembEneiiy the lﬁwr!,twarcag &F manyfrctyged by

whi ch t he total pol yner ~concentration in the sol ution
coating, fondhy surface ofe layenhavinga spkerisrkstigtura eprpising pdluorine

cellul ose ester to the fluorine resin polymer is 20
resipvpodysierropdymatisaletion qamtainisg aupying rasin ReJymar pid erilulose

bat h containing the good solvent of the fluorine resin
estepdnt gmmixing ratipeaf the celtubese soter ti thy iflgriparasin prlympreef frem 20

t he case where the polynmer sol ution containin
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 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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cellul ose ester is a polyner solution in which the
total polynmer concentration in the solution is from
14 to 30 wt% and the nmxing ratio of the cellul ose
ester to the fluorine resin polymer is from50 to 75
w % the good solvent of the fluorine resin 15 pol ynmer
may not be contained in the solidifying bath. Effect
of the Invention The fluorine resin polyner separation

cellﬁﬁ%g@és‘%&eat 708 sra.Pfé Y I‘d 4B, dnd Bl d&ﬁﬂgrﬂ?et éo%ﬂ:drg%m{oﬂggq %1

conprising a |ayer aV|ng a sp ertcal structure an

SOllhl lﬁé bét(ﬂttg "i’iYér Rkl 1 ?&ﬁlﬂt&?ﬁﬁﬁ 95H’H)r1§1§% Mﬁé?-%hﬁé{{%idg{aif

anti a Iy con ning mcCcro-vol

netxg(}rﬁqﬁ'h@t{xreol yér@njfnsﬂ%rtﬁe ﬂﬁ?ﬁn&%§ éJHf'yrg? é {é{n g% c¥1'1u18§‘e

n1nat|on nce e sp rica Crle
che stren and ical str
e PP S0 TR LD G

mordy B{%haagpélsgsaﬂgi‘b EARafer co %ﬁlg inej ¥ S S'ge%ﬁ'cn %seé?t nd
S R e
o P B SR

t hr ee-di n nal rk does .not .
congsRyEHiaR {1 uesﬂesa r m?h“ctf%b @0 S5 TERE TSt the
i amet er of m or nore, and . perneatin o
cellg‘é?ﬁ Gt dee Sug QTSI O} wrmjﬂ@w 41pr SHorG g ess than 50 wih, a
| imnation. 5 Further, |nce separatlon nmenbr ane
soli gylpﬁ.@gﬂutcgg}tabwygF oogtsp F@E tg?/ ﬁpﬂréne W et is used as
structure layer, the thickness of th
the sqdifying bathe; ErHIerAB thI%E SEThe P@lyrr%;y gplutien fonggining
thinned within the range of capable of elimnation,_ of
cellylopq, et is amalxmar splutige imptchdhe il mebragicenediraten in the
enhanced without sacrificing the virus elimnatin
solytignds frem. 14119 Rc¥Gr.cinddhg mixipg ratio ftheeliudaserpsisp ey
separati on menbrane according to the invention.is
fluoging apsin pelymer 5afFems 58 tpdp MY dgghigntef the fluorine resin
virus-elimnating property, water perneability,
polyaermennotdrercontained(in theylidifyingdath. cheni cal
resi stance), physical strength, and an antifouling
property, and can be used continuously for a | ong

peri od of
Effect of the Invention

The fluorine resin polymer separation membrane in the invention is a
separation membrane comprising a layer having a spherical structure and a layer
having a three-dimensional network structure not substantially containing micro-voids
of a void diameter of 5 um or more, and has the ability of virus elimination. Here,
since the spherical structure layer has both chemical strength and physical strength and
bears the chemical and physical strengths of the separation membrane at large, the
physical strength of the separation membrane at large does not lower and provided

with practicably necessary durability even when the membrane is used under the
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time as a highly reliable filtration nenbrane for the
elimnation of viruses. 15 Brief Description of the
Drawings Fig. | is an electron m crophot ograph show ng
the cross-section of the hollow fiber nmenbrane
manufactured in Exanple 1. Fig. 2 is an electron

m cr ophot ograph showi ng the outer surface of the

holl ow 20 fiber menbrane manufactured in Exanple 1.

conffit@n of nﬁéﬁﬁ%@h?&h%ﬁ Bﬁgpaﬁ&p Q&?flﬁﬂﬁl@@ %&%Mn@%@ Ehemicals.

Cross-section o rane
B o A o e il A BHEGHCRTe docs n
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sub%%tltuﬁwoc fn’t I? [m %r&rheav%rhu\{cﬁg tdrlmg ({ier dt 5%% n}qrg angi%ag

rry| n Fent 1o uor |

perﬁlgﬁ b &% ce S%PSafg’q’lt e fun[cEJO ) ap rﬁs el%nrﬁ%ath Y enti on ' S

renprane navi ng nenS|ona net wor k
t | d I t |
B T
o AR A P A5 g 5 5 IR e

hs sho |l e of. the separation
%ﬁ%‘?‘gﬁg R RE P chenaTy %feﬁﬁ'mng?twg YA ARA G of
e-di mensional] network stru re layer and the
periagRlion RESIOTBETSR AT b8 SIS Wihgu Sac g e slBfnating
m cr ophot ogr aph of the cross section of the separation
rane (1,000 10 magnifications), and Fig. 2 is an
el ectron, m crophot agraph of the surface of the
t hr eacrdipaly; 'g‘ﬁ Aluoripe mm@@rmarc%ea?r@t%wmbew gsgording to the
mag nlflcatlons In Fi , the ght up Part i's
lnvw@ntlh pesllgntip wgnwer%mmeﬁ S'é,‘fbr%?cztw‘@ qlw@a %Wopﬁ’éy’
left lower part, is the spherical structure Ia%
watepperpgplalityy Fh%ﬁ@?‘]o%ﬁrépgﬁhétf%m"@@fr changicd reggtapce a@hyswai

shown in the surface | ayer ) )
strength, and an antifouling property, and can be used continuously for a long period of

fun

time as a highly reliable filtration membrane for the elimination of viruses.

Brief Description of the Drawings

Fig. 1 is an electron microphotograph showing the cross-section of the hollow
fiber membrane manufactured in Example 1.

Fig. 2 is an electron microphotograph showing the outer surface of the hollow
fiber membrane manufactured in Example 1.

Fig. 3 is an electron microphotograph showing the cross-section of the hollow
fiber membrane manufactured in Example 3.

Fig. 4 is an electron microphotograph showing the outer surface of the hollow

fiber membrane manufactured in Example 3.
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15 part on the right upper side in Fig. 1 or in Fig.
2, there is distributed a structure in which solids
of resin are spread in succession three-dinensionally
in the state of network structure (this is called a
t hr ee- di nensi onal network structure). In the
t hr ee-di nensi onal network structure, pores and voids
di vided and formed by solids of resin constituting
Best Mod3abMohviab O il theiffy These pores and voids are
eshown in ZOY%Fack spot s gﬁ the Figs. On the other
handypd fiudride refR ! i bt i
oo SARRO kR S AHely AR
oxi b ' el udi iy .
meABRAEX e S, £ ALl SRATE LR U0 Sl
' kS, l,ed.a s ! ucture). 25
stru?ﬁ%%: %2?]15, %11{1]({1 )ﬁ/l,lért%h\% ) hanm% af‘%]g il aRiter oHS HIpi o o)re are not

e layer 'or a spneril cal ructure neans

I r [ he gbove. 1 herical structure is
subpu B GLarOiRLR s e B Siontnt O SRR I oei
pol r, s ratjon nenbra i s _phat ogr aphed wi,th
ScarmiEng BRAET slechpt PudeBRogsrl Dot gy rrmhias! fivs.
In.the case of separati on nenbrane .havin | ayer
SePRAOR ST s B e e e o Bt i cal
structure .l ayer, and a three-dinmensi onal netwark . i
eyl Pk SRy SR AU RSB SO Iover.  Fig. 1is
ross-section of .the separati.on nbrane . with
an e T etErth Shies GossHeto) BTGP A PrEREmg (L 000
angd judgin he_l.ayer having the abqve_ spherica
ma@tlgfﬁétoa A by $ph ?legfrorgwca@fwgrﬁéy%f}tﬁe pace of the
remai ni.ng | ayer can be recognized as. a,. )
thrqerBEDRiPHAL FEN SRR RERYET 60 004 magmi%gyéqn.s)aolnu Figthdhe
. fluorine resin pol.yner separatjon nenrane in the
light ypRettRaghis the;thyes-dimgpyienal petwork strygtutedayesapd thedgit hgwer part
. void dianmeter of 5 mor nore are not substantially
is thyy spherieal sHugtHEs l¥free- di nensi onal network structure
| ayer, by which highly reliable virus-elimnating
per flarthaere-dimenpienaldietwerk struptyreylayess as shoymyn theysupicg layer
is a void having several ten tines or_npre scale of an
partjon tierighpaprer skledp Kl < infigh 2athstsyis distdbuwied pucdwsia
filtration resistance to a fluid ) i
which solids of resin are spread in succession three-dimensionally in the state of

network structure (this is called a three-dimensional network structure). In the
three-dimensional network structure, pores and voids divided and formed by solids of
resin constituting the network are scattered. These pores and voids are shown in
black spots in the Figs.

On the other hand, in the spherical structure layer, there is distributed a
structure in which a number of approximately spherical (also including spherical)
solids of resin are linked directly or via streaks of solids (this is called a spherical
structure).

Incidentally, the layer of a spherical structure means a layer wherein the above
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perneating a nmenbrane. The m cro-void having a void
dianmeter of 5 mor nore specified in the invention is
a void having a long axis length of 5 gmor nore when
the cross-section of a three-dinensional network
structure | ayer is photographed with a scanning
el ectron m croscope by 3,000 magni fications. Wen it
is difficult to judge 20 the long axis length of a
sph¥%af s@%ctlfﬂja QL QSNARR AR (e ?fo%%ge%tigﬂék ?glugﬂngk%ﬂ} olymer
equi va e vol an eq Bht

ent to the area o uiva

o] Bhok el O Ry OB BRI AR A b

§ﬁ&RSnéong axis length of the wvoid. Wether
Cro-voi ds having a void dianeter of 5 pmor nore are

G S A
R R e
o BB e RSP B2 0% e
SR S TR S AT

défferent fross-sections,agd Judgf in a w de range of
the abaye sghefiral stryctyye 38 p gpheriggbsiructuf layer, gy remaining lgyr can be
m ¢r gphot ogr aphs (3, 000 magni fi cations) of different
recqoppized ag pdhregdimensional Bty o #rYete 4Yehf  phot ogr aphs i n
which a mcro-vaoid having a void dianmeter of 5 pm or
nor dnitke fhepringresip pelymsy sepasgtipnmergirapg in thg iavepgion. it is
dianeter of 5 pmaor nore can be seen accounts for 10%
necessanydhal ipicra-peids hadag aypid diametgr of 3 pEYOROGraEp ARt
exam ned, preferably 5%or less, it can be judged that
substartially Aresent ingheithreg-dimapsionalnetwonki siurtirglayeie by whaghkighly
a fluorine resin polynmer that is a base pol yner
relighder sirps-elitingting perfpranangs pembs aphigvedet wor k structure
layer is high in an agglonerating property, when a
mentin garerpls a mrioigf vaid iy @uoidhauingwsevasel to tigieh otiimoge rglesof an
_ fluorine resin polynmer 15 solution in a non-solvent
air spacay ecmanaredswith agoreand kradiohows filieioniredisienasgo e
separation nethod), a nenbrane formed has m cro-voi ds
perinpatinges membtanat Theoficrotvgidhaving a void diameter of 5 pm or more

ma

specified in the invention is a void having a long axis length of 5 pm or more when the
cross-section of a three-dimensional network structure layer is photographed with a
scanning electron microscope by 3,000 magnifications. When it is difficult to judge
the long axis length of a void by photographing, a circle having an area equivalent to
the area of the void (an equivalent circle) is found with an image processor and the like,
and the diameter of the equivalent circle may be taken as the long axis length of the
void.

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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of a menbrane free frommcro-voids is difficult.
Accordi ngly, nmethods of restraining the formation of
m cro-voi ds have so far been studied. For exanple,
there is a nmethod of restraining the formation of

m cro-voi ds by addi ng the good solvent of a 20
fluorine resin polynmer to a solidifying bath to reduce
t he non-sol vent concentration in the solidifying bath

i SR ASCRBASL 0Ly sRsetyel, Ay
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rmati on 0 m Cro-vo IS restral ne accordlng
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d I d f
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necess rati o

ten g @menei?ﬁ‘@ﬁ"faﬁcég 318 oS3, 0 g fﬁ@l&gﬁgﬁwﬁgf @?@wgﬁ B 76
exaigiicd 54 B o R U Oﬁlvag%%' Frid havda v

varies_b . the penetration a non- lvent
dianfgier St %@X‘p% s X%‘cﬂr?ﬁ% AT M- NGt g W d fiefmstsroof 5
too rapid, so that traC|’9 of the variation is
wm g moreceﬁnt © segh accoHalsyfay L07a0r {ase ohihemambshrbihe phase
.sepaz&%&&g has hardl% advanced. In particular, |
mw&x%let examingd RrefsFRbY S tarfirdesseid ﬁ%h%mdg%?haasuch
ymer solvent, and a non-solvent, the fourth
InwgbﬁﬁéﬁéﬁF“%ﬁEp%ﬁﬁ@P%Pﬁ?@“added statistic analysis is
al nost 10 _i npossible. Further, in non-solvent inducing
phasinesehiyertnegnsin pelymes shat k2 bassmobanariconstypting a
pol ymer solution, various factors, such as the
ﬂlrepéh@émsa@rml aetivpak syciwsdatey ihigh iman geslomersting prpertyghen a
conposition and tenperature of a solidifying bath,
mergprgne Fempnufectered byia methp af sabidifyig aBreraerran pebmegsi sm
of phase separation, and the rate of contribution of
soluiigafin p aenselvent bath (thef ipHrasoecalien aeatsplyantiypdydieg phase
conposition of a 15 polyner solution is different. As
separatiersmiethod), agnembrane faymedhanierheroidshiaside \sarthas meanufacture
factors influence the surface pore dianeter of a
of araerhbrane froe fioot midro-vieids ipdidicylo unicaordinglyrmetbodwef or s
of the
restraining the formation of micro-voids have so far been studied. For example, there

is a method of restraining the formation of micro-voids by adding the good solvent of a
fluorine resin polymer to a solidifying bath to reduce the non-solvent concentration in
the solidifying bath to thereby lower the penetration speed of the non-solvent, and
restraining the agglomerating property of the fluorine resin polymer. However, the
formation of micro-voids is restrained according to the method but, on the other hand,
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

12



10

15

20

25

concentration, viscosity and aggl onerating property of
a polynmer solution are factors affecting the surface
pore diameter in the case of the phase separation of a
fluorine 20 resin polyner solution. That is, it has
been found that by the nodification of a fluorine
resin polyner solution to high concentration, high
viscosity or |ow aggloneration, the surface pore
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and 1R ﬁit*%é{%%ﬁ%}no? he* ailp B Pt e eeg " In Barticuar

e are cases mhe{e each onent
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so, t hat nto btaln a arati on nbr.an
nonghglcfi thro e &Oﬁ*gPPWﬁa gthérs < aed; degfalysticnatyssy i afmost

r sol ving t pr.obl e there is t hod of
lmpf)ﬁi@?ng rthesniB oET r?PPVGBb‘é‘BP%m% "Lasaéﬁwaé%% %ﬁa‘?g?ﬁ the
concentratlon hi gh VISCOSI%@ and a | m1agg|onerat|ng
compogifigp of 2 Rplyies solior Argiops for%lﬁacla ﬁéef{lPFéat“fe and
conponent. to a fluorine resin . ymer sol utj on.
Viscppigy %ff HPAYmEE sQjuliqry the C%lvp%a@@ranéi%m?%w‘bﬂf pfolidifying bath,
searching for a conHonent capable of _achi eving high
and thgiwgof a?liddﬁcatwrngﬁ wense dhs mechagism of nhgse scparasiver andithy
property of a fluorine resin polyner solution when
rateeﬁf &eatrxbstl@rh af eashyaster affcting phase seraratipndayethe cppmpesition ef a
have found that high concentration, high viscosity,
polyper sobwonss diferater ati on can be achi eved by the
addi tion of cellul ose acetate. By considering the
f ol 148 regult Rf exanyaation o whetberghesesipniphe factass Influepee the
beconmes possible to control concentration, viscosity
surfaeriperg diapmateratfiaonemiranh er agipitdps besneforaq thet thaer fagfors hféthe
concentration of fluorine resin polynmer and the
conegniraginn,rasdosity amd agglomenating praperty ofia folymer solution are factors

affecting the surface pore diameter in the case of the phase separation of a fluorine
resin polymer solution. That is, it has been found that by the modification of a
fluorine resin polymer solution to high concentration, high viscosity or low
agglomeration, the surface pore diameter of the membrane is liable to be made small.
With respect to this phenomenon, it is presumably due to the fact that these three
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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fluorine resin polyner solution, thus the design of a
separ ati on nenbrane having an 20 objective surface
pore di ameter has been realized. (1) Wen the
concentration of a cellulose ester in a fluorine resin
pol yner solution increases, the concentration and
viscosity of the solution increase, and the

aggl oneration lowers. (2) \Wen the concentration of a
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rom1l4 to and referably from16 to
achifipg W%ﬁoq%atrﬂbqwﬁ% VistGHEbAPS 419 ﬁggleme&@gtmmﬁw the
Wt % hysi cal strengt f a three-di nensi gnal
Sa*r}?ét%rapﬁ@ﬁshagmﬁwwsm tpalsﬁi%memnp brAUEPL et er

on the surface of the three-dinen I netmork
st r udtegiare agaresullof FRRsE exapingtion o Sﬁv‘ mggfof pgomponent
possi bility of 15 |owering . of virus elimnating
capalélﬁ b eﬂaﬁ‘e%g high CPH%enéftaH%?’q’d&‘htﬂlsc%ﬁéé Owoasﬁmeratmg
concentration exceeds 30 wt% water permneabili
Propgftsaticr Awpnng rsmmglymérseluﬂow*w@fl é’é?]??lé{{qebﬁf’l}lﬁ% the
fluorine resin polﬁner solution is the sun1tota| of
presepbinvepiqEsEve douns theirhigh eopcgpirgtinns highitiscortn apd lave
solution, and this can be conmputed fromthe sum of
aggleanerationseanchst ashieyedh b therasditionn ofisallplopsdetase.r By onsidering

pol ymer concentrati on. . ) _
the following three behavior factors synthetically, it becomes possible to control

concentration, viscosity and agglomeration by the appropriate adjustment of the
concentration of fluorine resin polymer and the concentration of cellulose ester in a
fluorine resin polymer solution, thus the design of a separation membrane having an
objective surface pore diameter has been realized.

(1) When the concentration of a cellulose ester in a fluorine resin polymer solution
increases, the concentration and viscosity of the solution increase, and the
agglomeration lowers.

(2) When the concentration of a fluorine resin polymer in a fluorine resin polymer

solution increases, the concentration and viscosity of the solution increase, and the
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20 Here, the mxing ratio of the cellul ose ester to
the fluorine resin polyner is designed so that the
viscosity and the aggl onerating property of the
fluorine resin polymer solution obtained reach
prescri bed | evels. Wen cellul ose ester is not
sufficient, viscosity | owers and aggl onerati on

i ncreases, thus the pore dianmeter of the obtained

asoldM&Eqdl mﬁéégnal network structure |ayer becones
ggfarge1 dbntrary to this, 25 when cellul ose ester 'S
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mté“sf‘% Q0 fF‘Ug 388@/‘1’1 pol yner [(concentration of
cel |l ul ose ester b w%/ (conceniration_ of fluorlne
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sol ution containing the good solvent of the fluorlne
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pur pose of avoiding 15 the formation of mcro-voids.
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sol ution, water can be used as the solldlfylng bat h,

consentratian exeaeds 36 Y4, Mgter Permyebgy yntaaprably oweps. i fHlese,

In this case, however, since the chem cal strength and
polymer concentration in a fluorine resin polymer solution is the sum total of the

concentration of each polymer contained in the solution, and this can be computed
from the sum of cellulose ester concentration and fluorine resin polymer concentration.
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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physi cal strength of the three-di mensional network

structure layer are liable to lower by the increase

in cellulose ester, it is preferred to use the

separ ati on menbrane under the conditions considering

the chem cal strength and the physical strength of the

separati on nenbrane such as taking interval of washing

with chemcals long in 25 nenbrane filtration _
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feSlB.PQfYéﬁqué&r}ﬁlthﬁ tQ PEASFEhesilaYfds- separ ati on ~ menbrane of
lampating a plurality of layers, in the case_ where
| ay el mpdngiatig o the ceilslos% gHfertodhe {lnering reginmolymerds a4 value
the | ayers are generally getting into the other |ayer,
commged arcarding todhe frllayying BXPressEOrenbrane is liable to be
_dense_ and the water perneability is intended to.
Miyipgggtio afysellploseesierto flagne gsevpqlyper okt Ecpptengation ol
into the other layer at the interface, peelin
cellplose sstemby Wil {euseniratigneofifiosing sestn poymesby mt‘l%hbﬁ dfo0
water pernmeability does not decrease. Thus, peeling
r esi Whemthegnixingyatio g thaggllelosq ssterdtp e Boningregin nobyaper is
| ayer at the interface have a tendency to be contrary
from@0guidhtooleprethan 5@ wa%, e spladifyiee poluden eaainingithe peabsolvent of
factors are satisfied at the sane tinme. Fromthis
the flupring resinpolymeis fusedad therselidifyone bathiern the purpospdbavoiding
structure |ayer and a three-dinensional network
the §onmattionof nlienpevoids. hat is, the nunber of lamination is
preferably smaller, and especially preferably a
s epaPathieqrtherdrnd amkercthaprikmggatiovof the celdylesesestar to teafluorine
of one layer of a spherical structure |ayer and one
resingppbrmerfis front 5 weZ5dwttesnaerthe foretation kf s¢roctoidsecahdgeavoided
Further, |ayers other than a spherica
even without containing the good solvent of the fluorine resin polymer in the

solidifying solution, water can be used as the solidifying bath, so that manufacturing
process can be simplified. In this case, however, since the chemical strength and the
physical strength of the three-dimensional network structure layer are liable to lower
by the increase in cellulose ester, it is preferred to use the separation membrane under
the conditions considering the chemical strength and the physical strength of the
separation membrane such as taking interval of washing with chemicals long in

membrane filtration operation, and setting the concentration of chemicals low. When
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structure |ayer and a three-di nensional network
structure layer, e.g., a support layer such as a
porous substrate, may be contained as other |ayer. The
materials constituting a porous substrate are not
especially restricted and organic materials and 25
inorganic materials may be used, but organic fibers
are preferred for their lightweight. 17 As nore
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three allmensmnal network structure layer, that is, the number of lamination is

preferably smaller, and especially preferably a separation membrane comprises two
layers in total of one layer of a spherical structure layer and one layer of a
three-dimensional network structure layer. Further, layers other than a spherical
structure layer and a three-dimensional network structure layer, e.g., a support layer
such as a porous substrate, may be contained as other layer. The materials
constituting a porous substrate are not especially restricted and organic materials and

inorganic materials may be used, but organic fibers are preferred for their lightweight.
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Is to have a virus elimnating property, and a virus
elimnating property is substantially exhibited with
the three-di nensi onal network structure layer. A virus
elimnating 25 property is revealed as the sumof the
anmount of viruses captured and elimnated in 18 each
mnute filmthickness of the three-di nensi onal network
structure layer. Accordingly, for revealing a highly
As metd mbfeered inmaieriads foriarperousgupsteyde mMoven ifibrics aad aonwoven
necessary to increase filtration stage, that is, the
fabridsrof @rghiniefisére sadh azeklinloke Abérsicdeliu®se heyae fibas, polyester
certain degree of thickness. Therefore, for the
fibeps) ppBypeop3lenecditesd, andpélybthhiegl ijersakd edingplifiedus
elimnating property and possessi ng above vari ous
per fitkriRnagsmertdf BahrReGimersithal fdtoloAesisucire 14@r and a
t hr ee- di nensi onal network structure layer is generally

sph&{@i Str@ddhrt 14ye@ (indhe tdde b2Q pldin nRbralY, thelirR8EABAL ubpER

to 80 m The thickness of the three-di mensi ona

and m@&mayer.starnuqﬁ tHeoab QYA hootw BiBeOREnBIaA8 AhE Yrrhhl nyvat 6F
quality such as the concentration of viruses in raw

inte¥¥Rl 8Ad tReR@l fa?éx%ﬁéﬁldoead?ﬂnééd By RbisPReRRETALARRD. 10 the

met hod. The fluorine resin polynmer separation nmenbrane

separdtiélBeBYARIIIeR: ﬁ@@xﬁldﬁo LincSH! %&@Hﬁﬁéﬂsioﬁaﬁ%&v@fﬂ’stmcture
mcro-voids of a void dianeter of 5 pmor nore, but

laye'inbg&g 2%8patiorP funlidPhith 9&]@%&?r tﬁét&@ﬁ el tRaR prhiyg]cﬁiasxrength

be present wthout departing omthe cope

it is' RVEREA ﬁﬁarreﬁ% ﬁ? the tmﬁglﬂgﬁs&ml GERESHR sﬁtlcthgelayer be on the

hree-di mensional network 15 structure [ayer 1S as

mdctcﬁ‘rﬁw%ga[téﬁﬁ%s gecr & afBtioft nYérﬁBfﬁ &l Qﬁfc'ull‘ag tBr?s%eaﬁ S

eto seevenvvlt m Cro-vo

redlgdtfaﬁ%tf %rﬁé%ﬁlg I}@H"oﬁn ReL0% QJh%§1%Htog godl "ubstances in the

parti CU case ere m Cr Oo- vol

rawg)l/a?t tthr%??%%ﬁgirxjﬁﬁ% ggl%jeg' %fmérﬁ otnlaF etwatlghflﬁ la}yer on

I Mensi ona

the h&t%éﬁrrl sﬁﬁ%%r 01? ﬂle st\&]il cgfkrgasx%atero f (;Ith E:Erge%s Rf{%&ﬁrzﬁlt}%]al

tructur ayer 1s re I"ace

thre%-cﬁrthel?sl ﬂal lﬂ?t gk %.Iruénnlgeﬁy g %psgﬁér)fcal §tmét§r%l l%yetr%an be

COﬂSp cuous ecr ease CCOT
t he
arblltragl[g z%q\‘iust% L$g %srto S thsgy r}%esctonﬁltlrog re u%e]% %eﬁ(l:]l er?ormance ofa
t k., st t f f
vieds R ETEp e melt? BETERe RN B Shu B ppEape
chemu}/a? resm?ancg{ rTﬁysw engtﬁenc? grg gﬁt&fg{ﬁlng property. When the

three-dimensional network structure layer is thin, a virus eliminating property and
physical strength are liable to lower, while when it is thick, water permeability tends to
lower.

An object 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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the non-solvent in a solidifying bath into a pol ynmer
solution to thereby fix the structure. 25 The
penetration of the non-solvent at this tinme starts
fromthe surface side of the 19 three-dinensiona
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
eaclofminthe fitrh tieekmtissrofitie dlret-diaénsivral aétvoek sthethralferi S as
thick as exceeding 120 m the difference in tine
Accostingly,efdr tavedlingsd highlyatlidble virug élaamatihgl propefly tihs also
internal side is great, 5 so that mcro-voids are easy
necésSarp@o iri¢meel fildrdtivinstdgs ctharighha fige@dinéiionabhadbriofinichge
invention is difficult to be achieved. Fromthis

layep B4 certdi dédres kN@sckneds. t Mherckdie CRr theWMAsosR BT reeali®h K
structure layer is preferably 120 inn or less. The

highl{ kéliﬁBQSﬁn@felihﬁﬁatﬁ@gﬁbp&@I anitgodésSh e ab&WeVarfoR§ pf@ormances
arbitrarily adjusted so as to satisfy the condition

in balRAE, BIRAhRknEAGF tREhFRLITRBAS 0P nBtwdrk YGuGhidThidtié Péherally
property, 10 water perneability, chem cal strength

prefeiaBlyPR6 i 204bano L&) @Rl Gitre pRILEBIF TR 30 @@2(5%1&?' The thickness

strength and an antifouling property. The nner the

f IRPREeL GiflenSbhMl Gt gtk ls@Y&lre | YOWESptiSizEd 16y PIANPA1EA ualit

0 str er?gt h,enand the thiscl\{er et E%@sr%ieri cpa1_ _%t rﬁ%t ure &adlualy

such AYfRE goﬁ& trafYYP5f v'ig,lse§ fﬁeraWBEr th;erfﬁt:’ek?éf-d é:L&’ filtration operation
Accordingly, considering the balance of these various

gy formances, the thickness of the spherical structure

ayer is preferably from 100 to 15 500 m and nore

f RY2 : ) i
Phe 10k Aiotint G 60k Lsolfihubh nfGAErR in the ki b por
. I o | . ¢ '
o SUBA0 S AL P SR SURLATR B D55
) . ¢ o . .
o Bt 1Ok L AR SRR AE R b o
of tl%ene%%}?irﬁgon T orv¥ee|f,\{8£ %&ﬁ)e}x I?l?e dtﬁl?ctk}lgss%ff t#&ﬁl&%\%&%‘éﬁé@gﬁ ntetwork

I CKhess O e’three-dinensiona ructure
sk b 0 BLASH L RS Bl BB 6
s BB P SRS BT Sk Bl fem
o o S bR I A Hpeer m

thickness direction of the three-dimensional network structure layer, the real thickness

met

of the three-dimensional network structure layer is reduced at that place, so that a virus
eliminating property is liable to conspicuously decrease. Accordingly, even with
micro-voids of a void diameter of less than 5 um, the less the better, and most
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
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25 make the interface of the spherical structure |ayer
and the three-di nensional network 20 structure | ayer
the structure of getting into the other layer in view
of the enhancenent of peeling resistance. Wen the
average di aneter of the approximately spherical solids
present in the spherical structure |ayer becones
| arge, the void ratio becones high and water 5
threpdimesiinal betwoilsgsictiye laypt se itle thesfixatiog tolff themstmicture Gn the
t he ot her hand, when the average dianeter becones
surfareadide, advhrces at @ fasadr ispeddahaninsthe mteranicsi@dy SWhed the thickness
strength increases, but water perneability |owers.
of thEhtareefdimensidiad neveriageudureiefeeis &f thickas @Regeditign0glny, the
spherical solids present in the spherical structure
diffdragyerin itisnereghiesdoil fixatiom 6T the butfcesidd andodhe intemal side is great,
preferably from0.5 to 4 m The average di ameter can

so th¥e nfiererbidyart akdyng bt GoRhed WihiaRhe membtdhe 26H AssSoleqiof ik
of a fluorine resin polynmer separation nmenbrane with

invedtis® aNdIFM@Ieb ®6 hEKiBvdl. CIFR&HARS pbint, e Bi€kness of the
magni fi cations, neasuring the dianeters of

thre@dfRhéds@nlal NetvBHEGhRErd PayeF is'PRERraBRPT 2B Bds¥.
spherical solids, preferably 20 or nore, and

avergg kmgmela@omﬁ%gﬁ&@aﬁ&taﬂﬁﬁ@ et Ehrllm%ﬁﬁrariﬁsaclijﬁﬁed $0 as

average dianeter of the approximtely spherica

to sa?t&hi @2 cofdifibh Péq%iﬂé@%? B heer BHRE R Va4 %Iinﬁ&t&@%r@ﬁ&@,
of "an 15 approximately spherical solid (an equival ent
[ 1 [ r . .
RIS, (R MR T RIS OETRSR e O LRy,
e B o or b oS o B gy RE oy, e
low@Ss Mégqhggfcﬂ &i‘%ﬁgth', MNFthe %c%é}‘%higﬁ%ﬁ%l sirﬁﬁtupéollaféﬁ theQoREr is
separ , y obser

pores are seen vi ng the outernost

the %vﬁt)régEgr%{egmlijtfStAﬁ%diélt?%\%frr{(o%sﬂeng% me%raf%ggéégﬁgleﬁ Wefoul he

I MeNSi ona structure ears
RIS B R DA FLOHR 3 b

500 %%ﬁaﬁ}é@%ﬂ?&&ﬁﬁ%@gﬁ?@ﬁé@%@ture | ayer are

ontro accor R _ of the separation

menblane: th%orgti{)o QFth{ee lthrg?-%?hé&?cinfapg&%s)or Neflentth lader L Rthe

is a prifmary objec 0 e uorine resin polymer

separation,menbrane of the-invention the a e _pore
sphiAChaheE R R mberap ok (NP Pl e g Ao
menQbertanV\ggll)(erasltEc{nu&)ts o€ Als%i{ee {)rolp%rt orrlecff?ﬁea&lrf}é-éign%msional network
structure layer increases, physical strength is reduced. Therefore, the ratio of the
average thickness of the three-dimensional network structure layer (A) to the average
thickness of the spherical structure layer (B), (A/B) is preferably from 0.04 to 0.5, and
more preferably from 0.1 to 0.4.

In the polymer separation membrane in the invention, since the

three-dimensional network structure layer contains cellulose acetate, it is preferred to

make the interface of the spherical structure layer and the three-dimensional network
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21 Ito 20 nm and nore preferably from5 to 10 nm
Further, the maxi mum pore size on the surface,
although it differs according to the sizes of viruses
to be elimnated, is preferably 100 nmor |ess, nore
preferably 70 nmor less, and still nore preferably 50
nmor |ess. Wien pore sizes are too |arge, e.g., when
the average surface pore size 5 exceeds 20 nm or the

structard layentbe sthadere pd igettinp Zito excatbeislafdin vigw bfithe enhancement
elimnating function of virus is liable to | ower, and

of pedlmgaksistanat. i ng function of virus is difficult to be
obtained within the preferred thickness range of the
t hr &¢hali tire as¢ragadianetenof te approxirhtey dpapecal sV fresentiin
obtai ned fluorine resin polyner separation nmenbrane

the sphegied] Strud@re lhferibeesied AR, Helvdidation@cbChich An®ivater
virus or not may be judged by the eval uati on of

penﬁédbmt? @isé:ﬂ Q)uf pisidaPstrdngtiAeveay. | YOr e dghet hakk® SfhenftRE average
exanpl e is sufficient to evaluate the elim nating

dxarﬁéi&lebe@ﬁmés §1ﬁ@1@ rthé 6 rafaTPERRRs VbW And pMYI@ Strength increases,
cont ai ni ng cns of coli phage having a diameter of 23

but Wate® Pgmﬁaabﬁﬁyl IWerd.C OBIRhEFA kheSive izl Widneter IMRY ﬁ;?prommately

handling of Viruses is restricted for reasons

sph&RAl §cHidk BRestiin thiesdhonc sBifcih 18 QAR flribIgAFERh AN um,

rther, viruses continue I|V|ng act|V|ty urlng

and 'rrﬁﬁé’ Bfgférgﬂly 24 O ®SEfMat TRl avé?'Eg: (ﬁﬁﬁ%@teg 4 Bfound by taking

eval uatlon Thus, viruses show agi ng change pecul I'ar

pho{ggratﬁﬁ tc%gg%moﬁpofteh@sorfda%aﬂ ge&gf&%& AR AhEAbIABR with

I'mnating performance rectly using

a scXMlH%@h%ctirén R0 &BBY b 26 ‘6@5 giﬁéatlbrgb B'E:Qs%%}é%é B&meters of

resi yner sep ra ioh ne rane 0] I nventi on,

arblggrl%'@@lele ﬁ' 19, (9 c;rQ %ngf&?ﬁf?ﬁélgghhérfcqp gdlﬂi@ g%refgﬁbqg Etr)rg%: ﬁlgae,

ht 1 is gene as an catl n
f
and %@er%&%fgf&?néﬁg?du?éﬁ% R 1@3er{ : x; ‘;’]‘ /%xqéa {1/1% %tvér%g? et gé?%?the

appy&k g%%hlé%a‘i’ gcgfds a @ﬁ’@%&&ing%? %é&%ﬁﬂﬁlaﬂ:}n tost.ith}e\é of an

eva I'mn

oS R SO TR Ao

and éhe%glg?l on@tne"RAGGH 8¢ thé eqlgvalerlltscntclpe may Iphegyaar weight of

In the case of a separation membrane where a three-dimensional network
structure layer is arranged as the outermost layer on the side of the object to be
separated, pores are seen by observing the outermost layer from just above with a
microscope. Since the three-dimensional network structure layer bears separation
function, the 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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sol ute capabl e of reaching 90%of the elimnating rate
of a nenbrane. Fractional nolecular weight is
deternmined as follows. In the first place, every kind
of dilute solutions containing a plurality of kinds
of water-soluble polyners (dextran and the Iike)
havi ng di fferent nol ecul ar wei ghts as respective
solutes is filtered through a 5 nenbrane, and the

1 tol0i mm, reatl inmaye padferably femarSyto Hi0mih.of Funtiteg rths mlanishem pore size on
polymers is found. In the next place, an approxi mate

the surface, dlthodglaitaifidre ttdonding Ihethesizs of airusse it@bé elihidaked, is
wat er - sol ubl e pol ynmers as the abscissa and the

prefetablyl It i @r teBS,@n@@ pedferablydl mahor 18 tankdlBel]l meregetfembly 50
wei ght of the point of intersection with the

nm 6t les. NAWVh&PperatsRehre1084drge, ek Bihenatie hidtdd Qitfilce pore size
nol ecul ar weight. 10 By using the concept of the

excéddd ob ingf) dk tHEdh@Gmuad subRice Pbret@ftdxcORE 130 ANE thd Hninating
eI|n1nat|ng performance of a virus can be

fun@RRTHirE ISl dbleNbRES 8Ad WeldlintiRfingSuh B diAdf ifhshi alRh &t to
dext ran havi ng nol ecul ar wei ght of 75, 000. That is,

be dbbneddhitith AR prdfbrfed!tBickfesEBAHRE 3R ehel thféeed'lhl@ﬁs@néi 'n'eH{'&k
sol ution contai ning dextran having Stokes' dianeter

Snuaﬁﬁgﬂ & than @ 3 of coli phage and nol ecul ar wei ght of
, 000 15 (Stokes' dianeter: about 6 nm as the solute

' S tek&heras doREndd ﬂﬁ&fﬂqusﬁtg gr\élgc'rlé dr@brOhe@bravk rré’s%als the

el i mnation performnce for this 1s that

prestcﬂﬁacﬁ%lhgffnﬁﬁﬁé ﬁﬂwﬁ@xﬁ &t Bikus S0t ﬁﬁ? ﬁr(r%%%r@qhg eW1&4tion o

wel 75, 000 t he separat ne descri be

eluﬂ(xfrilagg{%??gér}fggl Ht};r d;ﬁﬁngrug nlg ﬁR@é{se (Fok @Qﬁnﬂ%’lﬁ bs slgﬁél&fu' th

article
eval“%%#é%?%#‘fn%“n%Yaﬁ%%%*ﬁa%%éé sa%%%lmko%‘mé&?e#ﬁ%%@
of bl ?hﬁ%el }{%"ﬂ%&d gggl%%gﬁf ﬁengﬁ%ltglr ?éﬁlﬁg}/itcﬁgagl cor res pond| ng
Ho&l&%& qﬁn@l W{WM&%&S r%s?{(f%d gjr rga%bﬁsg ?P%ﬁfégtg%m{dethg ilaxgli%g
profeRd it c%%épglgg@on 3 SVIQJng' Btk 80 o TERBLPREEARER fion

B S SR, 0 e
pecgéarg]% Qltnlg at ceh%}ge{t IﬂgeXt ! patlblg \e/:vglganon o%ct S39) 1m1nahght of
performance by dlrectly using viruses is not easy.

Accordingly, in the fluorine resin polymer separation membrane of the
invention, on the basis of the concept of fractional molecular 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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for this is that the pores of CPI O 1010 nenbrane are
extrenely small as conpared wth the size of X3 of
coli phage, and the distribution of pore dianeters is
in the range that Q3 of coli phage cannot
substantially pass, but when conpared with the size of
5 dextran havi ng nol ecul ar wei ght of 75,000 of the
smal | diameter of about 6 rim the pore size is a
solus¢ capable df heactiongradés af thewlingnpagsatedfafm&Obiané:r oFfattidral
poi nt of view, when a certain polyner separation
molaaidanagight is derpainke ao folbivshimie ifing pddi¥ ereryrkind of dilute
dextran havi ng nol ecul ar wei ght of 75,000, it can be
solutions tatrsiathgtapluralibyeo Picihyo et watse it polynidesieRtien Bbthe
pores equivalent to or smaller than the pores of
like CiAvihgl @i rekd nivdedulaRsigtas ds tebpective bélukey s Alerel tiRohigh a
di aneters is al so equivalent to CP10-1010 nenbrane or

merfrah€)\Wad tIROEIBninhdey Mitdles evanekind 6h watdPRbMBRY polfBarsat fdund.
menbrane has the sanme or higher elimnating rate of

In tKdex@plaes) an HPASEMaBCatfedl Qiwh plbRingdhd MeRICLF® Wefst Bf the
pol ynmer separation menbrane to %lgth reliably

wat&l doliBle b1yt &G Re LBRISS SRt B elihifin ralRR3UR: §dhatd, land the
IS necessary that the elimnation rate of dextran

mol BANANDei BB SIGHE B6int\6F i8htksection Rfth e gﬁgmﬁﬁxﬁ% tfle BEIOBRYE Rken

nore, and nore preferably 85% or nore. The average

as FALAOB §lolQfuldRRipRT €S on the surface of a
(AEAGE Folofuld

ree- di mensi ona network structure |layer is found by

t ak iEé?uds{ilel_gthg RBLADE GRS ff?{g’t&lﬁﬁ n?&fééu%%vé?%httd\%f?}:]beg above, the

thre nsi onall network structure | ayer

cinfEANY Ao SELT) OSTAR 600G B0, Wi, |
) t 2 : ,

i A0 R PGS, RAPLETSBNY. 28l WL,

elinfnd@oGafllif q?éélﬁt{raéegﬁ?%ﬁngcé Giftk s&u%iﬁré S%rgé"léﬁlg;ﬁe\!(’trgxg h&ng

area -equi va e area o

s AL S O e G B b ORGSR
(S S B P LB B S Rl ADE R T o
rent i.on

. b 25 f f. | fib

viras SHEPAER RO T B Birhia R, 8 firElom rae of
I N 24 fi nb Pt ible to fill.

dex LR B RE TR B2 PE PR BPE dhrk

pateg% ﬂ’%‘r%&aﬁnﬁ etgo%g I(ttégc?e aa?r\x/ea: [Fofaa%%l ?rfe gi%%?eaabtlraedegnfarlé)? grrtlec?esll\kr)] 9

CP10-1010, manufactured by Toray Industries Inc., hereinafter abbreviated to

(€

CP10-1010) is 80 wt%, and 80 wt% of the elimination rate of dextran having
molecular weight of 75,000 can be considered to be corresponding to the elimination
level of 99.99999% or more of QP of coli phage.

Notwithstanding that the above CP10-1010 membrane is a separation
membrane capable of elimination of QP of coli phage by 99.99999% or more, that is,

the degree that QP of coli phage cannot be detected in the filtered water at all,
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menbrane per a unit volume, so that a hollow fiber
menbrane formis practicably preferred. 51t is
preferred for the fluorine resin polyner separation
menbrane in the invention to satisfy the practicably
required perneating performance and durability. For
exanpl e, as perneating performnce, pure water
perneating performance at 50 kPa, 25C is preferably

elinfinaionQatt ®f dextifh lviny mbleculandeight ef 15,800 ®0P4, fTHeRefsod
to 7 nB/n2-hr. When pure water perneability is |ess

for thisaim that {2 poBésdt CR10- pEIOBEhAblahé Yrel extréfhelyosind DAY conthared
not practicable as the fluorine resin polyner

witlsthp aizaof Qf dfestiphage, and el EstibetiorPel ghr¥aiadieters is in the range
pernmeability exceeds 10 nB3/nR2 hr, the pore dianeter of

that!@eof dollitffhabd arin®8 subsRAtiMEpass AR rV\ihfeh @BmpBrEE vAEthe SiZk QP
| arge, so that preventing perfornance of inmpurities

dextrsn haWngameleo@ar ReRhesf BHoooTo@ht el idtamdddr &F HBBHIY ARCthe
is preferably 5N or nore, and nore preferably 6N 15

porédizdBla&ize dFehd &e’%%élz{lﬁwﬁhg B%{dg‘}ff 2052 F@Mﬁ%lﬁt%f view,
preferably 50% or nore, nore preferably 70% or

whelQf RrtaifiRlyh&i&ep a6 ﬁbén‘ﬂb?aﬂe‘?sc' §aﬂahﬁrbf{_%li‘inﬁﬁatf ®R0% or more
fracture elongatlon I's l'ess than 50% handleability

dex’ﬂréh llﬂﬁ"ﬁ&g ﬂnﬂ&cf;ij‘l e o{ ht 5€74.660, 3( &%ﬂlb%r{:%ﬁmdﬁ‘@@ﬁ{aﬂﬂe%blymer

nbrane 1s rated an the sane

sep%ﬁt?(ﬁﬁggrﬁbﬁile BQE ﬂ?cgﬁ‘%ﬁent it of ér{ﬁﬁé’?tﬂh Ebg@ (rg)g CP10-1010

ge and pr eakage are |1 a

men%}gmeS%n cﬁgflgﬁt%ﬁ%féﬁ)g? d diathefigl ?srzﬂviecodg%\%ﬂexﬁ 'ic?éls'lé‘—‘imo

streﬁgt ract ur ngatlon

me angﬁ?@g(%r{ lo(@ér é 72 si RO %94 gicﬂ 1%6 jrplgr &B%@ﬁ&p&eﬁ}tb“rﬁ@q{ag the

ure ongatloh 0 rine resin po

sam§ %P ﬁ{%ﬁg aﬁmﬁgﬁﬁ %\rt)e %fg(r) £ yél[)}())l%gghan r‘iiEx%l])F ?{;;xgagﬁlg&%rhe resin
pol)?%%fé o;?a?’atlo %?1\3 é?(% eghyoljﬁfsllg@& eﬂgfma??? vi s%% rérPEl f%ed by coli
pha%eég,z bl lelcc% gatotﬁe eli Ittﬁ % loff 08 gf ge ur eq‘la%{lllg m(])legilarz\%elght

ylng ese Ccon 1ons O
TR PRI R R I o
e R ORR SR
network structure layer is found by taking the photographs of the surface of the
three-dimensional network structure layer with a scanning electron microscope by
60,000 magnifications, measuring the diameters of arbitrarily selected 10 or more
pores, preferably 20 or more, and averaging the measured diameters in number.
When a pore diameter is not circular, a circle having an area equivalent to the area of
the pore (an equivalent circle) is found with an image processor and the like, and the
diameter of the equivalent circle may be taken as the diameter of the pore.
The fluorine resin polymer separation membrane 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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menbranes for water processing, pharmaceutica
manuf acture, food industries, and 5 bl ood cl eani ng,
and virus elimnating function can be achi eved by
menbrane filtration in these uses. The pure water
pernmeability of a hollow fiber separation nenbrane can
be neasured by manufacturing a m niature nenbrane
nodul e conprising four hollow fiber nmenbranes having
fibeaneattgirne fofm 200 possibind filhd sspgtation imdnitiraid efficieddl in AN
the case 10 of a separation nenbrane of a plain
memiabe adulepnd havveieerdvpttageatuapably of hcreasinga@@ffebyve area of
cutting a separation nenbrane in a disc formhaving a
merfbran®@p&ra @it valusiig) sndlat Skedllovn Gbérim&@nbrané€ Fdridid practicably
filter holder (stirring type Utra Hol der UHP-43K,
prefegsdlf act ured by Advantech Co., Ltd.) of a filtering
apparatus, and through a filtration test. 15 A

per meatyRefeMad &ir tROBEGYind #8binipdl i REp ¥t REMERMNRGN the
dead-end filtration by external pressure of nenbrane

invéntibh t@kdtREy fHRpradicablY Y Rireipeinddiag 'PeftbAhatce aHE Abf-BMRy.
nodul e or the filtering apparatus at 25C and

For Sk&rthfie e Acdine RERSo?mahcd plile vt QRrfbark peffdfmarddt 50

per meat ed water amount (mj is converted to a val ue per
ay gt L f fecti
Rl T LT o by (2B Top e et el IR o7

m’ /@eﬁﬂe %tg% gm@%er\/&#ﬂ@aﬂiﬁﬁ/imgg hat DR mpﬁfﬁtﬁ,;ﬁe%_}%féblﬁgf is

Pa, as val ue ‘of pure” water perneabi
too KL L RoP R Sis MEEAT L hlmlh RRRALSY btfrane
WP e Pl BB B BB S e B R She
Al Frin By ol p p@iintteit LR, B M pe B 22
perpfrp P REnBEAIRD: 100 bt 7o ™26 By an

ext | ressure Gross. fl under e
Cond e BN E T HafhoBraRcys pr A BUER B mbfE fha iy preferably 6N
of filtrat.i on,.of 1q)kPa ne | inear

or r@o&?éi?{wﬁ frg(ftufe er%,?%g’a iof} o{ A e éatbeelg ggae grg@%ﬁ or more, and
oGP0 1 B R s,
eloﬁgg 1or(ii 1esX1te£s an %L%,e zgnrd?gaibﬁﬂy I1nn hatmlzliﬁné g\ﬁu\glaigg Lesin 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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5 and the dextran concentration in the filtered water
are measured with a differential refractive index
neter (RI D 6A, 100 V, nmanufactured by Shimadzu
Corporation), and the elimnation rate (% of dextran
havi ng nol ecul ar wei ght of 75,000 is conputed
according the follow ng expression. Elimnation rate
of dextran havi ng nol ecul ar weight of 75,000 [1 10
( de>Biyr satisfynrpcthederahilivions of purk veiterbevvatting/ fetoxmhame, tenacity
concentration in raw water)] x 100 The nmeasuri ng

and fRcteslslongationpthe fhdeint yesanpblimac icpatatioh angabratdoOthe a
separation nenbrane are not especially restricted,

inveRtidn pbSeisen seérighh anbiwhteapériicabititypagMchBlB tahisd ﬂﬁeﬁeldd oe
of breaking are neasured, for exanple, with a tension

merh B 8A& foRRete pRRBIHIR: 9ﬁarlxﬁcsrﬁfbayﬁqlaﬁefabﬁrtgtf$b&fnd§§n8§nand
and by the nethod of performng tensile testing at a

blodded)&dnlings, hAd 9irRé elnRindhghihctiditsh FEAHKVER %yQﬂé‘%ﬁ&hh@ﬂltfa%on
performed 5 tines or more with a different sanple,

in tiR8uée obt ai ned val ues are nunber averaged to obtain
the average values of the tenacity and fracture

el ongRtphfwatePpdiRabi®ity S-S hARRAfBL s%gax%ﬁ%’héﬁﬁaréd“c dafi®e
i nvention, the spherical structure O layer conprises

mea%ﬁrlg gﬁdﬁh{c)(u a%f rthef d MAHihdlfe @xﬁbﬂm@%dﬁ e;Sergn R)‘ﬁijh&'itﬁv

I Mensi on netmpr structure rses

ﬁbe; Héﬁfb'ré}l%s ﬁl§§1 st 2@;1311‘5 E.Hi H*.r §§ﬁtﬁftron tgkbt hey the case

I nventi on, son t ester I's bl ended

of a%é;t) ci(rplﬂg%gpaﬁxe o‘fglﬁeﬁﬁ H&ﬂtﬁ]&et Blgret\be{t éegling%g gqg Heasured

structure Iayer IS, SCri

by duﬁﬂ%r se?!n%ﬂoﬁ AR Iﬁ' Hisc %E’rggngngqaocﬁ%ﬁ—\Xte??F4?m|n? Yhd

I'ng property a

st 051 BELEH APLYIEIer SO BRIl SN P

e- drrensicona ructure
man/ttaﬁ%ga BY i REOPEYN % 56 BRLGERGEIRN od GR0UCE Bftarion
when hlgh concentration, high V|scosity and a | ow
aggloneratlng property can be inparted to a quorlne

S A AT L P
exteé'rlagb Iﬂrera?gll?re é)lﬁ rﬂge\éppr}g% %%?h od*el Ofl’yl{l]l% es %&I the mmla%lure membrane

test,

module or the filtering apparatus at 25°C and differential pressure of filtration of 16
kPa. 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 a
permeated amount value (m3/m2'hr) under pressure of 50 kPa, as the value of pure
water permeability. The value of pure water permeability of a separation membrane
can also be found by converting a value obtained by pressure and suction with a pump.
Further, the elimination rate of dextran having molecular weight of 75,000 is
found with the miniature membrane module or the filtering apparatus according to the

following method. In the first place, membrane filtration is performed for 10 minutes
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The fluorine resin polynmers for use in the invention
are vinylidene fluoride honopolyners and/ or
vi nyl i dene fluoride copolyners, and a plurality of
these polyners may be contai ned. As vinylidene
fluoride copol yners, copolynmers of vinylidene
fluoride and at | east one polyner selected from vinyl
fluoride, ethylene 10 tetrafl uoride, propylene
by dnesxddrhalqréssere aoss flvhyystane, wideothedeonditivhs obteingperasure of 25°C,
exenplified. The weight average nol ecul ar wei ght of
differhntiflppessuneef fidtsationpd] IbrkPas ambmetnbrane hinkdravel dojty of 1 m/s,
sel ected according to the required tenacity and water
witlpar apebid sdlyticf contenihp U @00 eSdaxtrap bhyifg ndepdaratdigit of
menbrane. As the weight average nol ecul ar wei ght
75,000casehs sy watehe Inaheniexplaceahe dettyan @aeéBratiohiin theaaw water
t he wei ght average nol ecul ar wei ght decreases, 15 the
and ttlendexititayl cbfcentratidreint the fitvard. waktbredre hasured RéthvedifBiential
average nol ecul ar wei ght of the fluorine resin
refrgiveigdex maep(RiDes Ab1 00 V,rRanuPibied by Shim &), @iPoratibn), and
the case of the fluorine resin pol ymer separation
the SIRATHAAOR rdt® (%) 6Lddxrandb Gihg PEc16ABE W gMST 7500086 L& putt@
chenm cal washing, the weight average mol ecul ar wei ght
accétliirighBe fdlloMVihPexprésich. pol yners is preferably from
100,000 to 70 00, and nore preferably from 150, 000

to EZQmﬁQt@orQQEb of deRfthn RATRE AN cEilar Svelight o@ 78800 ¢%) =1 —
substances, inorganic substances and polynmers nmay be

contaéneed doRcdniarsheniGa waldr Y (deMirSn LAERAtra lhhsw water)]
t hree-di nensi onal network structure |ayer in the

pol Wrggg separation nmenbrane of the invention within
the range of not hindering the object of the

| NV el Rhsudmt @088 bt the WRcRY hid Fraltlfe H&?gaklﬂntohﬁ separation
invention are not especially restricted so | ong as

mexﬁﬁ‘%}{e BVt e§letialiy %@stt’?@t&@ ra8id ¥k feliiBing ﬁ-‘aﬁﬁh@ eﬁ)ﬂgétﬁfn at the
de chain as the nolecular units, and nol ecul ar

tlméJGf ISI%BJQIIQ e rh&%ﬁreﬁefdr léké}ﬁﬁlee\%hﬁ %stem R&ePARSE Hmpl &S T

mononmer s const |tut|ng the nol ecul ar units other

meetsﬂlgﬂ% g Lﬂfoﬁ)emﬁlsﬁ By tife- Iﬂetho@bf(ﬁé?ﬁ)rﬁl%enﬁfe t@gt £7€

ene ene such as acetylene, vinyl halide,

tensYl'erxlX o‘i‘%ﬂ%nﬂﬁﬁ hquPﬁfﬂﬁgwﬁ%%m ¥ @Bﬁ e S flﬁk@lﬁ more

acrylate are exenp rtlcular

md?%?ﬁ%’%gerﬂ%&xﬁ ! Yl PhE o%&ﬁne'&extam’els a?&ﬁ&hl?ér%v@rrage@{oerfb%h%

e rea ohs that they are

average values of the tenacity and fracture elongation.

In the polymer separation membrane in the invention, the spherical structure
layer comprises substantially a fluorine resin polymer alone, and the three-dimensional
network structure layer comprises a fluorine resin polymer and cellulose ester.

In the invention, the reason that cellulose ester is blended as the polymer
constituting the three-dimensional network structure layer is, as described above, to
impart high concentration, high viscosity and a low agglomerating property at the

same time to a fluorine resin polymer solution in forming the three-dimensional
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I nexpensi vely avail able and easily introducible to the

mai n chain and/or side chain. As the introducing

nmet hods, known pol ymeri zati on techni ques such as

radi cal pol ynmerization, anionic polynerization and

cationic polynerization can be used. 10 As the

cel l ul ose esters, honopol yners conpri sing

substantially cellul ose ester alone as the nol ecul ar
networktstra¢tereklapem. Adsordinghy, komppaidsrmes 8ot espediallyoestricted so long

acetate, cellulose acetate propionate, and cellul ose
as tlyehtsfy theidohjeat e Thaessovenmitieh ihigh coamnehttdti@achigh viscosity and a

honopol ynmers are preferably used for the reasons that
lowtagglpneraingrenpetysiandleyimpuréd @ fuoraredesdapolyyndranhlition dy the

15 Since these cellul ose esters are used for formng a
addition &€ a lurelisi civampoehdsps Kluotifi¢ tesinupotyrhéyparatige ife@ibrane

with a fluorine resin polyner, it is preferred for
havingersuitablb €undtios FolovitusvdlintindtidnQiah e obeshed. pol yners on

appropriate conditions. Further, when cellulose ester

and The YRiotiRe résaspdlyRetsyioRlisedih @hdins Ehtlintara Rthyhidbntoflgoride

t he good solvent of fluorine resin polyner, a polynmer
honfopbliime@Nakbor Vigylidne fRdride tépotRniérs, £ 4 flatalidPof these

especially preferred. Since cellul ose esters contained
polyrierd nialy bR QodialfRAS | AR inyHIeHOfioddd dbpbHnters, W6l ynRELof

hydr ophilic polyners, the hydrophilicity of a zluorine
vinylRIhO 1B IR 4% $R3f Glel dpv‘l'ym_éﬁé%ﬁ:ﬂq}drﬂ GIRARP88ridé&Rehylene

wat er perneability and antifouling propéerty can al'so

tetrzﬁﬁlo_riifdg,r}lfr_gf!}ﬂgne T hi6tide, bhE chRfeRE cRIBHAR dridé a?é‘éixempliﬁed.

antifoul ing property of a fluorine resin 25 pol yner

TheSPREKBVERABe FMRITRNUBRSvTBM of Wel MRIrinkGe 8 BBRERYs R¥y be arbitrarily
hydrolyzing a part of ester 29 of the Cellul oSe ester

selebfdd AcddriiRg 16 TR GhiRBendA&Y WRH Kvasd:r 'PeftheUbflity B ®e fidbrine resin
thereby forma hydroxyl group of 'nore hydrophilic.

polyth& sbhdtafib Refr®einR. PAYRBeRRPMN LdeQhoIRBITRY REEH iﬁﬁkﬂ&&

I nvention having both a three-di mensional networ

the glta{ey BLALIRY gtfwéé‘,q)vlgle%hﬁé Wefdht &Y draied 1%1%8\'11%%’ g«gxr 58 8edases,

manuf act ured accor Ing to vari ous met hods.

the BX2UB) i€ 1iaBlTB 1404, Oﬁh&gﬁﬁéﬁﬁ? Feigh? L@Lgmngfecalﬁi Wt Bfthe

resin polymer containing cellulose ester on the
s PR A SHRDIE e, SBAELER or
fluorine resin polymer separation membrane for use in water processing use subjected
to chemical washing, the weight average molecular weight of the fluorine resin
polymers is preferably from 100,000 to 700,000, and more preferably from 150,000 to
600,000.

Other components, €.g., organic substances, inorganic substances and

polymers may be contained in the spherical structure layer and the three-dimensional
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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cont ai ni ng the good solvent of the fluorine resin

pol yner to thereby forma three-dinensional network

structure | ayer on the spherical structure |ayer, and

a 10 nmet hod of discharging a fluorine resin polyner

solution containing cellulose ester for formng a

t hr ee-di nensi onal network structure |ayer and a

fluorine resin polynmer solution for formng a
longsgstbey bave csilplose esterslonyles main ¢hain aeiier sidenahaftr asrthel mlecular

and then solidifying and cooling solidifying both
unith,zapd mgoleenlar wits iothek yhangeelalioke esters aiayibegprédent. gaothe

solvent of the fluorine resin polyner to thereby form
morgniens emstliuting sheomalecdlar meits/thér than eedlulvse ebteyse e.ggratkene such

spherical structure |layer sinmultaneously are
as ethybamplandl ipeshylenleiesllynd such ae acdylehe, ¥inyd halidd, vitglideee halide,

resin polymer containing cellulose ester, when the
methyhéthadralateandfméthyl aceflhtelaéSexeamilified! old patiéhlug eihytene,

resin polymer is as high as 50 wt%or nore, it is not
methgapsthadrylatecandQiétByirctylgte geOpre feRted b the EazeNEMht Biky e

fluorine resin polyner in the solidifying bath for
inexpehditk1ly i aithbi whdCasily Rgrodadibldi th Yhd@adQhhineanld/dt@identhain.

resin polymer solution containing cellul ose ester, so
As thB aitrddi€ink Inbdhdd3eki et PolyetiyatRin t& RE s@dh AsaaBicane

of the invention can be manufactured by the
polyidrizeiibn, Galdndpd] Pmari St ontinfl hilehi® BbIRnRGEaticiNdaRi Boi uRed.

t he good sol vent conponent. That 1s, it is preferred

to manHé eQldsR dsfres, hbmepolgefLomprRalg/diBEtaf®AR @llufie ester
menbrane of the invention in a nmanner that, in

alor¥eR WhAmbléchiagudit ileU@bivie M8ShEh REhYPBYmeROcARPGE AL,
menbr ane having a three-di nensi onal” network structure

celthBYEAcelpRpRItaRPART EdRlose hEtGk Wl rhRUAS excthPPled'RId these
solution containing a fluorine resin polyner and

honfopblyle?s Sreﬁﬁéf%fabl}ic WeWhiCle Eéhg%ﬁ&hﬁ’tl th&Ph¥ rIﬁh‘éxpens_ivgly available

concentration is from14 to w % and the  m xing

ande@dilyhapfliAge cellulose ester to the fluorine resin
polymer is 20 wt% or nore and |ess than 50 wt% is

co a%&ttﬁé’seic@llﬁo%ésité}% b6 J38g l?&%nﬁﬂ@a@h{é@ﬂﬂm‘:ﬁﬁorgﬂ ABtwork

sol vent 5 conponent of the fluorine resin polyner to

stm,gtggétnﬁg?&néﬁﬁe%m FLORAL reBl YN ierS &riyﬁseyerrfed fhAMRH to be

en e mxing ratio of the cellul ose ester

mistiBlel With flLibGhd f%@ingn% ers B la?%%hrihtﬁ C]:)fl&iﬁg§£ tM@r, Whén
It I's not necessar to contal the goo sol vent
cellulose ester and fluorine resin polymer are miscible and soluble in the good solvent
of fluorine resin polymer, a polymer solution can be handled with ease, so that
especially preferred.

Since cellulose esters contained in a three-dimensional network structure layer
are hydrophilic polymers, the hydrophilicity of a fluorine resin polymer separation
membrane increases, and water permeability and antifouling property can also be

improved. Further, the water permeability and antifouling property of a fluorine resin

polymer separation membrane may further be enhanced by hydrolyzing a part of ester
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conponent of the fluorine resin polyner in the
solidifying bath for solidifying the 10 pol yner
solution. Accordingly, it is also possible that the
pol ymer solution containing a fluorine resin polyner
and cel lul ose ester, in which the total polyner
concentration is froml1l4 to 30 ww% and the m xing
rati o of the cellulose ester to the fluorine resin
of theadelimlmse esterf inanthf@-dimed&ontl Uetwak swagutedtgat tb theeby form a
solidifying bath to form a three-di nensional network
hydsylugroup ef myehydréphilia. t he first place, the nethod of
coating a solution of a fluorine resin polyner
conflae fiungne edsirupaigraeesiparation nidnebrae ihabe€invEntéon having both
spherical structure |ayer, and then solidifying the
a theeoaliendianad networla ssudtindiliyer agd haplericanitaichird tayeh eargiRod
sol vent conponent of the fluorine resin polyner to
manfie ey adookding td Varifis ghidiiotsi ORal exadiphe)fakmethibd UEESHERG a
| ayer on the spherical structure |ayer is explained.
soluBion bNa flerif@ESindfolymeSconedihih A &b §tlestR oA QRe sw@face of a
spherical structure layer is forned first. A fluorine
sphdrizal diruealry Bker, 984 HidnalidFyiap SRA¢RE Ny i 8 QbNAifEnd bath
fluorine resin polymer in relatively high

cont@ieLihe g@bﬂ oslvert JIfitdMdstineae§ifl polyladr fo tHeeeyadrmal vent

or good solvent of the fluorine resin polyner at

thret- AAédsiay n@tivd bk SATERRE MyeF Bn tIRNPhEHEI sREQRRN8FErPRIDATEN
solution is discharged froma nozzle to forma holl ow

methddSIdigh % A06riRd RER PlyBer¥ofitidnicoRRIniAE FAMASR ester for

state, and the discharged pol yner solution 31 is

forniA@h e ARhbtli flaf HetvdridstrRlrt My ePatda flubHSe RsHMyheal
structure layer is forned. The  spherical structure

solukiBY &r foHRRbA phatiday sﬁ@éfﬁlreilﬁyeé afthe|sHRE ke 68 die, RAN YRR
alone like this, so that it possesses both chem ca

soli&tyifP A cayhgRBMEIrERD boil 18RGS th a §B1d8Fyiddat 86htaRineant

means a solvent that is not capable of dissolving the

goo@ sdIvEIRTIf AR @SR R8h YBRmd? Yo theydb¥ofefm ARRRe-MimbeNbnal
tenperature of 60C or lower, but is capable of

netvtrR SRhMhRAa P aBd WsphSical B tire 18y eb kigulta8BRATPIrd eQemplified.
regi on of 60C or higher and the nelting poi'nt of tﬁe

pol YI®E iRkhd @WRIon(dfAr R RAERESn poERr ENRaRRIY R lose ester,
consists of vinylidene fluoride honmopol yner al one,

whenBe ABkihk BeidPPH thE cdifuldsélGtePlo $0)uofRO S YollRiet Rias high as

sol vent capabl e of dissolving the fluorine resin
50 W9 ¥ Rbrd ¥t i® n¥f écessary to contain the good solvent component of the
fluorine resin polymer in the solidifying bath for solidifying and cooling solidifying
the fluorine resin polymer solution containing cellulose ester, so that the fluorine resin
polymer separation membrane of the invention can be manufactured by the
solidification in a solidifying bath not containing the good solvent component.

That is, it is preferred to manufacture the fluorine resin polymer separation

membrane of the invention in a manner that, in manufacturing a fluorine resin polymer

separation membrane having a three-dimensional network structure layer and a
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10 or nore even in a |low tenperature region of 60C or

| ower is a good solvent, and a solvent that is not

capabl e of dissolving or swelling the fluorine resin

pol ynmer even by raising the tenperature to the

melting point of the fluorine resin polyner or the

boiling point of the solvent is defined as a

non-sol vent. As the bad solvents of fluorine resin
sphxiday sreucsyre iayeel| aspotyrensobdtionl cokigiring a flubfin@&dsi polghmycald

ester, and organic carbonate, etc., such as

cellalpsd eduaxmnolnieh thestophpsl9hRr conteltitiontk Fohd M to FEW! and the
i soanmyl ketone, dinethyl phthal ate, propylene glyco

mixif{1ayb of tlehRlluloby eitet!t6 iR MasriRNBdiR poBinis ¢ 2NR1R! sz Huk and
glycerol triacetate, etc., and m xtures of these

lessSRADVETHvE/o S Ro B BATBY if & S6lidifSHE bk &&ﬁaiﬁmﬁwsa kSodSol Fent

non-sol vent and a bad solvent, those that satisfy the
confpRa¥R oftetld fidrineResth pbRfmeP 8ot &/ @Re-dhfnSi6 AR R Structure

bad 20 sol vents. As the good sol vents, the exanples
layerncl ude | ower al kyl ketone, ester, amde, etc., such

as N-nethyl -2-pyrrolidone, dinethyl sulfoxide,

di mhnk@%kﬂmaﬁixingagsgmé&nm 08er ta%fgim%é%km

ket one, acetone, tetrahy uran, tetranet ur ea,

i . i . h
pol;lsngefrq?frg}ﬂ SCPRACBRNAL &t isGof neceddy ofq Xfehis mevﬁgﬁgﬂeg{ ese

vents. Further, as the non-sol vents, a

AR BRI, BT el DA i
s e A G
con?@ﬁtﬁ%’g E]]ugltrlt?%}éé?& _ogrgﬁrlt a%?Qc%ilulogé Qs%é}oin’ whidh %)entghag/ Pglﬁgq’er

enzene, trichloroe

_ ot h | . .
congﬁ%gr%%?{? & frcgrll)iﬁ% 30 gi‘t?og 8%(({1 ﬁ'%ﬁt{n%rﬁéﬁrgu% Pighglec%enwogg Ester to the

propyl'ene _ _
L R R T R

e solv lified. In the above

a th#%ﬁ WSE%“EH%?%&?Z% ﬁ%‘gé&‘i%ﬁaife& preferred to prepare the

1t S OIS PR B T8 L8t
confRAERAL AR Hh% b0y et e sl RS
e R % 9 Bl Aot B VT
comsp(())lngrgtio%rt]ﬁe tIhE]oerinrc]airgsqg anfy?netr t[]oe th%lre r)}(%g}nll glghrg(f:-dgnqgnsional 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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fluorine resin polyner separation nmenbrane to be
obt ai ned. However, when the concentration is too
high, the void ratio of the fluorine resin polyner
separation nenbrane beconmes small and the perneating
performances |lowers. Fromthe viewpoints of the
easi ness of handling of the fluorine resin polyner
solution and a film 15 form ng property, it is
is cpolafgesoliddficdhata cohbngbith thosa wpieciosl styiciuse lagemisgompel.  The
range. Accordingly, the polyner concentration in the
sphéticad strmeuredsydn spistymiaily somptisedra flsorinerredie pabnier atonenlike
to 50 wt% For cooling solidifying the fluorine resin
thispsy) thaeit pss¥estel Bothi chemidal sk Md s sichDétrengtich as
hol | ow fi ber or a plain nmenbrane, a nethod of

di saiaeghB®ad bsvédtiedahd @ solZBnt'tB& i neapABIE of Blsd1vRNG the
froma nozzle into a cooling bath is preferred. At

fludrite Sedih PBlyns by 36v8o 6 ML AtileWitenp&htukSEf 60°CtdiGower, but is
cooling bath, 1t is preferred to use a liquid of a

caphIEBEHREMV R Yy § WBR0P nidRe ROChRAde AR h Rk HeBbnPoHREC or higher
sol vent or good solvent in concentration of from 60

andltRe HBRinY PBint UIeh<ERRYinBYor ToAM} BoERANEAL LA ER the polymer consists
non-sol vent besi'des the bad sol vent or good sol vent

of viyli{tleRe N6 EARG RN mbY 19K, itﬁkgmlt‘:lifliﬁg f&gfmst imc%,frgl@)’? a

spherical structure. Incidentally, en a liqu

CorftRPEd Bid)d s@lv@ﬂ{kaﬁ%lgﬁpﬁis%vﬁl fhe AoriR r@siﬁg;rgﬂgg@t es' W%

used as the cooling liquid, phase separati

or R&BELER é’!%v@femtpkﬁ%m@ R |oi’ 66¥C &q&gélsis B;gt%.foﬁ s6REAChNY a
to phase separation by tooling solrdification, so
. . . . : CE ol .
Sowﬁﬂﬁhﬁg}s?’%? %géaﬁgé OCf%%Hfé{‘ﬁj%ﬁrn J?e ggl%%{h:e Efgﬂ“’%‘né ? eisggé(?k@er even by

raisp%;t;hg fe?x‘?ﬁdﬁﬂ%t%%@ﬁl%gingboﬂﬁrg?'il?e”t‘fucf}l}ﬁgitr ssrll ﬁgfyg%g SFH%G' boiling

y ‘quenching an cool'ing so ut’i on

_ . p . : . i ¢
poift ISRy I AU BRSO L 1 LS R P eol vent Cor

d I t _of ' .
gooal%ssgle\f)gﬁ ﬁ?lgz nt% Ié?}g[élr)rgx?{] #egl‘?l p{oﬁﬁh&s, rgfzfdyer@{anﬁé\lkgirléetctnheé

rel | VEI ere are cases

structure of .the .separation Nehs,.N
exch 1 85 G kP SSREPALY B8 JEERARRRI BepPhestsonporone

ccording condi.tions, Accofdi foor formn
ooy e BT ke BBl it R e Bpieff g ot merhy

o B5FORAE Ll FEd SREH R e es o
thes%ns%lvteg% ate ¢ é)rglglh%e%h %Q/gn tmenr;g)de sro?\t/elfllgseo af non-solvent and a bad
solvent, those that satisfy the above definition of the bad solvent are regarded as bad
solvents. As the good solvents, the examples include lower alkyl ketone, ester, amide,
etc., such 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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cooling liquid to be used should be appropriately
controlled. In the case where the fluorine resin
pol ymer separation nmenbrane is nade to a hollow fiber
menbrane, the prepared fluorine resin polyner solution
Is discharged 15 fromthe outer tube of a double tube
type nozzle and at the sane tine a fluid for formng a
hol |l ow part is discharged fromthe inner tube of the
andatheb Icklotinbted toygamindqad € suctaasdwithe helxaehpergaed, pelzagnertoluene,
solution is cooling solidified in the cooling bath to
methdrex edthanof, @arboa tétedchintide] bdichiorotunaat:, trithléoethylengpsthylene
as the fluid to formthe hollow part, gases or
glydoll qli¢ctiglesaplybel, gtuiieylald glyweﬁopillﬂﬁe blycéihButylene Igl;m@l’l it
is preferred to use a 20 liquid containing a bad

pent8tdieN) heinedidddowaholeAilar Welgmw&mﬁéﬂ &1, éteQandmhited
100 wt% as in the cooling liquid. The ruid to form

solvlehs T dhds@WoIparth akBkelPliispp! i ed while cooling, but
when the hol |l ow nmenbrane can be sufficiently

sol iiflide dv¥hdadutdRirm@hdthel, iff i9 P%fe&éd U}ﬁeﬁa@@ tHeMBudRaeh

alone, the fluid to formthe hollow part may be

re51§EBEf!rrle? golu\%ﬁ BQ Wiss61981gl thE ﬂugéné: 15 RTymdin k88t 6A7 Righ
ere the fluorine resin polyner separation nenbrane

contéhtrafifin BRESmI 2D B 60 ioh i 'BeRha Be go6d7§>1'9ern? BPfh%ChJolrﬁi@ ése
resin polymer solution is discharged froma sl

polyR&Z: Belatdfbtl ﬁ%h'téihfgérséxré 8¢ § %Y ’P@ ﬁ?hQ}hE 81 mer

surface of th prepared spherica ructu ayer

conl:e%trfaﬁ{)ﬁrﬁfjth Gy ?Jsﬁ‘p%ol Epgo?@udy ﬁﬁr}ﬁé@?% tﬂg%ﬁ(ﬁ&rahon of the

structure ayer Wt uorine resin po yner

ﬂuo%ﬁt: #s‘gp F Qx@ %ﬂﬁ%nﬁ%&x&l«lﬂéﬁ) eSduks dnedTh Q-I&\Q{?e? %flé}lnthe

not specially restricte

con&%t}aﬁ &gﬁog%%])' the! i@ Pl Hu %s&%ﬁ{}r{ﬁ& sefarifid10d
|ng afruorine resin po ymer s
melﬁﬁ’ﬂé[é?béygﬁ% %ﬁzratléé%xﬁﬁ?e e%l%frm egﬁy?m%ﬂ%es Gerdf . Eflﬁn the

ure a e y|n

vmggfoqg% PR erfing% ki (SJIJtH{: 08 SORLS eInd S RHLAGS i
forilg sk b&%@%ﬂﬁg f*’f?'ﬂ'*e' S”‘%“mmé%é 8"0191 & %%55%“ te)

Accforﬂa%‘lyh@e SR BT TR s BROMES R R sl ichdS
pref%ratb?y from% to 5166 %.

For cooling solidifying the fluorine resin polymer solution in a predetermined
form such as hollow fiber or a plain membrane, a method of discharging the fluorine
resin polymer solution from a nozzle into a cooling bath is preferred. 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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m xing ratio of the cellulose ester to the fluorine

resin polyner is as high as 50 wt%or nore, it is

al so possible to solidify the fluorine resin polyner

solution containing 15 cellul ose ester by the

imersion in a solidifying bath not containing the

good sol vent conponent of the fluorine resin polyner

to thereby form (lam nate) a three-dinmensiona
mainepmpoekens iy wsst as thel cypling ligwids pliase sépapgtionitey the pemdtragion of

resin polymer solution containing cellulose ester is a
the pon-yoteentooturs ipoaferentidl by toi phgsecephratios by estlérg sobidifacation, so

fluorine resin polyner, and the sum 20 total of the
thatcaospberital atrucinred$ diffithltitoaseaifst Burtiergintthe caze nd attnufictueing a

of fluorine resin polynmer to the polyner solution is
fluctidle Wedie follymel Sepantidd métbrapebly fHeath&thad bfrapiddyngiénching and

25 wt% and the mxing ratio of the cellulose ester to
coolifi@ sdll i ing® sdleSdmofginyd By disSolvingfhidtideQesik pdlyHer of

preferably from20 to 65 wt% nore preferably from 25

relati®el® hight doncembion SR &l il sylvehedrafodllsylviehOsn tBS fllriddresin
w% In the fluorine resin polymer solution 25

pol R AlaREIREVES high te$Beidfir€ therdA@NcdsBEwWRER ithDsththir® oPthe
the cellulose ester to the fluorine 35 resin polyner

separatibremembbaiR iSRot Phetilal sGurBeait @/dénschetiikmictule
good solvent of the fluorine resin polyner in the

acc&r@lngiontitidgs.b aAEbor&HFly\,/\ﬂﬁ Tornki@g Bsyhdital fhicurk Sthér om 50
to 70 % preferably from55 to 65 w% the fluorine

conib$dtidnP 6f heRbnERRAiGH hRthe MEARAME: Of a liiGtideT¥8R PoBmer
can al so be manufactured by solidifying the fluorine

solutiRal the oRPLYIBA 0BRLIVERMsERRhAKHY dihfoRltion|aA8 B drBturd &F a
a solidifying bath not containing the good solvent

coofiREFRGNANS beusdd@ohldu dppfopiRiily chttolRBr . Here, the
fluorine resin polyner solution containing cellul ose

est gh thdfase WhETS e fildofifld REMHPIRANS RPAatife eRibfane is made to
structure | ayer conprises cellulose ester, a fluorine

a hdIRH fbAhHBand Rtk ﬁ‘regz%é{ Sibrin@Rint ﬁlﬁ}nﬂ@%hﬁmn\’i@ gIsgPerged

the fluorine resin 10 polyner is preterably use

froth &Réﬁ’tﬁﬂﬁ of ﬁéo&ﬂ?@ﬂ&@%eﬁ@z%ﬁ%d% tHeNGmk e 4 ARid BS1 N
po e e

yner, the above-descri bed good sol vents can b

forﬂtrfﬁlgql% l'fdﬂéw Eﬁ[ s driéaﬁaxgg(? frgﬁl thg l1 0 'tdge' *'thd SPBH RAbd Eﬁ)eq{ozzle,

uor i resin yner sol uti1on contal ning

andGfid hﬂ&@%@%ﬁeﬂoﬁtﬁ%ﬁs g@&ﬁ&dgoﬂgifféﬁq{f tﬁ%ohﬁé‘ f#5tha0 Qhereby

concentr
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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of fluorine resin polyners and cellul ose esters, the
ki nds of solvents, and the kinds and 15 concentrations
of the later-described additives. For the purpose of
wel | reproducibly preparing a stable solution, it is
preferred to performpreparation by stirring at a
tenperature not higher than the boiling point of the
solvent for a couple of hours to obtain a transparent
madedbatplan mefhlrane tipepparee flunricossinglyther spbitiomss discharged
solution is also inportant to manufacture a
froms aplt ad4zte) anek sdlidafied incavcoodingbagl | ent characteri sti cs.
20 For exanple, for stably formng a fluorine resin
pol yoetheseffaced i the thwsbeanel spherié strii¢tefeday@ds famed
control the tenperature so as not to hinder the
(lanSihated) 4 thyeeddinidnsiopall netRork straktutd RMer Wit a iofihe Y&t pdiiimer
i nvasi on of non-solvents fromthe outside of the

solutRAGbh@hing y&lllste ktek.t NBlie lai@itioh Meeth@IR&Io8 biPetialll rédhGeted,
pol ynmer solution in coating is too high, the fluorine

but kiRSfolloRRIgTBho@ T rBﬁr:ﬂﬂY hiageat gaa HetidaofTBAAg £ Auorine
structure layer is liab 25 to be dissolved to forma

resifl E)Blsﬁnelr ayRfioAtohtARidgd el A6 8stBEd 8 Rutth® of the spherical
ree- di mensi onal 6 network structure |ayer ‘and the

stméﬁt:@rayaahn@ §Jliél‘i31;nygﬁLhE Ai6fine ARIN P mENB IR oated on the
perneability e obtai ned separation nmenbrane

surt*a@é’@fr the sﬁ%icﬁpsrt%chﬁ’e idyesby ﬂﬁrﬁ@rsxﬂ%emta%gﬁ@ fﬁhg b8th Qntdifigg

pol ymer solution in coating 1s too | e pol ymer

the 29&&1§dl%t BtHe anJrog%g g%ulf Fgl%rie t thERBY !ﬁg}ﬂ% g%ﬂxﬂg'fhgta a

eparation ne def ect S |

thres SRARAL & n&%@ﬁ&QﬁMQEyér wers. is therefore

necessary to optimze t sol uti on tenperature in

coaty), g Hé(orﬁrfé%ﬁﬁ@ﬁ%ér's&?ﬁt ?B cBﬂ%nﬂgpé’éﬁ'ﬁ[osé QkL ! n"i‘l‘iB]I

t he ‘obj ecting per mance o aration ng ane

m1x 1ti8 o!f’ﬂjxel QYufdsDEted %Qﬁe ﬂugl#ﬂ'éolreglﬂ§8[)€l§érpf Qsoflﬁéﬂgg 50 wt% or

aration rre rane 1s actur uorrne resi

mm%o tY%EC{ ﬁé’és %”so‘fﬁﬁ/ f‘t‘l‘xé“h n%erkél §8 ﬁ?%&l?ﬁloh%o&gﬁﬁr?gd

er surface uct
cellkﬁ%? Estgll;b}Etgllﬁ lu%% grl(glﬁ e fgogigg ﬁ{) ﬁf’alxbﬁé/ fHeC ré)%ﬁ%élvent
co S[ioner(lzett it a‘% ﬁ?}or xf 1Je§1 %5%130 f'on”H‘thsel?%tg}gr Isﬁger i cal

ut on contalnlng cel lul ose ester, or

e puiial B %F‘rﬁct“%e &8 pol yrer sol ut i on

ggﬂ&% tgglqgg? ?E%ﬁhcgriﬂee r%ssltneproly%?ert hl%tlgg tcce)rrltalsnlijrgg & ‘il%lose ester is a
polymer solution containing cellulose ester and a fluorine resin polymer, and the sum
total of the concentration of cellulose ester and the concentration of fluorine resin
polymer to the polymer solution 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 75 wt%, preferably from 20 to 65 wt%, 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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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
resippblymer isdessuthanH0 et Biismavgssaet foudonsdin detgond salvert dfabe
of controlling 20 the anount of the pol ynmer solution
fluoring edsin palyiner suthpkoletifying tahtbut gvhen theemivhdatiod$ from 50 to
i mrersing the spherical structure nmenbrane in the
70 vaob, ypaEferabbl fibmd@3, to 65 wt0q thefudriie refinlpyyRier Sepdthtican on
t he spherical structure nenbrane, and then scraping
mer@rhnBofiaie invehtion b Ay @enprattyiredrbysslidifl g, th@fluorine resin
blowing off with an air knife, to thereby adjust the

polyeikatsb oA kOukainiade REsE $§8r inZDsofidifl H@Mhath& RoAtaining the
solidifying bath containing the good sol vent conponent

goo@Kolv&t compohédt O tHReMidRfleRediR pyRBleri S Used as the
solidifying bath for i mersion after coating, it is

pr eftRid, @8k AiGHnel B6in PORARYr sOfutibh 8oStAREhSQUMERE ester for

conmponent of the fluorine resin polyner is from10 to

forriflg \ﬁ’ttl%?eeﬂ'irﬁérf?s'i&%l Met%ﬂmstgﬂltﬁr@ 183/8r ¥b:Hprif¥ cEfMSlose ester, a .

adjustment of the good solvent conponent contained in

fluokife r3fl pih¥t Al P& iPenk Qnkilke Q&@’s%ﬁe%@ g€the B rine resin

penetration 5 rate of a non-solvent to the coated

polyfnlléfqg f.)x’&?er&lﬁ e LA HEBSIvER! U{S‘{??geeg(gfht s%il\nein{]gf glrhudlias Eesin

ester ecreases, ereby a mensi onal net wor

polythdrihE %gvcfs-@%@fib&péooﬁ%gﬁﬁﬂgtéaﬂlblsYlse(font ai ni ng

m Cr 0- VoI aving a vo iameter of 5 gmor nore can

be LB ihe! _ti.gxga]l dflkélﬁﬁ&# ehltptﬁpatlﬁ@ Q)tfliﬁ%:' ﬂﬁclf}ﬁleirgé{ﬁléggﬂler

rate of a no vent wt e content of the g

o R ATRARTRL 5 058 AR s
of ﬂgl'inLé Pe‘élrl]{ yoé&%\gggga ngxﬁi? (t%%ﬂe%% Qe ﬁiplﬁ%lgfé%‘f've%?é XS&‘% e kinds and

npone € Sso Icationr

con%e?l\{\r%"gi{igx}fgoq‘t}ﬁéé iageggdg&g }heagg%ﬁ%igg.diljcjr? tﬁ%?o{eﬁ)ﬁﬁlﬁrg xlootrcllélgifbly

T
olvent conponents

resin r. those .exemplifded above c e.used.
preseid I rioy Lo BRI it B8 ePPRE RN MEP A,

eGSO IR} KB phDAFRR AR FIRARS b
obta?rll Ia[[Tr]aHsa;}alrerhg solution. The temperature in coating the polymer solution is also
important to manufacture a separation membrane having excellent characteristics.

For example, for stably forming a fluorine resin 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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function, e.g., the follow ng nmethod can be adopt ed,
al though it differs depending upon the kinds and
concentrations of cellulose esters used in the
formation of a three-dinensional network structure
| ayer. An additive for controlling the pore size is
bl ended in a fluorine resin polynmer 20 solution
containing cellul ose ester, and dissolved out in
netwarkrstmgtuee laferemddherspierionlatructuet lapek sethatite wager peymeability
or after formng a three-di nensional network structure
of theaglstained vdparaion hémebrane lovges. paCantsiry & this, ivhen gherttmperature
can be controlled. As the pore size controlling
of tiagipbl{meeslutidreinfoobtitwisngo tyvg alnd polgmepwiutits paptdally gels during
I norgani ¢ conpounds are exenplified. As the organic
coafiid] |30 Wil 2 sepdratich membhine fhidbhdéfbcts hefoshed aid sephitionse
in 25 the polyner solution and in the non-solvents

perfoRBéndedowersNONt-is eHeYerbic nddelsas o PPaELze tBS sS1aAGH Bdnpiature in
are preferably used. The exanpl es include

coaﬂ\ﬁ’% BY theQodipositiBh oY RN folyRerSsolutioR@inYd hd i BtingQek eM8nce of
pol yet hyl ene gl ycol, pol yethyl enimne, polyacrylic

the Sépathtiogsemptand.r an, surfactants, glycerol, and
saccharide. As the inorganic conpounds those sol ubl e

bot rWhéih 3 helse k‘\b@ﬁ&ﬁe B‘Huokiﬁ@ rdsth ﬁ&ﬁn&%e}éﬂﬁhoﬁ A Hr e is
and in the non-solvents that 5 cause

mat@PAtusel VEM oriltduGR %o%ﬁé%oﬁﬁ@ﬁ 'b@ﬁth&'ihg%e?luﬂfs@fe%@ﬁ'dbated on
used, and the exanples include calciumchlorid

the B&ggﬁﬁﬁﬁ@o? bl ?rg]e'rfégk st}dchﬂf:] W?ef’gi} ﬁfﬂo@ﬁﬁbé%xﬁﬁ”aby Eencal

ate Fur t he pnase separatlon rate can

struﬁﬁpa{l H8Lb &Y nleclfp é{iﬁ' 'aEéo‘P{l‘iugfto theHBBvSALHBA! FQT 5ple it is

uorine resin po yner SO ion contalning cel

prei%ﬁr%@ﬁ iniHled0 el d H&ca@?tr@&ﬁﬁah?&lld@ﬁ%ﬂﬁéﬁi&aﬂg

uorine re |n pol yner separatl on ne a

resih ?8 Y%Qltuh?ﬁ] cgrﬁXm <?e11‘i;h{§9 @stgrl R)Sdrgﬁt te fl Yl\ﬁrrgsm golymer

ure ayer an erical stru ayer,

sollﬂ%ﬁxrzzggta%?% Eeﬁﬂq@sregzlsfgg oﬁlt el (Hl%lj ?fa&:e@fl tHe Fﬂe)f{@f stll'élctural

ution ree- ITEHSI ona

holI?S f'ﬂ;? '}%e‘?n[lri@( nge @as% L}J‘ﬁ?fé HE 11 hgﬁbgresﬁoﬂa&gﬁ? T S%%ti’btnl on

orm ng er ca ructur

con%eurrln%i c?l?urﬂ) egtetr ? doated 3 the oILneglo ?) dspgngr?%il Igguctural

a era TH &
ai ni the 15 go d SO res.i

A 5 RO PR s S MG O oo
hollét rﬁl?etr g%egla)lltf%\{ elrsluggcg e S/étf t%?xgsgténg %Jor csotnttrlfl)ﬁmg the cgéltmg amount of
the fluorine resin polymer solution containing cellulose ester, a method of controlling
the amount of the polymer solution itself to be supplied to coating, or 2 method of
immersing the spherical structure membrane in the polymer 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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bel ow. According to the nethod, a three-di nensiona
network structure |ayer and a spherical structure
| ayer can be forned sinultaneously, so that the
manuf acturing process can be sinplified. 20 Here, the
fluorine resin polynmer solution for formng a
t hree-di nensional network structure layer is a
fluorine resin polyner solution containing cellul ose
fluosige eesin peligher krcused ps thetsalidifying bethcfonuemersami after gbating, it is
cellul ose ester and the concentration of fluorine
prefewed thap tieyanequnt of thegopdkgivent covipenemof tlonflwirivierrgsin polymer
cellul ose ester is adjusted to 14 to 30 wt% and
is fromef(etoais] wi'% mrfetdbly fro@520m0%0 wi¥d. t Be th adjugmentt dfchefood
the cellul ose 25 ester to the fluorine resin polyner
solvest éanopnn26t ¢omtdirskintthasolfddfyntbatia rthp abber @hke; the penetration
39 25 to 35 W% In the fluorine resin polyner
rateSflaufonesolvenntoatha coged Ahdrideassing®ldhier sohionoifaitdng adliubose
of the cellulose ester to the fluorine resin polyner
estefrdycrbases,Ivarar&y 4 thretsdimbhSondi@dtperkfsanadate/lal €qivt SGbstantially
65 wt% Further, as the fluorine resin polyner
confibig crof @ids Iviviggvéld Sp@stecl S jom S inbié Uiebd fy@ed. alt is
fluorine resin polyner solution prepared by dissol ving
diffreuftltel 06mtRA the BShdloP Rty BEA ndiisd1émtwintethy cBhtght of the good
concentration of from20 to 60 wt% in the bad sol vent

solveht &RRsbne ¥EBs thhn 1 B'®1%| sPthhi@e T6ShdlioR Vf illBlo-Aids can be
relatively high tenperature (from80 to 170C) is

conH8B&H wiig dficd@ipy. t PWhéd tRcbARNT &Sthe gh& ¥3TRént c6RbbMEHRSRceeds
ester, solidifying bath, bad 10 solvent and good

60 WO MR bolidiNOARNGHER TONEL 6k pRRABVISy HRY sORditisSthn tAkdstf of
the tenperature of the solidifying bath containing the

tim& 00Kl §R2688%0REnt Joﬁﬁ;oﬁéﬂi? bf e f1R%inB rph ?&?ﬁeh $hdseom 5
to 50C, and it 1s preferred to contain thé good

exe&@liﬁ@@&b&fe_éaﬁ%efuké@” ne resin polymer in the
concentration of from10 to 60 Mt% preferably from

20 t r@Qnt\Agl?{ﬁ%E}éi Jvlaﬁgﬁégbfé% thRfsuifl& SRS tgﬂlg %)glgfmer

good sol vent n the solidifying bath to t

sep REEmehfdfardety AHeORed s"i'{eeca?gbl.g Y i’%%%lﬂ@ﬁl% +Aifds gﬁﬁinaﬁng

uorln_e res!n polynmer solutlon orm ng
G P R G T
upoﬁqgec'ftiﬂﬁg 51?(1 ééﬁcentrations of cellulose esters used in the formation of a
three-dimensional network structure layer.

An additive for controlling the pore size is blended in a fluorine 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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contai ning mcro-voids having a void dianmeter of 5 m
or nore can be fornmed. It is difficult to control the
i nvasion rate of a non-solvent with the content of the
good 20 sol vent conponent of |ess than 10 wt% so that
the formation of mcro-voids can be controlled wth
difficulty. When the content of the good sol vent
conponent exceeds 60 wt% the solidification rate
separgiien are poeferrblynsad! yThe exaapledintiude waten-sohibspalyinets, et.,
time. By adjusting the tenperature of the solidifying
polpanylpymolidvae amdyathylemgglycélhpolyéthyleninnae rpedy aeryll acids rand
solution for formng a spherical structure |ayer can
dextyen,gudacthigsl, gl@rainshdaothanigles oAis dhe inethan#Ccofip@unds zhass
for use for discharging a fluorine resin polyner
solubdd bidth dmnthieablvehwifos wg iA thdpatpmel stbniinind|in ed Ned-solvents that
structure layer and a fluorine resin polyner solution
caudediont il vanbghduceppigist Separionuet preferhbly @isedila@d filld examples
especially restricted, but in the case of a plain
inclag¢rediang dhgtief maghdsien cB®kide AhiaEEhlsLMa hal baRum sulfate.
menbrane, a double 5 slit type nozzle having arranged

t WO Fairthes theSphase§ephaltiby rats @ bé Poritifled B ehiddtibobf HW
fiber type fluorine resin polyner separation nmenbrane,

nondolvenPloathé AREriAYREinOIFhEr iR cohtiheEanabdelestesed. A
fluorine resin polyner solution for formng a

t hr g8 84ifBASIsARdther Hﬁhmedﬁnﬁ% Eﬂé@l{ddrcﬁ"th@ﬂﬁénﬁ§re51n polymer
di scharged fromthe outer tu atriple tube type

sepatRE&| MemBlRESf tiRe ﬁljvé&ﬁfo‘nr}ﬁvfn%% tﬂré@Qilﬁﬁgﬁilm%ﬁ |n‘é¥\ird}ﬁ str@fture
formng a spherical structure layer is 10 discharged

laydr Q8% sPRerFafgdhRalrb! llPe@rer ANfetBod Bf"éhgclfa%lné QRbRge ?es%dl?fﬂer

part is discharged fromthe Inner tube, respectively,

sohﬁfag thiordl W&eﬁnﬁﬂgllﬁ %ﬁvcﬁ'kﬁgﬁ&me’ 1BFerSRliaH drﬁlg resin

coagu In a soll |fy|ng th to formho

polyrh8&o1 C}Jtl\éﬁeﬂ}r ﬁ')nlﬂﬂig apélﬁhgﬁﬁa éﬁ'ﬂ@ture' Iay @eras%hfértﬁge from die, and

accor ng to such a rret I S” advant ageous t hat

thert gqudﬁﬂ%giggagg%oh%éj&ﬂl \B8sARkA sofl ?%’lﬁg bgﬁlcéoﬁ?a?ﬁgg the

as co unt 0 the SO

gooﬁ %Bi ?ﬁlt dfqﬂe hg?r%%ﬁ]ehﬂ%oﬁ%érqb ftﬂe‘f‘ faﬂn'an[ e@ Simensional

acture nbr an especial ly
f
netv%r ust%gtn 14,& Addld &;h@ﬁcal %ﬁ\?&m% (}&Lﬁg g@@%ﬁ&% e{ksp&%éééﬂ?er
be1osw ' “X;I:c% &n%?ér’{e‘r‘lg rﬁe%h(% %ﬁﬁf} xﬁl {lsﬁc?r{“l *1!:}%&/0 %t?n&cr%r%ggye?ggd a

sphexl?ca?r I C Z%ureslg); Chg b€ for@éﬁ 1m1§lta%e§usi] ; 8 ?hdclt the manufacturing

process can be simplified.

Here, the fluorine resin polymer solution for forming a three-dimensional
network structure layer is a fluorine resin polymer solution containing cellulose 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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fromthe mddl e tube, a holl ow nenbrane having the
t hr ee-di nensi onal network 20 structure | ayer outside
and the spherical structure |ayer inside can be
obtained. Contrary to this, when a fluorine resin
pol ymer solution for formng a three-di nensiona
network structure layer is discharged fromthe m ddle
tube and a fluorine resin polynmer solution for

25 tb35mthg alnghé @noked resinrpotyinkraoliparcohtiming cdiRil @edster, the
fromthe outer tube, a hollow nmenbrane having the

mixiny rade df teneilolat enert toahik 18kt resia tpdlyendr ayBr bd fGmd® to 75
and the spherical structure |layer outside can be

wtof) ihd ipReferablydftonh 56 t6 loBawtbae resin pol ymer separation
menbrane i s encased in a casing equipped with the

i nl etyrther, af e ﬂ\iﬂri@i& résidl pb1§ReP 58118 n TR foEhEaa3pR&tical
liquid and used fo menbrane filtration processing as

strugtufeRPERR BubRAY }e@m piiahed REuRARREREPPy dREITIE RS Iiond

hol | ow fi ber nenbrane, for exanpl e, a nodul e Structure

resxﬁfpo@n{e‘x‘ Rerd1ative1y¥iioR RoRceRit b o Ofrorm 20! %@'dn%’m%e B4 bvent
ber menbranes are encased in a cylindrical

or g%@&‘ SQvERTof tRNudriie BGh pBKmidr *aﬁfemﬁ%w bt fereratlite@dnko to
ends or either onée énd wth a polyurethane or
170800 Yisd£si n for recovering the |iquid perneated
?%?OUE t he hoIIOM/fiber menbranes, and a type in

whi %fr{i' gclts tg @rfer refth f Sce@l'hﬁ)sg: le&el s& dl§9 %batﬁ,nlga%

in a orm recoverlng t

solvehit gl o SWe&ﬁgﬁbsE Igferﬁﬂ AV O Rla r?%glg nbranes are

exenp fie uori ne res nme

]
SEPgY, ?t‘n%xo the AR Elﬁ‘-e bP e B %‘fxﬂﬁg%&@ c%ﬂﬁnmfi‘ tﬂéﬁ%‘éd%olvem of

structure of a I'n mhlc

the Fllﬁl()ﬁl?e dregllﬁ % e}gﬁgr 1¥V|f gbé"ibdsoc'&oéﬂ&ijn ?%]!)I%Pelnlex t8E8 gﬂ tfe good

coif e and éncas

' h
solv%ﬁp&athrrgﬁlonflé) Fes{nggo?yrgélj dlﬁﬁléet qnice C?a 10@1 bxto'};? T@ ?(z 6(5 Wi‘%u 9
petlhcid f%%. ngﬁgfé BT ] S

f d h
in (e "@v@?ﬁ%gb' Frelfal WS plibfolinft G oAl RuenRlso the
d
flucdipg 1 FEE PRl 55%?3%§°r?8?n%€3‘@f%6%m Bsfol g ottt
lay {))\\é!frgl 1fc’nteng10 rlensetsvtf'lorr Zs{rugtur %}rfg n%{1 subs?an\{\llgﬁy

containing micro-voids having a void diameter of 5 um or more can be formed. Itis
difficult to control the invasion rate of a non-solvent with the content of the good
solvent component of less than 10 wt%, so that the formation of micro-voids can be
controlled with difficulty. When the content of the good solvent component exceeds
60 wt%, the solidification rate lowers conspicuously and solidification takes a lot of
time. By adjusting the temperature of the solidifying bath to the above range, the
fluorine resin polymer solution for forming a spherical structure layer can be qlienched

and cooling solidified.
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20 suction neans on the perneated |iquid side so that
a fluid (in particular, water) can perneate through
t he nenbrane. As the pressurizing neans, a punp may be
used, or pressure by water level difference may be
used. As the suction neans, a punp or a siphon may be
used. A nenbrane separation apparatus using a
separation nmenbrane for filtration 25 can be used in
t he Theelodzle$ forase fortdiRhhngiigta fl@orihe, resin \paly@rer Bulutiby iftrg
treatnment, city water 42 treatnent, waste water
formhingatthieidimerisionyl ustworlka ktrit@iune ayei afd b dlubfifie raafOpdlii@er
water to be treated (raw water) includes river water,

solutidi ForfdemitRy Sépheat £ siruttifh grav fotwap&ially r%@tﬁWE&HeEut in the
sewage water and waste water. Further, when the

casd bUDpliaiEmBAbIAE type FRATRAL iréin B&Wkﬁ&@ﬁr&fon&ﬁ@nblﬁﬁ@ RtdodBle
are 5 used as a blood cleaning menbrane, the

slit PR Ho21E ARVIHE ARAARATWA Bt PrEfShPY usBd.Vi Bhe BfseldT hollow
i mprovenent n elimnation of waste matters in the

fibeP kﬁ)@‘ﬁuoﬁﬂg réSepoITREPYGARon memisthaRithipledutd tyhd ﬁoﬂ]@ plte

cl’eani ng nenbrane for their high breaking strength

is pRX@aRlyQised 0 APGolify %?ﬁl' Yy gohﬁﬁ)n%lsﬁfrhlﬁf%a {H?&ﬁdlmensmnal

speC| ically with reference to exanples

net\’v&‘kes%btgﬁ: l'a§ MY dﬁ@hﬂ?&fﬁoﬁﬁﬁé bhiet e bPG rtxﬁél@ tube¥§pe nozzle

nuneri cal va ues representi ng t e struct

Pla e P eB e 39@%’*33’&“3%?‘29‘%%%3& PR
dxscthg.%r Il?]!okrp e%dﬁf‘ettn@éj%m §lul[1<ir gﬁ f%ﬁh@%oﬁh@rﬁggﬁﬁ dgf:ha[rged

oxXI hma er spherlca sTin erica

frond 'iﬂe%%%i’r tﬁbe r?%%&n%ﬁ %[f'{l“l h%odlécﬂgréeg gblﬂtl&?g é’rg?Bolf%soéldbﬁed

separa

andtc%!%lﬁnagg F}Pé scgfaagﬁ}ggr Ofon L RENOSBSAAEL Ol a%onowéﬁlﬁsne

rane wth a sc

AR S AR R
forlB Tl (3§vt e SRy %thagctoﬁm 3RO Rl P BIRE Sbion
subjecting to cooling solidification in the manufacture of the plain membrane, so that
especially preferred. In addition, when a fluorine resin polymer solution for forming
a three-dimensional network structure layer is discharged from the outer tube and a
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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[ The average pore dianeter on the surface of a
t hr ee-di nensi onal network structure |ayer of a
fluorine resin polyner separation nmenbrane] The
average pore dianeter is found by taking photographs
of the surface of a 25 fluorine resin polyner
separation nenbrane with the scanning el ectron
m croscope by 43 60,000 magni fications, measuring the
por el'tei fhneine rasim polgrnier eparkitioy mehwahetd énbagelin a casing
phot ogr aphs, and averagi ng the neasured dianeters in
equipped evith thd hetfveraag®ateh nek theoutief for péidicatddiqued sndnel for
network structure |ayer and the average thickness of

mer@b2AE Gltkdidh fbdddsihy hea hityitradf madifie.UOWHRS thSephration
pol ynmer separation 5 nenbrane] The cross-section of a

merhbrdf¢ isNEhIIRS ib&GhoBrians EBAERI ) S RIBIA5@udtSre of a type in
phot ographed with the scanning el ectron m croscope %y

whid®8 biBAB of b Al Df ABHo v HP me I HeE feAlnc QR in a cylindrical
respectively, and the thickness of each |layer is

con?ﬁi{@,%QQh@HGled B8 hOmbiaags énlglﬂxg&’iapgotﬁ%h@so ithtPohdlend

e case of a separation nenbrane having the |ayer

witlh pUShER Y e Psky ésiﬁ%gﬁéo@eﬁnggﬁ@ne&m@ﬁh%@d thEGIHhE

struCture |l ayer outside and a errcal structure

hollo@Yer iglib%izg'gnesz g}Fi %@?E%&J%ﬂéﬂi H'Z)ifl'aafsﬁbﬁ?fmetnlﬂﬁanes are Enr(]%ri at both

t hr ee- di nensi on work structure layer Is

endgﬁ{:é)flgﬂ ﬂgtetfgmtl E& or%&&ﬁegﬁ% ﬂ%&gﬁlﬁj Pgme%dttfﬁ%ugla |ﬂ£¢,et haorl]lggv fiber

otom'crograp cations, a

me&gﬁﬁg@#e@{(%ﬁﬁﬁ&y 15 point on the surface of the
outer Tayer to a’

a point where a spherical structure is

obs ngt(:}ileffilfoﬁhe gésgg al?mtg%) gez)g{aitigﬂ xﬁet%avﬁfrngﬁ %s%gml{lig rPr‘iaé![‘rﬁlaerane, a

| ayer “and per pendi angenti a

moclisugé %tﬁgc%tlr .fof tal? eolﬁt\?{i{;}kg%%{l%ih nd f}%l!iler g%ldl(? gn\gél(\?é??ﬁgs% and

i CKness o ree- nmensi onal net
o Sl AR SR e
o BT DRl PSR PR U B L SkReore
R K G N T T
and B0 pAWHIE, SHRIRI S hraddSs ABOGY FS8d 1ot P e W SecOering
the liquid permeated through the membranes are exemplified.

These membrane modules are used as a separation apparatus for water
preparation by providing at least a pressurizing means on the war water side or a
suction means on the permeated liquid side so that a fluid (in particular, water) can
permeate through the membrane. As the pressurizing means, a pump may be used, or
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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the separation nenbrane is thick and the fluorine
resin polyner separation nenbrane fromthe surface of
the outer layer to the surface of the inner |ayer on
the opposite side 25 cannot be included in a single
phot om crograph of 1,000 magnifications, so that the
44 nmeasurenent has to be done by sticking a plurality
of photographs. In the followi ng exanples,

treamen owisi¢ wgtea plestnicak en ilalusttad wateg prdpacation parg] the evattsed be
as the thickness of the fluorine resin polyner

treated(gava iviaten) inmelidesariecratatéralaje andindrshheatel, shderg®uhd ovter,
the surface of the outer layer to the surface of the

seawitee kewapeovatonaridneasepwaret.t € si de on the 5 cross
section of the fluorine resin polyner separation

e mAuather, when@asfliicthe pbiEnersap@aisOgethibi ek Sf fHRALPNEWN are
at arbitrary thirty points, and the obtai ned val ues

use@h€a bRV cRERThg erIbHARE lthd & phiafign hitenEMRISAPE prohisikE &S Fiew
of the fluorine resin polynmer separation nenbrane at

of thé@ingffovebhéht i blekIRES 6f white niRBANh ¢/ bisbd, UnHURESIhFHYS @ément
|

s obtained by subtracting the average thickness of
in duR®ilith b Brei1 SRS EARRS MBI ol BeR i bldhiink 3Edgthr oM
t he average thickness of the fluorine resin polyner
separation nenbrane at large. [Confirmation of the
presence of mcro-voids having a void dianmeter of 5 gm
Exatlpidore in a three-dinensional network structure
Igyer] The cross-section of a three-di nmensional

net Weleknwdntih Wil Beld@y¥Eibell Snote E@J&Pﬁé&ﬂg FAREL AL b I%ﬁamples,
scanni ng el ectron m croscope 3,000 magni ficat]ons

but ffe in%xﬁfoﬁé?% nb Beahy regﬂgfhgﬁherybe presence of a

m cr o- VOl and the vol ianeter (long axis |ength)

of g ME@%IV&%%s fi%;gg%gﬁpg g}%dstxfu%?é b ﬁl%n%?%{e%ﬁ"iﬂélﬁbrane

When there m cro-vol d, or
, e . e |
perl S SR kARG G VRl 10

[ i;d dianeter of 5 gmor nore 20 is absent.
theSﬁgﬁﬂggﬁﬁﬁgggVoid having a long axis length of 5 gm or

[Thﬁnglé?erﬁ%escg%%lse? r&% aj .rB)t(i(rar{ra’?e&* g@%%?halgﬁﬁh ?gg}rg {h% ;séfs?ciérgcta% structure

voi d drane

Pur e, wat er perneatin rformance.of a separation
1ay4r¥é’ﬁ835‘ﬁé‘j“e it p(ge {J%e%?ﬁaglop g‘sel?nﬁ)r%%ﬁ]yrrer separati on
me ane is %.hollom1fig
he average diameter 1S foun

ry taking photographs of the cross-section of a
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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menbrane, a mniature nmenbrane nodule is prepared wth
four hollow fiber 25 nenbranes of a |length of 200 nm
Usi ng pure water obtained by reverse osnbsis 45
menbrane as the raw water, dead-end nenbrane
filtration under external pressure is performed for
10 m nutes, under the conditions of tenperature of 25C
and differential pressure of filtration of 16 kPa to
60,G00enagnyfi¢atiods, angasunimathe gpoveadiememnoefidrbifnafl)y. seldveed thirty
per neat ed water amount (n) is converted to a val ue per
phowgraphs, dndravefaging theitheasur&d diafreedrs inenuatitea. of nenbr ane
(m2), and multiplied by (50/16) times to obtain the
[ Thy averageothickaepaif arhteedimedstonah netwokk Rt hayer did éfe average
pressure of 50 kPa, as the value of pure water
thickeessBabisplicrital Jtriorirelaysi o fligrideartsin @blygedt lsegurativiv i g
nol ecul ar wei ght of 75,000 in a separation nenbrane]
mendBradéle el imnation rate of dextran having nol ecul ar
wei ght of 75,000 is performed with the mniature

menhaieosIRdstich deshidriRdedh YR ménd&fardtivd mansiaht NS

of tenperature of 25C, differential pressure of

phofdgkatph@a wath 8¢ sde@nihBelectidd niBFRESHDY iOOﬁﬁi’gmﬁ&thbﬁé hd 9f000
S, wWith an aqueous solution containing 1,000 ppm

ma@ﬁﬁ&%hg ARpediR¥lyNEhd ML e bihREs YEiadRlayef 1s7c%n%@ed( deeidis o

manuf actured by Pharnacia 15 Bi oprocess
the TN AQbags the raw water for 10 mnutes by an
external pressure cross flow system In the next

IOI a‘iﬁ thet 88e OEX LdamhidANGEMLAL hfind theiliRr Eﬁﬁ%tgﬁtlﬁ%@g d

| tered ter are respectlve y neasure

arraﬁ% fﬁ]@&t—&ﬂ ngl‘%flﬁle}fet\!vy u'tt%or poﬂgéﬁfut 1&%@%\%&98 s%ucture

acture t|on

laye} flﬁ@%é“ gf)é évgrgg@tﬂ%cﬁ{ess OEML e '&ﬁ%&rﬁ%r{&ﬁnﬁ%h@&nﬁ%ﬁ@ Myer is

conput ed according t oW Nng

o PSSP PR bRy o, o Cex Ten e

R T T —
pon{t fAGh El?rfa%le QB! 5u%} l%fler%o §‘i:‘>8§ﬁ @}hepena %@HEQ Igﬁ'llc’cure 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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25 The tenacity and el ongation at the tine of breaking
of a sanple of a 46 neasurenent |length of 50 nmare
found with a tensile tester (TENSILON RTM 100,
manuf actured by Toyo-Baldwin Co.) at a tensile rate of
50 mimn. This operation is perfornmed 10 tinmes with
a different sanple, and the obtained val ues are nunber
averaged to obtain the average val ues of the tenacity
meanetnfenabdsuodealona hatsticking b plirdlity ob phaegraphs.a Iplthe following
menbrane, the width of a sanple is 5 nm [Air
examples iniongphaitis grliphsi thyenebyal (0ahagnifiadtioas aepaedbs the thickness of
menbrane] An air scrubbing durability test as

the flasitiid f2sih Jodyravy 8BSrafi6 fefbethel Jf [RE¢l Qhd ti diStdAdd @b the
the physical durability of the separation nenbrane. A

surfaBIHf thS SulEb thykLto the siabeloR el inael 1RYerfonl thé ngo%it@ 41| of the
of 1,500 hollow fiber nmenbranes in a cylindrical 10

crods'sBRERASANE {166 pol@NeNEpAatibriRRi®fantfis Meas@NdriR
l ength of 100 cm The Tnenbrane nodule is then filled

samé grécedlte 1K irélattB b€ hrbieddl thiR§ pORAD LAl ehedHidiAGE valTes are
subj ected to air scrubbing y cont i nuously supplyi ng

aveﬁdgéd fd AhBer!16\WaH t]!P@Neré% thidRnes§ Qﬁlr%'fﬂﬁﬁln@tresfi’n pétlyfepf
1/mn. The air scrubbing is carried out

sepfafiéd MEMBRING at Blrgel 22T Rne2RE tﬁerk‘?)ﬂertx&? stri e St ?s

i nspected for breakage 1n 122 days. The period o

obta1iﬁ e 5y SubtS e EBARL AL Ebe Llﬁcl@x'egs ofthd! H}Péé"gmaéﬁgmﬁgl IYe‘?@[)ﬁ( ' n

e case of adopting the operation
w08 At o P ol s
4 y-butyr ol actone in the proportion of 38
e R Ut yr o ag : ?
[Co%%%ﬂ[h% oq%h%%?sérﬁ:ﬁ %?%&r\ée\; dszl‘gavn%;aevgh%?a%e\{&dofaﬁt pr}l Q%ore

I on was ma noz

in aggrreg%fm%&gm%?k ?tmg*atf%yer actone as a hol | ow

ormn ified in a cooling bath
3 ekt EBiarod SRS RE MR sRture gy i

ph%"%éhaegt“a@a% ?ﬂ*%fff’%?e'i%é%?%"’}%iﬁéégﬁé W R85 Brapiication ¢
aingisp b b e THSPECERSSr oA R "o, SBAR001 Searss pe
axis lengt% OFthe 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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47 acetate (cellulose triacetate, CA435-75S,

manuf act ured by Eastman Chem cal Conpany), 77 wt % of

N- net hyl -2- pyrrolidone, 3 wt% of pol yoxyet hyl ene

coconut oil fatty acid sorbitan (lonet T-20C, trade

name, manufactured by Sanyo Chemical |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
mersialan¢ aothe rai evageregead efd imdnibrioy fiitragios uadde extvhal tprésdure is

was uniformy coated on the surface of the holl ow
perforthed ford Olmiianes,hmdenge @ondifibey o fxampéitatute b2 C addliffBiential

coated solution was i mredi ately coagulated in a 30 wt%

presSurRiftiirat?onpofl 160 Pad6 figerel RS perdldatddOfatbOarh QA (@®). The
hol | ow fi ber menbrane conprising a spherical structure

perméated whRy hidguhtQhiER dohe&redno @ vallegRr diuRR IO andldh

network structure |ayer. The obtained hollow fiber

effeBBVEAra4 6f Mefhbrahe E S hAE nAllAIRU Yy (90/16) 8A8s BIObtAR the value of

i nsi de diameter of 780 gm the average diameter of the
a pPRBREd Gater AiloUft W EnDhr) dnBerPFessutd BT G2 QEhE YafiR©F pure
pore size of the three-dinensional network structure
watbPeehestfilid4 nm the average thickness of the
t hr ee- di nensi onal network structure |ayer of 38 gm
. . ' i<cal nrsit: .
e e T R
-hr, the elimnating rate of dextran having
Inmﬁ%%g%ular wei ght of 75,000 of 86% tenacity of 8.ON
and thr.a¢ . el ' o ' = YOi i,Ng a
oo R PRl B DL 7 DBV
- di i u : | T .-
pertofth & fh TSIk, mBLARE bndths i BEEE unded o Bogions
SS-Se W .
of tér:rr{ﬁﬁedgtgg ﬁftr je5g81 ‘gl%fgﬁté‘\t,\lﬁl ;Ig}%s}_x?egc?tf fi[lg'gq%ﬂ'rgf'g and membrane

e
e electron

inf) SRV A95APD 5 SN SRR b g

hol'1 ow
t hree- di,mensi pn k., strycture |La i S. shown in
havind ST MIRENGE RN 700Dl 7 st Pock BEF Y PR ftED. | °

Biog%:g%sbs;ll'ei{;ltgildkig}ié gg gr?l\?v?‘r\ga%grefo\{y?é mir?iL?teg1 8;1 at g)%t%ltn\é greggurg Icll'oss
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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The obtai ned holl ow fiber nmenbrane is excellent in
physi cal durability, high in the elimnating rate of
dextran, excellent in virus elimnating performance,
and is highly practicable and usable for a |ong
period of tinme as the filtration nenbrane for the
elimnation of virus. The results of evaluations are
summari zed in Table | below. 5 Exanple 2 First, a
medsotenmt fenlgdr offndameare féuandi wigh a tenphie teistea( TENS HODN rRI MelD0,
prepared in the same manner as in Exanple 1. In the
mamfxdtugel by Toyd-BaMdwinaCo.y atylehsinatef d AHOhahEmiTn MO ypeedtion
havi ng wei ght average nol ecul ar wei ght of 284,000, 4
is petf8madd edimed Gk aatiffé@hesatiphel 3bd teSbtdifedRaluéSat nuber
by Eastman Chem cal Conpany), 77 wt % of

avePg@ tdWhtaid-thY hV&hgitges oF thaMebbdfy ahd3eturd Bbndatiéi?0 Gh the
water were m xed and dissolved at 95C to prepare a

cas®6f ¥ PRin HemBldnethe WithRSraRa@k &isl il Or M ng st ock
solution was uniformy coated on the surface of the

[AIPQIrhEbihg HREHiIRPE BRISIR NI sefarBtiPembealk] St ruct ure,

and the coate sol ution was i nmmedi ately coagul ated in

a 304 \VhiYosDuBBIB e AiIRY tE@ bl HARELAINESN SvakDes@bd Borkér to
forma hollow Tiber nménbrane conprising a spherica

evaftfafd¥hEt PhisitAYGEabil (190 B depadBoh MRRILBAR. 2 A me?]‘lbrane module is
t hree-di nensi onal hetwork structure layer. The
: r h
e MY TE L TIRTBIEMRE ket A BRELE

trmagbe?rgx‘?ttc%hta‘i’ﬁefrth'a@ing RNfLh &Rt o?#d #ﬁéﬂé E Irlé}fgﬂ?of7 160 cm! N¥ne

erage surrace pore size O ee- di nensi onal

melgﬁ{a\gg %dﬁfer ig ?l%erl%’lgfﬁ%ejhd%ﬁﬁ gﬁﬁhi’lg Mzaper nemrc]i ébé\;\&e&\ﬁg%ﬁ%{faw 1s

ness O ree-di nensSi onal ure
T

confel TR AE o0 AR 1 BRK DBEl R PlslF L AR 12
ans g R HIRRPOBRR 30 s Re A s, e B 22
rk sIrHcture. U

cas ¥ ERATERC P B Rmel MIPeT bt bifsPratont e biiidn
met?lgg %¥ %gr?orvnvgrsxg 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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not observed at all even after 122 days. The obtai ned
hol | ow fi ber nenbrane is excellent in physical
durability, high in the elimnating rate of dextran,
excellent in virus elimnating performance, and is a
5 highly practicable filtrati on nenbrane for the
elimnation of virus. The results of evaluations are
summari zed in Table 1 below. Exanple 3 First, a hollow
acefatebieellutesdriacetate /U AWS-A5S phamifaatred thy st @lanical
prepared in the same manner as in Exanple 1. 1 D In
CorhpanyN et with a€ Bl-méthy R 9pyatolidony, I HeR&f }'pbly@kjléiﬁylene coconut oil
honopol ymer havi ng wei ght average nol ecul ar wei ght of
fatty 8¢id QOfbitas (Wndh DLOCEride RsR, ARahRAtRIrdd¥YSary6hemical
manuf act ured by Eastrman Chem cal Conpany), 79 wt % of

IndhétA& 0|, héreatiee hbievited 3o TWOY) Odnd B W% of ¥atkrIvett HiRdd and

wat er were m xed and di ssol ved at 95C to prepare a

dissdRle B DS Tk iie a PIE I SHRFiSH lellé]fitfegﬂrga 'ﬁ%%ﬁﬁiﬁfg stock

solution was uniformy coated on 15 the surface of the
solliRIn Ve nh 1R8Iy EITRIANENE VRS oft 1ROV BberShéHbrakE ﬁavmg a

and the coatéd solution was Iimedi ately coagulated in

sph@nc%@ stfhclold Sk t‘PM 'co:?ted?ks’&lﬁf%ﬂ QQQﬁmﬁg&iﬁéﬁgcoa%Qfa%d' iR F0Owt%

forma hollow f nbrane conpri si spheri cal

N-n? thil0]- gij’f?olll(ﬁ%%r &ﬁﬁ SOt HEJTR)antMIR)Wﬁﬁer merlr}]brane

ree- |nenS|on net wor structure ayer

con ?ﬂ%{ggae%)hgﬂjze{l %’uétg&ﬁ%g{}gigpiglggﬁ%?@ﬁhg% %gﬁx'eg %uﬂlex?s"&{a‘?r

r er of the spherical structure of 2.8 m
net@%%%%g?lgégegyg{ﬂface pore size of the three-dinensional

net kOb%&Ilﬁ#HZIEl(ﬁfO g‘yr%e rafid hacf%} o&t'sl%e YaEIEe%%re of 1,340 pm, an

thIC ness ree-di nensi onal networ uctur

ol it PO P B AP 0
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AR e AR A GNP

the Iagerglgeethtlc%ee:ses oqltﬂesp%erlcaﬂlstm&g} yer 0?243' ?Ltny rp\elre 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.

48



10

15

20

25

As a result of the evaluation of air scrubbing
durability, fiber breakage was not observed at al
even after 122 days. The obtai ned hol | ow fi ber
menbrane is 5 excellent in physical durability, high
in the elimnating rate of dextran, excellent in
virus elimnating performance, and is a highly
practicable filtration nmenbrane for the elimnation
of vViheubtaifittbholbsufiber mémbraat isatxicelient & physivahdaiabiy, ihigh
Table 1 below. Exanple 4 First, a hollow fiber
in tieeetbnimagnd enré ofdextrapyedceliait is vitwscdlimi@atgspgafapaned] ahd is
10 the sane manner as in Exanple 1. In the next place,
highl practicaile whd ysabbtefoe afldngopdride I ainmed! theraitraiwimé@mbrane for
wei ght average nol ecul ar wei ght of 284,000, 7.2 wm %
the elimiratibibosuac ellztresulSA¥ 30aldtians afddiiaadizudad Tayle 1 below.
East man Chem cal Conpany), and 80.8 w % of N-nethyl -
Exampl¢ @1 i done were m xed and dissolved at 95C to prepare
a polynmer solution. The 15 prepared filmform ng stock

sol Witsgm M wiibdr @hdbhbrar®BdvERl & BpHehiBalssiubas& wat picplred in
hol | ow fi ber menbrane havi ng a spherical structure,

the 84ifle hARn&G RS BxHApMLI ON was i mediately coagulated in
a solidifying bath conprisi ng 100% of water to forma

hol l1p\hd hdXe bl1ddB MBI W35 of Qiﬁ%ﬂe?der}ﬂxo%d% mﬁﬁ{o'pSF}:'me?%ﬁbﬁﬁg Wefght
| ayer having formed thereon a hr ee- di nensi onal

avefh%E M&Lﬁgr%gw& 28280 ; 4 %@/om%emz@ a“c@atéﬂmm@ Fider

nbrane had an outside di aneter of
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nsi ona

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 5 not observed at al
even after 122 days. The obtai ned hol | ow fi ber
menbrane is excellent in physical durability, high in
the elimnating rate of dextran, excellent in virus
elimnating performance, and is a highly practicable
filtration menbrane for the elimnation of virus. The
r es g aregilt ef/thcwatiuation off ar suvblomg dedbility, Tdet bredkage was
bel ow. Conparative Exanple 1 10 First, a hollow fiber
not pbsebveamt al @vemaftear 1938Mkys.cal structure was prepared in
the sane manner as in Exanple 1. In the next place, 16
W % Tdie obtaiydd lddioer fibaranénl@rafoizerodlismein piasicabdwabigibg, high
aver age nol ecul ar wei ght of 284,000, 78 wt % of
in thé: ¢timhinytingrapy off dextrdosxcelentioigds elimidfing Porfbrihaé@ad is a
wat er were m xed and di ssol ved at 95C to prepare a
high19 lpyasticabld fitedtivhindinbrafke f HigpéliBihafibnd 6F FiousT Mhe FERABK of
solution was uniformy coated on the surface of the
evalalib®iré bidefafBedindndldavdleg. @ spherical structure,
and the coated solution was imedi ately coagulated in
Exapd®3 W Y0N\- et hyl - 2- pyrrol i done aqueous solution to
forma hollow fiber nmenbrane conprising a spherica

St I UGistiaholiBWefiber A Band R4vivRa Eﬂ'h%ﬁ@élr&uﬁcture was prepared in
t hr ee- di mensi onal network structure |ayer. T%

theQQﬁ@hﬁﬁ&nQ@hlE%&ﬁb@qr menbr ane had an outS|de di amet er
m an inside dianmeter of 780 m the average

d' aqﬁttlferne‘%t FIaE@ 13Rbe% bP@llnyﬁ(tlJnlécﬁdéh@e AbmBpSlyBer hE\hﬁg weight
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ave{é%& WRSidcubr WAESHOR 282666, 08938 clMlode R e@SIIIR 5.75S,

I ckness of he three-di mensi onal network structure
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|nens 0

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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5 structure |layer was large. As a result of the
eval uation of air scrubbing durability, fiber breakage
was not observed at all even after 122 days. The
obt ai ned hol |l ow fi ber nmenbrane is excellent in
physi cal durability, but lowin the elimnating rate
of dextran and inferior in virus elimnating
performance, so that it is not suitable as the

having 4 vad idematerdfiSame ot thokowas het prbsent imathée dreofliménsiomal
The results of evaluations are summarized in Table 2

netealkowucosrpar at i ve Exanple 2 First, a hollow fiber
menbrane having a spherical structure was prepared in
t he Saaesnmbfithe easluatiorxfaipb@ubbing Budability) dibee bicaRhgkORas
15 wt % of vinylidene fluoride honopol ymer havi ng

not WBiegVdd atalesag efierol22cdayar Wad eBthined hd®shw GiBEs mémbtdHeqd
cellul ose acetate (CA435-75S, nanufactured by Eastnan

excél@nicphyscanpaamlity, Afphvwh YhoélihinaBhd e 8f Mkiran] &densit is
wt % of T-20C, and 3 wt % of water were m xed and

virddlefifthatRig RifoPindeOard i8R %119 praabABIR £iltson ih@bradé for the
prepared fil m form ng stock solution was uniformy

elinfiB b OAr80 ThEreauk{ 8C& affatibheard Qluin@Wirizb PRI TABRTP Hald.
havi ng a spherical structure, and the coated solution

Exaffiple yedi atel y coagulated in a 30 wt %
N-net hyl - 2- pyrrol i done aqueous solution to forma

hol 19w, fd IRl w BBER R ra A RAViRd £ BpRrie NG wil Pféf)&xléﬁ‘?n

Iayer ’havi ng forned thereon a three-di mensiona
n%{.}[agn&t 3&]3545@ leayer. The obtained hol | ow fiber
rane had an Outside di aneter of 1,340 m an 25
f wtb i
'sBﬁ'é??%%@?ﬁaﬁétI%rzt/(%?f%m&ea%%%ﬁimﬁfe ROk Lftipk dienm
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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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having a void dianmeter of 5 pmor nore was not present
in the three-di mensional network structure. Since the
mxing ratio of the cellulose ester to the fluorine
resin polynmer was |ow, the average surface pore size
of the three-dinensional network structure |ayer of
t he obtai ned hollow fiber nenbrane was |large. 10 As a
result of the evaluation of air scrubbing durability,
of 75| (0erof 90Ba kageitywas 7. 0Np kndRsctréatorpiatiah bf 85%0  af hesro-3371
days. The obtai ned hollow fiber nenbrane is excellent
having 2¥ié dizadete w3 iok Yhordwas hétprident fhethe tirse-aahdnithnal
rate of dextran and inferior in virus elimnating
netwerkfsauppce, so that it is not suitable as the
filtration nenbrane for the elimnation of virus. The

r esld SreQilt 6Y e hiugiicn 8 & &ﬂm% &@r@bil’%{ Rt Breakagkiwas
bel ow. Conparative Exanple 3 Firs | ow fi ber

not BBERNRANE aRVERN GG m%&xc afhé&ﬁtéiﬁ&&ﬁ&ld’@ﬁb@[ ﬁ@ﬁ%ﬁ%e il

the sane manner as in anple 1. In the next place

excARnY Hpﬁhy%féhpaﬁzr%‘thﬁlﬁlrlﬁ% ?gnﬂ%ﬁxgg {]al?(ie?is@erk?ra.g excellent in
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aving t eon a three- onal network structure
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excep t ne aqueous

Coﬁé%ﬁﬁd ﬁﬁﬂ%?e solidifying bath was replaced with

ai ned holl ow fi ber menbrane had an

ST TS o e AR ff s

her i cture of 2.8 m 54 the average surface
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c
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surface ofothe goﬁlow Ig.%VI n%m%rei’n%'h%v%g%”s% gncal 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 5 gmor nore were present on every cross-section of
t he obtained hollow fiber nenbrane, and the
proportion of the presence of mcro-voids having a
void dianeter of 5 mor nore was 100% 10 The
el ectron m crophotograph (1,000 magnifications) of the
cross-section of the hollow fi ber nenbrane
manufactured is shown in Fig. 3. The el ectron

of 751000@f30Y% gerapity 668 0R0hdRadtinfel et@ida@ios bf 84%!t @ misrd-F6R
of the hollow fiber nmenbrane (the surface of the

havin@reeoid dieiteeroTal uoh of Wk wa$ hotGireNefit inA}E thred-8inSdiRiMnal N
Fig. 4. As a result of the evaluation of air scrubbing
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even after 122 days. The obtai ned hol |l ow fi ber
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in the elim nati ng rate of dextran and inferior in

stru¥tubdiBy @Il‘;vgglg@%l ng performance, so that it is not
suita le as the filtration nmenbrane for the
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summari zed in el OW. nparatlve

not Ebsreﬂed A aN ALY 199 rdg?? MOFRHARYd A1 BBEShEGBLane is

structure was prepare the sane manner as in
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thQ§ 95C to prepare a polynmer solution. The prepared
In}forn1ng stock solution was uniformy coated on

Co urIf:aace 105 the holl ow fiber nenbrane having a
rg%aﬁ%rl “at n%R Ficture, and the coat ed sol uti on was

| 30 wt ]
Nméﬁ‘dﬁ o5 O it hrlitice Bnched ey e pispered i

[ | ow f| ber rrbr age conprising a spherical structure

the F%?%F‘anﬁ%{\?lsﬁ@ F?}PWﬁ t hereon a t hree-di nensi onal
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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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i nside dianmeter of 780 pin, the average di aneter of
the spherical structure of 2.8 gm the average
surface pore size of the three-dinmensional network
structure layer of 34 10 nm the average thickness of
the three-di nensional network structure |ayer of 35 m
the average thickness of the spherical structure |ayer
of 245 m pure water rmeabi lity of 0.34 n8/n2thr,

the avgeags|surfrerpera gize of éiedgrwedlmpmonﬁémﬁwrhﬁlre@medayer of 41
wei ght of 75,000 of 52% tenacity of 8.QON, and

nm, thexaverags tblcmt}apfdw thfee8Bensiomal oetovorlo stguctinaliryrg 0435 pm,
void dianeter of 5 mor nore was not present in the

the average-thlickmess iob gl sph&riqad stnmtire dayen of 24@umSpmeevdtére
concentration of polymer was |ow, the average surface
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| ayer of the obtained hollow fiber nenbrane was
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durability, fiber breakage was not observed at al
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menbrane is 20 excellent in physical durability, but
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in virus elimnating performance, so that it is not
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elimnation of virus. The results of evaluations are
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wt % of T-20C, and 3 wt of water were m xed and

excéileﬁ?ﬁl ﬁfﬁfglcﬁlt A Bty bR 16 RAK TPl RN ra&pé)iudéx%n and hferior
pol ymer “sol uti on was di scharged from a nozzl e bei ng

in Vﬁ’ﬁ&&fﬁ?ﬁi@hﬁ? pE¥orthanle, Wb Yaat if¥s BT Qb R-RYHd fltladeR ?nembrane

aqueous sofution as a hollow part-formng Iiquid and a
for the |ehﬁixh1{aYloHQ)f lvirﬁé“ dTh@x'%Q'ul?sQlf‘ thlfuhl%hs' afe %&&aﬁ&e@ in Table 2
yl - 2-pyrrolidone aqueous sol ution

bek%ﬂereby a holl ow fiber menbrane conpr|5|ng a
t hree-di nensional network structure al one was

ConBHRMI RS Mhfte 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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The obt ai ned hol I ow fi ber nmenbrane had an outsi de

di anmeter of 1,340 m an 10 inside dianeter of 780 m
the average surface pore size of the three-di nensiona
network structure |ayer of 19 nm the average

t hi ckness of the three-di nensional network structure
| ayer of 280 m pure water perneability of 0.21 m 3/M
-hr, the elimnating rate of dextran having nol ecul ar

the Meidpdtsutfhce/ford6e of tHEAhlteedmandidnal Bétwotk Shhict@@dayer of 16
fracture elongation of 28% A mcro-void having a void

nm, GhePdREe tRiCk¥s dBthethidBldem¥soraPhetMo8S §Rlcthrd 1&;&&? of 38 um,
t hr ee-di nensi onal network structure. Since the

the SRl MBIAkNRAL bPWelshRGIcalRARAE Saydp 8§24§3ﬁmh?%§ véhater

spherical structure |ayer, tenaC|ty and cture

perrReaBRARLE OB 0EY 52 -ho Yhe é}ﬁmﬁaﬁxl?%félté &rgﬁ h&Viak %ﬁ)tl Q)tfelght

alr scrubbing durability, er breakage was serve

of 78006 bt M%déyx%ltya&‘:k @T@Veﬁ{d‘%ac‘hﬁ@ fefdnggt‘icﬁl ﬁfo A aél'h@é ﬁ:r was

days. The obtai'ned 20 hol rane is

use t}xp ?olﬁhgﬁxré;%ft* qgwﬁ?& eg?})ﬁtrnﬁ ro-Q#Hs bfﬂfl %% 951d' dlameter

physi ca ity, so that so't

of 5 21?’1‘?81]: lirl‘c‘)fac-.pslvgreg)?esteﬂteoﬂc éJe%;LaroEsQ&cF@ng ﬁﬂ%bftqg l&ﬁfow fiber

m nat i on VI rus. e resu eva IOﬂS are

mexrﬁﬂ %ﬂ% edrrB%gﬁng 7 t?he?) J:s%}%e ot%ﬁﬁcﬁ(f@ﬁik Plxngé g%kfdignfétser

rane navi ng

25 same manner as in Exanple 1. A
°f5@ﬁ$&%&§lnensﬁgﬁél network structure | ayer was not 57
f o1 R LD & SRRRNbEAbN B 5&&%&@&0%%@ Sf ik REoRSLd Y of

was €

b nb b d .hol |
the %‘?{9 Lm%‘afgg%gléggﬁ%ﬁd b 8% BEep TS

mwgosﬁéﬁ%?@%}* WTH L pleuhisgi Gt of (e & %6%2&3%1103&3 fi ﬁ?f?f&ﬁ%@@m
(the% rt{ict%e ﬁﬁh rl & 1@%%155‘{%}%%%& ¥r%ﬁtu9g ]IaP'n,? v&%l'iﬁef:l

per nea rat
dextran h nDIe
C en sl @gf g it e Alloind nugr%&ﬂl ﬁb %r%%/ %xswas

not PG %@?fs%tﬁgﬁaa e e ) 3&5%? CP
exceqlaXt in plixysmglt daurgbe fj ty!]f))l | oW lIfl Itl?eeerhmnlgg?i)ng S ois 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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10 excellent 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 15 First, a hollow fiber
menbrane having a spherical structure was prepared in
wt% bET-28CpanthhmetYo afsvater viexampked dnd dissol el a1 95tC pl preparea
pol ynmer solution was prepared with the sane
polymerpohitionon Thaprapareddmpfoeming stodkadollwtiwnf wiscunifoemby evaged on
conprising a spherical structure layer having thereon
the surfdee @€ tich natlosv fibaimerebrangs kadig aspherieal shietursyasd fley coated
in the sane 20 manner as in Exanple 1, except that the
solutiog vag emintddidtelg Bagflatedin 4 BO YN -ARABYINPYrrolidinéRkgKeous
structure | ayer was changed from 38 pmto 125 pm The
solwdidhab ferth HROIEWIibeBEMBERING camprikiag aaph&ital sekectte ARk er
of 1,514 pm an inside dianeter of 780 pm the

havihgEbAEK] MR aqhrelditbisi Sl BEtwodlk stpidtieliayeg of 2.8 pm
t he average surface pore size of the three-di nmensional

net VidelobeinddCh oW fiBtSherbradEhaPar\60tsitlP QiaRYeRErdda 340 pm, an
t hi ckness of the three-di nensional network strucfure

1n31héiél'iﬁfne&fr 0¥2B0 R, thedRetdde dMeaqT thaklﬂ}eﬁea%tﬁénﬁagfz 8 um,
spherical structure |layer of 242 m ‘pure water

the %@%ﬂabé YorefsiAl.oF Qhé@fé@%]fnen&bﬁal %E{v%r[a@{rh@tgrer l@%@r d1f34

dextran having nol ecul ar wei ght of

I\aﬁ@@&érﬁ ckﬁﬁs%lx'ft}m& fa‘lteﬂﬁgnaq ln@ﬁ&ﬁ sﬂﬁctﬁﬁe lZ?c@of 35 pm,

Cro- voi aving a vol di aneter o pnlor nore

the %‘err t hickt &go'f‘ﬁqet{bﬁ {bﬂ@&ué’c Qfér%%h é‘xﬁéer

str I nce ree- nen3|ona

penﬂ&aﬁ‘f'l?t\'x/%;f% 3%, (B8 e%xﬂi&ﬁn??até@?d%maﬁ ah‘ab&g‘%%l@&ﬁgrdweight

ber nmenbr’ane has m Cro- vol vin

of ﬁ'@ﬁ%?%Q‘VOfter?cWEf Qan%%c?ﬁac%greael%r%%H{Jﬁ of $G%he mlcr -void

eval uation of air Scr ura I ber " breakage

havy}%ts 2 vdid g aﬁpﬁ%ﬁ‘r \f%cluﬁtor ﬂ'lolr ngr\rﬁgﬂotagrés%ha%x%ﬁe - 14&?1ﬁ)nal

al ne ane exce

netxg?&s ure 25’1 fC tlgg t¥ﬂn<¥%ﬂ[ratlloql%f ;Q)l);rﬂgr \Slﬁ 1'810“?}1 a@grarg@ts&rface

ran

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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presence of mcro-voids and not suitable for the
elimnation of virus. The results of evaluations are
sumari zed in Table 3 bel ow. Conparative Exanple 8
Menbrane filtration was perfornmed with a hollow fi ber
menbr ane nade of 15 polyacrylonitrile (trade nane:
Torayfil (registered trademark), article No.:

CP10- 1010, nmanufactured by Toray Industries Inc.).

2847096 (I Mty T widsrof relbilo s e T ALXSS75Y) lanaticilredby Eabtthan
havi ng a three-di nensional network structure |ayer

Cheaticsle€Cond iy aigl vado bf NehethiprRpanslilia, 3metéST-96C, and 3 wt%
di aneter of 480 pun, an inside dianmeter of 350 pun,

of vidiér vt haged sl dissodvddit 9580 “prepart APolyMi GoRiBRNSTRLAl
network 20 structure layer of 10 rim the average

poljhérCoNaRs wis diftBaloll $Rmtlh HBA3E &AL R RAREd raum W%
| ayer of 65 m pure water perneability of O.

N-ohBhyT2>- Pirroﬁcnﬁe Qbhd¥ul 3biufien 84 Bolll pdRAbinfiNg hlﬁ\ﬁd"ﬁld a
mol'ecul ar wei ght of 75,000 of 80% tenacity of O.

sohaﬁfﬁng iQaiduaRd sldPRAAhl L350 Riv ReRetY1 B rR18hE a&\fb\bhg lﬁtlon

voi d di'ameéter of 5 pmor nore was not - present

at 4?*3% %egé lﬁﬁahb&%%ﬁxlﬁné E(g fx€ a tlﬁE ﬁﬁ'nérlgﬁ)ngphétg)(yrk

ane 25 1s forned o acry onitrile an

snug@ﬁfmﬂﬂﬁ“BéﬁﬁnéﬁéﬁﬁgﬁW cal structure | ayer, tenacity is

a resu of the evaluation of air scrubbing

d u r aﬁ{eld d&{nedc i tﬁéﬁ%&gﬁaﬂ@ §1ﬁ & &a@{)tﬁ% é)f§O34_PH1m an

sever al ers ro e a ter
o 9 T 0 0o o BB
networ% st ctu?e? fo%&er (hfell o n%he Q{/ear%%e t%fc*f(ngssao% ther@ﬁee élhle%%lltogglo f
netwc\>/r l %uctlu(r)en%y ef%Hmnrr?rﬂu%:egva el pgr%agllf’t%y QF b Q\fvmz'(/5 ﬁlr, 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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e average thickness of the spherlcal structure layer of 242 pm, 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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Applicability The fluorine resin polyner separation
menbrane in the invention can be used as a filtration
Indnsridr sppdicabiliyat er processing fiel ds such as
manuf acture of drinking water, water purification
t r eaflrefidorinerresin pbymea separdtiomahembiiane antthe iimveintioh dan bé used
phar maceuti cal manufacture, food industries, and bl ood
as Lfileation ehefbiritietin &sater proceRéing ifields atch ddamifbatiens drigking
pol ynmer separation nmenbrane can be preferably used for
watkt) Svatdriplitifidhti ctr &ftmBhtC 6O@EGE WateiBre Sttt ahd an Yieldddfi N a
liquid. 64 CLAIMS 1. A fluorine resin polymer
phaSaReubitAl QRariEAURre 08 ifiUsirek hd bléod @¥Minddéindgars. In
t hree- di nensi onal network structure; and a | ayer
parfi@iar heFuDPIRE résEiRpol§ineH Sdpdfation Withisthie tdhebd pr¥REabIRUbddSor
a three-dinmensional network structure does not

the elimination of microorganisms such as a virus in a liquid.
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substantially contain m cro-voids having a void

di aneter of 5 mor nore, and the fluorine resin

pol ymer separation menbrane has filtration performnce
represented by the elimnation rate of 80% or nore of
dextran havi ng nol ecul ar wei ght of 75,000. 2. The
fluorine resin polynmer separation nenbrane as cl ai ned
inclaiml, wherein the |layer having a

t hr ee- di mensi onal networ KLAf¥MSct ure conpri ses a
fluorine resin polyner conposition containing

cellul ose ester, and the mxing ratio of the

cellul ose ester to the fluorine resin polynmer is from
20 tlo 7Zoflubie Bsin Podyrhdrepdraor MembBranelcypfimptismgpar at i on
menbrane as clained in claim2, wherein the cellul ose
est eflay& haeing\l thfe-dmehadémal néiwolk Strhdui@f it resin

pol ynmer separation nmenbrane as clained in claiml,

Whi GNafahating o sphericad sividigrea t hree- di mensi onal net wor k
structure as an outer nost ayer. 5. The fluorine

res i%e‘?&h)ﬂﬁ@[aﬁéﬁﬁ@f@td Bfe0BIRN ARl FBtvidrRisTREutd ddek dbM
1, wherein the thickness of the |ayer having a

sub%ﬁlﬁtﬁﬂry@oﬁﬁ%fn@&@imﬂﬁtﬁﬁ@fn‘é aSHdid! Qfaer?er'o? 5 ik B8P hPe, laRd 120

65°6. The fluorine resin polynmer separation
fludfBERERD Bolgtef Lé}ia%fén'nﬁkr&l&x%h@hés ﬁltr\éh@r{ ﬁér?oﬁﬂaﬁc@ife%?é},%ed by

size of approximately spherical solid conponents

the Ql'ixﬁﬁfaﬁbn kfle bR §0%|0@Yr§fr% BP%(%ﬂ&n%ﬁfﬁ?‘?ﬁélQaha%%ﬁf 3B oo
. The r

fromO0.1 to m uorine resin poly
separation nenbrane as clainmed in claim2, wherein
the layer having a spherical structure conprising a

fluoy i Rgerifidiile FP&E:YH%meF 2ratidh n?e%ﬁ&ﬁé“&% é"lLMed‘iR RN,

cel I'Ul ose "ester orlne resin poly

wh%%ﬁ%@fa}ﬁ%h 4 fince. &%eﬁh@h@%@t\b& % rﬁ&tﬁ}elcomﬂifiyegg fhidrifle

|"ow eparatl on nenbrane aV|n ure

resiﬁ%})@?eﬁlcl(ﬂn é%lggn ?&tal?lﬁ‘%l\?%ﬂglorgr% §:set8'f ar§ d@x?n%xﬂn% hflo il_)Pthe
celluitog? gs%rl {3 ﬁuo Ooé)rgsm PO élp er 1% frommrﬁ%wodm e

I'ZI ng yner “Sseparati on menbrane ‘as

3. The fluorine resin polymer separation membrane as claimed in claim 2,

wherein the cellulose ester is cellulose acetate.

4. 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.

5. The fluorine resin polymer separation membrane as claimed in claim 1,
wherein the thickness of the layer having a three-dimensional network structure is

from 20 to 120 pm.
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claimed in claim1 as a filtration nmenbrane. 10. A
manuf acturing nmethod of a fluorine resin pol yner
separation nenbrane conprising: coating, on the
surface of a layer having a spherical structure
conprising a fluorine resin polymner, a polyner

sol ution containing a fluorine resin polyner and
cellulose ester in an mxing ratio of the cellul ose
ester to the fluorine resin polynmer of from20 to 75
wt % and solidifying the coated solution in a

sol iedi fThefmobiat Pesiropdli@eiypaiioNntenh @i as d1&ivieddn @laim 1,
t hr ee- di nensi onal network structure not substantially

wheg€if tlid AiefgperSify dF-appiotimatfly sﬁfler@ca‘y ed1el elinapaiefts paéseht i the
or nore on the surface of the layer having a spherica

laye‘éhﬁﬂﬁgldrsfherléhl sthit@urd B Ebmas. Ukd H@niret hod of a fluorine

resin polymer separation nenbrane as clained in claim
10, wherein the | ayer having a spherical structure
conprising a fluorine resin polyner does not

subst antye FuoYin€ %ﬁrﬁ%&yﬁx@% $ i8n SnBranel4s cldimed in claim 2,

manuf acturing nethod of a fluorine resin polyner

whe? &R WAy G haviR MR cal %ﬁﬁaﬁfesdol?xﬁ)r} sigSe hﬁ‘&r@ﬂeﬂgsig pglymer

pol yner~sol ution containing cel l'ul ose ester an
doe% {é?ilosax})%ntﬁaﬁ?t&ntaﬂ?!:é‘lHE&se'theﬁ,” m xing ratio of the

ose ester to the fluorine resin polyner of from
20 to 75 wt% and a fluorine resin polyner solution
not substantially containing cellulose ester,

di s hargEa e S fer SRrbh ik aild Mmed in slaim 1
whi%t? [s”Q llob?ﬁb&%%ﬁzﬂa{iéd E‘e&%%%'hibfﬁg: fi'l%rﬁ Wa‘?eft‘p%ﬁ?&?ﬂit?%%o
etwWork structure Iayer conprisifg the TlUorine resin

{ B A L2l .
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y contal ni ng Cro-v avl

ekn&kﬁHEBFSG%Qniuﬂéor nore, and a spherical structure
ayer conprising the fluorine resin polyner. 13. The

manuf acturing nmethod of a fluorine resin polyner
separati on

9. A membrane module utilizing the polymer separation membrane as

claimed in claim 1 as a filtration membrane.

10. 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
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menbrane as clainmed in claim10 or 12, wherein the
pol ymer solution containing cellulose ester is a
pol ynmer solution in which the total pol yner
concentration in the solutionis from1l4 to 30 w %
the mxing ratio of the cellulose ester to the
fluorine resin polynmer is 20 wt% or nore and | ess
than 50 wt% and the solidifying bath is a

of aswiid diiafngten @f batnhocmoteadmiha guifive qfabelaged haiivig ®§pHekieal
fluorine resin polynmer. 67 14. The manufacturing

struomikdrod of a fluorine resin polyner separation
menbrane as clained in claim10 or 12, wherein the
pol ynmer solution containing cellulose ester is a
pol ynmer solution in which the total polyner

congent Tak nRufatdrihe m&R6USS PAudrine reSiMpbiyrh& s3Parwkidh
and the mxing ratio of the cellulose ester to the
merhbrdfé hd\€lain@sl i cRAMYITE whefid 1heMyeP hhding 3 sphéficab Sructure

comprising a fluorine resin polymer does not substantially contain cellulose ester.

12. 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 5 pm or more, and a spherical structure layer

comprising the fluorine resin polymer.

13. The manufacturing method of a fluorine resin polymer separation
membrane as claimed in claim 10 or 12, 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.
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14. The manufacturing method of a fluorine resin polymer separation
membrane as claimed in claim 10 or 12, 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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