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H GHLY DURABLE POROUS PVDF FI LM METHOD OF PRODUCI NG

THE SAVE, AND WASHI NG METHOD AND FI LTERI NG METHOD

USI NG THE SAVE CROSS- REFERENCE 5 BACKGROUND [ 0001]

The present invention relates to a porous PVDF film

whi ch has superior water perneability and chem cal
HIGHLY BURABLE #OROUSIPYDROF LM MBETHOR CRPRORDUCING THE SAME,

washi ng nethod and filtering method using the sane. 10

[ AREPWASHING MIPTHDTPARES PR TERING HE THOBAUSING THE SAME

i ndustrial fields such as the production of sterile

wat er, highly pure water or drinking water as well as

the purification of air. In addition, the application

range of such fiItra? 6@ expanded in
recent years to incl @%gcﬁéfﬁﬁ%& S secondary or
tertiary treatnent of donestic wastewater or

i ndustrial wastewater at sewage treatnent plants, as
wel |l as 15 the treatnent of hl(gh turbidity water such

as solid-liquid separ atBARKGRGEEND ¢ tanks. [0003]
The filtering materials used in such filtration
[000d} ocedhesresent ipvenrtion reiaths dme pasdus EYDfofilm,iwhidh bias superior
col l ection of hollow fiber nenbranes, in which
watgr@eymeabilibasnd ghemjicsl resistanoe e swthbd vy prodeicing tnedsame, and a
into hollow tubes, or flat nenbranes in which

washiagyfiehddaire flﬁdrﬁ‘@dnemo@l liding Hngamef sheets. However,
in the 20 case of using such nenbrane nodul es for the

[0002] eat PRfhtioh Yl%ée%%e@%?e Wikel) 'u§§d in ﬁﬂust’f%‘i"ﬂé%%@ﬁrésam@

I'S obstructe suspended sol 1 ds separated

prodél'c{léﬁ F bférﬂlie %\«E‘Féren»%{;hlr)fﬁﬁ'ﬁlv@é Egol' Hrlﬁlt]ﬁg Q{a‘?gll ? il & the

rease in erneat| on capa
. 4:L Q0 a f
pu”f"&%”ﬁa A §d'8¥>nn&$]ﬁ%q?saﬁ%faﬁ° dol S%@'*ﬁ&s%ﬁ? i P?Oqcaﬁaes have
ratlonlna tjc, tank, struction of .
oxparilaey 1 eCa yeare IS Pilite SUFAGES b eraRdan ardertary treatment of
descri bed above, and since this causes a considerabl e
domggti¢ wastewater ar wﬁugmquaﬁtawat@habme {regtmenieplants, as well as
menbrane nodule, it is typically necessary to '
the tpeatment oﬁhlg)h-tmlsidity hwatersushearesalickiguic sppatativeinisaptic tanks.
anmount of tine or after
[0003] The filtering materials used in such filtration processes consist of
membrane modules comprised of a collection of hollow fiber membranes, in which
polymers having superior processability are formed into hollow tubes, or flat
membranes in which polymers are formed into the shape of sheets. However, in the
case of using such membrane modules for the treatment of water and the like, the
membrane surface is obstructed by suspended solids separated by filtration, thereby
resulting in the problem of a decrease in the water permeation capacity of the
membrane module.

[0004] For example, in the case of using this type of membrane module for

solid-liquid separation in a septic tank, obstruction of the membrane surface occurs

due to filtration as described above, and since this causes a considerable decrease
1
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filtering a predeterm ned anmount. In general, the
causes of this type of nenbrane obstruction are
classified into physical obstruction (plug) in which
fine particles and 5 the |ike accunul ate on the
surface of or inside the nmenbrane, and chem ca

in wates peHfabaish Capadity dfmhé\/ﬁiéiﬁb@n@aﬂb@ulamtti@fypam¥tri@eessary to
| i ke accunul ates by being adsorbed on the surface of

perificaljShash Er{léﬁm%ﬁrfﬂgﬁﬁé‘ Sftef Q%gédlet&rhir%‘arélﬁgbﬁl%)f time or after

treat ment, t he menbrane 1's shaken by

oGS0 ARS8 AT S HEEAME N A thomorae
obstlpte EBarSed nfpChinSieal SRauctor Rl ho el Bt peflcgs and
e B Pl RS e SRS

as _ sodi um hypochlorite or bases such as sodium
obstrigdipn X faud) ingvhisle @rgania master andithe likeagaameiates by being

el imnating chem cal obstruction. However, such
adsarhediondhe sydats ofior inside/theSmestoapase accunul at ed

organic matter, but also sinultaneously and gradual ly

[0008¢ c o mpvirssralpioing drestmeat, é whicl thenmebirénee [soshaken by
conposi ng the nenbrane. Consequently, as chem cal

conﬂf@%bb%riiﬁte"rﬁﬁféﬁlﬁlgglu Ra®t akr td EaviEREPHG@INEMEFatiOn or

rupturing, while ow f1 ber nmenbranes end up
ook OBersOF ol B0 <R SRR i nvsial
obst TR0 BRIRRAERHR), BBE58. 01 85 HeRE BB er anc e e
by OB SnG st Arelbah Ade e bt e, BnoPLPEP R A agenty such as

for the purpose of preventing penbrane deterioratjon,
sodigmy RynPchipriée, OR basRu e aﬁé@ﬁ'l”ﬁ? hygrpideris used as amedective
materials have inferior processability as conpared
meaip oh eb@inading; dieanicalobatmicion « Haweves sych chemigal ggents not only
produce various nenbrane shapes and pore dianeters
decampess aceurmolated olganit matter) diub glsorsiswitaneausiybsd geadually
[0007] On the other hand, although pol yvinylidene

decdrhpose ded CRYEE Hetetidratioradfthe odimascarapysing the membering.
of porous filnms since they have conparatively superior

Conﬁé@f&ﬁl‘ﬁ?@&; EhémicIMMA8hingU8 rb pEatbas stk A9ikE FREmbratt®yend up
have t he di sadvant age of havi ng

rupturing, while hollow fiber membranes end up rupturing, thereby making long-term
use of the membrane module difficult.

[0006] Recently, membranes composed of materials such as inorganic materials
or fluorine-based polymers such as polytetrafluoroethylene (PTFE) having superior
chemical resistance have been commercially released for the purpose of preventing
membrane deterioration caused by such chemical agents. However, since these

materials have inferior processability as compared with conventional polymers, it was

difficult to produce various membrane shapes and pore diameters effective for

filtration using these materials.
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| ow resi stance to base as conpared wth other
fluorine-based resins. Consequently, 5 it was
difficult to produce a porous filmusing PVDF resin
that is able to wthstand [|ong-term use acconpanyi ng
washi ng with base. [0008] In addition, PVDF resins

[0007Rve iOM Bid Sthef RaHY)] altHoughpol\daylidens dlussitie PYDF) resins are
conpared with polyners such as pol ysul fones, pol yether

used d5 pPBRATer PGS BF bbfddg%m_s%n&@fHeV'% &?ﬁé&bgiely superior

typically used in the production of porous filns

prockE el Sion Tucfhe B0 ot FS S R ydebiaing ofnaving

low {0 hase 0 B0 et Bithyothel ARl & SasRatlbbIne ) Cangeauenty

twas et dndbroiies & bt v BY Caress e & gble o withstand
menbr anes have been di scl osed as exanpl es of porous

longfte(myisgaGegMAasying washingwittelases (see, for exanpl e,
Japanese Patent Publication No. 1988180). However,

[0008] nce IPadkiting] PYRF fesins havebinfaries splubdlify inorganis sblugnts as

to such a production nethod not only have weak

comparnesi with psetynsaerg tsuchasvd iy sulfongs ppolyether sulfenas: polyactylonitriles
as stated in the description thereof, they are not

or céllldstaceths tysitallyuséP i theddrbaostidrealpdrons filthe by Wadter dry-wet
pernmeability and pressure resistance (durabili tyy. 20

0 t: thj | .
etk DRty 1 5o ERgmrief g b erch MY et metroo

strengt s have
L hy iy~ . | &x .
using ENDIP Bedtnn R WS HBEIRR bol\BRE Pradoabish. iy pore diameter
tI—Iowever ;ln sggh cbolﬂ‘?osi te filns, separation is
wa %P&&WEF‘BH{'X%" E[R°™Y- the i nterface between the
ppo n il mdue to . long-term repeat ed use. 25 .
IOOO?B'ol1thﬁ°g%£qrtnreﬁycma \@%gamwg%ﬁm rpiages sujtggle for use in
. thick portion of a hollow fiber nenbrane has been
dialygissmepduanes have been disalosadean examop|ssyafinoapus filmsgsing these
of PVDF 3 hollow fiber nmenbranes (see, for exanple,
PVDFaesinss(@eafios exampie,i Japanese Patehtdiudiication No. 1988180).

2005-270845). In this nmethod, however, since it is

HowewrenlisiricedPVDFblidinv fiberuhémbranescerodated uceorid foi ushsa
in the thick portion of a hollow fiber nmenbrane and

prode¥iers Hetho®hof bﬁl?ﬂfav_@%éé]@;ﬁl%iéﬁl afrength A6l R3sbortwater
menbr ane defects; this nmethod is not
permeability as stated in the description thereof, they are not suitable for use in
applications requiring high water permeability and pressure resistance (durability).
[0010] In order to compensate for this low physical strength, methods have been
disclosed for forming a film on a hollow support (see, for example, International
Publication No. WO 2004/043579). However, in such composite films, separation is
predicted to occur at the interface between the support and film due to long-term,

repeated use.

[0011] In addition, the embedding of fibers in the thick portion of a hollow fiber

membrane has been disclosed in order to maintain the physical strength of PVDF
3
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5 suitable for applications such as filtration of
drinking water requiring a high level of filtration.
[0012] Moreover, the production of a porous nenbrane
has been disclosed that uses a thermally-induced
phase separation nmethod to inprove physical strength

holldve fiber meaibrenesen, fornbhanngslt] dapandsetPPatent Applidation\Mid-open
2003/ 031088). A porous film 10 obtai ned according to

No. 2@@52909@9}>t 'lﬁ"@h@‘?ﬁélﬂ@d hRGwavéH glhcg%lé?ﬁedlﬁted to be difficutt to
crystallization and high strength while also able

acctﬁéfg e)%ﬁ‘tb@drﬁ PR thidk d’éﬁflt?ﬁ g rh%ﬂ fIerWn%ﬁbrane and exposure

ol n raw ng treat'nen wever

of f fgegﬁgiﬁﬁ '{‘%‘ﬁ'ﬁgf%em?ﬁag ele 8 MR SR 'i&’a -
suitel FRpBp g ieh #%,(FBVRE o dAnk g elet e-iihg 8 high level of

result thereof, the resistance to al kaline chemni cal
filrafi@gRhi ng, which is an extrenely effective method for
plications requiring high water perneability,

[0012Emar Régregventhe poesistor o a;por@tuﬁamemtmaneﬁ@smﬁmsclosed that

filmis unable to undergo chenm cal washing for easily
usesaa dherhialytindetsd pease separhtibmnodthod da improve physiced sleength (see,
result thereof, long-termuse while nmaintaining high

for exairile, ﬂﬁfd’ﬂ‘ﬁé’tlibdal PubfitatioreNo " 2808/031088 % i A porous film
difficult. SUMVARY [0013] In order to solve the

obtaffRVEcHRGhh 96 s Wr@&:cﬁ% méthddHaCA h D’B_jh @é’tﬁ'e@r&%ﬁ[]ﬁtalhzatlon and

Invention s to provi de a por ous

hlgh@t pg%fle %Ed%g t atc}ﬁh% é,\ﬁlbh Ie\?eg oﬁs@?{eﬁ;ﬁbﬁﬁﬁﬂﬂft?by

nce to was em ca
U"d%ﬁﬁm?i Ryl besi ?wsan%ﬁ%"m o Mty K 54 Bing gorpus fim,

sinca 7 pBaxsthost el FOPRSES e NGl GRS SRAeHBAL Hstals, has

sane. [0014] As a result of conducting extensive
a large sesHictsyriasp \ased paddms.an pusasshiedularge davidpontagisurface area
i nventors of the present invention focused on the
as adegulbtheseof; the resistance ta alkaling ciramital weishingwihigh is an
serves as the main conponent of the polynmer conponent
extremetycsffantiva npethod $oif applications reyuiniveg bighovatec perméaloitity, is
area of the porous
remarkably low. Consequently, the resulting porous film is unable to undergo
chemical washing for easily and effectively removing film obstructions, and as a
result thereof, long-term use while maintaining high water permeability of a

membrane module is difficult.

SUMMARY
[0013] In order to solve the above-mentioned problems, an object of the present
invention is to provide a porous PVDF film, which has high water permeability as well

as high chemical resistance to washing chemicals and the like, which has been

difficult to realize with conventional polymer porous films, and which can be used for
4
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film and found that a porous filmhaving a specific
structure in which these paraneters are in a
prescri bed rel ati onship has superior water
pernmeability and chemical resistance as conpared with
conventional polyner filnms, and that such a 1o pol yner

a lorfg penicdhof traepa onisthed of prdduisg the sarte sadbywashivey aisthod and
| eading to conpletion of the present invention.

f,|te,-[r@q§5}hd&a§§h thd ggmgr esent invention provides the
lowing (1) to (14): (1) a porous filmconprising a

| .
[0019fg yonent Pﬁgﬂ}:lggb;onﬁmﬁ ﬁ%ef&eﬁ%@g (frt@t?iég tcggol@e'fﬁé "4Above-mentioned
t e

protfs, fp 'b%%b%h%ﬁﬁsb?gs%fwﬁ%b%%% e dodsrile
f. crystalljzation of. the PVDF esin.and a specific
orysliZelE8 BV resthevhichaerie s e pRi GImBe el the polymer
not nore than 2000 (% nR/Q); E0016] 2) the porous
comppnﬂmtor@gep%@@ ajpereys fil o then 8Peiiic BUrags Ateadf the porous
tpe crystal and y-type crystal in a crystalline
film, @cmdt pund ghatiehporrusHiimewgving 8 specifiostrugture ¢ whinhsh@sen
the total amount of the crystalline portion of the
paraMdbErs areiin;a prestiihed B)latidreshihasi supéetion watec pebradabitity and
(1) or (2), wherein polyethylene glycol having a
chermizabdsisiaecegs comi lithwongBhticrial 201yPRér flmsrane thatisuch a
not nore than 300,000 is contained as the poI ynmer

polyfRAMRARAH b pr%d%e@%bﬁ?'egé/ Iy’%cﬁ%bﬂf tHERESY P-;Lﬂdmggﬁi completion of

nore than 3 parts by wei ght based on 100 part

PVDF resin; 25 [0018] (4) the porous
the %Fgmdgg%rlfﬂﬁd in any of (1) to (3), wherein the

t | I
10013} T o NE e BB i Reertu iR s 168 Rellind Eﬂ%é'@?/z or
b I 0 h
(1) GReorouRlm 335@“3@\93%) aglvimgcaPanset bEWngizePy E’Ef@e‘@ as a main
filmhas a filmstructure of a hollow fiber
comBO{I@fatztbPre(oé)whw@lrpme)@@rerelqﬁcm&elllzaim <i>friharRNlaF r@a_lp 'is 50% or
to (5), wherein the porous filmhas a filmstructure

mor¢ huivhotomorenthane@Xboaerd die prasusb bl iherdegras of enistallization of the
a mesh-1ike network and pores are provided therein,

PVD%nr%qugnn? Q' ﬁé@ﬁﬁ%uﬁac&%ea l%? fﬂﬂ?us%od Q/%éﬁﬁt)/mé more but not

creases contl nuously or
manner

more than 2000 (%- m%g);

[0016} (2) the porous film described in (1), wherein the total amount of
B-type crystal and y-type crystal in a crystalline portion of the PVDF resin is 30% or
less based on the total amount of the crystalline portion of the PVDF resin;

[0017] (3) the porous film described in (1) or (2), wherein polyethylene
glycol having a weight average molecular weight of 20,000 or more but not more than
300,000 is contained as the polymer component at 0.01 parts by weight or more but
not more than 3 parts by weight based on 100 parts by weight of the PVDF resin;

[0018] (4) the porous film described in any of (1) to (3), wherein the

5
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to at least 1/5 the filmthickness fromthe side of
the top and bottom film surfaces 10 having the
greatest density; [0021] (7) a nethod for washing a
porous film conprising contacting the porous film
described in any of (1) to (6) wth an al kaline
PVDFOlegin Ras ab GtPtholelilar ifrédular segLidiRelrato agaigiensingd by
contacting the porous film described in any of (1) to

F-RR éa@u?é?n?ﬁl“cg@ﬁe /SEH MbrPBufiBSs fhrbl @bi;ne sol ution

15 alternately ast one tine; 0023] '9) a net hod

d
[0015& ou@f D e ROl LGB h Hrbr (RS REU flefbin the
f b f | di |
porousifriasa AR Shiichfent oDl (o5 Rl 7| o0,
oo LOREDLS. B cEmaTens, v 3 BEESln e

conponent and a conmon sol vent for both the

pOth'?dﬂfDﬂ‘r&?tﬂ filnastruetuse spwhichdhe packbene ebiecpriymer camgonent
solidifying the filmformng solution in a solution

formisay megh-liketrestwask andrporescaneguaeidedtthereimfandthertbickness of the
pol yet hyl ene gl ycol having a weight average nol ecul ar

backiginghdf thé paBniEicompanird imdreases comtirkioushrorlih@ §18pwise manner
used as the hydrophilic polymer conponent; 25 [0024]

to at(lé@ét 1/5 ChE R ¥l s sIFSA YR BlIcPoMAE A8 ahtl IBHEAS Al Bedaces
n (9), wherein a PVDF resin having an intranol ecul ar

e ratio as 6 determ ned by 19F- NWR
hawh%as u?fﬁteﬁ%@?

enent 8% or nore but less than 30.0%i s

the PV . .
[002lf o du / ng a por @:}éﬁcfedg o&woe{ grfq'sé g&} tlgf ;{}%é 86ntact|ng the
fLlmfo ion nta| 320%

por%é?@ﬂt o in By ShED 4Ot 2R BERSEAG R gt o

the h rophobl c_pol ymer conponent, and 8%
[002¢}h e %@t not rfbfl Eermameﬁm @9%\8@1& cqﬂta@tmgythe POVOUS?"m

hydr ophi I'i c pol yner conponent; [0026] (12) the nethod
deSQTltlEdpﬂ enyaifiih) © (60 milisan anuealisseolutieniand anrlkaline(spiution

to (11), wherein the tenperature of the solution for
altersatdlylaf lastjondéinfe; | m f orm ng solution (ThC) satisfies

the relationship of Td + 5<_ Tb <_ Td + 30 and the
[00286¢! at (@nshi p of method for producing a porous film comprising: producing a
porous film having a PVDF resin as a main component thereof by extruding, from a
molding nozzle, a film-forming solution which at least comprises a hydrophobic
polymer component having a PVDF resin as a main component thereof, a hydrophilic
polymer component and a common solvent for both the hydrophobic and hydrophilic
polymer components, and solidifying the film-forming solution in a solution having
water as a main component thereof, wherein polyethylene glycol having a weight
average molecular weight of 20,000 or more but not more than 150,000 is used as

the hydrophilic polymer component;

[0024] (10) the method for producing a porous film described in (9),

wherein a PVDF resin having an intramolecular irregular sequence ratio as
6
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10 Tc <_ Tb with respect to the tenperature of the
filmformng solution (TdC) and the cloud point
tenperature of the filmformng solution (TcC); [0027]
(13) the nethod for producing a porous filmdescribed
in any of (9) to (12), wherein the nolding nozzle is
detemitred e PFulMRIArzsareraant of §8Y0ssmbrd butiess tigan 30.0% is used
hol | ow fi ber menbrane structure is produced by
as tHRXPYDHE fgid;he filmform ng solution 15 fromthe
nmol di ng nozzl e together with a holl ow ng agent, and

100238 K ponentt e Rar g o redfly £ Bo A decibed ) ) or (10),
whe R (RIS Reob BLEFRF ROPCE) WBIGR S Blarkitis T more han

| east . di hyl acet pani de.as the co n vent. 20

35% Do BB EE B MVAOP B EopER e COmP SR a0 % U sigight or more
i nvention, since the porous filmhas high water

but ’H@Fﬂ%’&dﬁﬁﬂt@"/aﬁd Wﬁ'@ht Qftbaihydronhilis pelymek compoaght;be
used while in contact with washing chem cals and

[00261 her (tHeni calthadgeethed ferprodugingen porossdilmydescabed ér any of (9)
from decreases in water perneability caused by

to (16phstvherein thie tefpehatute bhthessoldtiorefor lsolidifldng thefilmsfaroing solution
the porous filmof the present invention is able to

(TbeT)Rabhsfiesthederstionskip df Tdf + R Tb<eTWHBOMHd tHeL RIS Nship of Td <
deconposition and deterioration by washing chemcals

To < Rblpdeh &5ireatenfisifsite of ine Afh-RAMIHRT SoREh (P {OYhd the

period of tine. 7 reover, since the porous fi

L e S

as Superior pro econony.
SCR| Pl ON OF, THE NGS .5 10084] FI 1,.sh h
100275k pect A B7AR SOr TGIOFTEH B o difgidsebRa bgny of (0
esent ipventjon: FIG 2 i el ectropn m crograph . .
to (1B aifiereirt e Bl naaaR i 8 douBle b0 4iR, g & BRUS fim having
reatest density (outer surface) of a porous film of )
a hofigyiibes membrangestiiciiya s Producest Ryoextr ihe filpeforming solution
an el ectron mcrograph (magnification: 10,000x) taken _
fromyibameldingcrorzée togetherwith aihollowing agentoand spliditying the same in
of Exanple 7 in the present invention.
a solution having water as a main component thereof; and
[0028] (14) a method for producing a porous film described in any of (9) to
(13), wherein the film-forming solution contains at least dimethylacetoamide as the
common solvent.
[0029] According to the porous film of the present invention, since the porous
film has high water permeability and high chemical resistance, it can be used while in
contact with washing chemicals and other chemical agents and is able to easily
recover from decreases in water permeability caused by obstruction of the film

surface. In addition, since the porous film of the present invention is able to inhibit

decreases in film strength with respect decomposition and deterioration by washing

chemicals and other chemical agents, it can be used over a long period of time.
7
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DETAI LED DESCRI PTI ON [ 0030] The foll owi ng provides an

expl anation of enbodi nents of the present 15

i nvention. Furthernore, the follow ng enbodi nents are

i ndi cated for explaining the present invention, and

the present invention is not limted to only these
Moregiepdinedtifa porous filatdiehe bresept fnention taatic prodaeed beth easily

carried out 1n various fornms wi thout deviating from
and s&®ngitHast dierpl prdditdility A8 RBROMY. fi 1 m of the

present invention contains a PVDF fesin as a 20

pol ynmer conponent that conposes the film Here, a PVDF

resin refers to a honopol yner of vinylidene fluoride

or 3, Copol YTer Sesm BIRGy BEMHERes de o 2
ooed 12 Bah TR T ST Sy Sab8 Bl o Exagrle 7 n e

co?ol yner, a known nononer can be suitably selected
preseptinvRation;her copol yneri zabl e nonomer 25 copol yneri zed
W th vinylidene fluoride nmononer, and although there _
aFES.ribispan electrbamictdgrapia(megsifications di®,0@0x) of a surface having
fl uori ne-based nononer or chlorine-based nononer, for
the dreatestkeasity@utdresurfard) pf afporain film i Exampie? é@) the present
al though there are no particular |imtations on the
inveM@drgingaver age nol ecul ar wei ght (Mw) of the PVDF
resin, it is preferably 100,000 or nore but not nore
t ; : Al
oot b o elebipn MiErsERAF) RgLAEalgh: 10000 takén iBkrthe center
i NS.: PVI f ' i ,
of thE3AER pBRGEF ST i SN iRpl, 7R B0 inkiion.
conponent” refers to containing at 50% by wei ght or
nore as the solid content of the polyner conponent. In
addi tion, although 0 jcular limtations
t hereon, the porouéﬁém‘ﬁg@gﬁﬂbﬁnt ai ns PVDF
resin_as the main conponent of the f|ool mer conponent
[0038] 10 Thedoligwingi Ripvides anelanationf efpbediments obthedesent
by weight, and nore preferably at 90% by weight or
inventiore biowrtmermare; thet fobllowiagoerbhodiaiarits are{jmdiqﬁecgf(}f@Xplalnmg the
hand, the porous filmmy al so contain another
preseat hwventico,granikiet predéntinugitidrnie mot éimiteddo andy theseleanbodiments,
limtations thereon, the other polyner conmponent is

but rateraha prysdr dveMtiotttansbe carried out in various forms without deviating
from the gist thereof.

[0031] The porous film of the present invention contains a PVDF resin as a
polymer component that composes the film. Here, a PVDF resin refers to a
homopolymer of vinylidene fluoride or a copolymer containing vinylidene fluoride at a
molar ratio of 50% or more. The PVDF resin is preferably a homopolymer from the
viewpaint of superior strength. In the case the PVDF resin is a copolymer, a known
monomer can be suitably selected for the other copolymerizable monomer

copolymerized with vinylidene fluoride monomer, and although there are no particular

limitations thereon, a fluorine-based monomer or chlorine-based monomer, for
8
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conpatible with the PVDF resin, and a fluorine-based

resin having high chem cal 15 resistance simlar to

that of PVDF resin, for exanple, can be used

preferably. In addition, a hydrophilic resin in the

manner of polyethylene glycol to be described |ater
example, bR dehgsadspréfarabin oFuethe by RIItho g tierstare [MeQsEicular

Since the porous film enbodi es high chem cal

limitafSASER RS walfht Wb R erﬂ@fé&%'v&é@b{t’% WEoRg®EDP resin, it is
crystallization of the PVDF resin that conposes the

retia, 0 09 ot e 0 TEOOd i gy

ree o
150,@9% c"h6re Wit Rf FosteSfal Bob PO 058 bl mis 300 (%

034]_,Here, if. the i zation o
10038 T ApTpys st Sopfadik BYHF redin 35 iy et 55ReBbRRLSt the
| ow and the resin is deforned by filtration sure,
polymescomponent.nalkerey | @wtglmasﬁ%n@m BPmPPF?Pﬁ tsﬁﬁs to containing
Deterioration of PVDF resin by chemcals is 9 presuned
at 5Q% kycweight pamaragsi thetsetid £apta of thexpelymen component. I
denonstrates flexibility. Consequently, if the degree
addition calirstughl theeg aenno patticaldPViDitations theneopetihe BHouafith
t he anorphous portion becones relatively sparse, the
preférably ortainalRVIDF|resinsastiiermbin coingovibnt @dithe golyfrde@omponent at
when the anor phous portion is deconposed and

80%78Y Wbi han’gymﬁ AORPRYredn&h 901988t %/Wgﬁthgnlj'dﬁ&e ffeferably at

t he ot If the specific surface area of

0"/406’%%‘3;@'Jr%ér’éetﬁ}i%%?a&dféltﬁ?ﬁ5@%b y W gﬁ{t p@J’rﬁF\%kBth {gand,the

es ther I'l munsui

SETICA M e 'fmg%%gr tere e o
partqu%@SI V |oé§| ar pﬂet?@ﬂggggol\g%gkp %(rgg\eﬁ?\ @tpr\g{qrhgly that which is

chem cal s increases, chem cal 10 resistance ends g ,

comgatibleuitthine IMDFHeshaand iiuqrineskasqcheasinsaving high chemical
porous film having superior water perneability and

resistanes siilarde itbataﬁd’g/DIF nesipy fotl @sample, 1oaa bespeed praferably. In
surface area of the filmand the degree of

addition s4 hlytrapdilicoesinsinrthe maretertod potyethyléme glycbktorzandescribed later
i ndi cated above, and is preferably 300 (% nR/g) or

mayBls€ beUlse@s amdther bbl?hé%@%do%enffﬂ/ g), and nore
preferably 300 (% g) or nore but not nore 15 than

00 ¢
[OOS!Bir O %ﬁcé"ﬁfeﬁ%ﬁprtogglflrﬂ?n‘?%d?es Alghenemichhsistance 8%d water
permeability, the degree of crystallization of the PVDF resin that composes the film is

50% or more but not more than 90%, and the product of the degree of crystallization

and the specific surface area of the porous film is 300 (% m?/g) or more but not more

than 2000 (% m?(g).

[0034] Here, if the degree of crystallization of the PVDF resin is less than 50%,
film rigidity becomes low and the resin is deformed by filtration pressure, thereby

making this unsuitable for filtration. Deterioration of PVDF resin by chemicals is
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t hereon, the specific surface area of the porous film
is preferably 3.5 (n2/g) or nore  but not nore than 30
(m2/g), and nore preferably 5.0 (nR2/g) or nore but not
nore than 20 (nR/g). [0035] Moreover, in order to

I nprove chem cal resistance, and particularly 20

presuiHcotoRodcRs isEdring fh the AR6MhoUsI poitieh tHaridemonstrates flexibility.
deterioration of the PVDF resin, the total anpunt of

ConSedUdflyCi Yisd abgrRbNerystBfzEtiors bihe PVDReeSVeicakls 8% and the
portion of the"PVDF resin that conposes the pol yner

o RS 5AE JB ABSFORLEAART g
0] e

easiyBlenf TR 158 progPpLo S PO AL oAt arFdtepbiibd by
a8 BB o A o e o

50% or_ more but not nore than 90% can contain these in
the payeus il is axeessivehs smadnwales pesmeabiliydegreases thereby making
n-type and y-type crystal structures are
the pareuadity nasbitatdie youdiltarigl applicationss s Cenvarselyrié theaspecific
contained in |large amobunts in crystals, the porous
surfddd angasofithe ponmuk film iscancessivoiytiage, althoegh waltter permeability is
chemcal 5 deterioration in the vicinity of the
improlé@r $iB6E tHesWhsde 4rea iAoyttt Withechahitanéredses, chemical
anor phous portion, thereby resulting in a tendency for
resingﬁt‘f@ EAds UE%e%L 1%.0TOh 'iﬁ?] b88is! dFEhesd ﬁh&ﬁn%ﬁ,' ifd Sorous film
ecrease. Furthernore, although there are ho
part i ' Ml i 7] f
navifgsbpgHefates der8hb B oAd EREal e¥istaféE i gfbbuctof the
crystals is preferabl close tp 0% as possible. |
spedifid Siface aReEboBEt alifihedraice bbraldlatBn s redlitslo be
crystals or y-type crystals in the crystalline portion
withintheeahge indER6Y abovedsahd isoprefdrablyP300~ % eshfig) or more but not
preferably contains an irregul ar sequence at a
certain ratio. Here, an irregul ar seguence refers to a
morgthar $500 (Ponhinélg), ahd more peeferaity 306 ¢%-emilgiror more but not more
sequence, CF2 npieties are bound adjacently in the
mpl ecul ar ghain_instead of the nornal (standard) PVDE
thanstPetvee radasi dturtherarorecgithouahythare areng pagiculgs lipptations
and CH2 noieties, and the ratio of these noieties can

theréén,4Ré %Pébiﬂ@%uhhce boEa DMRBaroUs File é Préf@%?;] 3.5"@n?/g) or more

ratio of irregular sequence in nolecules of the PV
but A&ThOrefthan 30 (m%g), and more preferably 5.0 (m?/g) or more but not more
than 20 (m?/g).
[0035] Moreover, in order to improve chemical resistance, and particularly
improve resistance to base, which promotes deterioration of the PVDF resin, the total
amount of B-type crystal and y-type crystal in the crystalline portion of the PVDF resin
that composes the polymer film is preferably 30% or less, more preferably 25% or

less and even more preferably 20% or less based on the total amount of the

crystalline portion. Here, there are three known types of crystal structures of PVDF

resin, consisting of an a-type, p-type and y-type, and PVDF resin having a degree of
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determ ned by 19F- NMR neasurenent fromthe viewpoint
of durability and film strength is preferably 8.8% or
nore but less than 30.0% In the case of a | ow 20

i rregul ar sequence ratio, nanmely in the case of PVDF
resin having a highly regular PVDF nol ecul ar chain

crysRiliraton of 5095 6F MorébuP AobMmor& AN GD % im eotitaintthess irl the
progress rapidly. In the case of a high irregular

%r@of B ér”sh@%@ﬁ@l ark y—&ﬂ@':c &8l Structures are

oS avi ng a {11 Iy |rregu chal'n

thert‘?‘nggyﬁél‘gﬁ:all Iﬂlﬁsta‘f)rl? EhESE 'Sﬁ,’bﬁ‘géi %fé I@é}ljltgmeﬁyn%rgg.\%?ﬁo%%ts in

ases ‘'endi ng orous

v low s renth Th tranpl e
oryst3i% 8 et P risrd Pl BB F poifieh Rpb G I hnerpical
of the P r f er abl 0% r nmor e but
detefigeationyin e, e oot ahe Tarebe GEEISSN thedindsiabing PRsGR And
more but |ess than 20% [0038] In addition, the porous
amofphayshastien dheieyoiestiting ip & tpadaneeies chegueal resiagce of the
referred to as pol yethyl ene oxide) having a wei ght
entire\noragefimpledetreaseei furthempgreoalth@ugrothere arerpe papticular
not nore than 300,000 for the polynmer conponent at
limit&tidhs theréoh, Shéloweilighit obthertotad amdunt of prtppe ctystals 3nd y-type
parts by wei ght based on 100 parts by wei ght of PVDF

crystabSisiprefisiably5¢lbse &f 0%&s possiprel i hiuRioR! e PUDFtresh may
pol yet hyl ene glycol, since hydrophilicity of the film

contgf QifEF pLEE s ek pe BLRiaIgin U EivsERlRAL0EEn oreor.
[003§E anFQH&mER | e IQ\VDF v?ﬁ 5|J'e?eqf58 Cébn?%lng gﬂtlﬁééulg?%g\&qéhce ata

yher cbnponen orou
chen1c ls is res d.,to be reduc
ceﬂa'ayr%vo (R, BRiFaadal sedudh WEE 53R & REr i\frhf ;9&%9""9 from
and as a result_thereof, chem cal reS|sta ce of
the rsepawewem‘;ﬁ T @e'tharaaemunm@rd@cqrﬁ Yi m%%ular chain
_ average nol ecul ar m5|8 of the polyethylene
instegidyefdhe inormak(standard p BV se@lancemnsfstlpmqféeWBwalternatlng
glycol fromthe film tends to increase. Conversely,
CF, ahdtCid, meiefles, and the eatioodfdbasemoieiieghcarn Medetérmined by
pol yet hyl ene gl ycol exceeds 300,000, a portion occurs

SF.NMIR hveasarementoody that forms the porous filmin
whi ch the pol yethylene glycol is contained in a

[oossffher The!rafi® ofrredular S8 Gh Atblécules ef ﬂ‘iéSPVDFeresm as
rength of the porous body. On the other hand, if

detemg\fﬁgg}}r BRINRIR sBF@tﬁ@ﬁWérﬁ Re QIQO\?Umt' of d'ﬁ'éﬁlllfyr% film

ts by weight, 1t te
strength is preferably 8.8% or more but less than 30.0%. In the case of a low
irregular sequence ratio, namely in the case of PVDF resin having a highly regular
PVDF molecular chain sequence, deterioration by washing chemicals tends to
progress rapidly. In the case of a high irregular sequence ratio, namely in the case
of PVDF resin having a highly irregular PVDF molecular chain sequence, the

characteristic crystallinity of PVDF resin decreases, tending to result in a porous film

having low strength. The intramolecular irregular sequence ratio as determined by

"YF_NMR measurement of the PVDF resin is more preferably 9.0% or more but less
11
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difficult for a layer of water nolecules to form
while if the content of the pol yethylene 20 gl ycol
exceeds 3 parts by weight, the polyethylene glycol
excessively attracts water nolecules, which tends to
cause the filmto swell and water perneability to

thandE% @mqoamw@ﬂﬁkréfbta”w 0% hemerebet 1ess fisdrt 20%. ar

l[imtations on the formin which the polyethylene

[0038] yc Ol | béd iﬁ@ﬁt ﬂe’lﬁﬁoué‘ﬂﬁn ?)?éflé?%d'fy teR@ird ﬁ&?éth?@n@%liz&ﬁ (also

be made be present only on the surfacé | ayer
refen‘?&? Hr]nse? 'Bg) ﬁ“@hg%jé’r('gé?( F\Q@if’\g ,rég\gll?fqhg %g%rtag%ﬁno ecular weight (Mw) of

20 OBﬁ Sl °f‘3'tbﬂré5@@*’@3&5@%@9@&%{%%?‘;84%ﬂ%&ﬁ%ﬁ’ﬂ@q parts

12 sustalnln ef fect, of i nproving, chem cal .
by WRIGH! 3 5P B3O QSN GR RATSHY WA based RO AR Parts by weight
chem cal reS|stance i mprovenent effects are
of PYPfroesi: atAsda resl of tagspotsfmelt il eantainincthispolygtwiesye glycol,
appl yi ng pol yethyl ene glycol to the surface |ayer of
since hgdrqpdilisity of thiy filby sudace ingreasestand & layer of mater molecules is
pol yet hyl ene glycol elutes over tinme during 5 use in
easilyforned whithe film surface akeingfcoplact withl ary aboeslisgplutien, the
pol yet hyl ene glycol to the surface |ayer of the

frequRsHi doPthct etwedn thedpolyiir icdaipopentfitht cBmposkss thé berous film
bonding sites are severed by washi ng chem cal s when

and V@%lefbgcﬁ ichls! |g"ng§LFﬁed td bk FEEFcdd n%Pﬁ'ne 1dyEF bowhier hfolecules

sustaln e eff f I mproving che eS| st ance
om B P e W el 55 o

|ber nbrane

f
film Bt BF BB Ehe *Feer?e?i\"ee weight, %vm%mﬁbeqﬁ'f?é ejBnd Bpw £ the
polypivlan s [Sssrinar ﬁ@?&@%ﬁut%gfofmﬁwéh'e%%pﬁa fhe fim

surface area_per nodul e unit volunme can be increase
tendgdo nrgased Groyerselyt if the weight ava@ae: melecular weight (MW) of the
porous filmhas a filmstructure of a hollow fiber
polyethyterenglycallexceeds 300 D00ha prdtiemoaciersdh theeporpusiicsyttbat forms
effectively use nethods such as backwashi ng, by which

the starpas fitrs imwhigretieviedydtiyleas iyl 8 e@itaingd|in aspherical form,
pernmeate in a direction opposite fromthe direction

theréBy fandir %fdd&bre%e e st%»‘r‘qm@fﬂﬂa p&budtBody. deRPeietsthaeF Band, if
renoved by shaking the film by introducing air bubbles

the %c?ﬁgnthoﬁpg%GMegheyrlé% g@%& isNéss fHan®. Ole%ﬂérH“ﬁ%ﬁ]hP"fﬁbﬁBs to be

rane 1s typicall
diffidiR't6r a layer of water molecules to form, while if the content of the polyethylene

glycol exceeds 3 parts by weight, the polyethylene glycol excessively attracts water
molecules, which tends to cause the film to swell and water permeability to decrease.
[0039] Although there are no particular limitations on the form in which the
polyethylene glycol is contained, and polyethylene glycol molecules may be made to
be present only on the surface layer of the porous body by coating or graft

polymerization, for example, at least a portion of the polyethylene glycol molecules

are preferably embedded in the backbone of the porous body from the viewpoint of
12
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20 but not nore than 5 nmm and the outer dianeter
thereof is typically 0.15 mmor nore but not nore
than 6 mm In addition, the ratio of the outer
dianeter to the inner diameter of the hollow fiber
menbrane is preferably 1.3 or nore but not nore than

sustgining therefidte of irepveRingf clfmieaPreeReindeforadend pleried vf time.
strength and water perneability as a hollow fiber

Alth&ESIPEREWRic ??éélﬁgﬂ%é ,rr ?HLetdt Bffectse ¥EMBHst@ted I rdless of

required or t menbrane to be crus

the Bhmair B HES UL ﬁgepssquyn%n alYER th'thé shirbLe et e

ressur

poroe&?h%ixﬂ%ugqa?%'gﬁﬁ {renfiea T GOSF Pyl acY e bver time during

|fference bet ween t e i nsi de and. Sld
use fPeWBFE‘dn‘é‘ e mﬁ%@n‘@s&ﬁ Ahysiga xaéenglinlé 05@3'1%% Qa/ﬁe' to the

Preferabl 150 hours or nore. Here, crushing o

surfacsee ayenet hesaress bedy bygraft mlwmvlzrat@aramﬂethsrldmetmebwgilng
5 unable to maintain a circular or oval shape, and in

sites &re ssveeed by avastnreg chémigals when svashing the fimat dhus, it tends to be
which the ratio between the |ong axis and short axis

difficult tb sRistain ehie difecteif emhpraving bieernival pygidtahes ovend iargeperiod of
i ncreases beyond 1.5. In the case the tine required

timefifleitheH6Mihadeicasggort, there is tendency for the
menbrane to be easily crushed as a result of

[004b§pe&f #%rcﬁ.%oﬂ M Hr%f&%ﬁﬁﬁﬁfa ?i%'s%cfdrétd? %tﬁcﬂf&vﬁﬁber membrane.

il
ckwas As a resu meki ng the t

A e T
e YT BSRnBhS AR IR bt G meRAFARG e i

appl i cations thereof. W%OMZ Mor eover, the ure m@} [
surfage are RIMO@ulgHA iU ingrrasedAs sermpbeackwith fat fims.
the hol | ow fiber. nenbrane based on the inner surface .
In adgitien,df therrorus it haisteetilm strugskisr eine hakew fibgs B1ampPrigneethere is
wat er at 25C through the hollow fiber nmenbrane at a
the advantage ohbeingsable to effedivelyMize methiodst sucibasy bacivgghimg, by
hr) or nore. The pure water wused at this tine is

whidhi ddpdsite raaémbved b Glnfgl dléaﬁlﬂg ligbidtogermeate in a direction
ultrafiltrati on nenbrane reverse osnosi s nenbrane

oppé‘@”ﬂé fSmahé [direktion ofAkraGsh 3<Sr d!’?ééi’ﬂlbbﬁ'fg, B viHiEh %pbﬁ&sare

In the case this pure water permeation volune is |ow,

omb i B B T BIRER RS SRR it o pash he
fllm.t "ﬁ?e inner diameter of a hollow fiber membrane is typically 0.10 mm or more
but not more than 5 mm, and the outer diameter thereof is typically 0.15 mm or more
but not more than 6 mm. In addition, the ratio of the outer diameter to the inner
diameter of the hollow fiber membrane is preferably 1.3 or more but not more than
2.5 from the viewpoint of a proper balance between strength and water permeability

as a hollow fiber membrane.

[0041] In addition, the amount of time required for the hollow fiber membrane to

be crushed at a pressure difference of 0.4 MPa in a filtration pressure creep test, in
13
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i ncreases, thereby increasing the space occupi ed by
filtration equipnment. Although a prescribed anount
can be treated within a fixed period of tinme by
setting a higher filtration pressure in order to
avoid this, in this case, together wth the nenbrane

whichitHe tiné RstWwrisHiag @ KulBefiber rh8mbpate RIrheasured BNesriinuously
costs required for filtration 25 increase, thereby

app%pgefbré%ensé@ Sreddure H}ﬁergﬁ&?bélb\}e% nvméwuatandtcrmsneé ro¢ the

perneation volune 1s pre erably as high

menﬁ’cﬁ%ﬁé?}o?sl tr?é‘gut'é?"sﬁrfﬁggrgrloofreg&afhé e?r’ngé arte gsfb@re?%aﬁnbﬁ hours or
morgy Bf cned @%@t'}%@‘%&v@fﬁrﬁ{&?{ ¥ f?c%ﬁ oo}y %fﬁﬁgfﬁ"ﬁzﬁ% being

ackbone of the pol nponent. forns a
unatigiadrniania soFuar of Bvgh SRR A diie s Fssol 3 Ougtaa, Tefers to
words, preferably has a porous filmstructure in _
the statecin witigh B&Raiwtweenﬁge eng as apdrehonteaxis of theneuter diameter
hol l ow fibers is three-dinensionally crosslinked in
of thettwlibur fihesfmemirearie ingrehsesrbeyoadd . fr oln thedaskedhedione required
t he backbone of the polyner conponent. [0044] In
for caukhing shdrh eheerisdenderoy for tHeemahibraha to be Hasilg trushed as a
in which the to thickness of the backbone of the

resuRdf YEBEateaEENIAg Phédsur® dURng igrathest BatkvedBRYy. As a result
continuously or in a stepwi se manner to at |east 1/5

of mta ﬁ"ngthlemn‘iéf Sof E;Rléhﬁg élﬁéé‘BFesshPEe %Fér%eomx'm% 150

e greatest enS|ty anon top an bottom fil

hour%lﬁrfrﬁcgﬁs (jihéAﬁIm B¢ ﬂ’\% (#lje%ﬁﬂtf in{ t'i(ﬂglsséb%‘t aaé [egfds%gsfy the

even | portro e SU ace 1S d el‘l

PI’O&H,&E" ﬁe 'Hélr?g’%g@yﬁ%%@ht’% r?(ﬁlgl[%lngngrll?tt Iﬂg?f | l n]é?? Q Qs thereof.

ed. Here, a surface havjn gr eat est. densi t

10042b1 o dTGoVHe ek ureaalch REEEAIE VG IEI BT BeEIbIGRS NIt Surface
di ameter of pores present per unit surface area anon

areg @fethedpllawdm%m fanenbased e the ipnet purfacs aga ¢f thamhollow fiber
and in the present description, is determ ned by a

mentrane verempaseind pdreswateriat 26P6 tbmngpltlae hollowdiber membrane at a
described |l ater. The pore dianeter of the surface

ritralg pRdhl € 6P B3 et TRBRLAly Bolr Brkdfiots” s The myp water

as a result of filtering fromthe side of the surface
usechat/ihiggtimeds distiled statecoswater fiteged thadughban uitcfilteationromembrane

the inside of the porous filmcan be nore effectively
or reversdbosradsisiméembranenhaving adfraction molecular weight of 10,000 or less.
In the case this pure water permeation volume is low, the number of membrane
modules required when treating a prescribed amount within a fixed period of time
increases, thereby increasing the space occupied by filtration equipment. Although
a prescribed amount can be treated within a fixed period of time by setting a higher
filtration pressure in order to avoid this, in this case, together with the membrane

moedule requiring a higher withstand pressure, energy costs required for filtration

increase, thereby hindering productivity. From this viewpoint, the pure water
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hi gh water perneability. In addition, a porous film
havi ng such a structure is particularly suitable for
applications in which the porous filmis used
repeatedly while 25 physically or chem cally washing.
From the viewpoint of obtaining safer filtered 15

perri@dtRin Vslineds préfeedblyvak Hightl H8 Ipok¥ible, ARdrRb R sheumialy, is
of the surface having the greatest density is

referably Q.001 mor nore but naot r Q.05 m
prefigonS O M) & BT A PR B ekebB TRy dra @ more.
be preferably used in aqueous solution filtration
[0043Dp! | dAdreonsr, tishipolymdrtiitmsigseribed abeve praferabhphas atfiim
and 5 chemical resistance, it can al so be used

strudURS PNARICK the baBRbAAST (ARSHAFRENBEMPbAENt BANE 3he¥hliRe

chem cals. In particular, this porous filmcan be used

: L.N

etk ST} fire B el PR T HbRIE g P R borous
, i O R i 7 , . ,
fim SOIEFE I Bficn HE BB R0 o! tnsdRtBer GoPRoBEnSthEnglgw fioers s

but are no artjicularly Limted to, filtration of .
thregimensianaty SdsaliisEin the ferth afie g, eodiRgges 3 Provided

non- al kal i ne sol utions while washing using an al kaline
betwagn thediackbaae of the POIMESKICATPGERAY an al kal i ne

solution. Furthernore, an alkaline solution refers to
[0044] sol Um additian, theaearous fitmipnéfiesakiy hak leastruciureLibsvhiok éhe

and in a nore preferable aspect thereof, refers to a
thiclsaisataf the backiduneoftthe potymentompomentdhatfiokakithe pores increases

substance is 0.001 % by wei ght or nore but not nore
contirfi@usBO3riRla sepaie mihnEPRA4t ledstel /6 ahé 6ilrh REckiays feed at least

an explanation of a nmethod of producing the polyner

the §drfd€e°r§a\hﬂr?]t$tl{€ @%%ﬂést Ifansiy %g[&))lnyﬁhg t6e 'aﬁg‘l{g))t/tﬁgr‘l finP5ufhGes. As

present inventfon Is prefe produce
fi ! . : . Lo _
a reit Gt sk 21 BkirS] 80 T3 BEGRBf Hids s teteriorated by
conmprising,a . hydrophobi | r. c opent Vi
cherB(aR. SHGEIng SR BRSPS o B Tk Tt & FHEK BEPlodt! blfhdbe to the
.hydrophilic¢ pol r . component and, a conmon, solveni far
entig i GRS YWDt othierep B SpraFe TaiscBROTaiest Healy fetars to the
hydrophi l i c pol ymer conponent, is extruded froma
surfarg BaYiga the smallevayeraee pege diameter of pgreasrpPrasedl A Wit surface
havi ng water as a main conponent thereof; or, a
areasamong lthel tajr gndvbottom finmf surfeceisef the phozls film, @hiddh thépresent
filmformng solution is extruded froma nol ding
desariptiheisfddteomimed iy s emasurgnant method used in the examples to be
described later. The pore diameter of the surface having the greatest density at this
time is typically 0.001 um or more but not more than 0.5 um, and as a result of
filtering from the side of the surface having the greatest density, physical obstruction
of the inside of the porous film can be more effectively inhibited while maintaining
high water permeability. In addition, a porous film having such a structure is

particularly suitable for applications in which the porous film is used repeatedly while

physically or chemically washing. From the viewpoint of obtaining safer filtered
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25 prescribed free running interval. A hydrophilic

pol ymer conponent as referred to here in the present

invention is defined as a pol ynmer conponent in which

the critical 16 surface tension (-yc) of the polynmer

at 20Cis 50 (MY m or nore, while a hydrophobic
watgrtavirey highapwagariquatityl eid perd diamet@radithe isurfate aeing the

whi ch the surface tension (yyc) of the polynmer at 20C

I
road B 1 (458 AN RO 098
[004%3;1 por g%gh ? ék%lr.:g ?;‘Hﬁa'%l@c schibed Bpdve %aFFHhe“pr%?éFEBP od in

s 0 AL BRSSO 5 R AR bl
B

nponents for formng the porous filmused at this
ContPPW'tlhﬁbeBT@aiﬁ/DF'nr@Jﬂwlaf &'M§ perousfilphean pesed R%Fb‘é-ﬂafly
of other polymers may be mxed in for inproving the o
preferiebheintappiications aecampanyingoadtact with ibase afos vt gfmna application
in other polynmers, there are no particular limtations
of canventienalt P¢DFpryue finowasiliddted. hderar applivatians kiceompanying
with PVDF resin. For exanple, a hydrophilic polyner

contaBywhle beis€ thdlidd, fut ad6 Aobpadiealarlynignited tolfilvation of alkaline
hydrophilicity to 15 the film of a hydrophob| c

solufiGhs, ﬁgeﬁi@gls}’ﬁL o@@%drﬂaﬁ@ﬁ‘né %Iﬁtl?ﬁs dpne Wd‘s,‘.liuﬁ@u&HQta'heélkalme

enha rop icity, and a pol yner a fluorine
solufl ﬁ'aﬂ'\d Si rrﬁr)gg/agﬁﬁgeﬁﬁ% An fé(ljlghrﬁn%esollft gfryrfﬂe?l‘@gg%ﬁh alkaline

so'uﬁ‘iﬂtr%%”s Sé’éfpﬁ?'saa‘iiedaﬁ%ﬁﬁ ”ﬁ%%ﬁaaﬁ%%' %f‘isa%?aerme aig | -
prefﬁta,rg‘f)ffg %qm%{tlpégﬁ &€ §?qﬁ }dtgoaﬁglvﬁga'\ﬁ'{ rod rgtibggqf alkaline

(also referred to as pol yethyl ene oxide) haV|n
subsianeis 081 %gley wisight @r morgdi mot mavgjth Qﬂ 20% bweeght
nore but not nore than 150,000 is used as the
[0046y dr oftnel folowingl prowides @wmmatiqmaﬁrqamedmﬂof produeing the
filmformng solution. Al though a porous film can be
polyprendilm e tleey present pmventidhy | ene gl ycol having a wei ght
aver age nol ecul ar 25 wei ght of less than 25,000 is

gg’ Pgnpgyméﬁﬂﬁﬁoi elifesentlinvantiont i préferably prodlickiety a so-called
wet film formation method, in which a film-forming solution (spinning solution), at
least comprising a hydrophobic polymer component having a PVDF resin as a main
component thereof, a hydrophilic polymer component and a common solvent for both
the hydrophobic polymer component and the hydrophilic polymer component, is
extruded from a molding nozzle followed by solidifying in a solution having water as a
main component thereof; or, a so-called dry-wet film formation method, in which the
film-forming solution is extruded from a molding nozzle followed by securing a

prescribed free running interval. A hydrophilic polymer component as referred to

here in the present invention is defined as a polymer component in which the critical
16
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bet ween degree of crystallization and specific surface
area as intended by the 17 present invention. In
addition, in the case the weight average nol ecul ar

wei ght exceeds 150,000, it tends to be difficult to
uni formy dissolve the main conponent of the

surfatettenBioPy§) BFthi FlyrEONRZTPT istSTRIMINGR'Sr inbfe, RatiRUS
filmin the formof the PVDF resin in the spinning

hydréﬁh%nb%lyrﬂ@ﬁcc?ﬁb&ﬁént% Aef8Ed BB B5aMer Wehipohehf mﬁhﬁicﬁ the

hyl'ene g ycol is preferably 30, 000 or nore but

surf%:‘étstgﬁ%%)?m é%c?w g sug e gofrpl\%ofqum bt ai ni ng
[0042L|0525rh |§Réoc£.|c{;|tgaﬁrr1 niﬁoﬁhgwémp o ?q ﬁély%%ﬁj?wponent for forming
o o3 iviBS PV EE o5 Aon e E5henL ridsr s gycroptite

nore, nore preferably 90% or nore and even nore
compeeentriagng form obadweraphilis ralymet pemppBERRiGArgtfirst dissolved in a
obt ai ning a spinning solution having superior film
commemnsaiventfopeothitbe hydrophadiic polymianicampangnhapd dpe hydrophilic
bal ance between the degree of crystallization and
polysee cofriponent feapedacea pgroQs fiimAsrniag sohutionde Jthe frdymer
above, in the production method of the present
compoNé@fits fenformirigdPledqibrolis fifim HIEEE 3B EHiY tie Ha b%t PV/B#sresin alone or
one type of polyethylene glycol for 15t

one BY !41’098 éscof%ré ly ﬁ\%’i@ 25 Be gﬁ%&j mrfoﬂﬁﬁﬁfogwﬁieﬁrgperties of

pol yet hyl ene gl yco or ot her
the ,chl ymer comnponents rray be used in conbi nation
hérewith. There are no particular limtations on the

[0048 herl%h?a?$ o lﬂMm{)ﬁ\ %emetbg[ pe ﬁ%‘?’g} egq%%opo pgﬁ@upar(?lmﬂations
on 5% RRL R i8S e 9ok sy e R SUb88sE] Fer xample

pol yet hyl ene gl ycol that exists in the form of an
a hydmnhwtcmcaymgr owyce wagd inhecase ofidasiringlo impart hydrepylicity to

been prepared by mxing a plurality of types thereof
the fitely obe hysleaphakic pblymesimay bglused iglhye ohse bbdesidng td further
the requirenents indicated above. Mbreover,

enharde/ietdrypletsicity, wadla polymed dbr flusiring rasipdé yetd prefieeably. In the
gl ycol having a large weight average nol ecul ar wei ght

caseA6f XM Gther P@lyrrfé?!s | eI rrAmigUsliititth breféraBly contains 80% or
sui tabl e wei ght average nol ecul ar wei ght by chem cal

moréart Yer&ablyl SRR Rbre, BETHRAP VDI s Eé’sébeoﬂ?(?éjtotal solid content
of the polymer components.

[0049] In the production method of the present invention, polyethylene glycol
(also referred to as polyethylene oxide) having a weight average molecular weight
(Mw) or 20,000 or more but not more than 150,000 is used as the hydrophilic
polymer component incorporated in the film-forming solution. Although a porous film
can be produced even if polyethylene glycol having a weight average molecular

weight of less than 25,000 is used, it tends to be difficult to satisfy a proper balance

between degree of crystallization and specific surface area as intended by the
17
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18 [ 0052] Moreover, the PVDF resin used in the
filmformng solution preferably contains an

irregul ar sequence at a certain ratio in terns of
obtaining a fil mhaving superior chem cal resistance,
and as previously described, a PVDF resin having an

pres'eﬂf frﬁ@ﬁil@ﬁu' R ad difiég Uh ﬂ'ie é%élﬁi%c\ﬁe?gﬂt b@e@%edﬁbl@bma'ﬂ Qﬂalght
NVR neasurenent of 5 8.8% or nore | ess t han

excé’%so%d G08'SEENRS S %'éa&?h}l:rjlt ﬁ&gﬁﬁ&»rnﬁ\@ IRY6Rfe the rﬁﬁﬁ“éﬁ?nponent of

re are no particular rmtations on the m X

the WJ@@W% p?‘*ﬁ%@%&ﬁ%i%ﬂiﬁ%&#ﬁ%@%ﬂ%% e foym of the

PVERCTeRR P preferaspﬁmtOES% ﬁy%s%ﬁéye%?g%mcﬂgﬂﬂ?rwswht of the

rmrethan 35% ght, the ratio of the %drophll
poly@tt\ymw?old@ﬁwﬁahly 59.009 eymaEs BNy mons, Bap 2GRV from the

more than 30% and the remainder is solvent, and nore
viewpoistt &if gbtajningrespinning ssiutianehawjng sppetinrdilpdbyming properties.

conponent is 25% by wei ght or nore but not nore than
FurtBeghdre, thes gtip, oftthe pobethylerie glyisel inytHe dyydirdphilicqopd lymer

conmponent is 10% by wei ght or nore but not nore than
compbfenttyasedl @ithe Salid ddrertestethe thedrohilkopoigmier compongot is

a porous filmusing a filmformng 15 solution within

preféiibly 8@%9& rhafd, 'mé@t;ﬁ'éféigblvm%? nWretditl &RITRNGAE mgréférably

the polyethylene glycol to a prescribed anmount

95% a@“ﬁééﬁbw%td'éwgé ﬂ?opgﬁtﬁiﬁ‘h@gcsﬁ)‘;m C@?B%ﬁnma’vm su erlor film

stren superi o resi stan

forr g BeBis e %&oh”%%ﬁ‘a%ba‘é %Bb%%ié%é%ﬂheﬁﬁé&&%ﬁﬁ?b%'d@wee of
cryslellalgN Al Eaesd Coiae S85component t her cof “?ns%?‘i'h"”
t he f| I mforrri ngesol ution is solidified during f

[0050br matAsonas been deseribadabeva, i theneiedyctien mtho@otthwesem

< Td + 30 with respect to the tenperature of the
invehtioma dlthonighgt isdalesessary(tTdiSe, atdeast pneftypalofl polysthydenasglycol for
the relationship of Td < Tc < Thb with respect to

the hydrophitic phofymnert canepareard} tweeok Mo tyadestdfgpalydthylene glyog! may be
solution. Formng a filmunder conditions by which

used BF BtHRTRYAIFGHHIIEPHIFRES coPMpInePRSMay besugdd Fatarmbination therewith.
all ows the obtaining of a porous film having high

el OB R AL b 1B TS OB e st
to b&%ised th combination with the polyethylene glycol, and examples thereof include
polyvinylpyrrolidone and partially saponified polyvinyl alcohol.

[0051] A polyethylene glycol that exists in the form of an industrial product may
be used alone, or that having been prepared by mixing a plurality of types thereof
may be used for the polyethylene glycol that satisfies the requirements indicated
above. Moreover, polyethylene glycol formed by using a polyethylene glycol having
a large weight average molecular weight as a raw material followed by adjusting to a

suitable weight average molecular weight by chemical or physical treatment thereof

may also be used.
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adjusted to a desirable range since solidification is
conpleted with at |l east a portion of the polyethyl ene
gl ycol nol ecul es enbedded in the backbone of the
porous body due to the increase in the diffusion rate
of the solidifying solution. [0055] Mreover, in the

[005R] 0dUMAreBvER tHOPVEF RRFELSEE M hedNR-fomiddigtidr prfefably
nozzle is used for the nolding nozzle during film

cont s el ¥eali8Aice bl E1ceRal Ao fi eifia BrabBining a fim having
supgfitEhBicdl b Risthrte; aftalbre B8Rl dsofited 1 PYLR fesinhaving an
. mai,n_ ,conponent thereof.. As esul t, t hed, a_por ous
intraffi G PRGUET sshB05E rafit S ReleiFii by PE- MR rdiuféient of
o/can be msily roduceod._ A known doubl e-tube nozzl e and
8.8% gr mare t.'ﬁfsatgeﬂ@%qéi'ﬁaﬁpwr%fgap'y-n this type of
field can be used without any particular limtations ,
[0058Dr t IMorgoven, although there lage apdanticulanimiationsren theemixing ratio
here. [0056] WMoreover, there are no particular
of thiei hyidrephalis polynméreompoment sob\hydrophsisipolymer icomponent in the
filmformng solution provided it dissolves both the
film-fordving bolution apréfdrablycthbirhtic of e yydro pholip pofymer, camnporent is
known sol vent can be suitably selected and used. At 15

20% Bpdkighier mdre Kt nePmtrath&eEs% @;dw%mg theeratio @ the hydrophilic

consi sting of N-nethyl pyrrolidone (

poly e Eb oL BRTTE Aoy Rty of e BUA REEERENER SQM¥rla el
RPN R 08 LIRSS Boymer

Di et hyl oanm.de 1S use rticularl ef er.ab| .
comppAERIE 29F bRAHOR artmolit Bt it o thah S REE VGG, theypatio of
20 water perneability. In addition, at |east one type o
the Ryrdrephitie ROYMSrGoMRANaNt i 40 Yo Ryrwetght oamsre %&taebms%g than 25%
al so be used as a m xed solvent with another solvent. _
by weighthard theaesmaiadet isaphaity eRormingm pewusilv usirglaifim-forming
whi ch the total ampbunt of the commbn sol vent sel ected
solufioromithirethisrangegaoilitates adjustreentdfithe oemaintsd ohthe3pélybthylene
wei ght or nore and nore preferably 90% by wei ght or

glycoitoea pefsctibéd anott avhile sidd faeilitating el olgtainiresef a porous film
producti on nethods of the present invention, a porous

havihg IhfgH'8tré mgth S SRS Chemiidl reSISERRRI dridt stpitidr Waesd %{?Jreneability.

resistance 20 as well as superior durability una

[0054P D€ 19 84EHBR%NhEDrEQRARIA MEiR)d RYUPEd dbOVE, the solution
temperature (Tb°C) of the solution tank of the solution having water as a main
component thereof in which the film-forming solution is solidified during film formation
satisfies the relationship of Td + 5 < Tb < Td + 30 with respect to the temperature of
the film-forming solution (Td°C), and preferably satisfies the relationship of Td < Tc <
Tb with respect to the cloud point temperature (Tc°C) of the film-~forming solution.
Forming a film under conditions by which this temperature range relationship is

satisfied allows the obtaining of a porous film having high water permeability while

also makes it possible to adjust the remaining amount of polyethylene glycol to be
19
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can be easily and stably produced. EXAMPLES 5 [0058]
Al t hough the foll ow ng provides a detail ed explanation
of the present invention by indicating exanples

t hereof, the present inventionis not limted to these
exanples. [0059] In the porous filns described bel ow,

adjustsasier 2 desiralsié rafige ginge eplidificatidry Btcrpletdd With at Ida3€a portion
PVDF resin, measurenent of specific surface area, 10

of tHEERSIVEtRIRAE dNcdl ifoledlies effbddiRdliftRé batkdbHe Of the-dowt&ﬁ‘s body

crystal and y-type crystal based on the total anoun
talL] . =y .
e IR b o L oE e YRV 8 M aced o
0 iah P in, . f

0052 P ROV, IF RSBl oo B egrind P BT TER ube
nozfhl B e iR B b ABoalee 4 ot forming

nmeasur enent of the thickness of the backbone of the .
solutign igPisierapbrexfudasdren the deublestubenazale tgoethaswith a hollowing

density, neasurenent of the weight average nol ecul ar
agenidp@alidify the filsn-fonming selutionuinia shiutionahavirgs watetrasea main

testing of the porous filnms were carried out using

compbeenttheretd. dAsa idsall thereofy.a pORGS]filrhHavirizps hoHowiibeof
Degree of Crystallization of PVDF Resin 20

mentdrahe figrh tstiict e daRni BidessiyProdated. (ARrOWRARRRBIELTTRIY Sozzle and
were carried out under the follow ng conditions using

holldWifg %%98%%?5@5&% e Wpé@ﬁ(?ftﬂéw cBi bEAisddwith articular

Japan.” The baseline for cal ating the anount o
L R R e T
0058 §a8E056 3 8 ol VBB U 57 g 7t useo
i b TR s BOBR RS wrBEh e i rophiic
polyrl;1|ee|r iclcj>mponents, and a known solvent can be suitably selected and used. At
least one type of solvent selected from the group consisting of N-methylpyrrolidone
(NMP), dimethylformamide (DMF), dimethylacetoamide (DMAC) and
dimethylsulfoxide (DMSQ) is preferably used as the common solvent from the
viewpoint of improving the stability of the film-forming solution. Dimethylacetoamide
is used particularly preferably from the viewpoint of obtaining handling ease and high
water permeability. In addition, at least one type of common solvent selected from
the above group may also be used as a mixed solvent with another solvent. In this
case, a mixed solvent is preferably used in which the total amount of the common
solvent selected from the above group is preferably contained at 80% by weight or
more and more preferably 90% by weight or more.

[0057] As a result of employing these production methods of the present

invention, a porous film having superior water permeability and chemical resistance
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Gas flowrate: 20 M/mn 5 [0061] (2) Measurenent of
Specific Surface Area A freeze-dried porous hol |l ow

fi ber menbrane was cut to a length of 2 Mmto prepare
1 g of nenbrane foll owed by determ ning the specific
surface area thereof according to the BET nethod

as Wéﬂid&sddﬁioﬁﬁ&ﬂ&ﬂlit?%@b@%@dbﬁ%@ﬂlth ebneRtionaP pbrsus films
Ltd. to [0062] (3) Measurenent of Conbined Ratio of

can Beledsfly %?%&%&#ﬁ%%-ebype Crystal in Crystalline

Portion o Resin Solid-State 19F- NVR neasurenents
were carried out under the conditions indicated bel ow
usi ng the DSX400 manufactured by Bruker BioSpin AG

P -« 2.5 mm MAS probe 15 Measuring node: Single
Exp}l)\hdlglgés(pul se node: zg0) 19F 90 pulse width: 5.0 sec

peat, st an ime: 4 sec, MAS frequency: 320 Hz
(00585 2c, ARGIBR e FoleMing PSR &REE B0, TAEN Of dos Present
. Internal standard: C6F6 (-163.6 ppm _The conbined .
invepiign By indigating-exarpplesdheresll the pyesent igvandion g ot limited to these
cal cul ated using the equation indicated bel ow based
exaropleshe peak height (H(,,) of the signal indicating
a-type crystals appearing at the location of -78.9

[005ppm  &mthe peropsditmb elegbtibédibelowt ymeadurement of headegree of
i ndicating the conbined total of a-type, a-type and

crysiaili2466n OF Y PVDF2Fe st HB8adutemeint oP Spécifid Surfisd hreanf
[3-type and y-type crystals Ha+p+y - Ha)/( Ha, +p+y +

s e el OB A ISR e
vesdiEgh e AR A ETERAalf bEFPEAAYS VT4, easuroment
of pé{ﬁ%l g@ﬁtﬁh )I(c*;’p'é lc%P\Fenft %rasteg %ni {Hoe ;r)anlff‘sl b)‘j’ Ev%?&%roq trﬁé’ P%Q resin,
measurement of the weight average moiecular weight of polyethylene glycol (PEG)
contained in the film, measurement of the irregular sequence ratio of PVDF resin,
measurement of the thickness of the backbone of the thick portion of the surface
having the greatest density, measurement of the weight average molecular weight of
the PVDF resin and chemical resistance testing of the porous films were carried out
using the methods described below.
[0060] (1) Measurement of Degree of Crystallization of PVDF Resin
Differential scanning calorimetry (DSC) measurements were carried out under
the following conditions using the DSC2920 apparatus manufactured by TA
Instruments Japan. The baseline for calculating the amount of absorbed heat
extended from 60°C to the temperature at which melting was completed (about
190°C), and the degree of crystallization of PVDF was calculated using a value of

104.7 (J/g) for the quantity of heat of crystal fusion.

Sample weight: Approx. 5 mg
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5 Lanbda 400 manufactured by JEOL Ltd. for the NWR
nmeasuring system Pol yethyl ene glycol content was

cal cul ated using the equation below fromthe integral
val ue of the signal attributable to polyethylene

gl ycol appearing in the vicinity of 3.6 ppm (1PEG

aganigse cemtAgdmmuridane of the signal attributable to
PVDF resin appearing in the vicinity of 2.3 to 2.4

a%aangrét‘%: ?oé/ RAM (I PVDF) in the resulting lo
spectra. Polyethylene glycol content (WMt% =

géﬂ%@;g%:ﬁé'ﬁ%l PVDF/ 2)} x 100 [0064] (5) Measurenent

verage Mol ecul ar Weight of PEG in Porous
Fid mD. 1 o) ous filmwere dissolved in 10 m of
agsl@fstfﬁ’gv fagﬁ%(\)l\gﬁfr%'{) dropping 15 this solution into
0O m_of water to re-precipitate the pol yners that

[OOBigrrpoé%) t he fﬁ%ﬁ?%ﬁﬂ@\ésgbﬁ?@%%@fg&?ﬁ?ﬁy| ene gl ycol

remaining in the filmin the formof an aqueous

sOiftrazsrdries) pereysdlipy fiberenembraneswas sHt t9 alength g2 mm to

PEG was concentrated with an evaporator followed by
prepare 3§ @ of mgmibnand éoliowsid by geteemining theaspetificswiacearea thereof

obtain a polyethylene glycol solution. Using 200 m
accarflingite the BHT methatbusihg dhe SERI0RMMarafautees by Cadter Electronics,
carried out under the follow ng conditions to
Ltd. determ ne the wei ght average nol ecul ar wei ght (as PEG
standard sanple). Apparatus: HLC 8220GPC (Tosoh Corp.)

[006%::2 gggz)( ghgg emﬁ&%ﬁ@?@?ﬁé@nyig%&ﬁgé:(;bzrgstal and y-type
CWSE@J@Q@#‘a@g%ﬁggf%ﬁ@%@%méﬁt "of I regul ar
S [ PVDFE Resi 19F- N \
CraETac N e alrei el el A B IeUEN bindHjans
e G SO B RS B ATl
for the NVR neasuring system The irregular sequence
5Prehe: - 9MmMASFeb@ was cal cul ated using the

equation bel ow fromthe integral value
Measuring mode: Single pulse (pulse mode: zg0)

¥F 90° pulse width: 5.0 psec

Repeat standby time: 4 sec

MAS frequency: 32000 Hz

Measuring temperature: Room temperature (25°C)

Internal standard: C6F6 (-163.6 ppm)

The combined ratio of B-type crystal and y-type crystal was calculated using the
equation indicated below based on the peak height (H,) of the signal indicating
a-type crystals appearing at the location of -78.9 ppm, and the peak height (Hy+p+,) Of
the signal indicating the combined total of a-type, B-type and y-type crystals

appearing at -93.5 ppm.

Ratio of B-type and y-type crystals (%) = {( Ha+p+y - Ha)/( Ho+p+y + Hy)} x 100
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of the signal attributable to the regular sequence
appearing in the vicinity of -92 to -97 ppmO) and
the integral value of the signal attributable to the
i rregul ar sequence appearing in the vicinity -114 to
-117 ppm (1;) in the resulting spectra. Irregular

[ooesgquem)e rati gued8uremient/of PEG“don}én%fFQﬁonaned on 100

(7) Measurenent of Thickness of Backbone of Thick

PartE‘BthQ@rh?Bf pOHE R%Em"'av' ng Greatest Density Ten or

es on both surfaces of a freeze-dried porous

2"2'.'&“2% RealiERfie of indBoius T8 Wete TafRd bGALIAR deDMF for
the Sl A lelrmieiRigtareiof i inismelbBndgh il S id ysing the

the diameter determned fromthe nean surface area
Lampda A0 masutasturgd by Lk Glbid for theyNMR mgapudng syriery
the surface of the porous filmhaving the smaller

Polystindens glysokgonientwies calculated Heingige eqvatier heloyt from the
density, the resulting pore dianeter was treated as

integrabvaloe of theasighal attributaleleda polyethylenée gtycohappearing ieghe vicinity
density. Simlarly, a cross-section of a freeze-dried

of 3. qurﬂﬂﬂpﬁﬂs)' andvie idfegrbisenvedr tie signalgitirfoiutatile ¢m PYDF resin
OOOx and conparison of the thickness of the

a iANBe UtihifleoCPBAs IX £ ﬁudzegtdgrn aﬁ%@ae/smtm
ppthe grea?estI |§ﬁoS| ty in tahat fiel dis‘\b/\}gs(ﬁ:gg@tl nued t g

spec,tha's. the filmthickness to confirmthat the backbone
I ncreases in thickness continuously or in a stepw se

bANE f j
%B@EM%Q%@%R S0 JE Mg r o HoEB s R9BP
test ution jn which PVDE, resjipn was sol ve
10064F % T8l "conc Mersiteaeri oF VSN SoeMSREUSE st PEG in
was _car ried out under the conditions indicated bel ow
Porqus fEYer ni ne the wei ght average nol ecul ar wei ght
thereof (as PMWVA). Apparatus: HLC 8220GPC (Tosoh _
CBrpg pof peraus! filrmweshdiseslives ins 08l afrostone fapwed by dropping
phase: 0.6 ml/m n DV
this solution into 100 ml of water to re-precipitate the polymers that compose the film
and separate the polyethylene glycol remaining in the film in the form of an aqueous
solution. Subsequently, the solution containing the PEG was concentrated with an
evaporator followed by dissolving in the mobile phase indicated below to obtain a
polyethylene glycol solution. Using 200 ml of the resulting solution, GPC
measurement was carried out under the following conditions to determine the weight
average molecular weight (as PEG standard sample).
Apparatus: HLC-8220GPC (Tosoh Corp.)
Column: Shodex SB-803HQ
Mobile phase: 0.7 ml/min KH2PQO4 (0.02 mM) + Na,HPOQO4 (0.02 mM) aqueous

solution

Detector: Differential refractive index detector
23




10

15

20

25

Detector: Differential refractive index detector

[0068] (9) Porous Film Chem cal Resistance Test
Testing of the chemical resistance of porous filnms was
carried out by inmrersing 10 a porous hollow fi ber
menbrane in a chem cal solution for a prescribed

[OO%qunt(espf ti NAeasBRMENt I mé?nhesshhmwabué ®f PVDF Resin
el ongation by carrying out a tensile test, and

C AL NIV irﬁ@héd?ém%h%h??igr@ﬁgﬂé WBrd 84/ried(ot usiHg\@-DMF for

the follow ng equation rupture el ongati dn
. . . I .
the R3S 4R CFCRCRL 8 mihal Mp U (O e SR e Lambda 400
marp R AASY LD 5% PSR B R R - ST RBL iy seauence
S UE b ous ASEuI WY SRS ol P il vl
wei ght and sodi um hypochlorite at an effective
of thergignalradtributatie to the weular sequenes appearing inihe Vieiaity of -92 to -97
porous filnms were imersed at a tenperature of 25C.

ppmi (i) addithé integnab sisluecafdhe sighal etighbutabOtodhe imegulansegesence
carried out at a clanmping interval of 50 mm and

appegaring imgthe pdehaltyof114Q0 -10Tppil) id®edeslifingrapeetra] 27%
by weight of a PVDF resin in the form of PVDF

h Ly SEqudheel riflo 2% ) Efight- RYyRM@ge nol ecul ar wei ght
of '350; 0%%1(KYI\IAR74?,O)ﬂgEa risd Ltd.) and 25 15% by

i ght7pf pol I I i i -
100888 S0TEr et omeaKyreor ol TCKBK: BABACKSA bt THEK Fgftion of
j | ved in 58% by wei ght of 25
Surf .%W;f@%ﬁ%%@%@%“%ﬁpmc to obtain a filmforning
sqdution. The cloud.,point te raturg. of this.
< Setlior Bibrerosien bath Sultpss SER fergS <o i were
extruded with an internal liquid in the formof water
observgd ah apahsesably @a%&ftqaé'o(‘d%?eﬁ‘mﬂigtﬂe&ﬁ HHing &n: electsony,
_internediate 5 dianeter: 0.7 nm innernost dianeter:
micrgseopamand-beqares inthel resuling elecirammidregraphisi weterapproximated
exanpl es and conparative exanpl es), passed through a
to bé cireulatfoliongd ki tseatirgethef di2d@tendetennised ifidinh itk mean surface

water at 77C followed by renoving the sol vent
area thereof as the pore diameter in that surface. Using the surface of the porous

film having the smaller pore diameter as the surface having the greatest density, the
resulting pore diameter was treated as the pore diameter of the surface having the
greatest density. Similarly, a cross-section of a freeze-dried porous film was
observed at a magnification of 10,000x, and comparison of the thickness of the
backbone on the opposite side from the surface having the greatest density in that
field was continued to 1/5 the film thickness to confirm that the backbone increases in
thickness continuously or in a stepwise manner.

[0067] (8) Measurement of Weight Average Molecular Weight of PVDF

Resin

Using 50 ml of a test solution in which PVDF resin was dissolved in DMF at a
24
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in water at 60C to obtain a porous filmhaving a

hol | ow fi ber nmenbrane filmstructure. The properties
of the resulting filmare summarized in Table 1,

i ncluding those of the 1o follow ng exanples. [0070]
[ Exanpl e 2] 30% by wei ght of the sane PVDF resin as

condetratio of 120 ehglrflo BPOeieaBlredteritas carfied pot viatdyihensonditions
gl ycol as Exanple 1 were dissolved in 57% by wei ght of

m&dﬁt@@b@bﬂv@&ﬁ&é’l@%ﬁ‘% the VVQ { svérBbeinfoldctilat Wef I‘l'f'\é}ﬁof (as
sol ution. The cloud p0|n 15 tenperature of

PMI\ﬁRbu“ on was 76C. This filmform ng soluti on vvas
extruded from a doubl e-tube nozzle together with an

ern for of ter, passed through a
t PoBaPie ¢ G&of%d;ﬂg@?g and solidified in
at .80 enovi ng the solvent in water
a OZ‘U@”: ?’80&;?% %Fh&\?g@d%[éo i1 mhaving a hol | ow fi ber
menbrane filmstructure. 20 [0071] [Exanmple 3] 27% by
\/\M%’? Ritasen 8.GalmimMF r esi n as Exanple 1, 9% by
wei ght of the sane polyethylene glycol as Exanple 1
abttese b \Diffetemtial wefrasctive indexidatectgr ycol having a
wei ght average nol ecul ar wei ght of 150,000 (R-1 50,
[0068}i sei(9Chem caPoroBsrHiilm ChethigalResistdhes dksted i n 58% by
wei ght of dinethyl acetoam de at 60C to 25 obtain a

f TesiAgPoNhed:HePhibAl r@BlstaTr’f& ot porduP ginfs wias aEied duebwimmersing
this solution vvas 5C. 26 This filmformng sol ution

a pofe¥s ﬁéﬁdv#'ﬁﬁ@r L qw n@%‘ﬁ'dﬁeﬁﬂ@ﬁ é@)‘ﬂ!t@n%? Qg:%gﬁibé@ dhount of

an I nterna In t formof water, assed

ol B4 14 G500 SBHR0ER s B W . an

Ca'CHg'uﬁﬁ éh%eF?mahan f?@@?%%m gﬁgfﬁ'ﬂﬁ ﬁﬁg?@[?wgg lslqug?'on from the
007
rupt Gl PRYCto et era B O] AR A APt e oAt i faliowing

t he condltlons of Exanple 1 W|th t he exception of
chemigahgeterpuation resutipel fpomnmnwsng far nslayh{EAVer age
nol ecul ar wei ght of 300, 000 (SOLEF6010,
Elongation retention ratio (%) = (En/EO) x 100
Here, the chemical used in chemical resistance testing consisted of a mixed
aqueous solution containing sodium hydroxide at 4% by weight and sodium
hypochlorite at an effective chlorine concentration of 0.5% by weight, and the porous
films were immersed at a temperature of 25°C. In addition, measurement of tensile
elongation was carried out at a clamping interval of 50 mm and pulling speed of 100
mm/min.
[0069] [Example 1]
27% by weight of a PVDF resin in the form of PVDF homopolymer having a
weight average molecular weight of 350,000 (KYNAR741, Arkema Co., Ltd.) and

15% by weight of polyethylene glycol having a weight average molecular weight of

35,000 (Polyethylene Glycol 35000, Merck Ltd.) were dissolved in 58% by weight of
25
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Sol vay Solexis, Inc.) for the PVDF resin. The cloud
poi nt tenperature of the 10 filmform ng solution at
this time was 75C. [0073] [Exanple 5] A porous film
having a hol Il ow fi ber nmenbrane filmstructure was
produced entirely under the conditions of Exanple 1

dimethyl8cétBanfde 8PYO @ tPbbtafi 8%IrA-foivRihg SoRmRRpO| YRR clbay Bﬁmt
a wei ght average nol ecul ar wei ght of 290, 000 (KF100

tempb?aﬂﬁ%%f‘ﬁn@é?tpbﬂfv@ Té\a@ PVDF resin. The cl oud point

tenperature o mforming solution at this tine

Iﬁlﬁgvmﬁffloh 915440 t@?‘?\%% %ﬁ(ﬁhdﬁi %h éi’?‘lrﬁét'h%] uce'g?e form of

rane ure was

di,ti ONS e
Wafe&e@fb? e R e Bl ﬁﬁ%mgﬁq?ﬁé mﬂh%ﬁﬂnég‘%te
t avera e rml ecul a ht 380, 000 ( SOLEF60

diamaigrc By7 & 03 @rmw@'a)mﬁiﬁrmﬁﬁgn e Sadie oz WS 30 h the

poi nt tenperature of the filmformng solution at ]
followmgse&amme&@gdmpqrab%pxmem@w@sseg thsexghl afree romning

by wei ght of the sane PVDF resin as Exanple 1 and 15%
distange wf 20Btmacanbsgliifiad ipneater at 37°0 follavgedbyeggbving the solvent

aver age nol ecul ar wei ght of 6,000 (Polyethyl ene

in watey ab60€D Wobtdirka povoes fiehaviay d hollow fibesmebibtane fim structure.
di ssolved in 74% by weight 27 of dinethyl acetoam de

The Biop&Pfied 6f Petrakaltiag filrh raré @UAMariz mtTade 1 Tineluling!those of the
poi nt tenperature of this solution was 100C or

fo||o\mn§h§,(a s filmforming solution was extruded froma
e- tube nozzl e together with an internal liquid

wat er, passed through a free running
[0079Fs )Ia% %O 5 mmand solidified in water at 800C

:?“gf el BTN iR e L e of e
same plalnyienc OhpES EXPIIIG T IR Ahasaerd BVRSo RSSO, Rl
having a weight average nol ecul ar wei ght of 420, 000

dimethytagggamide ainfQ&nto datajn aﬁlhﬂjfomlag@wutlon The cloud point
temperature of this solution was 76°C.

This film-forming solution was extruded from a double-tube nozzle together with
an internal liquid in the form of water, passed through a free running distance of 200
mm and solidified in water at 80°C followed by removing the solvent in water at 60°C
to obtain a porous film having a hollow fiber membrane film structure.

[0071] [Example 3]

27% by weight of the same PVDF resin as Example 1, 9% by weight of the
same polyethylene glycol as Example 1 and 6% by weight of polyethylene glycol
having a weight average molecular weight of 150,000 (R-150, Meisei Chemical
Works, Ltd.) were dissolved in 58% by weight of dimethylacetoamide at 60°C to
obtain a film-forming solution. The cloud point temperature of this solution was

75°C.

26




10

15

20

25

10 by wei ght of the sanme pol yethyl ene gl ycol as
Conparative Exanple 1 were dissolved in 74% by wei ght
of di nethyl acetoam de at 70C to obtain a filmform ng
solution. The cloud point tenperature of this
solution was 100C or higher. This filmformng

s qihig filerfoMing $6ILHER ds' @i eddrtth & dolle NOBE hezzle together with
together with an internal liquid in the form of

an |H@H?dl ’Ilqﬂgﬁ ﬁ EWHQWa?er é‘seseHLtHFBdgﬂl ?fr\%@ﬂﬁglngfdi&gﬁce of 200

mm an ter at 3
mm ggrﬁgs IIBEIQP nﬁ Nfa%?’ gf’éodﬁolmgp byrle%hté)g%g&ﬁb%ht% water at 60°C

tructure. Jhi w fi rane trated
to ol Girbhis ?\geg ot 5 AR £ AR B
t hstand act use during filtration 0077
[OO‘)%JO &Eé‘t‘m\?& arrpl e 3] 20925% by wei ght[of t]he same

PVDF resin as Exa and 10% by wei g

p&\ BreH§ ik dayi nﬁomuﬂhgr BneRRbrgne fwﬁtw&lrﬁdmﬁ:lmuced

wei ght of 500,000 (Polyethylene dycol 500000, Wako
entirely endetrdhie canditiods <if Examplé tidyith ther exaeptiod cmiulsl'ng & MDF

by wei ght of di nethyl acet oam de. Although this mxture

homopslypter iadngib wdight averbgengsteaulasweightrof 8000000 (SOLEF6010,
sol ution was unable to be obtai ned, and a holl ow fi ber

Solvay SBIERE ame. B s tHeRUDF resirPe THeodlvGe oint RerBeidtiRNef the
cloud point tenperature was unable to be neasured

| ut bl
i o 3RO R e Pe878Cl Comparat | ve. Exanpl e 4]

% b t f PVDF resin in the formof the sane
[007?_].}3)/ ﬁE%%rlng[é r as Exanple 5 was nixed wth 60% by

tpg%f@fr%%rﬁ@?é‘h%ﬁf%'v?@teﬁﬁfeﬁﬂ?f'ahgf i TE k&gaas pifuced

oI ution, This solution did not have a cl o oi né
e”“’t%ﬁfb'é‘l’%ft‘b?&"“‘ﬂmo@squ Exampie n@lt@mm@xmtm DF

froma doubl e-tube nozzle together with an i nternal
homoipglynger raving:a mgightavesagermaleeylaowaighb £ 2990084 KF 1000,
through a free running distance of 50 nm and
Kuraetwd Carg.) faat the PAMDRgesin.usThe cloudogpoiot tegfpsrature of the film-forming
gama- butyrol actone at 30C fol | owed by removing the
soluioh ee s timamabs75a€C. 60C to
[0074] [Example 6]

A porous film having a hollow fiber membrane film structure was produced
entirely under the conditions of Example 1 with the exception of using a PVDF
homopolymer having a weight average molecular weight of 380,000 (SOLEF6012,
Solvay Solexis, Inc.) for the PVDF resin. The cloud point temperature of the
film-forming solution at this time was 75°C.

[0075] [Comparative Example 1]
25% by weight of the same PVDF resin as Example 1 and 15% by weight

polyethylene glycol having a weight average molecular weight of 6,000 (Polyethylene

Glycol 6000, Wako Pure Chemical Industries, Ltd.) were dissolved in 74% by weight
27 '
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obtain a porous filmhaving a hollow fiber nmenbrane
filmstructure. [0079] [Exanple 7] 25% by wei ght of a
PVDF resin in the formof the sanme PVDF honopol yner as
Exanpl e 1 and 15% by wei ght of pol yet hyl ene gl ycol

havi ng a wei ght average 15 nol ecul ar wei ght of 20, 000

of ditfiéthyatétbiiige & Y0 ta2 06 fh a\sTofrtHii ng dahgtivre: alThe cloud point

I ndustries, Ltd.) were dissolved in 60% by weight of

temﬂéﬁﬂr@ﬂf%@%@ﬁ]ﬁoﬂ%@é 166 bPhigh.ai n a filmform ng

so ution. The oud point tenperature of this sol ution

PV 7fﬁ§§florq#ﬁr§/sa1uﬁ5‘ﬁ‘0&stéﬁﬂﬁﬁ§rﬁ f['s\ggﬁ lﬁcﬁ}’c‘gj{;ﬁlé B %%l@ $ogst )1er with

an 1 rregu

an itfpff e 3R g ssagilaf ek EPH\W@ Hgfjoe of 200
mm g ol i e A8 Ffollared iy RHYINg ec VaITR Mgter ot 60°C

di stance of 200 nmand solidified in water at 80C
to obtgin @ perpusfilm kaving aallkw kanreambranedimstragtusde t o
obtain a porous filmhaving a hollow fiber nenbrane
[0076] | m {€omparatve BXarpp@d?]] [ Structural Eval uation] The
structure of the porous filmof Exanple 7 was
e26%by aigHtloba RVBRaesinan the foret oE PVB normoppglyeper having a
(magni fication: 10,000x) of the surface having the

weight @@brije mBRItldrvdight 6F 420,00 0CY NAR30ME, Arkemis Clol,| itd.) and 6%
of Exanple 7, while FIG 3 shows an electron

by W@uﬁﬂt‘?ﬂ"t@? H@;&ﬂ?ét&?%ﬁbmcﬁgs%bakﬁ'@@ rE)Jé‘Pr‘i’dleWWere dissolved

center po on of the porous fil
TPl Lo o2t Sl I
o B AT O 1 B2

pehis tastoriing:SSufion Was srincea i » 48 e e noede tgether with

mesh-1ike network resulting in a filmstructure

an injeeral figdid inithe feromet waterpeassed thiougha fregfunpipg distance of 200
t hi ckness of the backbone of hollow ring-like lo

mm potysolidified rip wadert at 3E folowed hydetroving theasavéntanweater at 60°C
side of the surface having the greatest density shown

to obtainFa Pordud filmahalding lachallent fitserahe tbeandfilok sipocturean This hollow
the film

fiber membrane demonstrated low withstand pressure strength and was unable to

withstand actual use during filtration.

[0077] [Comparative Example 3]

25% by weight of the same PVDF resin as Example 1 and 10% by weight
polyethylene glycol having a weight average molecular weight of 500,000
(Polyethylene Glycol 500000, Wako Pure Chemical Industries, Ltd.) were mixed with
65% by weight of dimethylacetoamide. Although this mixture was stirred at 70°C, a
homogeneous film-forming solution was unable to be obtained, and a hollow fiber

membrane was unable to be produced. In addition, cloud point temperature was

unable to be measured since a homogeneous film-forming solution was unable to be
28
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as shown in FIG 3. [0081] [Evaluation of Chem cal
Resi stance] Chemical resistance tests were carried out
using the porous filns having a 15 hollow fi ber
menbrane filmstructure obtained in Exanples 1 to 7
and Conparative Exanples 1, 2 and 4. Foll ow ng

produced! si on, the hollow fiber nenmbranes were taken out
of the chem cal agent at 1, 3, 7 or 14 days,

[oomgequarcs a?étﬂ/%eéxdﬂ'\éfédf]ater and subjected to a
: .

nsile test. The result's are shown in Table 1. Table
1 : , _ .
cibts by kightgt PYRE; ésiin he s SRt sk PR opliBgRmer as
67,65 61 57 - 7 ee of .crystallizatipon 9
Exapic 5 ites Wity 6655y ol B 6hine iEroRibtons Toigwed by
oefing sud T asHod SIS o S e ot s FHE Solution i
7000. 6 degree of 30 crystallization and film
not Rgyeca clavdsprintieaparare( % n/g) Conbi ned 27 25 27 15

33 16 26 28 38 - 55
This film-forming solution was extruded from a double-tube nozzle together with

an internal liquid in the form of gamma-butyrolactone, passed through a free running
distance of 50 mm and solidified in an aqueous solution of 80%
gamma-butyrolactone at 30°C followed by removing the solvent in water at 60°C to
obtain a porous film having a hollow fiber membrane film structure.

[0079] [Example 7]

25% by weight of a PVDF resin in the form of the same PVDF homopolymer as
Example 1 and 15% by weight of polyethylene glycol having a weight average
molecular weight of 20,000 (Polyethylene Glycol 20000, Wako Pure Chemical
Industries, Ltd.} were dissolved in 60% by weight of dimethylacetoamide at 70°C to
obtain a film-forming solution. The cloud point temperature of this solution was 78°C.
FIG. 1 shows the "®F-NMR spectrum of the PVDF resin having an irregular sequence
ratio of 9.4% used in Example 7.

This film-forming solution was extruded from a double-tube nozzle together with
an internal liquid in the form of water in the same manner as Example 1, passed
through a free running distance of 200 mm and solidified in water at 80°C followed by
removing the solvent in water at 60°C to obtain a porous film having a hollow fiber
membrane film structure.

[0080] [Structural Evaluation]

The structure of the porous film of Example 7 was evaluated. FIG. 2 shows an
29




10

15

ratio of Rtype and y-type crystals (% Residual 1.9
2.53.51.92.22.50.200- 0 PEGcontent in hollow
fi ber nmenbrane (wt %9 Wi ght 40,000 37,000 245, 000
42,000 42,000 45,000 25,000 - - - - average nol ecul ar
wei ght of PEG in hollow fiber nenbrane (My)

electrohegidrdjraPh ¢mAghAifitatio 10, 500x)HfEhd sdrfacé haling the gréatest

sequence ratio of PVDF resin in hollow fiber

denéﬁg@uﬁ}gsugfg&@_) BE%I'% ;Hk?rlbg)‘sz fi?ﬁ%é@k@ni‘p?@@, RBfle #36. 33RBws an

electron micrograph (magnification: 10,000x) taken near the center of the thick
portion of the porous film of Example 7. As shown in FIGS. 2 and 3, the porous film
of Example 7 has a dense surface in which numerous pores are formed in the
surface thereof. In addition, in a cross-section of the porous film, a backbone of
hollow ring-like polymer components was confirmed to be crosslinked
three-dimensionally to form a mesh-like network resulting in a film structure provided
with numerous pores. In addition, the thickness of the backbone of hollow ring-like
polymer components was confirmed to increase from the side of the surface having
the greatest density shown in FIG. 2 towards the center of the thick portion of the film
as shown in FIG. 3.

[0081] [Evaluation of Chemical Resistance]

Chemical resistance tests were carried out using the porous films having a
hollow fiber membrane film structure obtained in Examples 1 to 7 and Comparative
Examples 1, 2 and 4. Following immersion, the hollow fiber membranes were taken
out of the chemical agent at 1, 3, 7 or 14 days, adequately rinsed with water and

subjected to a tensile test. The results are shown in Table 1.

Table 1
Ex.1 Ex.2 Ex.3 Ex.4 Ex.5 Ex.6 Ex.7 | Comp. Comp. Comp. Comp.
) Ex.1 Ex.2 Ex.3 Ex.4
PVDF resin 62 65 60 67 70 67 65 61 57 - 71
degree of
crystallization
(%)
Porous film 6.8 55 13.1 7.0 74 10.1 6.2 353 3.1 - 98.6
average
specific
surface area
(m’lg)
Product of 4216 | 3575 786 469 518 676.7 403 | 21533 176.7 - 7000.6
degree of
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performance
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[0083]

According to the PVDF porous film of the present invention, since high

chemical resistance to washing chemicals and the like is demonstrated while

maintaining high water permeability, the porous film can be used over a long period

of time in applications accompanied by washing suspended matter and other debris
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performance eval uated [0083] According to the PVDF
porous filmof the present invention, since high
chem cal resistance to washing chem cals and the |ike
is denonstrated while maintaining high water
perneability, the porous filmcan be used over a | ong

accuriilafsl o®thé filesiffagalé Eafitafion 3@ RS dikaliMrs$dlogons and
suspended matter and other debris 32 accunul ated on

othet BBeimiddR.S Ull(llf)?é‘cf‘ve?'}ﬁnéé’tﬁé IEVDFt %&Bub‘ﬁirﬁ @f &fH'SR¥seNt invention can

al kal i1 ne solutions and other chemcals. Mreover,
' t R fi . i i
be pRodlfcE 6¥in S48l BAGSEbI, It Brffiodds 1B iBfed SREUENRY and
contrilutes to.inproved productjvity. and ecaon .
ecorigffl . ehiiayichtl AN BE iha! o ¢hectivBrsEan i paviring
. fields requiri .5 filnms to denqpnstrate both high |
fims, g QARSI (O DiPoeteE ReHMe AP Yo & CBeTRIc) eiance in the
manner of washi ng suspended matter and other debris
mangeeahashiag ssispended matier andratber dekris acqumylatad gmthe film
Wi th chem cals, such as water purification treatnent
surfage gue to filtratieawitbrehephiaalss suéh bs matenpurificationmdreatroent at water
river water and | ake water, filtration purification
treatoderit pdarsts [ filabtiovatreatnaent ofaivee watt@rand ke veater, fistration purification
liquid filtration treatnment such as 10 pretreatnent

of infiastriPwatdrizd wasteivasaavatteient, ahdl iduid eratibntétment such as
claim 1. A porous filmconprising a polynmer conponent

' i ' in conponent thereof, 5
pret'l\%h%gﬁrﬂ'glgtnﬁ{ ﬁgﬁérﬁ@ybg%% gr@v)?g(?r' all'ization of the PVDF
resin is 50%or nore but not nore than 90% and the
product of the degree of crystallization of the PVDF
resin and a specific surface area of the filmis 300
(% n2/g) or nore but not nore than 2000 (% n2/g). 2.
The porous filmaccording to claim1, wherein the
total amount of P-type crystal 10 and y-type crystal
in a crystalline portion of the PVDF resin is 30% or
| ess based on the total anmount of the crystalline
portion of the PVDF resin.
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3. The porous filmaccording to claim1 or 2, wherein
pol yet hyl ene gl ycol having a weight average nol ecul ar
wei ght of 20,000 or nore but not nore than 300,000 is
contai ned as the polynmer conponent at 0.01 parts by
wei ght or nore but not nore 15 than 3 parts by wei ght
based on 100 parts by wei ghtaipMfs the PVDF resin. 4. The
porous filmaccording to any of clains 1 to 3, wherein

| (WEVQaRYDF resin has an intranol ecular irregular
ce ratio as determ ned by 19F- NVR neasur enent

lpgnjrgtfg film EBH?)HQ*@ 3 E?ﬁﬁ/nﬁ} rré‘&oi%tﬁ’t h%vm rLJGPWJVI'-O in as a main

according't erein t
comﬁg 3fl| has a 20f|Imstructure of ahollowflber
H ' The porous filmaccording to any of

to wher ei n t he film has il m
sw GE‘E'D%'%G AROtaR CrervHHalisAbRb ORI kaé'eﬁm '§ﬁ’>&°2> or more but not
nponent forns a nesh-like network and pores are
mor‘bﬂﬁﬂ ARG, 8Rdrei n, and the thickness of the backbone of
the pol yner conponent i ncreases continuously or in a
sthepmiodachefitherdegreavf tryatallizatiod afshe PV DR reain bhd lenspacific
fromthe side of the top and bottomfi | m surfaces

surfglaVa g&fgr‘?%gﬁﬁ #5654 fﬁSt fgg ‘?{8 bugﬁogﬁé}ggh{u%ooo (% m2g).

porous film according to any of clains 1 to 6 with an
2. afhalponeusfiluaceording. toAldim 1 ewhegimthieiotal aroogntiofifatype crystal
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an intramolecular irregular sequence ratio as determined by '°F-NMR measurement
of 8.8% or more but less than 30.0%.
5.  The porous film according to any of claims 1 to 4, wherein the porous film has a
film structure of a hollow fiber membrane. |
6. The porous film according to any of claims 1 to 5, wherein the porous film has a
film structure in which the backbone of the polymer component forms a mesh-like
network and pores are provided therein, and the thickness of the backbone of the

polymer component increases continuously or in a stepwise manner to at least 1/5

the film thickness from the side of the top and bottom film surfaces having the
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molecular weight of 20,000 or more but not more than 150,000 is used as the
hydrophilic polymer component.

10. The method for producing a porous film according to claim 9, wherein a PVDF
resin having an intramolecular irregular sequence ratio as determined by YF.NMR
measurement of 8.8% or more but less than 30.0% is used as the PVDF resin.

11.  The method for producing a porous film according to claim 9 or 10, wherein the
film-forming solution contains 20% by weight or more but not more than 35% by
weight of the hydrophobic polymer component, and 8% by weight or more but not
more than 30% by weight of the hydrophilic polymer component.

12. The method for producing a porous film according to any of claims 9 to 11,

wherein the temperature of the solution for solidifying the film-forming solution (Th°C)

satisfies the relationship of Td + 5 < Tb < Td + 30 and the relationship of Td < Tc <Tb

with respect to the temperature of the film-forming solution (Td°C) and the cloud point
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temperature of the film-forming solution (Tc°C).

13. The method for producing a porous film according to any of claims 9 to 12,
wherein the molding nozzle is a double-tube nozzle, and a porous film having a
hollow fiber membrane structure is produced by extruding the film-forming solution
from the molding nozzle together with a hollowing agent, and solidifying the same in
a solution having water as a main component thereof.

14. The method for producing a porous film according to any of claims 9 to 13,
wherein the film-forming solution contains at least dimethylacetoamide as the

common solvent.
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