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H GHLY DURABLE POROUS PVDF FI LM METHOD OF PRODUCI NG
THE SAME, AND WASHI NG METHOD AND FI LTERI NG METHOD

USI NG THE SAME CROSS- REFERENCE 5 BACKGROUND [0001]
The present invention relates to a porous PVDF film

BB BB B RSO QR MR GBEBIR THe save,
BB AT S S LSRNt PR LA

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 filtraGROSPrBEEESRENGEVe expanded in
recent years to include such fields as secondary or
tertiary treatnent of donestic wastewater or

i ndustrial wastewater at sewage tredtnent plants, as
well as 15 the treat rergAcKAROUNDT bi dity water such
as solid-liquid separation in septic tanks. [0003]

[OOOEI;PG f Fﬁh‘eeﬁ:jeggnm‘il@ﬁf‘g@ﬁ f%é%%%id”mﬁg PVDHEF#hl @Bich has superior

ocesses consist o rane ul'es conprised of a

wategyé);ﬁl%tabﬁﬂé\%% %ﬂéﬁ&éﬁl{rlg?@faH@@;@%@Ptdfbr&@ﬁ@ﬂg rtr%% same, and a

ners pr oces are
i.nto _hol | flat . i n which
washBbyRRPEHt HihiaMeutdbrBREERE sheere rovever

in the 20 case of using such nenbrane nodul for th
[0002] e Flietigh Pregasses IS widelyiysed nedustiiakields such pddae
is obstructed by suspended solids separated by
produiction of staiile watere bighly peig watey ardrinkingowalsr & well as the
decrease in the water perneation capacity of the
purificationasi aimo do ladditiod) the applicativamphge of such éiltedioa prbcesses have
using this type of nenbrane nodule for 25 solid-liquid

expaRRal idtreodnt yedrs 3¢ MidlGdé 8ith fielastdsissdomdasy of tetiary treatment of
menbr ane surface occurs due to filtration as

dom%@ﬁ@ WAV AR e indiiatha WiReWBict of %@%@e%rééflﬁférr{g PIHES Sas well as

ecrease 1 1n water perneation capacity o
e GEAMAERGH iy el 453k R RGE orbfan iy s ks
[OOO%TDum’I'h%ffiI%eir% r%'raltear}catlsiE Lsed 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
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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 accunulate on the

surface of or ins he rrenbrane
i pRtEeRien crbARYY StgnERbgran ol { BrivbiRaly pecessary to
i ke accumul ates by being adsorbed on the surface of
pen@cﬂlcal%waé the mambreaeeaftqrgoprsdelgrmiged @mﬂtmj, of time or after
treatnment, in which the nenbrane is shaken
filteringna ipredatermined amounti tin @enegalsthetanses QiﬂhlSttbpe giynembrane
water during filtration or o0 backwashing operation,
obstrsctisseareadassified fndo physicakalrstrustionr(plug) in wdpigrhfjre paﬂicles and
obstruction. On the other hand, renoval of accunul ated
the ¥KegacdLimtiatd €n i duifbee bf Meml@ldeimcmpnmrage usndhghemical
chem cal agents in the manner of oxidizing agents such

obsﬁéctu&%mmmwa%%@bhk%aﬂebaﬁ@%ém@a@é{;rﬁ@@m@by being

hydroxide'is used as an effective neans of

o RPN
o0cBL220 i ok Rt R R B, it
con SR APl TR 05 A o o

rupturing, while hollow fiber nenbranes end up

backwigshing egeratiosy, dbysedRE @) ¢féergweénﬂan%§fembfbmmgs physical
menbrane nodule difficult. 20 [0006] Recently,

obstmectiorand3n therptiserdanid, remevalaifsacsuotulatediorgagisrnatter and the like
materials or fluorine-based polynmers such as

by deebytipeisiraf Lising ebemitalrg; et FEhehaanngr sumddizing agents such as
chem cal resistance have been comercially rel eased

sodiuff hyﬁ@cm@ﬁtﬁ%éﬁes@&ﬁ% sddiu Ride i Rised iz an eflective
caused by such chem cal agents. wever, since these

meéi%tcﬁr dibifatiiy Ehb & 'o%trﬂ&ﬁt?r?ssﬁ&bvb%h’ 3??'? i?;@gﬁ?éfgagents not only

convent ona po ymers, 1t was

oS TR ORI B o

0007] On the o hand, tho ol yvi n [ i.dene

dechpgsb 0% wayise) Ostauprrbonial The, Selyher GRstnEie L6 Aarmhrape.

of porous films since they have conparati veI y superi or
Congpauestha@s| ghepnigabnashing ds rereated cshasdt faepembrajgs end 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.
[00086] 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 withstand |ong-term use acconpanyi ng

shi th, ,base. [000 ddl I on ] .
WOQﬁ o the e Beng: Pﬁ'ecg}lgfhpgﬁw QSR yeiRe, (P resins are
npared with pol yners such _as ysul f ones, pol yet her .
use@ aﬁm%ger Wyaeevﬂs&f.w¢m%alm%$lnee they Bawe ae&pﬁ%tye'v superior
typically used in the production of porous filns by _
procgssabilitysrmong flupgnadiased polapacse @mgay@ thendispevaniage of having
of producing a porous filmby a dry-wet nethod using
low R#iRtanes imbase asaeompdred evith other flubiire-bapedcesinal Consequently,
| evel s of filmpore dianeter, water perneability and
it wabudifflgultitd Yprod G0 lpoktd iles ubieg PVDEUesInthBYisSFatie td athstand
fi ber nmenbranes suitable for use in dialysis

Iong%ﬁﬂr@éeécdw MASE Wiish @ﬁﬁb@s@,eexanpl es of porous
films using these 15 PVDF resins (see, for exanple,

(000K TGRS PADIY reaf® hale Meng ROkttt i QBN otvonts as

Comé%ﬁ%’ér%ﬁ%ﬁ%ﬁiﬁégﬁ%ﬁwgﬁﬁ 'E%SoP%%g%";l??‘g@m?%%iBO!vaPVIO""f"eS

escrlptlonthr they a
or o&ffSspestalss {yBally Lsaspn e prosistPBit FOroleS Fifeh 8%&&6&@ dry-wet
ermaabl lity and pressure resistance (durab| lity)
metnegs. 0] Consastuastly: b themase wiipsoduging @i ROPBS fifA Ry %ary-wet method
strength, nethods have been disclosed for formng a
usingi PWDE reainh divwaswd iffigyitdotachieve, prasticaidevels of film pore diameter,
International Publication No. WO 2004/ 043579).

watdiqyermazability andaturabiliyosi te filns, separation is
predicted to occur at the interface between the

[oocmgppormetmdsffb} ProRinPPVOFh IRWTiber ﬁﬁﬂﬂir@ﬁleysana% for use in
011] In addition, the enbedding of fibers in the

ma'*ﬁﬂ‘ﬁ&i@%‘"}?ﬁ“‘o e*?e‘%?’é*"%%'?‘ﬁ%%%%& SRR & pofiss MRRsing these
ZSB%E %s;%a?‘@ %%%"ﬁ @é?ﬁ%ﬁﬁ%ﬁ PiffoqH NEX 6Bs fe0)
7 | [
Howsgs i PV EOHR fibet Merrangs dupducad Graina et 2
in the thick portion of a hollow fiber menbrane and

productigs pethogiationé Bawhwerk nhysisehrienathragwell @gdqoaryvater

menbr ane defects, this nmethod i s 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
hase separation nethod to inprove physical, strepgth .
ho"ff\@é@,er mesRbiangiisee, forexample, oARANEEE .a&%ntif‘cnphﬂet.'gfw\ga'd-opeﬂ
2003/031088). A porous film 10 obtai ned acgordin% to
No. 2RP8-3710848e t | brthigemedipch iowever.ginereij i pragticted to be difficult to
crystallization and high strength while also able to
accurakelg enbediibgrsiietie thitk pattion gfex helidy fibeymegymbrane and exposure
under goi ng drawi ng treatnment and the |ike. However, in
of fibéve arethdl entbrane euffate leads 1 membrhee defauts; thisdpethuatis not
conposes the filmis conposed of spherical crystals,
suitaBie foPapplicatof® SaEH b fltvatic6f @irﬂ@n@%té}%q@ﬁini; a high level of
excessively large liquid contact surface area 15 as a
fitrdtiegul t thereof, the resistance to al kaline chem ca
washi ng, which is an extrenely effective nmethod for

0O PALL b1 B FOSHATH N Bl AEERFAN o beghisciosea e
used dhgrali Moubsd RS Sebaratian Bistrod K TG ve HiysEar stréngth (see,

result thereof, long-termuse while naintaini ng hi %h
for gxanaple plareraatipnak Hublication iNodive 40e3/R3duBd). | A Porous film
difficult. SUMWARY [0013] In order to solve the o
obtaimen scemdingiodhispprosustien mathod jhasta bighidegree f enystallization and
invention is to provide a porous PVDF film which has
highhstednoth tvehilepaisoable td aghiese adligh Bvehof iatgr parandatiity by
resi stance to washing chem cals and the |i ke, which

undBRfifs 8 rawiflp ftfd et bAd teelikge Wolvepmy e reyiding porous film,
pol ynmer porous filns, and which can be used for 4 a

sinc'g;’tgg mgd;ﬁ%&& tﬁét%m;?oégéttbe(#mﬂfis% eAGidpPefiddforystals, has

I ng” met hod "an I''tering thod using the

. ' : i
2 toffY st e b 87 bo 20 SAEREElY R lRIT obRqet surface ares
i nventors of the present invention focused aon the .
as a B5PlaRERol oy e Rl b ARHIER ¢eicALuRR g kiFh is an
serves_as the main conpgnent of the pal %rrer con$one,Pt ,
extregiabosffegive msiindsior applicatipnsgieauringshighivwater parmealyiity, 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
perneability and chem cal resistance as conpared with
convent| po ns, and, t hat such, a 10
2 1o PRIEAS o e, b s stpiouslid e 3aind A § washBRLgFHHod and
eading to conRIetlon of the present |nvent|on
f"em@bmﬁ¥h@ﬁH§F@ BIf@MR-esent i nvention provides the
followng (1) to (14): (1) a porous filmconprising a
[0014d1 y ks goapdhefheonditdting extengive stusiies tesseiverthe above-mentioned
conmponent thereof, wherein the degree of
prollemnst e inzahioos obthe bresEXDinveatiom focusedi%rothe degreercd
but not nore than 90% and the product of the degree
crystdllizatiost ofl PVDRtregin, WhidtheeWeblasithgimaigbrapeiattidf itlse polymer
surface area of the filmis 300 (% n2/g) or nore but

con'lrﬁiéhenﬂ%r%pbgﬁg @BQ%L&%IHQ%&B orl Pelfeci®) sﬁrf&:e%’t’é@‘tﬁ the porous
| m desc

ri be (1), wherein the total anount of

film Sarkdf Rl 8} ﬁé"’@@%p“%ﬁ?ﬁ'"? o §héetic Srfefefd i Ghlchifese
pardsgier? b it PbicrPedissfa ¥ﬁ' s el iy 3%@@‘95%"“3’ and
Che((né%aéﬁ??vééepsmre' TP tsan%%f)@wr%ﬂmﬁoﬁ@d fhat such a

not nmore than 300,000 is contained as the pol ymer .
polygesriesan be produceskiboth ansilyangiatably, therebwigadingto completion of
nore than 3 parts by wei ght based on 100 parts by
the prsisght iroventiobe. PVDF resin; 25 [0018] (4) the porous
filmdescribed in any of (1) to (3), wherein the 5

[COBYDF ridamelyhése present irveptios Pravides tegfdliowisg (hdoge4d):
rati o as determ ned by 19F NMR neasurenent of 8.8% or

(1) ”Wﬁor%b filrﬁsc%nﬁﬁtﬁinég rﬂﬂ’gmbp%ﬁ\boh@)\t hé\ﬂng%rPVE)Ffﬂe'sm as a main

described in any o wherein t Oor ous
con St Wb B o by £ A G ;&rﬁgﬁ 8980 1 50% o
morbbui bt R 1 obie, bR bbbl 38R dhels RLRt/tflidion of the

a mesh-1ike network and pores are provided therein,

PVDfidegihantla spefs soffatd aredhativediinm isf3000& pahdfgeor more but not
corrponent i ncreases conti nuousl y or in a st epWI Se
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

S
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to at least 1/5 the filmthickness fromthe side of
the top and bottom filmsurfaces io having the

greatest density; [0021] (7) a nethod for washing a
porous film conprising contacting the porous film

ed in f (1).to (6) with an alka e .
PVES Téin BRS aronBaincfasiiar imedulaseiupBeR Bt £odhTmingg by
19 acting the porous film described in any of (1) to
F-RBIR Feasiaamaqt bose e o maTebUiRFs AR A0 T sol ut | on
15 alternately at |east one tine; [0023]f (9) a nethod
[00%9%r pdBYluci ng BepRerous flﬂmldﬂsclhgdursango pt)dadé) rmherein the

porous filmhaving a PVDF resin as a mai n conponent
porausdiledfiahg fiimtstudturg, offar nolicav fibet shempranez| e, a
filmformng solution which at | east conprises a

[0020§dr ogBpbi ¢ ptHeypEbue FiRAERRHDEA agy af EMDG (6§ Siiferetn the
a mai n conponent thereof, a hydrophil 0 pol ymer

pordUdMATIEAS aaid struefirenA VAPLIY B bé&{bo*?\@t& th8%olymer component
hydrophoblc and hydrophilic polymer conponerts, and

forrrﬁoé h%sfrﬁlﬁl{égnét%rﬁ Lhgt o%g‘aﬂg Bﬁéé}n(?’éq ﬁﬂeréfﬁ Qnﬁ%&'il‘n@ﬂness of the

wat er as a In conp eof ,

bacfi {’“‘éﬁe@ﬁv@%g@%pﬁﬁ%ﬁ %a?e%%ﬁ%@%ﬁé\'ﬂ%%ﬂgo%%ﬁ%e manner
toa %s%t ?ﬁéh%&?wﬂﬁ%ﬁ«aﬁs#rsau&erégé op P tip #nd hofisatfim.surfaces

wherein a PVDF resin having an intranol ecul ar
haV‘Pgrt@%lﬂf%@te%ﬁ%@ﬂWe ratio as 6 deternined by 19F- NMVR
nmeasur enent of 8.8% or nore but |less than 30.0%i s
[00213ed (Z} t he PwDrethodifar waebing]a pamustiiie, semprigingeontacting the
produci ng a porous filmdescribed in (9) or (10),
porousdilei degdnibetdiih mnfyafril hp &) IwitH an alikalihaisodutPdo by
wei ght or nore but not nore than 5 35% by wei ght of

[0022pe hydy ophobi g fietis etﬁ@ é’é\ﬂﬁhsm%%n%t%ﬂ‘\ﬁ';ﬁﬁbu@ﬂm

nore but not nore than % by wei ght of the
o816 09K SRy R4 ey
ooyl gy, L erperaturs of the soluon o
[()Ogtﬁgﬁa{ ﬁéﬁtslhlogsg%l rﬂ%;Lo c%or producungba ?)Df(;rl(ljs fllmggor%pgismge 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 hydrophitic
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 s 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

I n.any, ofig to (12 wherein . the nol di ngzzle is, .
deteimige by s BIMRDehSiTelnRI 2! Belo 3 oG dian.S0 0% is used
hol 1 ow fi ber menbrane structure is produced by
as tae AV AeSPhe filmfornming solution is fromthe
nol di ng nozzle together with a holl owi ng agent, and
[0025]1 i di(ﬁ?) ng t hthesmethodhforprediicing arperaus fignwieseribed im(9) or (10),
mai n conponent thereof; and [0028] (14) a nethod for
whepeiadbe ifimg-farmpimgosalution contais 2096y weighy oomdré)but mot more than
(13), wherein the filmformng solution contains at

35% byasieightraftthy Iaaiptbic poBtdriR mseHEM Nasd BYS BY weight or more
[ 0029] According to the porous filmof the present

but h&V@dré Han 50%0% VBRI H O B hydidpRiIRGo e R chRipBhent;

permeabi lity and hidh chem cal resistance, 1t can be

[Ooio@ﬁgr V@E:’se I Ny EOMR g Mrté?g&%ﬁé%?p%ﬁmﬁl‘ﬁﬁlo%seﬂgeg inany of (9)

m cal "agents and 0 €easily Treco
O, greases in ter, . per bi lJt sed. b . .
to ({f)OFhEEh 535 Smbe!eroh B8 AL fof KolTH gy fRring solution
qtcgetﬂ%%%_ous filmof the [IJ_I‘ esent_invention is able to .
(ToiCrriasisties thejERiptonstdr PATHY thssT enfgt k34 amd thestakationship of Td <
deconposition and deterioration by washing chemnicals
Te sHewithtiespeeidaitbatemgeratyre ot thedilmsformingiselutien 4ATdWahand the
period of time. 7 Moreover, since the porous film of
cloudneoipt ieseperature af the filne-dormiieg mobdione@ctO);h easily and
stably, it has superior productivity and econony.

[00ZFESCRI(AE) ON OFtHEHReDRANONGFoBuding dorBuSTiln duseribed e any of (9)
19F- NMR spectrum of a porous filmof Exanple 7 in the

to (TE)e@ABEeih INEMidIGIAg fdBle & 4 BoableBuBeHdz2Ie kg Eaﬁhus film having
(rmagni fication: 10,000x) of a surface having the

a P TR ORI HIARESN 1 oA BARE i i Ry coion
ror e hBFIAG B L B HL IR GG S Sul BRI P peme
a so?tﬁtio%xﬁg\mwg w?atiern ag I;em lrnegcgan%oriwgr\\/tetﬂteire%qf 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

t he prese invention s not limted to on t hese .
Morgerar AR e POfRHS f1g] b hetesph DBURRtem 6B feckoth easily
carried out in various forms wthout deviating from
and stablyiikhas gupergr prodogtiyityBnd geRnanYfi | m of the
present invention contains a PVDF resin as a 20
pol ynmer conponent that conposes the film Here, a PVDF
resin refers to a honopol yner of vinylidene fluoride
or a copol ynmer D&ES8GRITAPN ORTHELDRBAWINGSde at a
nolar ratio of 50% or nore. The PVDF resin is
[008#] ef erRIG ¥ shovembeoPHRIRS spadtiune of ¥ipRiees film of Example 7 in the
superior strength. In the case the PVDF resin is a
preseEMRHveMBbn: @ known monomer can be suitably sel ected
for the other copolymerizabl e nononer 25 copol ynerized
W i [ LOr | - d.4al t ;
arFt(‘e@'n % l@pé}r\ te?(%d&f‘oar{r h@?h‘fﬁ%ﬁw tl(f,]at%'ﬁ. 16,(;(1?)‘%‘)‘3?3 Rffake having

ereon,

i,ne-based nononer or, chlorine-b d f
the Bl dfersRy (e SBhe ot Bp G imeBnER B £ the Blosent
. aLthp%%g there are no particular limtations on the
InveRlipR@N4yver age ol ecul ar wei ght (My) of the PVDF
resin, it is preferably 100,000 or nore but not nore
t FAG: 3 i9a0 aledronmicragraphyireagniaeation: 1900080 tajkermpear the center
but not nore than 500,000. 5 [0032] The porous film
of theothicki prrtiBDF ar paron's fitmtdf & xample Foingbe gneserit invantion.
pol ymer conponent. Here, "containing as the nmain
conponent” refers to containing at 50% by wei ght or
nore as the solid content of the polyner conponent. In

addi tion, although DETALEDDRSCMRPTION ar [imtations
t hereon, the porous film preferably contains PVDF

[00:-([31 Silg 12’8% /jc@gwﬁq Ehdt?‘f?d(;gr?ﬁ@ ;ég(p natiBh &%%B?Jim%ﬂf@%ggoresent

ut not nore than 9
. A i . 0% b i -
inveliiol®, Dm0 1o u8d Bpaddingni® AtahelEEl fos Bxpraining the
hand, the porous filmmay al sqQ coptain another .
pregSaityinentBn BO O Pregemk dutarIoRds BOhIB1AS 10 gt these gmbodiments,
limtations thereon, the other polyner conponent s o
but rtberthgrresenbinvantiemcas be 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
viewpoint 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 chemcal is resistance simlar to
that of PVDF resin, for exanple, can be used

preferably. In addition, a hydrophilic resin in the

manner of pol yet hyl ene ycol to be descrjbed |ater .
exafflP diascbe Boed BiFThistln o FUtiorBlq ReRt B aGbgRE ars Do pafticular
. .Since the porous film enbodi es high chem cal o
limitatians paibe waightResage polasular wletg%t (Mvg ofdae B/ resin, it is

crystallization of the PVDF resin that conposes the
preferabiy 180,080 guwore brbpet mate than HHPE,000aandongrepreferably

product of the degree of crystallization and the
1504)8c01f mores but aotemare thaof 580100Por ous filmis 300 (%

n2/g) or nore but not nore than 2000 (% nR2/g). [0034]
[003%re, The Fbmuiefgﬁﬁ@méinewmalrbbmaéé e rabir dempyBEnt of the

resinis less than 50% filmrigidity beconmes | ow and

polynhér dtfibondr}, defe?s "RSnYinihy! 49 el RBINPESRBERENL" TéTRFLRY containing
25 making this unsuitable for filtration.
{ o |OF Ak . . .
at 5t9‘?oo gg \nféﬁ@{t'&[}p{}{]egé’%/ﬁfn g %&% &uﬁ)éﬁ&ﬁﬁbgﬁtﬁglﬁ??ﬁgﬁbﬁém!eqn

curT sta ] ol € anor pnous p | i .
s
e BB i s 1 R g LA Sponent

when the anorphous portion is decongosed and

80%j by vaightaranors bt Relignprythanc. 8aVsbyeighteand Keoremreferably at
the other hand, if the specific surface area of the

90% by seglit ommbee butcratshord thasr@9%, byereight.peOnghbidtihenhand, the
decreases thereby nmaking the porous filmunsuitable

pordu filvi agralsg cepwin anbihen polyrmervesmapbient. f Atfheugh there are no
specific surface area of the porous filmis

partRXfaImhivRions! tRe & n, #hé BHEFDONRhEF cOPpORER isigréfdrably that which is
i mproved, since the surface area in contact with

confRRBIERItA tﬁé‘%}ﬁﬁe in,CéP?d"B?@oﬁﬁ@—ﬁzﬁ%ﬁj&e@%ﬁa\ﬁﬂ&gidfpchemical

ecreasl ng. asi s of these ngs, In

: A j rior er it
resiSR00K Sirhlrdor BRGEEVOR S|P Ton BleFhoRE AR B2 s dpRérably. 1n
urface area.of the filmand the degree of .
add s BAerORIG S 1 g MABRSE 61 BRVEtiians Qe toheydescrived later
i ndi cat ed above, and is preferably 300 (% n2/g) or
may\gise heuysatbes apgihernelymescomponed/ g), and nore
preferably 300 (% - nR2/g) or nore but not nore is than
[0033)00 (8ince ¢ gprouadfilhemipodies kigh ehegticalresistance and water
particular limtations
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

9
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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

[ ve chem cal resistance, and art | ar

preSUR G FRoF Ul e Angdn 16 BREEhawT ERBnohet é%mo%s?rates Texivily
deterioration of the PVDF resin, the total anoun

Conpgaugily, #ithe degres af 9%@@8@99@&!16 YR eesin 3¢§P§¢¢$ ﬁ@% and the
portion of the PVDF resin that conposes the polyne

amdrphous poyiosf eecoiphgs Satively sparse, ther entireqraroad fijm %Wmled and
| ess and even nore preferably 20% or | ess based on the

easilyobkearwhei tef atbephausypdribhiisdepompbsed aldrdetetidrated by
are three known types of crystal structures of PVDF 25

washl"ﬂg: erfilRARI Siid tHe e. DA they Bther RaindP# th@Epiécifiy Rarfags@rea of
resin having a degree of 10 crystallization of

the ?&&Brﬂlr‘m§ Pex@égsﬂ?é’lg STale Wﬂ@ﬁp@%éﬁn RIErEhdbd theféby Making

crystalline porti on thereof ver Sl nce

BRI P iy L e
Surffes AL LN RArRHe AT n g e sesivy Fande Ao tnhﬁpﬁe"{pge%'%eabmty o

chem cal 5deter|orat|on|nthe Vi cinit )
improyegy finge he ShEaRe Fea #} Gantact Wil emw%ﬁ 'Qﬁﬁaases chemical
anor phous portion, thereby resulting in a tendency for
resigtheae eads upsdecreasiagof Qrhthe basis phthasedindings. in edorous film
decrease. Furthernore, although there are no
havipgrdupeuibawatén perneea bolity anidechemical fesidtanes, the predwdt of the
the total anount of [3-type crystals and y-type

specifiy SUFfhte iafe® bETR Ml dn(ﬁh@ﬂégﬂsd@f Hstatizaties idretuired to be
addi tion, the PVDF resi n may 10 contain either Rtype

withtrh o %fln%eq[[\@égado abp St | %,{,)Irefpﬁ&ﬁp\%gﬁs(vglslrWQ) glp rrntoirg ll?Jut not

preferably contains an |rregul ar sequence at a

S5 HRBoBRY% e ol SRl BN et not mor

sequence, CF2 m)| eties are bound adj acently in the

thar PO 63" nf? uhﬂéFrfné‘Fe %ﬁt]hbﬂﬁg ‘i?lgér;r‘éaére(rﬁi ﬂér‘i‘@h%ﬁw\@ﬁons

sequence co |ng regu ternati
and CH2 noi etles and the ratio of these noieties

ther@@ndfaeesnﬂqnféuswiaceweammhmweﬂmﬁ predersily 345e(m /9) or more

rati o of i rregul ar sequence in nol ecul es of the PVDF
but nesimarathan 30 (m?/g), and more preferably 5.0 (m?g) or more but not more

than 20 (m?/qg).

[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, B-type and y-type, and PVDF resin having a degree of
10
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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

irregul ar sequence ratio, nanmely in the case of PVDF

resin having a hig ular  PVDE nol ecul ar. chai n
crysialiiztioneof ﬁﬁg’é&r |"6‘Pf§tl|>’/l8rﬂ yaredhan §0ch ean cantain dhgse inghe

progress rapidly. In the case of a high irregular
crystalinrepediondhietgofnatioweven sinee Bdyee and YRyDe crystalstructures are

having a highly irregular PVDF nol ecul ar chain
thergwglyaanucallynenstatbiar fithesd strnictuasyareatdritaineg imfarge@mounts in

resin decreases, tending to result in a porous film 25
crystaly| the poraus fife Rgpresuitel iohavana ipeetidrasusdaptiple r chemical

sequence ratio as determ ned by 19F-NVMR neasur enent

deté?forét'itﬁ\ RVRE vi \hﬁﬁiéy] of mé‘iﬁféfé?i’eeéeﬁ%léhnhQ c@%tanme?b@mand

|l ess 11 than 25% and partlcul arly prefera y

amdrfﬂ‘n Fﬂé?dé"f‘z érEB N Al er'g po%yet(béhcgqg yco a:ggh@@%fthe
g cuca%ﬁ: R e e

. re th 00, 000 _f t he onent . at
imitgfens Fiereanahg over i & the el daborbet ﬁ&tp%e ?Wéﬁﬁ%and vtype
arts by weight based on 100 parts by weig

CWS?E& |'%1pre/£@ra§!sf as glasedp Q%a@smﬂ%ﬁme f11 aﬁi@aﬁﬂaﬁhm %\éDme may
pol yet hyl ene glycol, since hydrophilicity of the film

cont@in either B—tmpaeayeta!mndy-ﬁypeawstadﬁ inknecerystallimeupartion $hereof.
easily fornmed on the filmsurface during contact with

[0036) aquraddition, the ®VDF hesin breferabiyg yonfainoan aregidet seguence at a
t he pol ynmer conponent that conposes the porous film 10

cert8incraties hHege CAre el ar $SqURIRB YaRs t® alifortied e @thidhy difftting from

| ayer of water nolecules fornmed on the filmsurface,

the %bqjlﬁssé;fdeﬁéél EF, hssigtls a%‘ﬁ%r&ﬁ%dfa%épﬂf ﬂgﬂ'\%e ﬁ\folhéd?.ﬂ‘ar chain

po rous il mcan“be | nproved

lnst rif%ﬁééggéhgﬁ@%ggM@&ugﬁF%ESn§@gh¥ ?%\Flgﬁ)éaltematlng
oa%ﬁéfﬁ@&@& N T

ﬁg/“%eth ene gI ycol exceeds 300, 000, a port| on occurs
8WeNbody that forns the porous fil m in
whi ch the pol yethylene glycol is contained in

[003pher i 0w ratiorofirreghlar @Bguemlm@o!amdmofsﬂi@d’vmi resin as
strength of the porous body. On the other hand, if
detertminebby &R-NMR trheagurieyrerit fioem thegVigaplointsof Idesabitityzand film
0.01 parts by weight, it tends to be
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 ratic, 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

"9F-NMR measurement of the PVDF resin is more preferably 9.0% or more but less
11



10

15

20

25

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

iR PR 20,
003 ycoi St b St L) -

resent onl\%@on the surface

refegpﬁttﬂ@srﬁ)cﬁge‘t&\ c;/e)clg)%\fmg@ gB} aygrage molecu‘a%\%right (Mw) of
yneri zation, for exa at | east a portion of the
20&819 YeRye BHENGI moes thas g&weg forthe palwmer apmposrpbaR1 parts

in the backbone of the porous body fromthe viewpoint

by vegightior mose huhnolgmohe thefrf 3 parte by weightbaged befi0fzparts by weight
resi stance for a long period of time. Although

of PMDifTesih. r Asiaseslt of the poavgfiimaidntgihigathés polyethylene glycol,
denonstrated regardless of the form in the case of

sincafti)dropigiiein) dﬁhb&fllrﬂ%rﬁic\é%bréa@e& @ﬁdsél réyé? ef W&ﬁ*m@fecules is
the porous body by coating and the Iike,

eas%fdefr véwﬁpg ?hytgﬁﬂea%ag%ﬁlig %ﬁ{/aglf cally %%@%? ng tﬁtlbﬁ] the
frqu8h%ﬁBP%$@58%y et tt‘w% o:f%efgéﬁgﬁeéﬁ%% HSFI“D':OESS the porous film

and SRR ChREIGETS i reRtdned (o R FRILERY IREMedRY o1 oL Brolecues

sustain the effect of inproving chem cal resistance

formgseen the Hing spEace.ang as @ Tﬁé‘uﬂ thereph ahemicaliesistancesef the porous
10 [00401 The porous film preferably has a film

film san et improved.a Here,diihe weighteweregeamoleaules weight{Nwhof the
fiber nmenbrane refers to a filmhaving the formof a

polyethylene glycgl isAssathare20/000p&lutiba af potyethyiehenghzool frgmathe film
filmstructure of a hollow fiber nenbrane, the film

tenddtofineRageea mﬁﬁzermlwIﬁh@rw@ghphu&egeaﬁoréeularmcﬁgﬁte(wk«w) of the
as conpared with flat filns. In addition, if the

poly{éﬂfﬁéﬁ% gl;) Qféeect‘isf:kddmﬁﬂré'gglﬂo% Gbcifs W?Lﬂeef’ﬁ% ug\fﬁody that forms

ere I's 1st vant age o

the @é%’osfﬂ‘*é‘qb?‘%”?ﬁﬁ@%%@‘ﬁ%ﬁ% afRoPREARAHbAH aphelfehFtorm,
thef%?»’#?ﬁltf'ﬁg{tf? gRcrzsedh O”anaﬁﬁpﬁﬁee@r %Tbt@ﬁedgﬁ&ﬁ%e' 35P5hand if

nmoved_by shaking the filmby introducing air
the CoftNt AL yethy @¥9P I LeSSHNBMO. &h@artﬁrwrweleahét@nds to be

of a hollow fiber nenbrane is typically 0.10 nm or
diffieiit for 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 mm and the outer dianeter
thereof is typically 0.15 mmor nore but not nore
than 6 mMqmm In addition, the ratio of the outer
di aneter to the inner dianmeter of the hollow fiber
menbr ane s preferah . 3.0r nmore but, not nore

sustFjig Fik plrfe S faRering chemicd) rESkfang faf lo B b 8P time.
strength and water perneabilit as a hollowfib

Althpugh CRREIC3ISeISINCE IMPrayRMent ﬁeqtﬁéreaaﬁmﬂnstf?tetqeﬁ?@afd'ess of
required for the hollow fiber menbrane to be crushed

the farmg ipthessaseotiapplsingrralyethyiens alyeol te the surfacestaysnof the
pressure creep test, in 13 which the tine for

porausiistdnby eohting and fthé dike rbeipcdyathilenarpyan etltey over time during
conti nuously applying a prescribed pressure

usedn Watere nddle e tiheeasé bephysically bartingtise golyethyidree glycol to the
menbrane fromthe outer surface side of the nenbrane,

surflaée RS OF 8k YorR(S sy By El‘aft H@Ipﬁherﬁafl@n aPHURBIIRE, e bonding

he rrenbrane refers to the hollow fiber nmenbrane being

snteég@@@&eh% hEﬁ:ﬁprbh%n‘ﬁbél% r‘i’én Y\gthé'?ﬁrﬂe T"ﬁ'&g it fends to be

e case of "an ova he state |

aifigl ffadelfinf Eae?fsﬁiby‘?fﬁ}s%“@h@’eﬁ%P?f‘*ﬁ%#ﬁ%icesﬁenbr Bfigperiod of

I ncr.eases . beyond 1.5. In the case the tine required
m“%%}$@¥h§ﬁt 9@8Prt, there is tendency for t he
rane to be easily crushed as a resu
[004theatT Bg|Reraps M myeterakly has aifim ﬁb’UFWQ pétamhloafrf iber membrane.
backwashi ng. Asa result 10 of nmmking the tinme required
Hereoa hollowHibey memhbranectefensdod filvehaviog tbe formiof @doilew ring. As a
hours or nore, the filmof the present invention is
resudbbfetheqordes) filh dlayingaa fikh strubture O addiliow) fisermembrané ghe film
considered to be required in the intended applications

surfabe aeed per dtid uMRRVBRIEE cah bR iRbFcRsWatRY carppart with flat films.
vol une per msnbrane unit surface area of the hollow

In aﬁdfﬁ%h ; n_@aé’ﬂ fifestiUiiGe oY hefsv ﬂbSﬁ‘n‘@‘m&%ﬁe there is

rane when passi ng pure water at

é?es@%bé%gﬁsewbi T A T

wh@%pgpogrse@\% r&%c\rl\\%cf tréy @%ﬁ%ﬂg ; |% I:ctaliiﬂaﬁlg:cqséarﬁeg%? %a dlrectlon
nbr ane reverse osnobsi s nenbrane havin

OPPPF%%fTPHhthM'é%QHO@rOvaF@Wn SI" aifseyubbiRg. b&g\éﬁlch dgPesits are
case this pure water perneation volune is |low, the
rempuat &y stfakngnthediien by insdluicing aiegubbles lmkeeihetmedubng) wash the
prescri bed amount within a fixed period of tine
film. The 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
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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

.avpid.this, inthis case, together with the rane.
whichi fis ime gt prushiNG.A ROGGE sy THIT Bkane s daearured Q&%ﬁmuous'y
costs required for filtration 25 increase, thereby
applyingia prescrihesriessyie Jifferanss hatyveenitbongide andpatide of the
water 14 perneation volunme is preferably as high as
merpbeasiedirem thaduter surianecsite ofithe memsbrapeeisepraferablyoB0 hours or
(L/nm2 hr) or nore and nore preferably 1000 (Un2 hr) or
moreor élere] O04BiINg\ifrthe\membtdre mdénsnerthé ioltoddibarinvembrane being
above preferably has a film structure in which the
unabkrctshnamtsih g Siccigl yinval ehEpeNgd irf ticBast dsNolallthgs refers to

network and pores are provided therein, or in other

the YR i whlcH tBeaatiy HRaFedn BY axis bl ShoHAE ?f t’rﬁ outer diameter

whi ch the backbone of the pol yner conponent of the
p : T . I ' . f .

of POy HbaFhiriTant ThARaCeTBESORIT 0. FoBS TapBifE uh required
he backbpne of the paol ynmer conponent. 044] I n

for SHSHRBR SABFeisss St By aREraaprang REDE el Grushed as a
ig ]y\,hi ch the 10 t hickness of the backbone of the

resyiipfieppa BRRIING Pressues auringbitrsdpp oribackwashing.  As a result
continuously or in a stepwi se manner to at least 1/5

of makéng thentimpirervieed fareushing|at aspressuee differense ofduft idPa 150
the greatest density anong the top and bottomfilm

hoursiof sioes,. thadilmaofrtes presertt imearitiog is able to adequatalyesatisfy the
even if a portion of the surface is deteriorated by

(prodbetyisentise lifd comsidéredttbi kray@ireddn tivé iritBedéd hpplhcsions thereof.
t hi ck backbone, damage to the 15 entire film can be

[0042)hi bi18ebovidethe puré Weftéﬁﬁeﬁﬁé’ét% Yhand &é&trﬁéhﬂ?éﬁé it surface
refers to the surface having the snaller average pore

aree%j hfé‘ff%t 5110 fig%r{ rt‘f'%rr}ﬁr?ﬁg 'Has@ﬁ ronulﬂ.bti?ﬁ%‘f $@fte APorAABMlow fiber

top and msurraces o he porous film

e b PRSP e SE0EF PR bR S BUAG bt rembrane at

described |l ater. The pore dianeter of the surface

filtrdtiawi prgssive freateRa islprefeiabhab00 (iL/m?20hi)iorembre. The pure water
typically 0.001 mor nore but not nore than 0.5 m and

Jesult of,. filtering fromth i de of the surface
usefl 3t thid i s gfetilestyatRo o aser Htrer dfoustean HEtafBFRticfy embrane
the inside _of the porous filmcan be nore effectivel
Or reyaIse) Wg}p%me@%@ﬁﬁtl@vpﬂg@ fraction molecular weight of 10,080 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
module requiring a higher withstand pressure, energy costs required for filtration

increase, thereby hindering productivity. From this viewpoint, the pure water

14
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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 chemnically washing.

periiEalon R T sTRrAl s PRINRS Pesbien sy s dharitaly. is

of the surface having the greatest density is

preferafle 760I(L/rf? -061) oh Mbréahe nivtie Meferabiyel COTRIL/MZ0hrivor more.
[0045] Al t hough a porous film as descri bed above can

o4f P FusfRier ltﬁﬁiﬁli_‘%’n‘?f @‘%ﬁ%ﬁ?ﬁ%‘ﬂ 5&%@\’%?2% erabBL b Y fiim
StfuB?JémeW 'i?‘ﬁ pBE ! I PalYEIFRaTRIREN dBra @mephTike

chem cal s. particular, this porous filmcan be used
neth%mart%P%rﬂswremr@weeaahgreilm capmqﬂa%rtwrérrdé‘» atefefﬁi&hpaﬁ@ porous
contact with base, for which the application

film struetune urmmdmcmmnkbmg dfithenpolysser aompemientmrthe hollow fibers is
appl i cations acconpanying contact w th base include,

threkudimensionally geadslinkédin shd fommt ¢fch treshf Bhtl parés areprovided
al kaline 1o solutions, repeatedly filtering

betWsen HekBhdHIRNRithe Po%/ B! 66mPBRBAMNG Usi ng an al kal i ne
sol ution, and sinply washi ng u3|ng an al kal i ne

[004%?' ut HiAhd i, rﬂﬁé ?PF&:S fith ﬁtlelf@d i%‘éﬁtdcﬂﬂeﬁﬁfvﬂ’fuéh te

sol ution at contalhing a al 1'ne substance

R W -
con rlpjfgc?ﬁsince ¥ pgﬁ%g‘/o %1 d&@jtﬂ q?%ﬁ?%btﬂhg‘m m)rg'gg'n at least

an _expl anatl on of a net hod of producing the ly
the surface haying the geestest dersit anong e frp §ﬁ6.bortpmrf if sm@ces As

present invention is preferably produced by a
a resylt ohhpving sweh & strustuioe, raveindha pertimrof the surfage is deteriorated by
filmformng solution (spinning solution), at |east

chemicgls,i sincgthe ek pertiohicf the Fijmbas ethickibatkbume, dgneage to the
PVDF resin as a main 20 conponent thereof, a

entify il ean beGnRiBit¥dE " HePE P 88ITAcERE VIR Qﬁé@é‘at&@t dendityl fers to the
both the hydrophobic polyner conponent and the

surfB&?' hawfrlg!the ﬁﬁél#@gﬁv Fé’g?@ﬁ@&lfarﬁﬁ?r Wﬁé@geﬁegér‘hﬁié} unit surface

di ng“nozzl e y SO ylng in

ard By 5P o R SHTRBREY L RETROR i g rosen

des?]r&t@rb?qrr g]ﬂegwige t;;gg‘glgs?ﬁé%iéjnq etfh d'Used in tﬁe eg(amples to be

described later. The pore diameter of the surface having the greatest density at this
time is typically 0.001 pm 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 polyner
at, 20C i s .50 or nmore, while a dro
watBh S niatiag stk olieycie ire dlomeisd s SeBAGE Revinaithe
which the surface tension (yc) of the polyner at 20C
greatest darsityia preferabinoe§01 povarmore buhnat meskithan @85 um.
nmet hod, a hydrophobi ¢ pol ynmer conponent for formng 5
[00451por ohthaugha Ipevoussfiiln avDeserechabeve canibe nrefﬁiehbrrused in
t hereof and a hydrophilic conmponent in the formof a
aquegds sphitibhdiltpationrapplioatipnscite fr its supatiordvateo peadeahility and
conmon sol vent for both the hydrophobic pol ymer

chentical vesistangediticaa 2156 berisedi srefarablyi applicaioredcdopnpanying
produce a porous filmform ng solution. The pol yner

conm%ﬁnlﬁ% f of BaRSIetHRO peksus ilhTeats 86 Bbd idirficularly
time may be PVDF resin alone or 10 one of nore types

r . .
pref@Falfl T ap B afSRs actBH pefy g iieft Wi pogg f8Y e 1 appiication
there are no .patticul ar
of obfivetibiiy PYDITBp s UFisuds fiiiSghefiers arerawsél?v%%swmpanw"g
i th PVDF res exanpl e h dro
confil Wib Grseinpiiden Bk aGuapaTtisy Bty gt taphifalion o7 Slkatine
hydroph|I|C|t to 15 the film or a h drophoblc
solubigns nkapeqigd %ltggré@mpﬁ -glkplingaspiutipnsiwbile washing vsipgasyalkaline
enhance hydrophob|C|ty and a polyner of a fluorine
solutieni and simplydvashing ualrigyan blkaline sobidioa. ofFurinermgre,ran alkaline
ot her polyners, the filmform ng solution preferably
solutiontrefars t8@%adutiornal leasteshtaintican Rlikalivesubstarecandfn a more
the PVDF resin based on the total solid content of

prefb%l@@sb@@fth@?éﬁfoféféﬁssto Z80if8AM whicH e é&ﬁt‘é‘ﬂﬁr‘a‘h@ﬁ of alkaline
met hod of the present invention, polyethylene glycol

subgt%!néﬁ i$ Bl0t106 By t\ﬁ??lg ?Ph%?é 'BYJF] ﬁa?% ﬂ’?ﬁn gg“/ Olg)gw%lght

wel ght  average no ar weight

oo oﬁﬂ*? fb?o“g@ﬁ? Brifads AR ey %ov%héﬁfnpwgcmg the
sol ut.ion... Al though a porous film can be
PO’VFS’P%VEJ %@%{QW"HBY?@{%I ene glycol having a wei ght
average nol ecul ar 25 wei ght of less than 25,000 is
usdte Pelymes ity of $he present invantionds preferally progdugsskby a so-called
bal ance
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 foliowed 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 o
SUTRGRIITISRIVIE) PETAEAYESHFLRERE 16 BTG & g2
filmin the formof the PVDF resin in the spinning
hydeaphgbicopply migs ceIrgmentifedefinedhas a nglkneneegppnent infhish the
pol yet hyl ene glycol is preferably 30,000 or nore but
surface tansian (yichof HEOpOIgthefrrad 20 Gds Iesisethani&ﬁ)t(mﬂﬂlmbt ai ni ng
a spi nning solution having superior filmformng
[0047] operihitieis. proffuctidremetiicd, & hpdrophobicqdolyrher component for forming
pol yet hyl ene glycol in the hydrophilic polyner
a parouP ane havivgse PVDF Fdiin 88ld fhafiPBompbneht thefeof and a hydrophilic
hydr ophi li ¢ pol yner conponent is preferably 80% or

fer ;
comBBhEnt TS A EapHoBle PR oI BT cssobad n s

comﬁ%rfn!s@gagtr @62@ ﬁ‘{elisé“&%cﬁﬁgpr%god@%bf g?%ﬁﬁgégf’%?% kﬂéThydrophaluc
Ibalance bet en t ree oﬁnkgg stal | atlo and
Po Vé'bee(c‘ic‘fm%o %&’é" ImsZorAig 5RO s d PRHRAlymer
above #n t he roductlon nmet hod of the present
comprPERs Toh foraning digy Rorqus mused akihjs timesay be P¥RE resin alone or
one type of olyeth | ene glycol for 15 the
one 19§ MABHYPeE OBchﬁﬁ@D gite mineddn fabimeproyingsthefproperties of
pol yet hyl ene gl ycol may be used or other hydrophilic
the flol.yner conponents may be used in conbination
therewith. There are no particular limtations on the

[0048] her [hYtide eabé lof mlﬁlﬂbymhmﬂﬂ@fg ,2héRd gre e phticutdimitations
in conmbination with the pol yethyl ene glycol, and

d
on tgéaﬁﬁ&ar%lﬁrgggsgﬁfof\fdé? %ﬁ%?yavrl@g!yl Wth@W@Fg‘%g?n For example,

o SV 4GBl S gy
the fiy 4 ﬁg%apﬁsﬁ%tdﬂévxragﬁm&#éﬁéé b ysae ol Rt puther
nts indicated bve Mor eover

enhﬁmﬁybv@r pbﬁ Mmﬂl analyreer u’é'PH@e&%BI'%?%?I%‘?F@WUY In the

¥co| having a |large wei Pht average nol ecul ar wei

case st eixiaginatharinalymers, #ie filnforaing solutipn preferably con ams 80% or
sui tabl e wei ght average nol ecul ar wei ght by chem cal

morey apdhpeaferdbly B0% aemore hefrthefPVDRyesindmaded ars thk total 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 m havi ng superior chem cal resistance,

progtitifRePORY) B gfLH t?«gec%aaéné’oﬁv%ﬁﬁeasa}eieé‘%éw?ﬂﬂﬁr geioht
exc?%f%? g%hlg@o nggrasfgse@r%é]tgﬁ‘@qu.g %@&?@ﬁé@g%g Imaln component of

hough there are no partlcul ar |imtations on the
the Fw PRECPigRAYMET CORPOREAT Kok s Hist mf@ps@w@m{orahaf the
drophilic polymer conponent in the filmformng
PVE@% resin émthepspineingisojutione rhe weight @verageimojeastiaroveight of the
pol ynmer conponent is 20% by wei ght or nore but not
polyetinydend glycs bt dreferablyt80,000 er nadredub ot heoreibamABD|00O from the
1o pol yner conponent is 8% by weight or nore but not

viewpwist dftubtaidifg asginniey 6% A tawvingSsusdnoe fitm famiingQréperties.
preferably, the ratio of the hydrophobic pol yner

F rtﬁ@ﬁ’ﬁgﬂ,f f 4 r
PRl e SOl e hdtfe@llene g Rl e nfifop A der

con‘%@ﬁ@ﬂgﬁgéed 8H§IQe/%BEd \eﬁgﬂeﬂﬁgfhé&& OEHﬁlcrb%ﬁ rﬁBlr ﬁ%ﬁlﬁ,laﬂent is

i s solution wthi

prefBftty 5%@ iRce inpek Beeaitig Sdh 0 ot ABC Yl il proq?erably
95"%1?%6"0 %fet ; fﬁ%&p%ﬁécogepi@ﬂﬁmgé gg'%rgif]ﬁg%ﬁggwﬁwpg superior film

havi ng hi gh strength, superior chem cal resistance and
fornﬁu@@mnﬁmaﬁmlewmmamwg a gropsubalenca dgitween the degree of
t he production nethod descri bed above, the solution
crystalligationt ancb spadifiyy suffacdaral uti on tank of the sol ution
having water as a nmain 20 conponent thereof in which
[0080)e fiAsrhhsbebnaigsetibed above, incthe Prbdastictimiettibd of the present
formation satisfies the rel atlonshlp of Td + 55 Thb

mveﬁnoﬁ dalfhéi.%ﬁ’\it Hhécﬁa%%ﬁﬁ} td Gsé B?Eda%ﬂﬁﬁé HpH 6f Solyetifene glycol for

I mformng solution , and pref erably satlsfles

e

used f Sty GRhi BBuer cIhHOPEHeRRY bt B Relihifidion therewitn.

L A R R A ——
to bg gljsgégn tclaembrir?z;%nn\:v{t]ﬁ tl?ggglr;/tetr?)];lereg lg y%BMn%nSxa%%ég ther%of 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 glyco! 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

the ,solidifyi | ution. [O055] Moreover, in
looﬁloduﬁhﬂpaﬁp\fﬁ&lﬁsgﬁé\@gm@rq in4he @n-farrakeam%uttqmerefgrably
nozzle is used for the nolding nozzle during film
contaipsan ipgulansequrnag el certainfgtio dotermsoef okdaining a film having
preferably extruded fromthe doubl e-tube nozzle
supedgeehemical tasistance, ol ag previeusly Hesenibed]iaf fVDeresin having an
filmformng solution in a solution having water as a
intraraoleculzoipendat sédquereef ratidasadeteanined: e PFoRMR mEzstvement of
filmhaving a hollow fiber nenbrane filmstructure

8.8%a)T rh6recagt IbYs IHHIB0.89, isfuddiPpreidipp) e- t ube nozzl e and
to hollowi ng agent ordinarily used in this type of

[()053]eI d 8rRer. %%u@hﬁtﬂ%lﬁ ard Mo Bﬁﬂﬁlﬁ%ﬂlﬁ‘ﬁuat’dn@&rﬁﬁ'l' 3‘?|§ung ratio

for the double-tub e and OW ng agent use
o kAR e oL i bl o e omponent e

fim 5P o o R Ry i Al Sl SRl el caqmp%nent s
sol vent can be suitably sel ected and used

20V<Eag\felwrtrpeee bt Ref e thas) 3% dy Weishtthe rat«aebthte hydrophilic

consi sting of N-nethyl pyrrolidone (NW),
polymefegappersitasBle by Braight ar metebutrettvare than IRb@ndihe

di net hyl sul foxide (DVBO is preferably used as the
rememaenis saveert)antmone preferabbytitg ratioodf thehyaveprepbih eolymer

stability of the filmform ng sol ution.

comiponehhis 28%thaeweidit of norealit Pt hare ltBan B505 B Seidihty the ratio of
fromthe viewoint of obtaining handling ease and high

the ggdr%hmb g BABbInbbient i R4 gx&é‘iﬁhﬁb hriRE buP Rt h%?@ than 25%

common sol vent selected fr ove group ma

by vfé 59% Qﬁd‘{ﬁé‘?el?\inrﬂjr%ﬁ%(gglvé V%nﬂmg ?‘imst%ﬁégeﬁﬁllm-formmg

vent Iy use

B i AT T

%ﬂﬂea or nmore and nore preferably 90% by wei ght or
glyc PEesqrifes Ameuntwpilasalsp faﬁ'haﬁlpgdwﬁ@t@fﬁweo a porous film
producti on net hods of the Present i nvention, a porous
haV'ﬂQI high sUERgths sppetior chemica mstaabe Bhd)SL@ﬁdoch@ml‘d@&rmeaballty
resistance 20 as well as superior durability unable
[00549 be Iptadditiva imthehproauetion inoethbd plesoribed iabose, the solution
temperature (Tb°C) of the solution tank of the solution having water as a main
component thereof in which the film-forming soiution is solidified during fitm 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 s [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

.exanpl es 0059] In the porous filnms described bel ow, ,

adjysied fp 8 ragle ']taﬁéed;é@‘?%go'@ficaé'fi’?é? gempleted wthy#t legst a portion
PVDF resin, neasurenent of specific surface area, 10

of thapalypthviane glyceliaolesuies embedéed in the bagkbened te pppeus body
crystal and y-type crystal based on the total anount

duede theinaregse il therdiffpsionirate offthetselidpRg setition.
neasur enent of pol yethyl ene gl ycol content based on

[0088)0 pavibeedwervinito@predudtion metblod & describeishoverandoulfie-tube
t he wei ght average nol ecul ar wei ght of polyethyl ene

nozgle)i§ Used FeGhe MBIHiRd RBEZIE [uriRg flim! BrmBBGS Wit filef-forming
the irregul ar sequence ratio of PVDF resin, 15

solUiBATY b?é%l’éblgfe(ﬁrht&ﬁﬁ Woﬁjfpgazgo leltlBe %%Qgpggﬁggw& a hollowing

thick portio e sur aving t

S {1V VY . I I .
agefiE sty TR BRhoda S A Al PP BRI & Fhnain
testi of the, porou il s, were carried out . using.
compipepb et aeu? rasilt lerdes ARsaes i yaviiia pelenTiosr
Degree_of Crystallization of PVDF Resin 20
mefDPfga*@rfém stauctyrescan Rg easily Preruced. ( Bstyows deublertubesnozzle and
were carried out under the follow ng conditions using
hollewingrwead zod mgphr usartsindthisutypetof fiettl 3n e usedsvithow any particular
Japan. The baseline for cal cul ating the anount of

limitatisos krdhb elnubleiutendezizlé nath EIEWInG afentt wsgekherteur e at
whi ch nelting was conpl eted (about 190C), and the

[00883gr eeMofediey,hatd rahd partiuldfViATitathsta tHel edraghorssdldent used
a value of 25 104.7 (J/g) for the quantity of heat of

R i ST LRIt B EarR croo
poly’Fﬁénj é!m\ponents, 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), dimethylacetocamide (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 s [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 th ccordl fo the BET netho ,
as iRl 48 Sing i GiabIREHORBIerta s o HpineguNita FORYRIIGNG, pecous fims

Ltd. to [0062] (3) Measurenent of Conbined Ratio of
canhe ¢asly@nasstablypi@dicedpe Crystal in Crystal line

Portion of PVDF Resin Solid-State 19F- NVR neasurenents

were carried out under the conditions indicated bel ow

usi ng the DSX400 manufactured by Bruker BioSpin AG
EXAMPBLES 2.5 nm MAS probe 15 Measuring nmode: Single

pul se (pul se node: zg0) 19F 90 pulse width: 5.0 sec

[00F8)peat Alticuyidthet follBwing revidedhdétafiad erplanatisAQ? th present
Measuring tenperature: Roomtenperature (25C) 20

inverfibAgiahdaBRg @EmIIE§ theredf hé p RSNt Tﬂ%nﬁ@ﬁ’% R&flimited to these

ratio’of n-type crystal and y- type crystal was
exaﬁﬁ:’ﬁ' ated using the -equation indicated bel ow based
ie peak height (Ha) of the signal indicating

roogsl AR R RS nAREG R byl mspStiBeafy f ebreo of
t nb d total of t 3-t d
cw@?@%@»@f&gpﬂ&ﬁﬁgeé%m%qge@f‘%n Sl poriadd g
ype and y-type crystals Ha+p Ha)/ ( Ha+p+y +
mea%wmﬁnlgbthezatlpoﬂam tqta) amagtjoé&fﬁme eWStaE@ndomwﬁtcrystal
of Porous Film Based on 100 Parts by Wight of PVDF

baseg onrthe HotslBmoess of theeotystalling pertiporaddlse AVIDIE resin emeasurement
carried out using d5-DMF for the solvent and

of polyetraternidglysbl edritehbbasdtbon N0OrpEats 9y deithtdf (e PMDF resin,
and using the

measurement of the weight average molecular 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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s 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 (IPEG
ampreple qpq’ﬁigg-l'ﬁ'?‘”%i’% of the signal attributable to
PVDF resin appearing in the vicinity of 2.3 to 2.4
arrteating !'ﬁtﬁifﬁ°§|[/)lp51|!1'm (IPVDF) in the resulting 10
spectra. Polyethylene glycol content (WMt% =
{ Prgeeas4liedomn PVDF/ 2)} x 100 [0064] (5) Measurenent
of Wei ght Average Mol ecul ar Weight of PEG in Porous
FiGas flow rgteo20pal/mirs fil mwere dissolved in 10 m of
acetone followed by dropping is this solution into
[ooekq0 ni(2pf wat emdaguremphesi Ppécifie SuFfacedryaers that
conpose the film and separate the polyethyl ene gl ycol

r e ReEd8rib8 ddisud hoNBw AbER fdribianeiwad catea ikngth of 2 mm to
sol ution. Subsequently, the solution containingthe

pre (ng S‘I\(’)\gﬁf ﬁﬂﬂﬁﬁ%@hﬁo %tbhy errﬁi\‘lﬁ'g;ioﬁ'%t%f(fc%ﬁg SIS Ba thereof

ving In e“phase | ndi cat owto

acofiit b feSRT Highey e Ine 82785 Wradaptied By St Erectronics,

carried out under the follow ng conditions to
Ltd.det erni ne the wei ght average nol ecul ar wei ght (as PEG
standard sanple). Apparatus: HLC 8220GPC (Tosoh_ Corp.)
[00623| unr(3) Shodex osRentebCombined Batio of PriypaiGrystal and y-type
KH2PO4 (0.02 mM + Na2HPO4 (0.02 mV) aqueous 25
Crystal imt Crystaléne Podion ¢f PYBFeResial refracti ve i ndex
detector 23 [0065] (6) Measurenent of Irregul ar

SSplierstatdEtH-NMR nidddurSesint wiiFcdiviednmtundenting sonditions
the porous filns were carried out using d5-DVMF for the

indiéstY o g HeDENUOD MRahfaefurad by Byufar BidShinAm. .
" Iand usi%g the Lanmbda 400 a\nlljanuf act E?ed by JIE(E{bILtd.

<o RUREY Bl LSt Tl cliated uaing the
B HhPFoY: iR blRe (BURY MoakBlys)

°F 90° pulse width: 5.0 usec

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 p-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 (H,+s+,) of
the signal indicating the combined total of a-type, B-type and y-type crystals

appearing at -93.5 ppm.

Ratio of 3-type and y-type crystals (%) = {{ Ha+p+y = Ho)/( Haspsy + Ha)} x 100
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of the signal attributable to the regular sequence
appearing in the vicinity of -92 to -97 ppm(Il,) and
the integral value of the signal attributable to the
i rregul ar sequence appearing in the vicinity -114 to

17p ILpn the resul ectra, |l rregular
[Oof\é:éque rat | o MeRSULenen; ?{ #”E% égmenj(oib’@rqlbsgtéw'@d%?sed on 100

Measur enent _of Thi ckness of Backbone of Thick

Parisotﬂtv\{ﬁﬂgmfo FYPF fkesiMavi ng Greatest Density Ten or

nor e res on both surfaces of a freeze-dried porous
fi I-hN&R seaspemests of therpasbge filrad werenegrried euit using ids-DMF for
a single field using an electron mcroscope, and the

the polvest and téteamethyldilang fet thetinternal standamip@sppm),@nd using the
approximated is to be circular followed by treating

Lanitila 0@ redrrifactarett by OEOL rianTdrithe INMIR ragas@eey sydtem.
thereof as the pore dianmeter in that surface. i ng

PolydiRyigHE e bnidie W @iSulaldd (BIRG The' Bqlifors HBioW?from the
pore di aneter as the surface havihg the greatest

integﬁdg%bgdréeofdthg ns‘lséﬁaﬁ lgtlﬁ'lbpgeeﬂftg l'ijcr? Pg’a@ﬂ:ﬁé\ e né@?ﬂ% i eg[gaiﬁ the vicinity
of SRS PRIty ATHAE0 Hogf FpRRio RS by Ay PuldtfG RS BVOF Fosin
appsaeﬁé’ﬁi@%ﬁgvﬁ%gép%ié"é@ i G fooheumn lawpade e sping

the greatest density in that field was continued to

spegird the filmthickness to confirmthat the backbone
increases in thickness continuously or in a stepw se

metaigethyleoeapycql Spnidndidwt birerid 40ke/8)/ 60(br i) hyd 00
Mol ecul ar Wei ght of PVDF 25 Resin Using 50 m of a

[0084st S@)ution iMeasduremeRVOPWelghtrAwsage Msletvliad WelghiNgT PEG in
at a 24 concentration of 1.0 ng/m, GPC neasurenent
PordesSrEagr ri ed out under the conditions indicated bel ow
to determ ne the wei ght average nol ecul ar wei ght

o G R Y Mg R T 1 A o720 by aropping

this %%ﬂﬁ%n lRtO 16?) /nWo? V\%YEF to re-precipitate the polymers that compose the film
and separate the polyethylene glycol remaining in the film in the form of an agueous
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 mi 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/fmin KH,PO, (0.02 mM) + Na,HPQO4 (0.02 mM) aqueous

solution

Detector: Differential refractive index detector
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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 i0 a porous hollow fiber

menbrane in a chem cal solution for a prescribed )
[0063ount(6df  ti mMeamssemenhel irpgulamzequencgdratioof PVDF Resin

el.gngation by carrying out a tensile test, and
ca MR mgasuemersa gathoporaisdilmsoveneatdroed @ut usinggds-DMF for
the follow ng equation fromthe rupture elongation

the polivent and QRGs forche (i€ na rstaridard (O gripum e aad arsirag thenlambda 400
following chemcal deterioration resulting from

manufaetuséd by UBOIL daYsr thENMR mebBbonig@tysteni. et Eid ir@iyular sequence
ratio (%9 = (En/EO x 100 Here, the chem cal used in

ratic BEPVEH rdshf vakat@u4Ratudity BRIS4SARM Bélo ﬁ’@tﬁqgi intggral value

aqueous sol ution containing sodi um hydroxi de at 4% by
of e aie) SWbatie B nDERTHF Boaufn oBedic i th¥icinity of -02 to -7
i i t At ’ f 125G
oo B Sl " BB 1 P fpronce
ried out at ' I nter. f 5 d
apofing T retchinggt 15 Tiiham ()l baberesdhadspects. 270
by weight of a PVDF resin in the form of PVDF
hdreguley seauancs rajiod % eyt +dvex 488 nol ecul ar wei ght
of 350, 000 (KYNAR741, Arkema Co., Ltd.) and 25 15% by
[0066i ght(7df pol yMeaasueersent 9t Bhickeesof Baekiiagiet ofabhickaertion of
nmol ecul ar wei ght of 35,000 (Pol yethylene dycol 35000,

Surfdeedftaving Greatst Dbirsityl ved in 58% by wei ght of 25
di met hyl acet oam de at 70C to obtain a filmformng

s Ot drafiorel Pere® SWBoPPsuHacdsBMefrabxé-aried gorbds film were
solution was 75C. This filmform ng sol ution was

st Unddnt AP it SVl T it
mickAEERErAL Ao 30 Toodhto BByt ARG g b Foproxmateo
to b 20l Tafhted By Seafion 185 SHI0Ciek ceeraaey dorm L fhan surface
areél\?r}eergofa ;s ’Zhécpglpel cliig\r%%?elp i¥1 tkg{rgdljfgge.t hﬁsiggltxg Irs];turface 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 Molecutar Weight of PVDF

Resin

Using 50 ml of a test solution in which PVDF resin was dissolved in DMF at a
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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 ncl udi ng those of the io foll ow ng exanples. [0070]

le 2 300/ ht of the same PVDF resin
CO”@FﬁirTﬂé‘qf%aﬁ 9% %yr@pepm{asﬁﬁ@%gywqﬁntéﬁ@r\dmons
ycol as Exanpl e 1 wer e di ssolved in 57% by wei ght of
'nm%ﬁtﬁ@w\fa&%ﬂ@ﬁﬁfﬂw@e the weioht averags moleaularweighhihegeof (as
solution. The cloud point 15 tenperature of this
PMMA).uti on was 76C. This filmform ng sol uti on was
extruded from a doubl e-tube nozzle together with an

| Mppranatus] HYO-8220GP0(TosomGympYyat er, passed through a
free running distance of 200 mmand solidified in

W@ Rimat SB8Eek WH-e08M, K¥F-6@f0Vi ng the sol vent in water
at 60C to obtain a porous film having a hollow fiber

m @géé%@éHlHﬁlb £ 20 [0071] [Exanple 3] 27% by

e sane resin as Exanple 1, 9% by
L U T

|ght verage m)I ec I ar wei 0,(R- 150,
[Ooéﬁl sei®&neni caP @’" Q}?qm%aj,\gpés QP &84 in 58% by
t of dinmet hyI acet oam de at 60C to 25 obtain a_ . )
.TP%I$%PH heychenical esistanee of papusdilms wasparried ot Ry immersing

this sol utl on was 75C. 26 This filmformng sol ution

a parags agtiewdiber membrangonisl ehemisel polutipe ferog ereraribgdiamount of
an internal liquid in the formof water, passed

timet, Imeasgyining the densilenmuiphgrede|lshgation by cﬁﬁ@ingmutamdansile test, and
solidified in water at 80C foll owed by renoving the

calcaRitingrthe ldtbﬂ?tbh reterftiPCratibqoUsmd e RNORASy Elation from the
having a hollow fi ber nenbrane filmstructure. s

ruptke@n% Ir%]; Bﬁ?ﬁ‘ Ffﬁb?ttffirnrﬁe%?é%éog 'a'ng‘ th8 Hpiré el daton tbiRking

structure ced " entirel’y under

cheﬁft%l %W F}%Jultﬁﬁ%heuﬁmwérl]@b k15, 852§f‘éﬁ on of

havi a werg ér age
”‘E:&ﬁ&ét%n WM Hio 98y 2 0n/eRS) 766

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 glyco! 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

. uced entirelys under. the condi.tions of l,e .
il e Bl G a4 Pt B0mho g, . naP ud pgint
a i ght avergage nol ecyl ar wei ght of 290,000 (KF1 000,
tempg‘r’ﬁﬂ&e%fat of .85'0'? &astﬁb%PVDF resin. The cloud point
tel_g;per_at ure of the filmformng solution at this tinpe
wald ¥ m-lermuingsolutionwpg extruded withuan mtennahiquiddn the form of
hol | ow fi ber menbrane filmstructure was produced
watehiremed goublgctubenezetenigiuteromest silarAgterp! 8 mnviintermediate
exception of using a PVDF 20 honopol yner having a

diameiegh®. 7amer, dgeermust didraetensd §hhmy the 88me0th AZROWBEBGRER, in the
Sol vay Solexis, Inc.) for the PVDF resin. The cloud

follavahgexbaiphes ahd cOmparafig edhpidsyr pagedIatalighod frak runnin
this tinme was 75CTTQ{ 0075] [Co?‘p?;?aqai ve Exadr%’l e 1] 25% 9

dist@¥ce'8f 906 nith éﬂ&eso‘ii%ﬁ%da}{%aﬁbﬁﬁi F‘?"‘@ FERERRY %?%rﬂtﬁginﬁﬁ% solvent

by wei ght 25 pol yet ene glycol having a

. o e r \ i .
in WEIE A0 SHafle KA BTN 2uRE R AR o mBffbran firp structure.
' Lved . in 74% Lght 27 of djnethyl acet oam d
The B8R prafe £Fsiittle P as sumfpstasd i iabte T Bl hose of the
Qint tenperature of this solution was 100C or
follcﬁylaggﬁg % filmfornming solution was extruded from a
doubl e-t ube nozzle together with an internal |iquid
[007% t hdExamBl®Rl wat er, passed through a free running
di stance of 200 5 mmand solidified in water at 80C

f 0% yaveight ehbei sagne Y DRioresiniasi Exampler1 and 3% by eveight of the
obtain a porous filmhaving a hollow fiber nenbrane

sanfd palysthylereuglgcol ¥0F fdmpleotrmarre tdissd Nethifpd 26 Ay weigh wf
wei ght of a PVDF resin in the formof PVDF honopol yner
dimEfyidt@tGamitl Sto-evey &QSid@kiﬁﬁ%ﬁﬁinéeéoﬂmorPf T 1808 point
(KYNAR301 F, Arkema Co., Ltd.) and 6%
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.
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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
solhis filspr-fokmRing gofttiReawes exirided disne atdﬂ@@'@r&m pozzle together with
together with an internal liquid in the form of

an intareal liquid redhet formuafiwater, passed timonghdi Eeaineeniog distence of 200
is mmand solidified in water at 30C fol |l owed by

mmraambsoelitifidchien waler @ 80F0 folidvesd bl ré@Cviny thietswilverd in water at 60°C
porous filmhaving a hollow fiber nmenbrane film

to obtainatpureus Tilth havirld @Wollbwifiier srab iR flANSiRGdtuas. ed
| ow wit hst and pressure strength and was unable to

[00 &hst[@@ use during filtration. [0077]
nparative Exarrpl e 3] 20 25% by wei ght of the same

etcﬁ’;% fgne gﬁﬁg%cﬁlo%v st ﬂlgr{?t}?%ne"ﬁlrﬂ Rkructure was produced

avi ng a wel ght average nol

enﬁg%if%ﬁéﬁ&ne%’ﬁnq‘fﬁm{»fﬁé RO, i o
Renr hatinga weight 'g‘?"fget RopeRsiar woghf o6a00. hgb otlEsoto,

soI uti on was unable to be obt ai ned and a holl ow fi ber
Solvay felexisatic. Wies the ZWRF resine phedirudipoink terpperatee, of the

cl oud point tenperature was unable to be neasured
filmdormiagssduticrgatthisimiiwas 767@i ng sol uti on was unabl e

to be 28 produced. [0078] [Conparative Exanple 4]
[00Z3]% by[Exangdie 59f PVDF resin in the formof the same

PVDF honopol ynmer as Exanple 5 was m xed wth 60% by

Wer, gbiolefﬂ@armn &l AdiRMARBE YRchtrb AXifn RyruetUrB evell P@duced
and dissolving at 170C to obtain a filmformng

entifd] %H@Pthe@:ﬁ%l 5 #‘Iﬂ %Q?lﬁpié 1 Q\ﬂﬂ'\l]h@\’é%(c%pﬁbﬁ‘é‘ﬁ uef?i i PVDF

erature m ng solution was extr

hmﬁp&%&fﬁef’ﬁg? hE 4 §BRrERcE a%%ﬁ%ﬁ%% &%@Bﬁsﬁﬂ%%??éﬁﬁ 000,
Kurtgaé %ggi)zrarf yrh% a\{ngflﬁg&h d@lﬂta tglgg%e[%ture of the film-forming

Lg mma- but yr ol act one at 30C foll ovved by renoving the
sol @nﬁﬁhlsﬁﬁnwaﬁ?%‘ic 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 yethylene glycol

havi n i ght average 15 nol ecul ar wei ght of 20,000
of d(m@"’v%%ﬂ?@ﬂ@e@tﬂéﬁp teoridain afilkerfermiag sp al The cloud point

Industries, Ltd.) were dissolved in 60% by weight of
temaeraéutmfatba srltioe was 1TCCier highemin a fil mform ng

solution. The cloud point tenperature of this solution

walhig 8im-formnitg sbhdtioovwas ketradéd Kivkh amleublestabef ndwe together with

PVDF resin having an irregular sequence ratio of 9.4%

an inteedal liyuik Bnthlegform of Avalter, pabsédtirough 2Ofré® huining digtsnce of 200
extruded from a doubl e-tube nozzle together wt an

mmi dHdesdifidd i‘ﬁl%é‘ﬁe‘r B Bb%tf&\‘dgbéﬁ Ey%r%vin@ thB&oRAIR in water at 60°C

manner as 1, passe ugh a~free running

o BB AN S
10072 & JePrptrAtve ExaRiEe) Pt et ural  Eval uat onl The
o e VAt O of S SV i Fﬂﬁoﬁ%ﬂ?\'ﬂﬁﬂﬂ%ﬁg@gmr having 2

(magni fication: 10,000x) of the surface having

weightesage "u%ﬁ%wlﬁywetﬂhtt@uf 439rqoé)dé§YMRi3ﬁéFp%fﬂ<§mﬁ Cpl rhtd.) and 6%
of Exanple 7, while FIG 3 shows an electron

by Wﬁighb@frthpisammgnlyetmmme)glycmbas)mm)paraﬁw Examplée Hewere dissolved
center of the thick portion of the porous film of

in 78@bphveight ohslirmbthiadetodrhide at27@aditc3ebtalita Hithdommingl sblution.
s of Exanple 7 has a dense surface in which nunerous

TheRIO &S pdire térﬁb@%‘iuu’erbﬁth% scﬂUﬁér@%st‘fW"@Oér higRegddi ti on,

in a cross-section of the porous f m a backbone of
hQ*HIQWM-'f(S%lhg'%%ILﬁ $ eXtt1B84 73 HIBe’ AB£L1LE Bogether with
be crosslinke ee- di mensi onal y

an IH@EI’\%%#QSI% %Qbﬁqéﬁ%?%%g)%gégd ﬁ{ogbge}sﬁéﬁ ?&vﬁ@g distance of 200
th'dfﬁkfaw el ST Bt e e et o
de of the surface having the greatest density sh

Sj
to opfgincp@orous Blmhaymgr%h@lé?wélbebmqrn@rw fiwo ﬁmtw&h ?hls 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
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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
nd Conparative Exanples 1, 2 and 4. Foll ow ng

pro rsion, the hollow fiber menbranes were taken out

of the chem cal agent at 1, 3, 7 or 14 days,
[0078) e qudFemparatice Example dht er and subjected to a

tensile test. The results are shown in Table 1. Table
1 40% bymyeighesf. BVEK. résiixindh&fon Bk thie Samp.P\dmhon@epglymer as
conp. Ex.1 Ex.2 Ex.3 Ex.4 PVDF resin 62 65 60 67 70

Exafiplé5 wids ixed With 684 byaveifhtolygdmahiad-patyraactoh¥followed by
Porous film6.8 5.5 13.1 7.0 7.4 10.1 6.2 35.3 3.1 -

kne&ﬁng anVEESAPINGRACI70°C toIHtAMCESiIM-Bs¥mihgBoRltionPr qWiE Solution did
of 421.6 357.5 786 469 518 676.7 403 2153.3 176.7 -

not ﬁ%a@i&ﬁﬁb@ﬁt fgmggraqlgﬁégt allization and film
specific surface area (% nRfg) Conbined 27 25 27 15
3%'hkﬁfil?|$—f:§ﬁ1i§§ solUtidn 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
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ratio of O-type 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, OOO average nmol ecul ar meight
EGin hollowfi rreular

elquro,m ’@‘Cﬁo@’a@p"ﬂ”@@'féﬁaé'om 6043096) Qf meﬁ'\@%f@d‘@\ﬂ gthe QEQ%eSt
of PVDF resin in hollow fiber nenbrane (% Pure

dengity &utessuriace)of te perowssiimobExampte 1.1ehik0bIG. Heows an
flux (UnB

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-iike network resuiting 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 5.5 13.1 7.0 7.4 10.1 6.2 35.3 341 - 98.6
average
specific
surface area
(m?g)
Product of 4216 | 357.5 786 469 518 676.7 403 | 2153.3 176.7 - 7000.6
degree of
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hr@.1 MPa) Ratio of 27 30 27 25 25 26 25 25 20 25 40
hydr ophobi ¢ pol yner conponent in spinning solution
(WMt % Irregular 9.4 9.4 9.4 8.6 7.8 8,6 9.4 9.4 10.3
9.4 7.8 sequence ratio of raw material PVDF resin

cysteffigdion |[Rat1 ¢ of 15 13 |15 1§ 20 15 15715 6] 10 O 31
andipdr qphi I ifc  pol ynmer| congonent i n{spinhing | sol utfon
spéc %9 Weight 385,000 35, Q00 81, 000|35, 0p0 35, 000

sufagre®d0 20,/000 6, 000 |6, 000 500,000 |averpge npl ecul ar

(%_\A"/g/ig)grt of fraw |materji al REG (Mw)

Combined 27 25 27 15
ralio of
B-type and
y-type
crystals (%)

33 16 26 28 38

55

fib

{wt

Residual 1.9 25 35 1.9 2.2
PEG content

in hollow

membrane

2.5 0.2 0 0

er

%)

hollow

Weight 40,000 | 37,000 | 245,000 | 42,000 | 42,000 | 45,000 | 25,000
average

molecular
weight of
PEGin

membrane
{Mw)

fiber

ratio

(%)

Irregular 9.4 94 9.4 8.8 7.8 8.5
sequence

PVDF resin
in hollow
ficer

membrane

2.4 9.4 10.3 -

of

7.8

Pure water 950 510 1200 980 880 1050 1000
flux (L/m*:

hr@0.1 MPa)

110 600 -

500

in spinni

Ratio of 27 30 27 25 25 26
hydrophobic

polymer
companent

solution
{wt %)

25 25 20 25

ng

40

ratic of raw

material

PVDF resin

(%)

Irregular 9.4 9.4 9.4 8.6 7.8 8.6
sequence

9.4 8.4 10.3 9.4

7.8

Ratio of 15 13 15 15

20 15 15 15 6 10
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Tensile 95 97 92 88 80 89 94 55 96 - 30 elongation
retention ratio after imrersing for 1 day (%
Tensile 88 85 80 73 67 80 88 19 90 - 11 elongation
retention ratio after imrersing for 3 days (%

hydPeivisifl e 8Q 81 69 61 U2 68 72 § 82 {1 5 elonghtion
polvet¢renti on | ratijo after ijmerging |for 7 days (%
comp@nsil e 76 78 60 60 (18 62 67 § 75 { Unable to

ins@in@ggat i on be [retention |neasyred |ratio afte
solufigrerisi ng | for |14 days (19
{wt %)

r

Weight 35,000 | 35,000 | 81,000 | 35,000 | 35,000 | 35,000 | 20,00C | 6,000 6,000 500,000 -
average
molecular
weight of raw
material PEG
(Mw)

Tensile 95 97 92 88 80 89 94 55 96 - 30
elongation
retention
ratio after
immersing
for 1 day (%)

Tensile 88 85 80 73 67 80 88 19 90 - 11
elongation
retention
ratio affer
immersing
for 3 days
(%)

Tensile 80 81 69 61 42 68 72 8 82 - 5
elongation
retention
ratio after
immersing
for 7 days
%)

Tensile 76 78 60 60 18 62 67 5 75 - Unable to
elongation be
retention measured
ratic after
immersing
for 14 days
(%)

Withstand 0] o (@] O o] Q Q 0 Unable to - 0
pressure be

performance evaluated

[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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Wthstand -0-0 0 OO0 0O O O Unable to - O pressure be
perfornmance eval uated [0083] According to the PVDF
porous filmof the present invention, since high
chem cal resi st ance to washi ng chem cals and the |ike

acly iR 1 in it K Wielian Ssiheleift alkalng spjutions and

er.i od f tinme in a i cations acconpani ed by washi ng
other inigels né‘ﬂQréPvﬁh@P’%i%@P MR rorags fie ok ihepraseshinvention can

thefllmsurface due to filtration using aqueous

be progkred botbeasilyoard siadly, draeatrikutenite improvedrpredeetjvity and
since the PVDF porous filmof the present invention

ecopamy. b&anseduently, litatan kawidsly sand effesdivgly used in fields requiring
contributes to i nproved productivity and econony.

filmetm semomstraie both ligh vstenpdeheatiliy @id eltérmical registatdce in the
fields requiring 5 filnms to denonstrate both high

maniresf WesihiRBis pdnd eNfatBeBhE @thélﬁfétﬁtsaé&%nhlﬂaié&eon the film
manner of washing suspended matter and ot her debris

su rf@é? Wl fﬁtgatﬁfh, Wgﬁchbhﬂ&a@ U idcss % ficlaglﬁﬁttfe%%?nt at water

chem ca as wat er pur |on I eat

o G AL nv% HE R p—

ustrial nd wa ter fre

of 'W‘{“&Lﬁag“fﬁtﬁ'i Ao s TewalaF remment nadioh i bl sfdriment such as

desal i nati on of seavvater 33 CLAIMS | (W)
Pfet&%imﬁnt? or desal FéU%”Pfﬁﬁ?‘é’@?ﬁfrl sing a pol ymer conponent
having a PVDF resin as a main conponent thereof, 5
wherein the degree of crystallization 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 (% nR/g). 2.
The porous filmaccording to claim1, wherein the
total anmount of n-type crystal
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lo and y-type crystal in a crystalline portion of the
PVDF resin is 30% or | ess based on the total anount
of the crystalline portion of the PVDF resin. 3. The
porous filmaccording to claiml1l or 2, wherein
pol yet hyl ene gl ycol having a wejght average nol ecul ar
wei ght of 20,000 or nore b&-AMS nore t han 300,000 is
cont ai ned as the polynmer conponent at 0.01 parts by
LWgidli:or nore but not more 15 than 3 parts by wei ght
based on 100 parts by weight of the PVDF resin. 4. The
1. pdh pamus film eeroprisingg polyeney compsingintrbatingea BVDMeasin as a main
the PVDF resin has an intranolecular irregular
conymemb theereaf,i o as det erm ned by 19F- NVR neasur enent
of 8.8% or nore but less than 30.0% 5. The porous

f iwhereirc thieddegreb@f anystallizgticn 6Bthk PYDE, reifeis H0% ORnore but not
porous filmhas a 20 filmstructure of a hollow fiber

moreBtRBR Y%, £ng The porous filmaccording to any of
clainms 1 to 5 wherein the porous filmhas a film
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I_fprovi ded therein, and the_thickness of the backbone of
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stepwi se manner to at least 1/5 25 the fil mthickness
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claims 1 to 6 with an aqueous solution and an al kal i ne
3. soiha peeusifimrancoeding de claimst or dnwhereta pol@thylene 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 paris by weight based on 100 parts by weight of the PVDF resin.
4. The porous film according to any of claims 1 to 3, wherein the PVDF resin has
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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greatest density.

7. Amethod for washing a porous film, comprising contacting the porous film
according to any of claims 1 to 6 with an alkaline solution.

8.  Afiltering method, comprising contacting the porous film according to any of

claims 1 to 6 with an aqueous solution and an alkaline solution alternately at least

one time.
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