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H GHLY DURABLE PORCOUS 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
whi ch has superior water perneability and chem cal

HEN, B0RAmE PEIRIs bt RCIEThR RACPrReBichis T save,
| naba WasiNG BETGR NS HE aff%%&%f%éﬁﬁé&%;rﬁeesme

wat er, highly pure water or drinking water as well as
the purification of air. In addition, the application
range of such filtration processes have expanded in

recent years to incl udeROSEHREFERENGE secondary or

tertiary treatnent of donestic wastewater or

i ndustrial wastewater at sewage treatnent plants, as

well as 15 the treatnent of high-turbidity water such

as solid-1iquid separati BAGKGROPNI: tanks. [0003]

The filtering materials used in such filtration
[G009¢ es s Fheqrestntineitiomeelatesite anparolie £V, svd‘ticl'ohaasupenor
col l ection of hollow fiber nenbranes, in which

watdnpeemeahiity arngd smqmlcabnes;stamesamthod pf proglucingrtbe same and a
into hollow tubes, or flat nenbranes in which

wash'mga'nethadearﬁcfmeﬁdg imgthod bsinglibpeamie. sheet s. However,
in the 20 case of using such nenbrane nodul es for the

[@0023t e Filtrafiovplotessedarehwidelyvsedtihindustriad fields stoh badhee
is obstructed by suspended solids separated by

pfaduction b Sterildwark)highilg purd wagerion driRking walibess @bl as the
decrease in the water perneation capacity of the

poBfiditionef ardulreaddifié¥) 4he Eﬁbllc@ﬁ@mi’bﬁt%e ofsudhgilipatich rocesses have

using this type of membrane nodul or 25 solid-liquid

espPRict inq8cerit yeafLRliheluiaBlich AOIEE lae FecOnd4ty dr értiary treatment of

menbr ane surface occurs due to filtration as

depefit m@t@&m&ﬁer iRBGstRArwastbWhter %@séﬁé?@tr@aﬁﬁerﬁ@lmé eas well as
decr ease in water perneation capacity of the

tHEPFOARTML GP Hiéheturﬁléw wateY BuERbs %oﬁtﬁﬁdlﬁé akParalion in septic tanks.
peri odi cal | y "wash e nenbrane after a predeterm ned
[Tyt GhelfiifdRing maEAAS 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 faRY 5%%%'&%“3%%%3&" op g1 TSt Bl ks ey hegessary to

peﬁ?@s%"ﬁsa i hﬁmﬁﬁ'ﬂﬁq‘?@ﬂ%%%éﬁé Ve ARl time or after
GRS PERHA SIORd BMOUby 15,0enetal b Raliest phis fpe bf Blembrane

oba%g#%ﬁ%r? SHavsERd NG RVRSA Shsteiction (RIuG) inayHets A BRalcles and

organic matter and the |ike by deconposing usin .
the-ieaccamulate arsthe purfage ﬁﬁﬁh@ﬁld@fthwwzrang ﬁ'@%ﬁg@,’“%bh
as sodi um hypochlorite or bases such as sodi um
obpiurtion (trul) is whishioanimmatterand the likemsgymelates by being
el imnating chem cal obstruction. However, such
adsorber @al tha gurface pber ibsidg the meslympese accumul at ed
organic matter, but also sinultaneously and gradual ly
loQ%gonp@@esmmbingtreatmmteh which thenmembrare jsoshaken by
conposi ng the nenbrane. Consequently, as chem cal
confirwloiusty ardnteapittentiy supplyiag -din teerawovatendering:filtratipn or
rupturing, while hollow fiber nenbranes end up
backwsashingigperatien dbwsed lkisray éffactjve aveansud inhitbiting) physical
menbrane nodule difficult. 20 [0006] Recently,
obsteadiionn e Orcihemmiberchard, rermeval @f aceumblate] onganigamatter and the like
materials or fluorine-based polynmers such as
by getytpbsiat usingoehdmnyicainasgenisTinEhe Inaniney of oxidiZing agents such as
chem cal resistance have been comercially rel eased
sofliam hyochlurite SEbafesrre sotium My dhoxiteisdsedrasarpéffautive
caused by such chem cal agents. However, since these
meamsafietirindtiidigechenii€dliobsirattee s Howdver,\sueh chentical adents not only
Wi th conventional polyners, it was 25 difficult to

depéraguse a¥eUmalifed BBnR1RatidabRtalsy SinilMafnesus B¢ bRadually
effective for filtration using these materials. 2

deb&MBdse Shd chBseEbRYioRAIBA of Md B@Iyﬂﬁr 5iRYy 'thél fdnbrane.

fluoride (PVDF) resins are used as polynmer conponents

CRbRRUYFad Lham] P00y B RN PR SR U
ruptaniig, vfile Hotid MG #86BranB8 enB YUp 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 wthstand [|ong-term use acconpanyi ng
washi ng with base. [0008] In addition, PVDF resins

. . bi [ . . -
l°f’92”£§ ' Sf@e\h%%ﬁh%%s#eﬁbﬁ% | ”poﬁéﬁ@ﬂid@géﬁwéﬁﬂé&\@@rm%are
usgd g B ﬁ?ﬂr—r hé}'pt@arr%%@msgﬁﬁnfﬁe he¥GYS cPIPREARly superior
t 10 Co tl
PFO&PSfﬁQ%'&M ﬁ%ﬁ%ﬂ%m i Honggers: ey Mt t%?ﬁaavarﬁ@%gf having
resin, it was difficult }_Iowi{hl eve pract| cal
low @?@t%n%tofha%a&dmm@m othe d8$ing+ yCangpauently,
r E_h@ [.0009] Met hgds forgprodum ng PVDF hol | ow
it “ﬁswﬁ IbPradese g paravs Bim wsing YO resin fha i able to withstand
menbr anes have been di scl osed as exanpl es of porous

longrierg Ug8iasgomRanying nashingrwithBasss (see, for exanpl e,
Japanese Patent Publication No. 1988180). However,

[009Bhce Pvestditien,| RVIF resins haveinderior sefublitiy. inoraasisrsoivents as

to such a production nethod not only have weak
CcopRgHccuth Belymens auchsasweplysulfonssopolyelher sulfaneserolyacnylpnitriles
as stated in the description thereof, they are not
or ¢glluloss acetates typically usedin lhmpnodnstlcrreoﬂparbugﬁMSJW wet er dry-wet
perneability and pressure resistance (durability). 20
metieaiso] Ganseqdently in thergase ©f produsing & perousiim yss drykwet method
strength, nethods have been disclosed for formng a
using IRV resimdt wasvdifipidotachieve précticableasis|of film pore diameter,
International Publication No. WO 2004/ 043579).
watérpevmeabiity andcdurabiliosite fil ns, separation is
predicted to occur at the interface between the

[0098ppor Metineds for pratiiirngPVDRhdllowTiber Fregpestaands saitable for use in
[0011 J In addition, the enbedding of fibers in the

diatysisciembraneshafe bedndiscloséd bs exampluerdpordussiilgasing these
di scl osed in order to nmaintain the physical strength

PVOIF fe¥ls (sée,ITol btampleh gaparRiserrient RutdieatidroNoe 19861 80).
Japanese Patent Application Laid-open No.

Hoielér, 2iHe84BJDF hbiléw fibeMefffandPpdtted atduigingtto istich a

predicted to be difficult to accurately enbed fibers
producticy® mgthadndtSrily ﬁﬂvé’ffveék PRV LIeNY stiehgth 4Pwel as %oéF‘Water

exposure of fibers on the nenbrane Surface |eads t
periRsHliiY as ¢6ited irftheldUseripBi®lrést, thel 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 hoilow 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 dus 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

i h o . Lo

nol3§ Tgs bEmATERGE sk, 1A et 2Bneith bRk ABPAgn Lgla-open
th i Qn et h has a high degree of .

NG, 20Ds 78845} I R ethptiaufindh dhes i odictag tope.difigut to
achi eve high | evel of water per bility b

achiisiy enthy 3 ibass ftife Blek RRnn A R faarmeifipene and grposure

e resyltin orous film since_ the porous, body, that
of Bl mbthemampras SEtaseifis® Bemomis Sars s matiods not
s a |large specific gurface area and has an .

sull3hle 461 aRHNalaRRLoh 2R MR P LU WA Fepaana 8 high lgvel of
result thereof, the resistance to al kaline chem cal

filtiAloR ng, which is an extrenely effective nethod for
applications requiring high water perneability, is

IOQ&SM k Adereoventhecpivsduatiemel 4 poravws membranerhpsten disclosed that
filmis unable to undergo chem cal washing for easily

usgh @ tepfreeliv-induced phasa separation sethad terimpreve phiical sigength (see,
result thereof, |long-termuse while nmaintaining high

fox@xamplpeintaraational P ublicationiNerdNEY 2005/063HAH8 | A porous film
difficult. SUMWARY [0013] In order to solve the

obiained apeordingrte dhip poddustion reethot has @ high dagresraf ceystallization and
invention is to provide a porous PVDF film which has

high strengtb svhilp alsceatiie to aghieve adiigh Rvebef watgh petmeerbility by
resi stance to washing chem cals and the |i ke, which

undargdirgdravdng freatménttamdrthallikee Mowavernimtbatresultng porous film,
pol ynmer porous filns, and which can be used for 4 a

sincerthe perowedbady thateomposest thedilmfis pompasedof $pherisahnerystals, has
and a washing nmethod and filtering nethod using the

a lasgeespddifitistifate aren andHasein exvedsiotiyngrgeligakiscontact surface area
studies to solve the above-nentioned problens, the

- asi anesnitahereof, thd fasistascato alkalinet dheitaicveshihg) wHidteis an

degree of 5 crystallization of PVDF resin, which
extremehpefiéctivl enéthbd feraippliogitnsaequififg Mg/ Water peanBabing| is

conposing a porous film and on the specific surface
remaggably loWe Qumiselgently, 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 b FAGE ol 85HEAcy BPaFRRE e 8B lnadhE Bkhos anc

o) COh'p resent 1 nve

oA Rl p i oc s Lrvention provices the

O FRRGAFoBAYAF o 7  ooBbBoove mentoned
o7 e e o B B
e TSE ¥ 5 g B B3 Wi povmer
cofPoReBbaEpeG Aporade Niand n R SPELIS Slidhgkateact the porous

Rty crystal and y-type crystal _in a crystalline
filmAn Pwngthataperops fira SRHing ) semifs, Strusireda v #S®n
the total anmount of the crystalline portion of the
parayppterearen g presefoqdielatioashiprhnssuneriar wates peppgability and
(1) or (2), wherein polyethylene glycol having a .
cheglicah fesistaneg)as gomparadvithepgyantionazplpoer Wmsq,apd thajisuch a
not nore than 300,000 is contained as the polyner .
polysgrdiarnandie produced both easilvend stakly, thereby laadingter completion of
nore than 3 parts by wei ght based on 100 parts by
the\pregent inventian. PVDF resin; 25 [0018] (4) the porous
filmdescribed in any of (1) to (3), wherein the 5
[OAEDF r ddamelyathegmesent invention previdés thedallawing éthiuer(i ).
rati o as determ ned by 19F NVR neasurenent of 8.8% or .
(1 oraepdrous fikss somipasing@ Pslympd 6drdponént havingon PYIF feisimas a main
described in any of (1) to (4), wherein the porous
cofmpdomehbthesedf] Whemin thet degree bf arybtalization bbthe P¥DBresieis 50% or
5 [0020] (6) the porous filmdescribed in any of (1)
more Ll not wioee dan 90%, apdtheusrotluttrof ke degreel oficsystaitizatioa of the
in which the backbone of the pol yner conponent forns

PR S BRI 4B PS8 08 i R 1 roro bt

component increases continuously or in a stepw se
mdoverthan 2000 (% mg);

{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;

[C017] (3) the porous film described in {1) or (2), wherein poiyethylene
glycol having a weight average molecui_ar 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

i on; ilteri h | S
PVIS: tisi? Ry o6 o Bl a8l iier /i S 3Farndfey
19, it h _an ague ol utio d alkal,j.ne sol ution
B sAsdrer o Baddr o bt hes el 36%; 2 et hod
prggduci ng orous filmcq | Sing: duci ng a.
[oé)@ous?g) | m ha&hgé’oﬁ"‘ﬁ\flﬂlﬂ 4ne§§f'ﬁrgélg‘ an i(ﬁs%o@g'o‘ﬁlg?fpm the
t hergof b truding, fr a _nolding nozzle, a
PO LI 8 STUEHHE ol oV IO S EETBER e 1 e a
&/q(i;op Qbi c pol yner conponent having a PVDF resin as
[00204ai n (Ebnponerthe prEusdiim dessbsd famy of (3dig,G)ywhgrein the
conponent and a conmon sol vent for both the
POFRMS s 2 filg gtructyresipvhich thepbackhene ©b fsopingr cemponent
solidifying the filmformng solution in a solution
forms,a mes twarkeanehperes @ip pravided thereinrand thethickness of the
pol yet htyl ene gl ycol havi ng@a wei ght average nol ecul ar
bagkbaene ofdhe pohyaer ecompanest ingreases captiruqushrorip@ Yepwisg manner
used as the hydrophilic polynmer conponent; 25 &0052,:’}%‘a
to at lppst 1§ the filvo thickness frouw tesjde opthedop and| hatigestim ces
in (9), wherein a PVDF resin having an intranol ecul ar
havingdbelgreatestdansite, rati o as 6 determ ned by 19F- NVR
measur enent of 8.8% or nore but |less than 30.0%i s
[0@RK\d 47%)t he P\Dmethex! for wasbigla gdrols filme, comaprising contacting the
produci ng a porous filmdescribed in (9) or (10),
pordies fidimdedeebéd inmafponi)do B)iwith amakkalneasoliati®f)% by
wei ght or nore but not nore than 5 35% by wei ght of
(00283 hyd8pphobi ca fledringemethedpcaraptising cdnidttisgy thespaybts film
nore but not nore than 30% by wei ght of the
desyrtsexpini driycofi{o) 1onB) withrapcautious [sOREOh andidn lkalineesonetibn
for producing a porous filmdescribed in any of (9)
altbma(télgz)at ledseone fimighe tenperature of the solution for
solidifying the filmformng solution (TbhC) satisfies

{00283 rel(g} i onshipmpthodifor ploducity #pdfbus fikA dRTprisig: producing a
relationship of Td :5

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 irreguiar sequence ratio as
6
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to Tc 5 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

o By MBS AR BB So.0% s oo

"Bt he filmform ng solution 15 fromthe
aerrtéFdi ngﬁg%é'zgl e together with a holl ow ng agent, and

i di fyi th ' [ Ut i havi t
1038 e Sbbnent PREPESPH torhrdRuthad hotdye ity dclhed iy &) or 10)
Wiy RAG Altp Jomog sS1ukipr Sp RS 0% v SE cx et g it more than
heast dinethyl acet oani.d th Jyent. 20
R T S D
[ tiopn, Si t he filmh hi gh wat
bus SPF RS Hian 303 byveantaldhe bydrophlc SpLmat comPaneRtibe
d whi ée in contact with washing chem cals and
00Z8c,  ditehi cal thgenetbod fer preduging aiereussiilm descabgd & any of (9)
frﬁm decreases in water tpermaa_bi | ity caused b¥ . .
to 441 whetain fheclemnesature af thesolution fon $elidiving it filmsfarming solution
the porous filmof the prr esent_invention is able to
(TP $atisfies thecrelatigaskipiaf Tdi + fssth & T¢t-h30jand the sglatinnship of Td <
deconposition and deterioration by washing chem cals
Tean b withaespent 1o the temperature of thediimifernaisg sobstion (Fd1Grand the
period of time. 7 Moreover, since the porous film of

clausepgintiemperatuveot thedfilmdombiag sotution 8c°6)t h easily and
stably, it has superior productivity and econony.

~ [0RRBCR HTBION OF theEnehod\ioiGBosuGing 8 foreusdilmidesobed frhany of (9)

19F- NMR spectrum of a porous filmof Exanple 7 in the
to (1 2)s wherdim trenmiolding RoGle & a doabledube nozele,rand @ goaquis film having
(rmagni fication: 10,000x) of a surface having the
a bellest fisr membrang touctwre is prddaced bgfextruging dhs filmformmifg solution
Exanple 7 in the present invention; and to FIG 3 is
fromm thet motdimgnnozate tgyetindr wittag hbflowing iagent, kod GR0dfyingH#esame in
near the center of the thick portion of a porous film
a sdlutioreingpling Water dshemaireeemponentanéreof and
[0028] (14) a method for producing a porous fiim described in any of (9) to
(13), wherein the film-forming solution contains at least dimethylacetoamide as the
common solivent.
[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 aover a long period of time.
7



10

15

20

25

DETAI LED DESCRI PTI ON [ 0030] The foll owi ng provides an
expl anation of enbodi nents of the present i5

i nvention. Furthernore, the follow ng enbodi nents are
i ndi cated for explaining the present invention, and
the present invention is not l[imted to only these

B 558 o g B o P4 el B oy
anfi et v SHErOh PRV NGTE OB esin o & 0

pol ynmer conponent that conposes the film Here, a PVDF
resin refers to a honopol yner of vinylidene fluoride

ol ar rati b of SePLRIGDRRN R EHEGRARIRS S 1
(08hicr dHGL RoRGE ARG 15-RNE SRRITHE wPBFLSIUN P! Exemele 7 in the

copolynmer, a known nononmer can be suitably sel ected
PregantimengeRer copol yneri zabl e nononer 25 copol yneri zed
w th vinylidene fluoride nononmer, and although there )
ar &1G02 han plegirap miciagraph (raagnitigatioa #0.090x) ot a surface having
fl uori ne-based nononer or chlorine-based nononer, for
the gesatastidensity outer sirtaeep pba ppeavsyfilmmfExaginie ¥ dn the present
_although there are no particular limtations on the
inveritignt ard er age nol ecul ar wei ght (Mw) of the PVDF
resin, it is preferably 100,000 or nore but not nore
t hdrlG13 tan eEstronmicragraptp (roagnification: 186,000g)taken neakthe center
but not nore than 500,000. s [0032] The porous film
of thenthicknportwiDBf a eerousafiim ¢fExampie 7dmphe preseot inviagtion.
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 ti on, although tDETAILEDDESCRIPTIQNI ar |imtations
t hereon, the porous film preferably contains PVDF
[0033]i n &Fhd fotlowingnprovides aardxpldnative op empodimentspbtiragresent
at 10 80% by wei ght or nore but not nore than 99.99%
inisntiodl g Furthemebrépthe foliekiag athbodrnentiGire indiested ior explaining the
nore but not nore than 99% by wei ght. On the other

prégast invigntion Paridthe prekentTiverftionds AoNiimited @iy eese embodiments,
pol ynmer conponent. Although there are no particular

but irathbAtHeqsteséMan@iiliontdan b Esfied oLy MVarioQ8 e Withcut deviating
preferably that which is

from the gist thereof.

[0031] The porous film of the present invention contains a PVDF resin as a

polymer component that composes the fim. 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 c¢an be suitably selected for the other copolymerizable monomer

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

limitations thereon, a flucrine-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

ol S e SRER aE re Aer
R S Bl PR A PR e
ol o B R0t pUEA B R B e O

ific syrface areg of orous filmis 300 (/w
15%%)%‘?0‘&3%”Bﬁfmﬁ%ﬁ‘%ﬁ&@r}@‘ﬁan 2000 (% n2/g). [0034]
Here, ILf the degree of, cr Ilization of the PVDE
(0G38} ', {Theiavais fiahCorains AYDI1esn A8 e man. cRFERCHRRY, L e
the resin is deformed by filtration pressure, there% -
polymargemirenent.s HereuicoRkdining g the main cpgronent” refers to containing
Deterioration of PVDF resin by chemcals is 9 presumfd
at BR%dacweight af morg as the slideantemt &l she)eelymer cemgenent.  In
denonstrates flexibility. Consequently, if the degree
adgition  githasahithene ara nerparkieulan/ippitations thereenhe PemYsHE
t he anorphous portion becones rel atively sparse, the
prefatdbhecoains PYLF resin ag tig main @@namentéﬁghe polymgk epmponent at
when t he anor phous portion is deconposed and
808eby weight toe andre biit natmbrathand .92 dyweights and imase preferably at
the other hand, if the specific surface area of the
90pe by weidghtlommare doat setsimeed thasr@% by weeight. p Onribaistherthand, the
decreases thereby nmaking the porous filmunsuitable
pofaus filin may ialsp aqntdin aabthen polyGrencempeingnt.i fAltheaigh there are no
specific surface area of the porous filmis
paetioukzrdimitaltipns thegeon,2hé btheg ipolymearrcopsponeabis preferalyly that which is
i mproved, since the surface area in contact with
conipatibleakith tHecP¥BF assincandradlabrii®-based sesimbavieg ighughemical
decreasing. On the basis of these findings, in a
regiolanué sinmilanto kat iof @V s fovexdampleccamdsbused preferdbly. In
chem cal resistance, the product of the specific
addlitiohaa hyaropiliefrekinan the Mahndr éfpsolyistbylere afycol to be described later
crystallization is required to be wthin the range

may8is6 Peskedudy notRGChAIgmBF Sdrapament. 300 (% n2/ g) or
nore but not nore than 1500 (% nR/g), and nore

[omcgf er abjhye Hipdrius Fid a)nuéaidmﬂgw BHAMItAl reitandesaridwater
1000 (% nR/g). Furthernore, although there are no
peRERbRtY e dddibé Bt EQ8fllization of the PVDF resin that composes the film is

50% or more but not more than 80%, 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

o, S5 SR Bl S8 O Eonstst iy
copbVAbEF ¥ o T B By 00 sl o o
ork o8 At T B 59 B BRI 3 e o
ook SbFEUAR el b o oy
v e e, oA BB i P Bt s remo

of 50%or nore but not re than 90% can contajn these,.

the Poroh firp g excassivaly 3imal wetlet pRIMaaPity fsgrgases tiemhY making
P-type and y-type crystal structures_are ] .

the PRIOHS dm apsuitatiy fQr e FiRY @ppigatioRs.s LCanYaraehi it hegpgcific
contained in |arge anmounts in_ crystals, the porous .. .

suffagearea ofithe pREYS fimHs grcessiely lasie. altbeugh water pagmeability is

. chemcal 5 deterioration in the vicinity of the .

impravetl gibee e switacetarea i gentact wﬂbcmﬁmpaénn%masesf chemical
anor phous portion, thereby resulting in a tendency for

resistance ands ppideceaasingsf Qmibe kasis okthgse Bodings, imarerous film
decrease. Furthernore, although there are no

hapiagtsuperiar water permeability anderhepricaliragisiapee theipipdugyof the
the total anount of fl-type crystals and y-type

specific sutface sraarafithe filmh pnd $he tegreetaf cosstallizationds masired jo be
addition, the PVDF resin nmay 10 contain either Qtype

Ao g BB S et S0 ook 6 o

preferably contains an irregul ar sequence at a

marerthan N50@(%o . mkig),eandamore preferably 306d%en o¥/g)afrencrethut aot more
portion in which, differing from the regular
sequence, 2 noieties are bound adjacently in the .

tham 1QQQ,(%r mia)n Furtheragee. aithpugh thearaare N Pariskiagimilgtens
sequence consisting of regularly alternating 1s CF2

theredn GH2 spetifitistifacearbd tithe porausofint ib gseferably 8i5(miyor more
be determ ned by 19F-NWR neasurenent. [0037] The

but b MoRS thahy FWhAG), AA WeSTe Préferably 5Uneg )T hére BWBBt more
than 20 (mig).

[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 crysial 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. Hare, 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

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

Y
i AR or S8 fofe b ndtindR e Sobe B (el e n' the
e rat n t.he se r
“!E*Z%Ffﬁegﬁamﬂnéh?w Taoeuh o5 e ot a%%%fa' shructures are
nce. eris crystalljnity. .
g i Sostatié, Fihate Sldulsiare Banlaad g eroe dpunte in
hay, Iom15t en th. The r anol e ular irreqular
n@i’%} esofls LS Riesuped bohovi 3 podersiechblif S fhapical
he PV mpr.e _pr ef er abl 0% or nore but
dﬁgeé?gatw"t 8D, of e e W%wpynﬁveep Ing sty And
ﬁ?but | ess th n 20O 0038 I n a i tion, the rou?
a"?‘?"P 'ﬂﬁ@‘?’é’PBbﬁhﬁf n’PﬁF ﬁl%ﬁ? f?ﬁ'ﬁ ce of the
referred _to as polyeth Iene OXIde havi ng a wei g
enfiiR-pergys il de deereate. g%wﬂzqmaor@fa hgggb@@rsrarﬁﬁpmslmular
not nore than 300,000 for the ‘o ynmer conponent at
limitaignp thereon thy lower dimit efithendotel ampumterf Briype cryfials and y-type
parts by weight based on 100 parts by wei ght of PVDF
cr:f?é%lsrlﬁ pvﬁerab%mloseato Pheaspnssitie. il add@itsm thenPYGFirasis may
pol yet hyl ene glycol, since hydrophilicity of the film
cogtain aitreeri ﬂ«rtypeamsstalamj relypegeystals inthe erystalline pprionithereof.
easily formed on the filmsurface during contact with
{0@36}aqudo addifionuthed?y DF itesin fprefqrakiy gonrteins am imrepguloe seguance at a
t he pol yner conponent that conposes the porous film lo
cedaih natishi Here: laniregliar sequeresustads tma pertivadn sdich Wiffdring from
| ayer of water nolecules fornmed on the filmsurface,
therepular sequence,(CEhmpicties acd boundhadjaesntiyt intice mafleduiar chain

porous filmcan be inproved. Here, if the weight

instead afthemureali(standerd pRVDENEquehcéd bensistirgyaftreglleny alternating
glycol is less than 20,000, elution of polyethylene

CRyl arebCHE nwietidse ahd lthe rdtiensfthése mbiuties san beadetemsiaéy by
if the wei ght average nol ecul ar weight (My) of the 1s

"*BdIMR hingdstirementy col  exceeds 300, 000, a portion occurs
in the porous body that forns the porous filmin

[oodv¥]lch tTe rlaﬁb)oﬂrhe% eRUBAES in Mmokellesicitse PYDF resin as
spherical form ereby tending to decrease the

detdrrvinet! by FF-NMR Freiaeufenisrl Yrontthe iewpsinesf mamtyl énd film

the content of the pol yethylene glycol is |ess
stréngth is préferdhly 88 B mdré bLERES thah #B0%. 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 irmegular 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

¥F-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

R G AR DA o R 20

oL BB R OBt S T B e

15 AN e g S Al et o o
200! b T Voo han 560988 fodhe AONGRET SREANERBS! (101 pars

of L 12 sustainin% the effect of |nmproving chemcal ,
by vwaight grifaare it not mag than 3 parts by weight based an, D parts by weight
chem cal resistance inprovenent effects are
of fMBnEasimt AS 2 segtitpfdhe pelymarditmicentaining this, polygthylene glycol,
.appl yi ng polyethyl ene glycol to the surface |ayer of .
Slnq@yq@@p%u{f@tym dhe filn sudagenigcraages pad & layer afiyater molecules is
pol yet hyl ene gl ycol elutes over tine during s use in
eagily gmeﬂmn theifimtavefaca suring contast with Bp agueaus golutien, the
pol yet hyl ene glycol to the surface |ayer of the
freqaenay oberntathbejwaen theopglymer mponerartéattmmm,the perous film
bonding sites are severed by washi ng chem cal s when
angawashiog chemicalsnis présiamed to be rethiced bydhe tayer of watertnaolecules
sustain the effect of inproving chem cal resistance
fonwed on theofiln sunfacag anél asta result thereof) ehemical rasisiancesekthe porous
10 [0040] The porous filmpreferably has a film
filmtoandieuingrofedy Hédrepiiittie Wwelghtrawinaga enoletidaeweighh(Mwpof the
fiber nmenbrane refers to a filmhaving the formof a
pdiydthylane glygo! iddess thar 2010000 blutiba of polyethylerlengipeol frogn the film
filmstructure of a hollow fiber nenbrane, the film
teAds foinereasea Conversaly| i thinwbighbhvarage atoleculanweightMw) of the
as conpared with flat filns. In addition, if the

pahstayiené glyebhéceads BDD0BD! H Portich Gdcuds iMcthe oréusiisady that forms

menbrane, there is 15 the advantage of being able to

thefpbrsilsd il ik wiich ﬂﬁt%mgahﬁuﬁs ghfeobie Donesifed it a Spherival foim,

deposits are renove y causing cleaning liquid to

th 8iding Yo dedtensé thePstrertfip 0F tHeSdrb@ebbde dDR &% b®Br hand, if
of filtration, or air scrmi ng, by whi cﬂpdeposits are

i Mooy A LA e
diﬁnglrngf&@ Iy dfivibter AT ! fSIrh Wohifetf the cbnteht BTN potyethylene
glycol exceeds 3 parts by weight, the polyethylene glycol excessively attracts water
molecules, which tends to cause the film to sweli 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

s 18 415 L 9 Sl 9508 Ao BB o,
Am'ﬂéﬁﬁﬁ BRI e FORPYSTBER THerts Sre “”ts&%‘e@f (sdRigoss of
ket B 42t b yqtgm@m%%ph@% e
s Rt 05k BB @gﬁm%m%w%ﬁﬁgéﬁges

difference between the inside and outside of

uspdRMEiETeWhil® I thBcasead physisallycRonging.t mqulsf?éhﬂm%(ﬁ%' to the
is preferably 150 hours or nore. Here, crushing o

surfaee Javiep phihe naspus body by BEafhpelymRNzatinn anﬁbmrlﬁﬁetmé?qﬁgmg
5 unable to maintain a circular or oval shape,

sitep @re aevered byrwashing ehangicalserhanswashing e Bt g hUﬁ, it tends to be
whi ch the ratio between the long axis and short axis

diffieult teesustaia thelefiet wof improvingrehenycalgasistance oven® langeperiod of
i ncreases beyond 1.5. In the case the tine required

timein eithes bf thpsecasésrt, there is tendency for the
menbrane to be easily crushed as a result of

[004jeat FHepoamys firmpreferablyinas aifiim stgudtiteofa hallovofiber membrane.
backwashing. As a result 10 of making the tine

Heregaihotiow fliber menstirang refersttoa filssbavinglthef fomaref @ hoflod.ring. As a
MPa 150 hours or nore, the filmof the present

resulv ehthieqrordss filhl kaving adibr skuetuye sha heflgw fiber megmtwaoe,ithe film
service |life considered to be required in the intended

surfapk iatéd pbenmotibler i volurh@ @4AbeNhereased as comparedwithflet films.
permeati on vol ume per nmenbrane unit surface area of

IntRgitionl If eive poloes iR Mas aimsiarturerof altwllowfiber snerfibraae, there is
area of the hollow fiber 15 menbrane when passi ng pure

theldeantage % being' bl fo éﬁmbe%gsw rhethots BaoH as backwashing, by
filtratiron pressure of 0.1 a is preferably 500 (UnR

wiliER) d@FoQi’Esf &ro réhRVBY b9 c4RsRg cl uiM‘ci erfmdtte irfa direction
distilled water or water friltere rough an

fté leétﬁﬁﬁtﬁ S%D\ﬁh
Owggltngbgﬂ?@adéﬁégﬁﬁ%flg?goggﬁmil ght 0?61 000 or Iess

rehfovied Qaycsﬁ‘\%ﬁirythé filtH by iNPSRIciREAIFBabbIas into 'th&'ﬁ\okiﬁle' ®wash the
t he number menbr ane 20 nodul es required
flltni[ e FhieEnét diaRefer 0P 8o Yibler Merbrand id tyiSﬁ‘QiIP g.rfoqﬁrrpér 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

whiBAAHE Sinfefor bm’dei\&gfa pg:ﬁlfg?w h&g@m IrReadtiréd g?éﬁggﬂ‘)/uously

costs require o ron 25 1'Nncrease,
o RS b eSSBS e e
a3 i e Br sﬁe@%&#@i éﬁbﬁlﬁp%“gﬁvﬁli)%ﬁ%%@“x3;@95‘9“@ or
_ 4 : : ‘
B vidorst SRispinst o (iR Edmbleg, By BEthg o WPl HRF Ieiirane being
ung5 (B PRl 4 St dtia SORR Fnoi M FReeth! FTOw HER. dfers to
i RS sl B B35 e s OFneutercameter
o By rrant 5aegin Bty br v R osh B Fesures
t he backbgne of the pol yner conponent. [0044] [n
for Gaushing IS, Smtﬁﬁfﬁﬁj?"ﬂ%ﬁ foréhe Rfaﬂ%tg‘) Be é?'b&rblﬁ'éed asa
in which the 1o thickness of the backbone of the

resyif of repeatediy aReIing presswisrdusinglfitralioncr backwaskieg. As a result

continuously or in a stepwi se manner to at |east 1/5

of making; thentims taigyised ferrasushing pta pressuredifferanseof 94 Mitp 150
the greatest density anong the top and bottomfilm

hoursrgraoets, thesfilmaofibe presest inveotion issalie taadequatelysatisfy the
even if a portion of the surface is deteriorated by

(predueh) seivice life consideredttnibelrequired inthefintended ppplicatignsthereof.
t hi ck backbone, damage to the 15 entire film can be

[00420i bi Mareovar the pure watartpermoation volumepesmembransnanit gurface
refers to the surface having the snaller average pore

arat ofthedwllow fiver eembrase baspd on ding innen striace areas tharbellpw fiber
the top and bottom filmsurfaces of the porous film

membrane when passiepuredester at28°Qrthraughdbe dwollowdibebmembrane at a
measur enent net hod used in the exanples to be

r Iy. ' ()] fa

ftf9f prcsiee 8t 81, MEH T BRIFTAEN 00 Elro® (K plbel, *The pure water
typically 0.001 pmor nore but not nore than 0.5 m

usadhat fus timeds distilest waterior watergierashihrolegh ppiatfitiatig membrane
surface having the greatest density, physical

OF ERYOr$Q,6SNBSIS Neemprane; haying-a fracionsmglacylas welghhaof 18,008 or less.
nore effectively inhibited while naintaining

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 chem cally washing.
From the viewpoint of obtaining safer filtered 15

wat et havi ng  hi gher ter. qual it t he .po ' .
poffiegla &inma s prklsrabl o5 bR G gsbie. Honinb( SHebcaf, s
preferably 0.001 gmor nore but not nore than_0.05 m
préfafethy 700 {limigthrhopoose and more asefdeably 1 0R0I(LdmS v drkanmore.
be preferably used in aqueous solution filtration

li j i i L
(0GR’ 5 RBer HWpdiiptf Ant URKrBh ARLE TSRS bk

StBEEHE AP e BABIIGR rRE pASHRTRBAHoNEN: AR Ahodtike

ul ar, s porous m can be used

ol .‘ . . .
el e LoV elithlield R bHEP RS RERAERFRYS Bboraus
. . . e _
s ARk FERbich Y8 RBSKSHR g RolfiRer o MoREatSThE nollow foers s
B RPN B eE h Yot f e Boyd fob 8o Blovidea
oeBiipef 16 poCkRANE O BISPAMERT FOMERIAN an al kal ine
tign. Furth : | kal | | ut i ref t
(0§84 n ety Eectorsiun T Aratgrath hasarEoR a1
thGRRS e Faakhie §11be BB HEENCOHIRCBRNG 3L QESI e Pores inoreases
substance is 0.001 % by wei ght or nore but not m)tfe
coptiavoustiPrip aelegwise mannerdedt legst 115 ihe Jln taickness; TR at least
an expl anation of a method of producing the ﬁl'%rrer :
the spFfaes havieg the-greatest deasity @mpnqmemqwewwﬁ pugpges. As
present invention is preferably produced by a . .
a msUl of having wueh A struciuse nexaruiha mertiaseef the syfiacs isdeteriorated by
filmform ng sol ution (;fpti nni ng solution), at |east

chesvieals.ssinee therthisk portias of the fimbas edhiskhaskbong,idamage to the
PVDF resin as a main 20 conponent thereof, a .

ertlielfilophan be iphibijedsr Herepa surfacehaving thamaieatess deasity refprs to the
both the hydrophobic pol ymer conponent and the

sunfage dyaiingi the solaliepaverage poendiameter of poresipresenbperaunit surface
nol di ng nozzle followed by solidifying in a solution

areaamungvthe dop apd bottomi filmcsurfaces of thelmoreus filmyrandéin the present

so-called dry-wet filmformation nmethod, in which the
defschptidm isdetgmainedtbyca measarementeuethod msed ithei exgmples to be

nozzl e foll owed by securing a
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 ym, 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 20Cis 50 (nﬁvnj or nore, while a hydrophobic

walgh e GIGRBEBBIEY dua E{Hg:&?yc rigtBP pY AR RER ARG she
aredehfden thﬁ'x?a'?e Bl @%LOM hﬂg@ﬁ@ﬁ&%ﬁﬁﬁmw 5

(o470 ruowol JRRp AR ARy Y destisl i bAR b ERITRBE Red in
aqléang Soluto Eﬁ@'ﬂ%@paﬁﬁ%ﬁ B 7B Auisror ol %?ﬁ@?f%gab'f’ﬂv and
BRI ASetafoe. it G AshbB o6t AreteBrhlY f'eﬁppﬁmﬁ"m”fg?”wpanwng
coPHTR WHB Premigalir R EuTo S BOIOLS TR Sab perksty Rl
orSfegshly i @gﬁmggéa?@c%ﬁ:?ﬁ%v%éﬁw&%@sea@v' ”&ﬁrsa afgol-catwn

i n other E ners, there are no particular limtations

of sanyendionah@ d?%ﬁ Bims was limitedh ek’eﬁﬁ- @PBUF?@'&P# gp@ompanymg
W th PVDF resin. For exanple, drophilic
coptae! With pase Al &L aEsnol parkieslatyimies Kafitration of aksline

hydrophilicity to 15 the film or a hydrophobic
sofiopseiepaatedhcfitesing nom-alllinessolutisnsavhilerwaghing using @ndalkaline

enhance hydrophobicity, and a polyner of a fluorine
soluionnand sumply washingrusing/an alkaline solgtise.  dfurthermoege,ian alkaline

ot her polyners, the filmform ng solution preferably
sohudionaiefess &D&wsolutionat sashoohtpinirigear blkaligd sulzstames and wfa more

the PVDF resin based on the total solid content of
prefeealpe lagpect therspf refars to 28ofutiorn @3 whithtthe cpncehirativnof alkaline

met hod of the present invention, polyethylene glycol
subatange i 0 O0n &by weight po more byt rotemore thah 208y by gveight.

wei ght average nol ecul ar weight (Mwy) or 20,000 or

[OoaB]e buThenfollowingeprobides 2h@ExRihation of aanethod béproducing the
hydrophilic polymer conponent incorporated in the

pdiyrher fliov ofithg pesdant im@ntiéh.t hough a porous film can be
produced even if polyethylene glycol having a weight

av eTrgpolymee fiv of théprasert itvetioh &S preférablyiro@0ébd by a so-called

used, it tends to be difficult to satisfy a proper
wélailmrfcﬁnatmn 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



10

15

20

25

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

K TR T AT 4 6
a5 0 S5 Sl

not nore than 120,000 fromthe viewoint of obtaining

sua‘agﬁ tensiony(yshef the pelyieen a8 203G ie lasg than ﬁ%(mbl/m? ‘ng

roperties. Furthernore, the ratio of th

[0041y et Hp taif @regugtion methedea Rydipphebic pelyg@rﬁmwnent for forming
conponent based on the solid content of the

a pRrak's flm having @ PVBF resindsramain eomperent thareof anma fiydrophilic
nore, nore preferably 90% or nore and even nore

copeentinl the fomvabe bydrephilic obwmeneempasgpbaie first dissolved in a
obt ai ning a spinning solution having superior film

cofmmen aglvpnidpe bothdbe hydraphabiccpatymer compengrd apd dpe hydrophilic
bal ance between the degree of crystallization and

polyreer ¢arepanent 4z proguca a fosfilmaforiing selutiond e Skhe palymer
above, in the production nethod of the present

compomentsofor fartringtihghpdrous fiinosext atthis tire osay ke PVBEsesin alone or
one type of polyethylene glycol for 15 the

oneyafmogriel types phdtheepolymepomaytbe rhived dn forampravingetheqiroperties of
pol yet hyl ene gl ycol may be used or other hydrophilic

thedilnyrer conponents may be used in conbination
therewith. There are no particular limtations on the

[o0a8ler hydhephsd bEmpng iMEdtheopalipner, therblate nbpakiculardithitations
in conbination with the pol yethylene glycol, and

oretharhé@rspdififeRAsrovided wﬁ@ arQdarNpatlePWith PVDORIANGor example,
partially saponified polyvinyl alcohol. 20 [0051] A

a Rdrophiny beRthed inidpbe LBad uﬁlﬁb?da%e lof dbSifing € Tskrt Bydrophilicity to

i ndustrial product rmy be used al one, or that having

th@ﬁﬁﬁ cﬂ*aﬁﬁ?dr@ hJSUc )ﬁbawba ivthefcask e detifing e®further
be used ftor t e pol yet yl ene glycol that satisfies

erIHéﬁcé ﬁg&fdpﬁBBi&i@ dridh palvRfér ofB MiBrind/Réshiviéised preferably. In the
pol yet hyl ene gl ycol formed by using a pol yethyl ene

caldb)of Mhixing i Bther %oiy?\‘ief}ﬁov\e gﬂlﬁ;foiﬁ' Jﬁg %Sﬁ.ltlﬁmp?@fé}afﬁlsy ¥EHtaiRs 80% or

as a raw materi al sting to a

m&td, kAl ﬁféﬁ@bow&ﬁﬁa& BPUHROPVBE r&ahmke@xanﬁ@ thSI%olld content
or physi eat nent t hereof may al so used

of the polymer components.

[0049] In the production msthod of the prasent 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 difficuit 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

oG o SR i

0% | . ver .
excaedR g tends o B apvltie ditomy s 5RE Fsin pponent of
o b e AL B BB R

solution, preferably the ratio of the hydrophobic.
PVEST st IndbiSBINGING SalutionsoThe WRISEHAVESRO BTolBaUir waight of the
nmore than 35% by weight, the ratio of the h dr?%ﬂ Ib?
polyethylsingralycal impisferablyi 30,008 o5 maee Byt:nalmorg tham 120,980 from the
nmore than 30% and the remainder is solvent, and nore,
viewpeins oibbiaining @ spinning selutiorehaving sprensrdilp Jeripg properties.
conmponent is 25% by wei ght or nore but not nore than
Fugbesrbgreythegatio of the P@lvelgvleﬂe alyee! inthe SyeraphilicRelyrmer
conmponent is 10% by wei ght or nore but not nore than
compene hlybasedgit thezolid chatent obihedwdrophilicopalymer CEpPeReN is
a porous filmusing a filmformng is solution within
préforably 8dfjeorirmoisl, moxe pseferjbls80férar rodretans evengnatecprefgrably
the pol yethylene glycol to a prescribed anount while
9584 sombee froivt theivienwpdiet afobéainingg spinning selstien having superior film
havi ng hi gh strength, superior chem cal resistance and
forsnng braperties whileelsowadintairiivg a froperdialancederiwero the degree of
the production nethod descri bed above, the solution
crystaTRastiohlng dpbeiflc suifacbareal ution tank of the sol ution
havi ng water as a nmain 20 conponent thereof in which
(068 filA8 has beewdesdriedibove, inahé prdduetionlmetinod of thenpresent
formation satisfies the relationship of Td + 5 < Tb
invenfign falfoughtitis e BSsdry to usd et leasherietype of pblyettytene glycol for
filmtormng sol ution r{TdC), and preferably satisfies
th? ﬁ?dfo%hﬂib'ﬁbi&ﬁﬂéﬁhd?ﬁp&fénfm?or_morﬂ?p& tffpatgsthylene glycol may be

e cloud point tenperature (TcC) of the filmformng

ustagldftdtﬁék hydrSpHIid Solgrriet onpBABHts 7aabé Lead ibsombination therewith.

is tenperature range relationship is 25 satisfied

Tk 8161 PRl R o 1ROEOE o et camponents ale
to %g d‘s%gi ih REnbATERoR With fEIUNetRfleROblESIN ¥ha BRamibltheleef 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 pluralify of types thereof
may be used for the polyethylene glycol that satisﬁes the requirements indicated
above. Moreover, polyethylene glycol formed by using a polyethylene giycol 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.
18
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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 di fusion rate
of the solidifying solution. [0055] Mreover, in the

[0e%HdUC tiGRoUBL h?eglr:@ ] %{daéléﬁgn g\gegglﬁéfogwﬂﬁj%’élﬁtﬁrﬁﬁ%feébly

nozzle 1S used

: i | Lmform ng. | ut i S, . .
confif¥ e ke HseoliEncs pU oBfidhafin, Mlelhh 87 piBining  fim having
r wth a holl own agen 0 _sol i.di e . .
supBich il SaBialBroR) R¥ prii iy AdbchiBop s PYlrcsinhaying an
. L0 conmponent thereof. As a,result the a_ porous
i eleriar REpaEtts senterios iath s sigmiings by SR Badabiroment of
n be easily produced, LA known doubl e-tube nozzle and
8'% q{dp?rgaﬁtﬁégs@fgtbﬁ?%gﬁgﬁﬂﬁawfprmabﬁyn this type of
é%ﬁl d n be used wi thout any particular limtations .
[00%3]" t ndMersaner aithorghihess areprpardicuisniimiationsan thednixing ratio
rhere. [ 0056] Mbreover, there are no garti cul ar )
of thefydippletic srlymes commanentand, Bydrophilig polymarsemponent in the
filmformng solution grovi_ ded it dissolves both the ]
filrpyfermaipa §elutionnerefsrablyshe ratio ofiibe hdropbekisqelmner, camrpnent is
known sol vent can be suitably sel ected and used. At 15
20% hy weight or yarediut set mers thael 38% by weight, theratje ofithe hydrophilic
consi sting of N-nethyl pyrrolidone (NWVP),
POl gampanent is &% LyDNEIBht en merehhutawd moraithan 30and thed
di met hyl sul foxi de (DMBO) is preferably used as the
remeingden issenlvenit and more pesferabbywtie matio of thenhydsophepic pelymer
stability of the filmform ng sol ution.
conmpeneht/isb86 by vaight drameredilit pat miocesthan 35% ibyfwesigiht, the ratio of
fromthe viewoint of obtaining handling ease and high
the bydvaphilic petymertiomponent is 0% ibyiveightadr rhemsut moemoye than 25%
of common sol vent selected from the above group nay
byakeight) and skel remaiadet issdhvent.v efdrming b parmisfim wsingy afitm-forming:
In this case, a mxed solvent is preferably used in
soltioo withive tHi® tarigecfatilitatesDid] L itenet BTthe refrinvdsiiof e polyettlylene
fromthe above group Is preferably contained at 80% by
glywel 4 prescribed aroumht while alﬁbeféciﬁ&hh? 11RDobtahivgeod bous film
nmore. 25 [0057] As a result of enploying these
haIanChiﬁh sPength! Sskiior Chéfrcap Fesictance My Stperii walemsdraiéability,
a

filmhaving superior water perneability and chenical
[00®gi St aneaditidh, RXhePrédittion Wsthbd HeSeHLR ét?divb, theaddligtion

to be obtained with conventional porous filns

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 (T¢°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 fitm 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,

| adjg%gl’lp%@&tiraﬂfe Fa'ﬂ?e%ﬁﬂ{e%fliefﬁcaﬁ&? @ttﬁln‘ml 8 Iih élfleéél% portion

esl n, neasurement of specific s ce area, 1

o AT Bl i 8RR b pooup
cof T b B B AP ELo5 T
R et e e T
o e S50 52 B B i
oo GRS e e RS G b oo
ool BB o S B 55

testing[ of the porous filnms were carried, out Siﬁ
compangRitheresl.q Ae airpedit therart, a patsws|fiimhavinga DP@?W; 8‘”01‘

Degree of Crystallization of PVDF Resin 20
membrape difn isiiHckiEe aan Bg aasiivprodeiced. (Akopwhsgybletvbamezzie and
were carried out under the follow ng conditions using
holloydngageoberdinasiy usessinthisdyes olifield cap beusedwithawtany particular
Japan. The baseline for cal cul ating the anount of
limiiatiensied the-deuble-tubeaezrie andhetiawing ageet vearkerg: ure at
whi ch nelting was conpl eted (about 190C{, and the
[00584r ee Mareaysrsthere preant partishlapimitations en thacamewn soivent used
a value of 25 104.7 (J/g) for the quantity of heat of o
in theyiimeormingi solutionJaapided WalisgaivesAmth the hydraghohic saghiydrophilic
cell: Alum numpan Heating rate: 5C/mn Purge gas:
polygieérwemponents, 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 (DMSO) 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
20
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Gas flowrate: 20 M/mn s [0061] (2) Measurenent of
Specific Surface Area A freeze-dried porous hol | 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

<008 e A RO S o BB s

- : { -type Crystal in Crystalline

caﬁoﬁ?%%‘%%%%gﬁ blid-State 19F- NVR neasurenents
were carried out under the conditions indicated bel ow
usi ng the DSX400 manufactured by Bruker BioSpin AG

E%@E’ZE(SS 5 mm MAS probe 15 Measuring node: Single
ul se node: zg0) 19F 90 pulse width: 5.0 sec

eat andby. ti .4 sec.. MAS frequency: .320 Hz :

(oREES S - Aliehine 1biino RENiese-pulid Fapigaation otJos present
. Internal, standard: C6F6 (-163.6 Ppn) The conbi ned .
inyentiop Ryringicalingexarmries thergat, {he pissent ipventionig oot limited to these

cal (.iul ated using the -equation indicated bel ow based
EX3AM'e® peak height (Ha) of the signal indicating

a-type crystals appearing at the location of -78.9
[OQ9%h * arlp tg‘héomﬁﬁ'ﬂéi%ﬁﬁl adbglow; megsurement of the-degree of

i ndi cating the combined total of a-type, a-type and
crystalizatian gfdhe PYDiSresin sesaswgernent of3pecifip surfage ateas f

P-type and y-type crystals Hatp+y - 1%/ ( Hatp+r +
megguyremenbof thezalimobibp tota) ameaptofditype crystalE@dCetyperarystal

of Porous Film Based on 100 Parts by Wight of PVDF
basedion theiHomRameustefdhe snystalline pertion obthe PYDRyesier measurement

carried out using d5-DMF for the solvent and

of petyethndens glyce|oetdnt based onrf0Orpasts byt weidht of the RMDH resin,,
mggsdurg;lerrl? oft tug 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
180°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
and the i 'tslg‘ral val ue of the signal attributable to
= Plegel: AlBRRUPAAY in the vicinity of 2.3 to 2.4
and 2.9 to 3.2 ppm (IPVOF) in the resulting 10
spdeating rate; Sy ene gl ycol content (W% =
(44(1 PEG 4)/ 60(1 PWF/ 2)} x 100 [0064] (5) Measurenent
of Puige§es: Helivlge Mol ecul ar Weight of PEG in Porous
FilmO0.1 g of porous filmwere dissolved in 10 m of
aceas fiewfrater @RaaVmiP dr opping 15 this solution into
100 M of water to re-precipi t_?t% t.he ol%msrs t hat
[008bhpos@)t he fi Measusemeaid ohSapene 8“66‘?55‘% yl ene gl ycol
remaining in the filmin the formof an aqueous
o freoe drisd poseiirchalioy TheranembIARe kP EHAd PRI 2 mm to
PEG was concentrated with an evaporator followed bg/
prepiaes bgwif membranedolmued by gatesainingthe-sregifisugace grea thereof
obtain a polyethylene glycol solution. Using 200 ,
acapirdingdo tesBETimethed lustrigdhe Sad0fanamufactuearby Caaler Electronics,
carried out under the follow ng conditions to
Ltddet erm ne the wei ght average nol ecul ar wei ght (as PEG
standard sanple). Apparatus: HLC 8220GPC ( Tosoh Corp.d)
(0082} urm(3)Shodex MisBfshint\dfGdrebipbd Retio®f B-type frystal and y-type
KH2PO4 (0.02 mM + Na2HPO4 (0.02 nmM aqueous 25
Cryaaluih iCrystBiihe Fopion & PVBF Resimal ref ractive i ndex
detector 23 [0065] (6) Measurenent of Irregul ar .
Se Gohd-StatBAPE-MIMIR nidddurdtaents werd lGahidd outamder tharanddions
the porous filns were carried out using d5-DMF for the

inghcte® Beloanati il HeSDEXE00 neariufdetureal bysBaikenBidSpin ABn) |
and using the Lanbda 400 manufactured by JEOL Ltd.

f oprshe 2NN AAS prétie Syst em  The irregul ar sequence
5 ratio of PVDF resin was cal cul ated using the
eqyAddseming Fhes: 'Sigle plkel (pllesmadde: 290

8F 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 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 (Ha+s+) Of
the signal indicating the combined total of o-type, B-type and y-type crystals
appearing at -83.5 ppm.

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

Ry e t 'o? Kigboisiridot of PEG oBfieit 8¢ Padiie FitBasdsfon 100
De T

Palls pRed & BV Bes™F SZZe-dP?feéypo?IJuSrf{'Finewﬁfées

r+ e FiNils RipeBfiratertt bF e parpre ot ore farmis dub P da SprpMr for
thf $81VEE At et hpTesinlatie Bb e lerial stariard RE PaT I ARLFSING the
L%’S‘?‘E’r 808 anufactirod oy T i i o NAR Fossiring vaopt.

or ou Lr I m having the smaller pore dianeter as

PQIYINERNS Giol Rihg WHb eIt RateEL IS ihel §qLation Beiow from the

, S g pore dianeter was treated as the pore
m*&séiﬂﬁlyﬁ foth% pignalattitudahia o pelyetiwlengralyaal apperiing inythe vicinity

Simlarly, cross-section of a freeze-dried porous
of 5§ prdbseba@%b’@r intagrak valueeithesignal aﬁrrbtﬁabl@dom resin

and conparison of the thickness of the backbone on
apprariag foiher vicigityref 2.8dm2hand 2 tack2 pRm thevot e the ceaulting

density in that field was continued to 1/5 the film
spentrakness to confirmthat the backbone increases in

t hi ckness continuously or in a stepw se manner. [0067]

( 8)PMBWBBWb@OﬂMﬂW%&Hﬂé@&MﬁmbW2)‘W!l1@Bt of
PVDF 25 Resin Using 50 ml of a test solution in which
[0084)- r dS) n was Mieasurememt bhWalight AverageMolecalae Weight of PEG in
of 1.0 ng/m, GPC neasurenent was carried out under
Parbwes Eidmdi ti ons i ndi cated bel ow to determn ne the
wei ght average nol ecul ar wei ght thereof (as PMWA).
Apat gtofpordlsFifPREEfis¢dlesdin 1@mp o acetohe foliowed Byadtepping

KF- 606M KF-601 Mobile phase: 0.6 m/mn DW

this solution into 100 mi of water to re-precipltate 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 mi/min KH2PO,4 (0.02 mM) + Na;HPO4 (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 inmersing to a porous hollow fiber
menbrane in a chem cal solution for a prescribed

unt , Qf ti neasuri.ng,the tensi r :
1008FEgatPon by FisPRERIPTEaF MielUAray eiefik Fiid f PVDF Resin
calgeyl ating the el on ion retention ratio (% usin
C heFRAR Rt reeaty e Rom R s e AL oHf Rt fOMF for
prior to,i rsion (EQ and th upt yre el on i on
thefRqINehPS CHaTe ar Ao el RPSAT R APEULARY HGB i f-ambda 400
[ rsing for n days . (En),_ 15 ElqQngation retentio
mapueciredy SEQUHECHDT $ha DM Eeesupng Sysim: ¢ dhedgediir sequence
chem cal resistance testing consisted of a m xed
ratig g EMRF mainwas calcyliated Hing the aavationkelew g, ﬁte intRoRsl value
wei ght and sodi um hypochlorite at an effective |
of tha signahattdlutablette she trouar s8quenes apraasing, in dheyvicinly of -92 to -97
porous filnms were inmmersed at a tenperature of 25C
ppmi{i-hant thedntegnal aaiueefthe sighal altriiutable do thedmgatlas sequence
carried out at a clanmping interval of 50 mm and
appe#Aringrig theydeinity 11400 -1ifmppimil) [Obe Jesyltingapedirall 27%
by weight of a PVDF resin in the form of PVDF
holregularsequense ragiod %e)we{lfht+ lakeA8Qe nol ecul ar wei ght
of 350,000 (KYNAR741, Arkema Co., Ltd.) and 25 15% by
{0066) ght (Af pol yMeagLementlof Jbickhess ofBackbenglof ThickiRoytion of
nmol ecul ar wei ght of 35,000 (Pol yethylene dycol 35000,
Suiface Maling . Greatest Dainsity| ved i n 58% by wei ght of 25
di met hyl acet oam de at 70C to obtain a filmformng

sofen oomord peres arubothGurfaces ofp freaterdred potdusdilm were
solution was 75C. This filmform ng sol ution was

obsetvedi dedn vbédrvablei magnificdtiohiin ai single fisldeudiry am efectront er
froma doubl e-tube nozzle (outernost dianmeter: 1.3 nmm

midro$cupes ehatite podisdntiiefasulling ébtranThizregraphsivereagproximated
0.5 mm the sane nozzle was used in the follow ng

o e bators a5, et g e
areéth@feotlas Hé-pb@ diameterhy thet $0Habd tD§ing the/ S¥face 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 Waeight Average Molecular 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 ncluding those of the io follow ng exanples. [0070]
[ Exanpl e 2] 30% by wei ght of the sane PVDF resin as

o 7R plan oF 10 by St irbabuBiment fasi a8 B i e Gynattons
5B e85 &R B s weishCaeinge Peferuipyeighf hereor (es

tion was 76C. This filmform ng sol ution was
PRRuAL,

1ded from a doubl e-tube nozzle together with an
intgrnal liquid in the formaof water, passed through a
fre PP%WFH%S"L&@?%Q@BC@(FTOMCOW and solidified in
wat er at 80C fol | owed béﬁrermvi ng the solvent in water

at EeEmpShasexikT-608My KFBG1 | m havi ng a hol | ow fi ber
menbrane filmstructure. 20 [0071] [Exanple 3] 27% by

vei Mobilgphases 06 mY/mioBMFesi n as Exanple 1, 9% by

wei ght of the same pol yet hyl ene glycol as Exanple 1
andDetedtsr: iffegentiabre tiyeﬁnc{axaﬁe@oycol havi ng a

wei ght average nol ecul ar wei ght of 150,000 (R-1 50,
[008BEei (Meni cal Powscilm ChenjicaldRasistaneeolestd i n 58% by

wei ght of dinethyl acetoam de at 60C to 25 obtain a

f i | hestingreifite shemicabresistincecdfqotoysfilis wasmpariad wut byimmersing
this solution was 75C. 26 This filmformng sol ution

a parusholioddiber ntembrae b heshiemieal isolution forom preseribed amount of
an internal liquid in the formof water, passed

timar megburing thedensiemupturd ieidra@tion b cafingrout artensile test, and
solidified in water at 80C foll owed by renoving the

caloliatimg thenelpagationaeténdion ratio (74) asing thefllowingl édustion from the
having a holl ow fi ber nenbrane filmstructure. 5

riphiré Alorigationrier & immesichED) ard tharuptiré efopghtion fdilbaing

menbrane filmstructure was produced entirely under

chidmicalodetetioration eésultryedm irnidrsing féren gaﬁe@&d).on of
using a PVDF honopol yner having a wei ght average
ol ERgationpiteéntiorPratis §%) 0 /E6h k8810,

Here, the chemical used in chemical resistance testing consisted of a mixed
aqueous solution containing sodium hydroxide at 4% by weight and sodium
hypochilorite 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
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Sol vay Solexis, Inc.) for the PVDF resin. The cloud
poi nt tenperature of the io 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 |

W £ except i f
d'"aetf}\ﬂﬁa%?aﬁ\'fi‘? 810 Blolfih 2o foiping <BBERE PR A
S E‘F ﬁ i for t{%ePVDFresm The cl oud poi nt
te"l]%?FB MSS P Was ?orm ng solution at this tine
007 |l e
hor MBI BEP ns]avkﬁxm% pRudecDRE A i) R 3R form o
t|re the ¢ i ons
it eSS hberp 2 E\?%@*ﬁﬂ%@%"‘ﬁwtﬁﬁ“@&&e
wei ght_ aver age rml ecul ar, wej ght of 380, 000 ( SOLEF60
diaggtn P- £B1Ne,NBermMoRt d;am%tﬁrt%gmfvd;ﬂ €,5276,N0 #F@weﬁ&aa in the
oint tenperature of the fil mformé}g’ ol u |op
folloming exarapipg AndROMARTBING SXateRI ‘ESFME\%
by wei ght of the sane PVDF resin as Exag %
dlsﬁgmmewfgmo e ¥l selidifiaddnavaies el 7 fdplion bwrgﬂvmg e solvent
aver age nol ecul ar wei ght of 6,000 (Polyethyl ene
in eater it 6600 00 obieina pereusanhaing A kollew beE mq_"ﬂlzfas'e fiim gtructure.
di ssolved in 74% by weight 27 of dinget hyI acet oam de
Thatpropaties obthexesulting ifimare sumnmarized in Tahe 17 nelugfing,fhose of the
poi nt tenperature of this solution was 100C or
follomgmg: examples. fi | m f or mi ng sol uti on was extruded from a
doubl e-tube nozzle together with an internal |iquid
[0070]t he [Ewampief2lwat er, passed through a free runni ng
di stance of 200 5 mmand solidified in water at 80

f 0l308byl wjghtatiive same YRR resimas Examplef and @d’osbytwght of the
obtain a porous filmhaving a hollow fiber nenbrane

safrid polgéthyienargiycol 89 Exhrriplo tparadissolvEdan bl % by wemh BY
wei ght of a PVDF resin in the formof PVDF honopol yner

difethyietoaniie ¢ 7050 ¢ abkaira firu-ddraingvsolglion.of TheGio0d oint
(KYNAR301 F, Arkena 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, 8% by weight of the
same polyethylene glycol as Example 1 and 6% by weight of polyethylene glyco!
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 fiim-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
sol uti on was 1OOC or higher. This filmformng

S PRI SRR T IR e s
U L il o
wisﬁ%‘éééﬁﬁﬁﬁni%ﬁ”aish%ﬂ@‘” S0 R b vt at s

structure. s .ho| | ow em)nstrat ed

menbr ane
1 iR 4 RerousdIB e heﬁ%ﬁé@rhmsmr% ghsipiaUe
S act uaI use during filtration. [0077]
[C\t/f%gi:.p afapled np| e 3] 20 25% by wei ght of the sane
PVDE resin_as Exanp | and 10% by wej ght
poI @enqm%ﬁ@ gaveaﬁ noAberg:ea mgmigiane Jime shiyeture wag preguced
ht of 500,000 (Polyethylene dycol 500000, Wako
endaritee conditions ef Bxampled. wittthecexseption @f using @Y DF
by wei ght of di met hyl acet oam de. Although this m xture
hamopelymer daving 7 oeight average Juolecular waldw? pH30R,090 (SOLEF6010,
sol ution was unable to be obtained, and a hollow fi ber
SobraySitiexis,dno forthe VDR edine pThmIcloadi point terdpienatura of the
cl oud point tenperature was unable to be nmeasured
fil-farenieg bolotigre atthistimelwas 76%0.ng sol uti on was unabl e
to be 28 produced. [0078] [Conparative Exanple 4]
[C07%] by \Exarhpled) PVDF resin in the formof the sane
PVDF honopol ynmer as Exanple 5 was m xed wth 60% by
wei g\porofis filarhavihg ayhoibadiban endmbianediimisfrubture seasi prgduced
and dissolving at 170C to obtain a filmformng
entidelyt urder tAd cenditibng oOExathple with theyexceptibo ofl using & PVDF
tenperature. This filmform ng sol ution was extruded
hbrmopolymskr Having: aleight averageaaelebealar welght oh290,00€ (K&t 000,
l[iquid in the formof ganma-butyrol actone, passed
Kukel10b2) fof &% PVDF regin. d Thed®d Sdinbempsratufe of the film-forming
solidified in an aqueous sol ution of 80% 10

sORNIBA abtHiy fidleagdsecit 30C fol | owed by renoving the
solvent in water at 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
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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

e . Q. .Pure Chem cal .
of fiftelF) 41%’2 gl”'\a'f’a 700 10 G # BR 0r6e SPET0e: Thig clgu point
di net.h de at tain a filmformn
tegiperaty ° % ?%Hwﬁﬁl ﬁ&oé ﬁﬁ'@?’ﬁfure of this sol U?I on
hows t .
s L Mol e@ﬁmﬁgd?@m@ﬁ@g“%@bﬁmﬂedowef with
used in. Ex e i S for SO utton
afé&f??faaﬂ'tﬂwqa m's 1050 B whilseas h@ughggf%www%d's fos of 200
|ntern } inthe formof water in the s .
MARANS B 5% e&!&ﬁﬁter 3t 84 sfoligwed Wdﬁ@ﬁwagfth%owmﬂrvgater at 60°C
di stance of 200 mm and solidified in water at 80C
tw%tﬁla@eaoreys filra having @ hollovstiesanembrangdiie staictyec t o
obtain a porous filmhaving a hollow fiber menbrane
[0P7BIn st IGRrorarativeExamel0d] [ Struct ural Eval uation] The
structure of the gorousfllmof Exanpl e 7 was .
evafQatiaweightof 2 PYRFesiin the farmeef P VRF omapghaper having a
(magni fication: 10,000x) of the surface having the
weighhasrage moleculgr weightef 420,000 &5YNARBOF, Arkeme Go.| kid.) and 6%

of Exanple 7, while FIG 3 shows an electron
byrweight obibie t{atm polyethylenerglycod a6 GXboparatienExample hwere dissolved
center of the thick portion of the porous film of
inEBd8ably aveightAf dirhethylacetdantide af 761G taobtaimea film-farmirg solution.
5 of Exanple 7 has a dense surface in which numerous
Thheclesd pointtemperdature dfiteis selutibaceast 100°Cadr.higheraddi t i on,
in a cross-section of the porous film a backbone of
hol Thie film+fgrhing soution veas extnieddrins awistiblsstubernozdietogether with
be crosslinked three-dinensionally to forma

amrirdérnial kauidh i therflsrm o wiatdrgagsedahioughastréaininnirg distance of 200
provided wth nunmerous pores. In addition, the

mnb a6d Beldfied inlWateP at ST RIIGIved Dy reiiovingdthe issivehbin water at 60°C

pol ymer conponents was confirned to increase fromthe
tosalsigingf péroas Film haomﬁiwmﬂwv filbdramambairesilmdstagtdng. siThisrhollow

in FIG 2 towards the center of the thick portion of
fiddrenémbriine 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
and Conmparative Exanples 1, 2 and 4. Follow ng
rsion, the hollow fiber nmenbranes were taken out
pro e chenical agent at 1, 3, 7 or 14 days,

gua rinse ter and subjected to a

[Ooﬁgﬁsi I L(?qr\ég@ratlﬁ XPM are shown In Table 1. Table
1 Ex, 1 Ex.2 EX. L? :
Coff e msiont el VB FoRin 1 the formiafsps saue P EDF S ngipolymer as
70 67_65 61 57 - 71 degree of crystallizatjon 9

ExpPIELS WSl Tied it 60% By Weidiy of g@nﬁa%u%relag@ rgloed by
98.6 average speofk surface area Produ%%, of . . )

kneading apd gissoiviig atsty 05Edomplain acfw-fszm@gwwmo {5 solution did
degree of 30 crystallization and film specific

nothavesg slondaeinttemperate®) Conbi ned 27 25 27 15 33 16 26

28 38 - 55
This film-forming solution was extruded from a double-tube nozzle together W|th

an intemal liquid in the form of gamma-butyrolactone, passed through a free running
distance of 50 mm and solidified in an aqueous solution of 8(0%
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 p-type and Y-type crystals (% Residual 1.9
2.53.51.92.22.50.200- 0 PEGcontent In hallow
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

oot e i B s
d%ﬁ? (?Q@r ggg?agégc{ﬁhé'vap{) s%m? Eatt 90 989“ SBiG. Hdws 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 Ex7 | Comp. | Comp. Comp. Comp.
. Ex.1 Ex.2 Ex.3 Ex4
PVDF resin 62 65 60 67 70 67 65 61 57 - 7
degrea of
crystallization
(%)
Porous film 6.8 5.5 131 70 74 10.1 6.2 353 31 - 98.6
average
spetcific
surfaca area
(mg) _
Product of 4216 | 3575 786 469 518 €76.7 403 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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pressure be performance eval uated [0083] According to
the PVDF porous film of the present invention, since
hi gh chenmical resistance to washing chem cals and the
like is denonstrated while nmaintaining high water
perneability, the porous filmcan be used over a | ong

. ¢ .
acBifryiéta 8h thé Fp SUTBEEOUER G0 L5GBERANGR KalliSsbilfons and
A &@?%?%VS&Z%%@ theiYOE pRf i arorifl BRifBnt mvention can
bei;'arﬁ ug%é] Epfg fl l m o %{:%ee% rltensge}_g\qu( pro rt}tt:tllvoty and
contributes to inp ove uct i,vi .and , -
eCBRRIY P?q“‘?'t"yc e ew@%wngﬁﬁfteﬁv\fe@wﬁf&ﬁi%mwng
S re ui ri s to dempnstrate hoth high
fi 'ma?%a 315 ath o Mh\aaf@ﬁ BB #nd el fesp@nce in the
manner of mashln suspended matter and ot her debr|§
mapioar, Al WASBINGSFHsPREded Maties and ater siebris acewiniaiad of the fim
with chem cals, such as water purification treatnent
susfacggugrto fiftrationmith chanaisals, suqh 25 wates purificationdrratment at water
river water and | ake water, filtration purification
tregtmentipiants, filtralien dreatment af sivetiwatar and dakewater, fitsation purification
liquid filtration treatment such as 10 pretreatnent
of finglusirial avatecandwastewatenteaatment, 29d dgrid\iliration treatmend guch as
for producing a porous film conprising: producing a
pretreatment formesalivation of SeaBAteresi n as a mai n conponent
t hereof by extruding, froma 5 nolding nozzle, a
filmform ng solution which at | east conprises a
hydr ophobi ¢ pol yner conponent having a PVDF resin as a
mai n conponent thereof, a hydrophilic polyner
conponent and a common sol vent for both the
hydr ophobi ¢ and hydrophilic polymer conponents, and
solidifying the film formng solution in a solution
havi ng water as a main conponent thereof, 10 wherein
pol yet hyl ene gl ycol having a wei ght average nol ecul ar

wei ght of 20,000 or nore but not nore than 150,000 is
used as the hydrophilic polyner
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conponent. 2. The nethod for producing a porous film
according to claiml, wherein a 15 PVDF resin having
an intranol ecul ar irregul ar sequence ratio as
determined by 19F- NVMR neasurenent of 8.8% or nore but
| ess than 30.0%is used as the PVDF resin. 3. The

nmet hod for producing a porous filmaccording to claim
1 or 2, wherein 20 the filmformng solution contains
20% by wei ght or nore but ftAMR e than 35% by wei ght
of the hydrophobi c pol yner conponent, and 8% by wei ght
or nore but not nore than 30% by wei ght of the

hyldrA phethod fgrqirpdecing arpuroes film camplisiagneradodingar porous film

oduci n Qr.o filmaccordin I

P AU PV RE R 85,2 tdh Ser e BP e Y St R, Foo 2
smdldm Wozgle! Beilrifbmingrgaiutibnowhidh ia®Reast dtraprised asf i es
the re atlonshl of Td + 5 Tbh 5 Td + 30 and the

r Bydrarbebis rpplyraer gempgnent having,a \W?F Fesipag @ main gagnponent
t less Pﬁ%ﬁﬁﬁr%hlﬁggn‘gkﬁép&ﬂ{g@ngﬂt ﬁﬁ’& ?tqoﬂﬂpoﬁ Eggbn%ﬁ both the

nt erat ur
s biydtapinobicTar@ hydropbilic polyrmestdompdnents ramdmlld@ylag the film-

b erRRe SoloR i & sl S By waler Bsih MR tsBefingn thereot,
an¢hereinqioNsthylehdghrsl Raving ahedighvaverages rﬂm@iaﬂmetght of

structure Is produced b% extruding the fi| mf a [I%
s&obRQQ)W mpEhPYHOt e thgn Ae9Aa0 'Pé’@@f’i?érthwhb’ rophilic polymer

h@l gtagent, and 5 solidifying the sane in a
sol ut’i on aving water as a main conponent thereof. 6.
The nethod for producing a porous filmaccording to

2o ufhe R i sradeipg OB RO Freu ol wherein a

C VDR résih Waring aibintramolecular irregular sequence ratio as determined
by 19F-NMR measurement of 8.8% or more but less than 30.0% is used as
the PVDF resin.

3. The method for producing a porous film according to claim 1 or 2, wherein
the fiim-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.

4. The method for producing a porous film according to any of claims 1 to 3,
wherein the temperature of the solution for solidifying the film-forming solution
(Tb°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 temperature of the film-forming selution (Tc°C).
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5. The method for producing a porous film according to any of claims 1 to 4,
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.

6. The method for producing a porous film according to any of claims 1 to 5,

wherein the film-forming solution contains at least dimethylacetoamide as the
common solvent.
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