H GHLY DURABLE PORCUS 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 which has
superior water pernmeability and chem cal resistance, a nethod of producing
the sane, and a washing nethod and filtering nethod using the sane.
10[0002] Filtration processes are widely used in industrial fields such as

t he produdl!GoRYOPURABLE BROR&AIWS PVRRGRILM, AMEEHRE OF RIROBUGIRG §HEaSAMEa S
well as the purification of air. In addition, the application range of such
filtration pr&des\WesHINEMETDKMNAAND RILTERING VETHOR YSING TIHE SAMR fi el ds
as secondary or tertiary treatnent of donestic wastewater or industrial
wast ewat er at sewage treatnent plants, as well as 15the treatnent of

hi gh-turbidity water such as solid-liquid separation in septic tanks.

[0003] The filtering material s usHROEB-RIBEBRENGEH ati on processes consi st of
menbr ane nodul es conprised of a collection of hollow fiber nenbranes, in
whi ch ol ynmers having superior processability are forned into holl ow tubes,
or flat nenbranes in which polynmers are forned into the shape of sheets.
However, in the 20 case of using speOKGROURDe nodul es for the treatnent of
water and the |like, the nenbrane surface is obstructed by suspended solids

separ at ed[0op1f i | t TRE ipessent REAYN Fstek td Bporsus PEDPTAl @Ricafhad siperigase in
the water perneation capacity of the nenbrane nodul e. [0004] For "exanple, in

the case @ahtaipeRdchhiiy drdnthetlicaBEBsaRse @ MHetfod & pré@s@hd thd s8HE tand a
separation in a septiC tank, obstruction of the nenbrane surface occurs due

to filtrajykmngmsRsE ahl e ARPHRInGNGSIRY Wém&s causes a consi derabl e

decrease in water perneation capacity © e nmenbrane nodule, it is

typicpd | y[@@?“f’ﬂ‘ﬁéﬁt&@@b{:@é@e@%r& Wid@y Dsbd iﬁﬁ@%ﬁ%&% é@t{h 4 fpeedet er m ned

anmount of "tine or tering a predetermn n general, the

causes ofpiBSY PGl TR HRIPRT WA SRR ART B Aok prysTcal
organi o neyfieelBTa fie "PiERRIE N pafEabolf PrER of S5 BitbbABrdcefied nibce o
Or ot SeokindIBTR 0y EORTEL At S NAREL LESREY o EhetdRor
LR T R R R
el LR B Sl e SR SRS SRR
[0003] The filtering materials used in such filtration processes consist of
membrane modules comprised of a coliection 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
20 case of using such membrane modules for the treatment of water and the like, the
membrane surface is obstructed by suspended solids separated by filfration, 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
25  solid-liquid separation in a septic tank, obstruction of the membrane surface occurs

due {o filtration as described above, and since this causes a considerable decrease
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sodi um hypochl orite or bases such as sodi um hydroxide is used as an
effective neans of elimnating chem cal obstruction. However, such chem cal
agents not only 15deconpose accunul ated organic matter, but al so

si mul t aneously and gradual | y deconpose and cause deterioration of the

pol ymer conposi ng the menbrane. Consequently, as chem cal washing is
repeated, sheet-1ike nmenbrapes_end up, rupturing, while hollow fiber

ronbr anel BRI @SR SaRGOTY AL SRRIATRGPPU. & B el BecatsennBnbr ane
nodul e di ff.ié;ulf. 2%[%006 Recentlf\ga,(i menmhr anes conposed_of materials such as
i nor gani @efiaficalvarash e membraneafiss areeternised ampynt o time or after

pol ytetrafl uoroet hyl ene (PTFE) havi ng superior chem cal resistance have
been conteP¥I%R Piedeisranrediamgint hdn gaﬂwgéh%fsamﬁmsw%ﬂmem@ne
deterioration caused by such chem cal agents, However, since these

mat er i al §PPlENEIONHTe Elassifipd dre Phusical Alptrastiarvimim)da whiTineopartieles endl
polymers, it was 25difficult to produce various nmenbrane shapes and pore

di amet er elikecaqcuinaiate onithe spgece af ercinsige theememaraee, andschenicglo7] On t he

ot her hand, although pol yvinylidene fluoride (PVDF) resins are used as

pol yrrer ebsipetiiont{Bubfin pdricdusrgianicnsatiemanel thadile havenuietgsaiabéingl y superi or
processability anong fl uorine-based pol yners, they have the di sadvantage of
havi ng | edserbeil sndhe sutfacdaber inside dmpenreetbrane.h ot her fl uori ne-based resins.
Consequently, 5it was difficult to produce a porous filmusing PVDF resin
that is HMI0S8]t o wirtdesatzbing trealgrdrey imwiieh tregoembngrieg shakém bg wi t h base.
[0008] I n addition, PVDF resins have inferior solubility in organic solvents
as conpacewctinuoullypolivternisteatihe Bugisyipg lajkto rdve neter uaingelitnstionsar f ones,

pol yacrylonitriles or cellulose acetates typically used in the production

of por oubatkvashitayopettion, isuyedas abfeehosieanSonPeMIRR] bhysidan t he case of
producing a porous filmby a dry-wet nethod using PVDF resin, it was

di fficul bbéteuctiohi evr the atidrarindl R¥ebval Bf addunillRE rgh BT Pidtler aNBHRS fike
perneability and durability. [0009] Met hods for produci ng PVDF hol |l ow fi ber

menbr anepy %I@bérﬁbbﬁn{; QGindShelnicali Rjend iR tHE HanABEST MdvieingeRenil sichesed as
exanpl es of porous filns using these 15PVDF resins (see, for exanple,

Japaneses&@ﬁ%yd@éﬁi&ii@éﬂd %ég%ucﬁ%%ﬁs%%% hieRIRN s uSENSS aﬁ%cﬁ\f@ low i ber

menbr anes produced according to such a production nmethod not only have weak

physi cal n%tahgr(b%h'mff%ti IcheRfcdt 885tr&HA! Pl%l}\}fégfé‘}?ish&ﬁ Mhé\ﬁicéf a4l hét drfig

description thereof, they are not suitable use in applitcations

requid i ngedd by b : ' ility).
20 0610] 15 ap B R TA R AN g R B SRR B R AL ot nave

becen o SAbasidind 88 Erd b P ARG BRGNS el SXabLe,
suppor - S R FEaG A e e ol kLR TR REEERT  on. ¢ e
enbeddi ”HJp‘?iﬁrirfd, B2 HollohMBek HeriforaREd LA qum&uH%,l t%\fefbg/l?ﬁa';king long-term
use of the membrane module difficuit.
20  [0006] Recently, membranes composed of materials such as inorganic materials
or flucrine-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
25 difficult to produce various membrane shapes and pore diameters effective for

filtration using these materiais.



menbr ane has been disclosed in order to maintain the physical strength of
PVDF hol |l ow fi ber nmenbranes (see, for exanple, Japanese Patent Application
Lai d- open No. 2005-270845). In this nmethod, however, since it is predicted
to be difficult to accurately enbed fibers in the thick portion of a hollow
fi ber nmenbrane and exposure of fibers on the nmenbrane surface |leads to

nmenbr ane cts,. this nmethod is not 5suitable for, ications such as
(rTcrar BT ar! ﬁ@**@%&%ﬂgr 8 Lﬁqqthr@ww%gﬁn? GeATEN R feates

[ 0012] Mor eover, }he production of a porous nenbrane has been di scl osed that
uses a tH@‘?%? POYME GERIOPRASOS Popteims sinastthew heve Fappapiivelipsperer
strength %see, for exanple, International Publication No, WO 2003/031088).
A por ous PRCERFHIBY 3Meed faodpediasgd pelvimars, theydave thendined vandeaeel havinggh

degr ee ob crystal lization and high strength while al so able to achieve a

hi gh | evi&OW EBISigRcErto hasaragiornajed with wikerdbonge desad reping. e Emsequantty, t he

| i ke. However, in the resulting porous film since the porous body that
conposesiiiNgs diffipwl {ospred e e awrads Fphesing BV DEr iestrathet istaide o withsjandspeci fi ¢
surface area and has an excessively large liquid contact surface area 15as
a resul t lonpdeeblse Eheompanynamashing vitikadsene chemi cal washing, which is an
ext remel_i/ effective nethod for applications requiring high water

per meabi {G009] i sl additidcaiWDF owsinComszeigtezior kylubliiheinrceganit isoyepsrasus filmis
unabl e to undergo chem cal washing for easily and effectively renmoving film
obst r uct t@nearednwitregolymeessiidh ahpolgaiifonesnuplyethen sisoned, peyaoayiohigiled ng hi gh
wat er perneability of a zomenbrane nodule is difficult. SUMMARY [0013]In
order t oosctvbseheetdioy brpitailly ivese th theqlrbeudtionast pokjiechimefbyt et dirdes-aat
invention is to provide a porous PVDF film which has high water

per riecabi nethodas \@einke dativhinghe eBeebEMlodUEIRL H Hut68s Titn YRS Oves hedthsg! s and
the like, which has been difficult to realize wth conventional polyner

porous fuding PVAFredh, dwasaifie|t4s 8ghibos pradieahevas bPfinPholel dBmefyrMet hod of

produci ng the sane, and a washi ng net hocFi) and filtering nethod using the

sane. [ ORdw) permessiftyldndfurappguct i ng extensive studies to solve the
above-nenti oned problens, the i'nventors of the present invention focused on

the degr@eogf ScimeMdlslbZplddRRing P\YERoIIGS iBer WRhftRassy é’L??l%b%sfof' € 1R N

conponent of the pol yner conponént conposing a porous film and on the

speci fi caeé%fsq:ﬁ;@m@msq{av%%ewmim%édt a%}s!‘bxaﬂﬂﬁ'ie& %wpemheaﬁméu%g%ésef H1m

havi ng a specific structure In ese paraneters are in prescri bed

rel aty onsihp re%ﬁfgé@&rfb.oé@@%%J B Patdr o Ak Rlash B8] St ance as

conpared with conventi ona , such a 10pol yner film-.

can be preRe&dsines m\asshbioviiferthaRbYandsb8%ed SRAIIAg tPs&HR! etion of

production method not only have weak physical strength as well as poor water
permeability as stated in the description thereof, they are not suitable for use in
applications requiring high water permeability and pressure resistance (durability).

20  [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,

25 [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



t he present invention. [0015] Nanely, the present invention provides the
followng (1) to (14): (1) a porous filmconprising a polynmer conponent
having a PVDF resin as a main conponent thereof, wherein the degree of
crystallization of the PVDF resin is 50% or 15nore but not nore than 90%
and the product of the degree of crystallization of the PVDF resin and a

specific,syrface area of the fjilmis 30 % nR/ or re.but not nore than
2000 (/ o "RBTIOS] BBy eass freeoF Sample P ARG IO alBEngM e
total amunt 6-type crystal and y-type crystal in a. crystalline
bor £1 on OF PABSA7BR45 oIS b Roges SingkI6a Pisread to Bediealbion: of t ne
crystalline portion of the PVDF resin: [0Q017](3)the porous film described
in (1) ofcgyptelyngabep fibge Hdbeahighrogeycbr helowifthes meskyane Apd exgasure

mol ecul ar _wei ght of 20,000 or nore but not nore than 300,000 is contained
as the p&f JAeiE el snrimbrage syirigee fradsdo pyempiagetdeiectsdhis Bethodds neor e t han
3 parts by wei (};ht based on 100 parts by wei ght of the PVDF resin;

25[ 0018] cuiahie Tyormlisatiansmush asriltsation of damingrwatey raqyirg)a highdeal 9f t he

PVDF resin has an intranolecular irregular sequence ratio as detern ned by
19F- NVR fiedionemrent of 8.8%or nore but |ess than 300% [0019](5)the porous
filmdescribed in any of (1) to (4), wherein the porous filmhas a film

st ruct ur 0®2la hdlldreavdr therpmendtivand;a BPro02 ajgr)rahe hpeheeas disdlareddbatr i bed
in any of (1) to (5), wherein the porous filmhas a filmstructure in which
t he backlsag adheinmalydodyseer plasepreperdtiohanethod todspraviekiyrieblhsirdogiin(segor es
are provided therein, and the thickness of the backbone of the pol yner
conponenfton exangds datecogtionatBublication Non VEOS20861039688pnfeporbas ditm| east 1/ 5
the filmthickness fromthe side of the top and bottom fil m surfaces having
t he goeabeiinetbasidriing t€ €4 plotuatioR iriedisod bas wanidH degrae po tasRlifzation and
conprising contacting the porous filmdescribed in any of (1) to (6) with
an al kal iniyh stedrigith amile bROZHI¢ & actiéld &highdet@itdiogte csamidadilifgbygont act i ng
the porous film described in any of (1) to (6) with an agueous

sol uti on yaadrgah@dieMing BeStidHt aAB tHEMd. erHeéler, iBltthe ARRItINGNROUSRIM,
[0023] (9)a nethod for producing a porous film conprising: producing a

porous fisligenAy ipBebid BOdYhECIMp A sANERIM iCAIROORIA ofSPREAGT cBstAX tHaedi ng,
froma nolding nozzle, a filmformng solution which at |east” conprises a

hydr ophobyi 15,404 R KPR aﬁ@%é‘%n%x@%ﬁg&%%r@e figuig cﬂﬁia:%t W%Q%ot "

t hereof, a hydrophilic 20pol yner conponen a” common sol vent for

the hydr aRhORIGY Mitell IHPRRISH el oHRho CRERAME WaShinghRAit dhf Vi ng the

filmformng solution in a solution ving water as mal N conponent

t her eof } . : i : ! apl.ecul ar
et o BRANE NS0l i KNI PSRRI
hydr ophi ki 6. ALK By, CBIReE&Mrtly, the resulting porous film is unable to undergo
chemical washing for easily and effectively removing film obstructions, and as a
resuit thereof, long-term use while maintaining high water permeability of a

20 membrane module is difficult.

SUMMARY
[0013] In order fo 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
25 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



25[ 0024] (10)t he nethod for producing a porous filmdescribed in (9),
wherein a PVDF resin having an intranol ecul ar irregular sequence ratio as
determ ned by 19F-NVR neasurenent of 8.8%or nore but |less than 30.0%is
used as the PVDF resin; [0025](11)the nethod for producing a porous film
described in (9) or (10), wherein the filmform ng solution contains 20% by
wei ght or_.nmore bu ot nore . than 5 35% by wei ght of the hydrophobic pol yner
conponent 1039 feded § "ﬂ%i@metfﬂﬂc{iﬂf[ﬁ"@g%ﬂ’f‘gﬁ}ﬁsﬁ?’eﬂmwa‘%@éﬁ'}eﬁggﬁﬁé of the
hydr ophi Li.c .pol yrrer, co nent; [0026](12)the nethod for producing a porous
film desé‘h?rﬂgqj”ﬁeﬂ‘eoé’r}iﬁ' 8’@95)3"?% (11), wherein the tenperature of the

sol ution (Bﬁor sol i difyi n% the filmformng solution (ThC) satisfies the

rel ationg 1;‘54] of 1§ afesulfpt ganducting Sxtensiys stedigs tosRlve H‘eo@b"i’&‘me'l@l'@dTb with
respect to the tenperature of the filmforming solution (TdC) and the cl oud
poi nt t emfRlame, bedpvartersaf the pesantigvediontrersedyghe qamezp% 13)t he met hod
for produci nq_a.porous filmdescribed in any of (9) to (12), wherein the
mol di hg ©aEAEation gf RN sinipdicioserves aathie magoswueorant af algner hol | ow
fi ber menbrane structure is produced by extruding the filmformng solution
15f r om t GeMPONeiepnRositeea pogrtsHim, and bndhaepeaiid siyfangearea ohihe mwbisli f yi ng
the sanme in a solution having water as a nain conponent thereof; and

[ 0028] ( 14ijre, anst feodd tioat aopardus filng havipo erapscificl studiese in bbighitimeseny of (9) to
(13), wherein the filmform ng solution contains at |east

di met hy| pestrosterareds at fresodregoelagiohstdptas 20p80@9Aec perheapilitpanhdhe por ous
filmof the present invention, since the porous filmhas high water

per meabi [chemicah cedistghceche odmphretiesittstaneationd! potymdrdilms eshdihiat sudhna cont act
wi th washi ng chem cals and ot her chemi cal agents and is able to easily
recoyer fpolymetditneands produwedEbotheiRBalhd stabhs susesl ludimgeb cusiplapna t he
filmsurface. In addition, since the porous filmof the present invention
i's able tige prddkehi hv@secreases in filmstrength with respect deconposition
and deterioration by washing chem cals and other chem cal agents, it can be

used overo@sjong mﬁé|9.dh@fprééémanveh%reewqesah@wowwgbfaqrt@pﬂ)fi I'mof the

present invention can be produced both easily and stably, it has superior

product i yi}y aaito8S AIRPB¥mprising a polymer component having a PVDF resin as a main
component thereof, wherein the degree of crystallization of the PVDF resin is 50% or

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

PVDF resin and a specific surface area of the film is 300 (% m%g) or more but not

more than 2000 (% m*g);

[0016] (2) the porous film described in (1), wherein the fotal amount of
B-type crystal and y-type crystal in a crystalline portion of the PVDF resin is 30% or
20 less based on the total amaount of the crystaliine portion of the PVDF resin;
100173 (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;
25 [0018] (4) the porous film described in any of (1) to (3), wherein the

5



DESCRI PTI ON OF THE DRAW NGS 5[ 0084] FIG 1 shows the 19F-NWR spectrum of a
porous filmof Exanple 7 in the present invention; FIG 2 is an electron

m crograph (magnification: 10,000x) of a surface having the greatest
density (outer surface) of a porous filmof Exanple 7 in the present
invention; and 10FIG 3 is an electron m crograph (magnification: 10, 000x)

t aken negr; [Blpe cepter of the thick portion of a porous filmof Exanple 7 in
the preséntPh RAUMDPABAN 'W?'EEWW@@H@?PWQW§8??H@@W'W% provi des an
expl anat i;gn of enbodi nents of the present 15 invention. Furthernore, the
fol | owi ng 'ehbRIMmAasuener of 86 %k ar awrredut lBepthamsh§% he present invention,
and the present invention is not limted to only these enbodi nents, but

rat her t K80 Hesen®) i nventtherors five deseribestingany of § 1)/ ter(doyéhareintbe wi t hout
deviating fromthe gist thereof. [0031] The porous filmof the present

i nvent i oot fllinasea MuDBtruds renofaashalloofirs npersbrassirponent  t hat conposes t he
film Here, a PVDF resin refers to a honopol yner of vinylidene fluoride or
a copbl yiev2dont 46hi ng vithg ppdrisdilmldesciibiel mtary ofdh hio (Satwiereih t88% or nor e.
The PVDF resin is preferably a honopol yner fromthe viewpoi nt of superior
st r engt h.poreug filen teassa filnh strDie inegiich the aokbpod phite, payrkesempaeatrer can be
suitably selected for the other copol yneri zabl e nononmer 25copol yneri zed

wi t h vi nybintea endsheiikei rddwonkrniporeaade piavitedghetdig ramdahe thickrpsstof ¢hd ar
limtations thereon, a fluorine-based nononer or chlorine-based nononer,

for exarackhoresot the pobetkrpoeimnaht yherdages bentmioaslyadrtihautdpwibe hearee No
particular limtations on the weight average nol ecul ar wei ght (Mv) of the

PVDF r esitmat lelasi s/5phefien ithheb8GropPthetdideref Biehup anabottentsilinhaiifate®00, 000,
and nore preferably 150,000 or nore but not nore than 500,000. 5 [0032] The

porous fiNaWingané atdtes\ddnsh@si n as the main conponent of the pol yner
conponent. Here, "containing as the main conponent” refers to containing at

50% by wed@ly or (mpre as 4 hetil fofwashhgdpdtbud h@n,%h)ﬁmfngc&imiﬁﬁtthe In
addition, although there are no particular limtations théreon, the porous

filmpr efp@f’(ﬂi%]ﬁfﬂﬁ%&ﬁb@@irPé/rWoF@ﬂd“@Z%viﬁw% AREheEQITRRIENt of the pol ymer
conponent at 10 80% by wei ght or no but not nore than 99. 99% by wei ght,

and Tore [guzerakhy aaagg{ymﬁm\g%%&d9@@@@&%@&%%@3&&%| 9% by

wei ght . t he ot e “porous al so contal n anot her pol yner

CO”ponemdesﬁjiﬁéEﬂHg%?\gtdg?i oa(figrﬁ;}ﬂ taﬁzaﬁ(fd;ﬁﬁﬁ% %&uh{-)mahatain.c%gl?alﬂwg%r()ﬁﬁ?ﬂet he ot her

pol ymer conponent era I's conpatible wt PVDF

resipg a ' resin having high chem cal 15resistance simlar
to t}qat %?e%%ﬂ?%felse:é%w o{r?ﬂ’eekarrpl e, can be used preferably. In addition, a

hydr ophi I esing{ n the [ | Q. _he .l bed
| at er nmgéézgsgo bggjused asang‘%o Oﬁ‘e@F B&%}/‘é@y&éﬂ%‘ﬁ’%@ﬁgW%ng‘Q?s?%?@&{‘ﬁé por ous
filmenbgdi j - Enpq% i n er. bility, the
degree o?) gt(ﬁ%sd]}é\qﬁvgrgfl on oFf F%?ﬁﬁ%%ﬁﬁpggﬁw‘ﬁ’ﬁ%ﬁ{ thg(r)er%gg eeé(ﬂﬁ ‘ngéﬁi"ﬁq s 20
0 0
0% or n%oqgiﬁgtpog%te, RS8Ry Witkio A M S 1BEADGorREs b %dgc?p%ro%ﬁ; of
crystalliza
polymer component having a PVDF resin as a main component thereof, a hydrophilic
20  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;
25  [0024] (10) the method for producing a porous film described in (9),

wherein a PVDF resin having an intramolecular frregular sequence ratio as
6



and the specific surface area of the porous filmis 300 (%9 nR/g) or nore
but not nore than 2000 (6/0. n2/9). [0034] Here, if the degree of
crystallization of the PVDF resin is |less than 50% filmrigidity
beconmes low and the resin is defornmed by filtration pressure, thereby
25making this unsuitable for filtration. Deterioration of PVDF resin by
chemcals, is .presuped . to occur starting in the amorphous portion that
denonst ré’@é@n\"%&li%i{yﬁmw_" meAWE IRt PL8.B% Ortrﬁ@red@&rl%% @‘F’%ﬁ%%é? H$Sht i on of
the PVDF resin exceeds 90% and the anor phous portion becones rel atively
sparse, tHdN@RMIFerestYous filmis enbrittled and easily broken when the
anmor phous_portion is deconposed and deteriorated by Swashing chem cals and
the |i ke.[o{%?]t he {bbher habgmathod fas pegbiEing %pgmusé%re d&ﬁ@é@ﬂﬂ? inf{BeopdPdus
filmis excessively small, water perneability decreases thereby making the
porous fMhereindhe ﬁébf@nﬁfw slutiereedntaina @04 Brweight or ipie busedtynotefthahe
specific surface area of the porous filmis excessively |arge, although

wat er 5 pepiaby Weight oé thenpraserithbic polymet hempanéricandBiaby weigbhoaooran t h
chemi cal s increases, chem cal 10resistance ends up decreasing. On the basis
of t hese btk ndi mges thian 38 %p by ewedgHtidlf thehlaxdrophibupelyimer covapenender neabi ity and
chem cal resistance, the product of the specific surface area of the film
and the {e@dtde of(12y yst althé radthahfdrprocemirig @ dotousligm deswiitbdd in dniyef(Bnge

i ndi cated above, and is preferably 300 (% n2/g) or nore but not nore than
1500 (% n&( "), wamdimbedempefaoatdith8d80iutidn rdt/sg)ididingihediliubrmiay ssitienl5t han
1000 (% nR/g). Furthernore, although there are no particular limtations

t her eon, (TheC)speishidd LeTuitianshipofdd afs ke 9DE ausD dhd e reidtibasap abiry 3. 5
(n2/g) or nore but not nore than 30 (nR/9), and nore preferably 5.0 (n2/g)

or nppe Huts TWivitAPsSdchaNthRQefiiBtflre ¢1A88 BlMRSAMYESolutioh OTE) ah@ thaTPr ove

chem cal resistance, and particularly 20i nprove resi stance to base, which

pronot es cfirideidit1atparhtale 6fhﬁeﬁM%orhﬁﬁc{a §@|u{i&?(1fcﬁtf3f}! amount of ii-type
crystal and y-type crystal in the crystalline portion of the PVDF resin

that compowey t hg1ppl ymernd iddthéd iR roRIHHY & Pé@&%m'&%&sibé@ﬁ%rﬂr&f@f abl y

25% or | ess and even nore preferably 20% or [ess based on the total ‘anount

St ruct ur e g SR BRIe ORI e Ble RPUSRE Ll ick R SHRES IR P ™ o
han S0 oL OFRHERS et R IehRulisThy BRaBlng B B PRAPORRR, ™ ©
't oo AT (R o R Bller TP hIcanG bler ST RIS ST O o0
i the v T e R e ek R Mo B¢ 21 e portion and
ot ho Xt PR poRsek"Fi | maRbL AR ef A RPRE i LebeTBSh kel 5 o
Bt ype o2t LM Rl REFER o % rBhe kPt et ViocelolmiBii e
possi bl e'coH}nc?ndgcinl;[rierﬁ.n’ the PVDF resin may
20  [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

25  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



10contain either 8-type crystals or y-type crystals in the crystalline
portion thereof. [0036]1n addition, the PVDF resin preferably contains an
irregul ar sequence at a certain ratio. Here, an irregular sequence refers
to a portion in which, differing fromthe regular sequence, CF2 noieties
are bound adj acently in the nol ecul ar chain instead of the normnal

(standar PVDF sequence consjsting of reqgularly alternating, 1 2 and CH2
moi et i es,ﬁ%{ﬁavqrh%n?%i eopespUs Fla g i rpeerd Tovantigh i §rwﬁ%%&ok}og‘?§@§ﬁm
measurenent. 10037] The ratio of irregular sequence in nol ecul es of the PVDF
resin as 208l Hdpsmpreonr NORURRAY @RGSO Yom t he vi ewpoi nt of durability
and filmstrength is preferably 8. 8% or nore but |ess than 30.0% In the
case of a |low 20irregul ar sequence ratio, nanely in the case of PVDF resin
havi ng a highly regul ar PVDF nol ecul ar chain sequence, deterioration by
washi ng chenical s tends t QFPCHIREON @Fi iy DRAWINGScase of a hi gh

irregul ar sequence ratio, nangly in the case of PVDE resin having a highly
i rregl afl0WB4DF ndllGclsbews tw HFIWResnasiruehes apeross film of Examele B tnelhei nity
of PVDF resin decreases, tending to result in a porous film 25having | ow
st rengt h pr&femtinventiomgl ecul ar irregul ar sequence rati o as determ ned by
19F- NMR neasurenent of the PVDF resin is nore preferably 9.0% or nore but

| ess than 25¥5ah i paekictoh antnpgapdf @nadrificalions 4l 00ky) ©f buuriaes avinan 20%
[0038] I n addition, the porous film preferably contains polyethyl ene glycol
(al so r efties grhtdést dedsipolopediyurane) oba gdejoubdilm ng Eaampieghin treqgmagentnol ecul ar
wei ght (Mw) of 20,000 or nore but not nore than 300,000 for the pol yner
conponentinidnti@nOdndparts 5 by weight or nore but not nore than 3 parts by
wei ght based on 100 parts by weight of PVDF resin. As a result of the

pol yger fil mmens @ & BRclrbh snidRgyRIHdrhaieickive:01 0,080x)aakdyasarphe kestet y  of
the filmsurface increases and a | ayer of water nolecules is easily forned
on the fidfmeswémi&%fa?omtfwof\ﬁxfahwpamwmms@@ﬂmvmi@n.the frequency
of contact between the polyner component that conposes the porous film
10and washing chemcals is presuned to be reduced by the | ayer of water
nol ecul es fornmed on the filmsurface, and as a result thereof, chem cal

resi stance of the porous film ipﬁgigj@ggmgﬁ}ndwre, if the weight average
nol ecul ar wei ght (Mv) of the polyethylene glycol is |ess than 20, 000,

el uti on mg(p%:ﬁg' yerthe @iswilfidlides améxp%(\wq ERBSAIFR NG BaResdrpner Sel ¥,

if the average no ar wel gh t he 15pol yet hyl ene gl ycol

exceeds %%ﬁgﬁheﬁggﬁéy@% ReGHf ihgle%dmé%%r@ cé’té@forfe%ﬁﬁﬂﬁé‘?\eporous

filmin whic ene glyc I's contained 1n a spherical” form

ther eby (eAdl A9 I ABRCARARE Ao RTRENAEN Ohot AR, HR ool her

hand, if conten yet'hyl ene gl ycol 1s |less than parts by

weight, i N Cff i _ Of | Ok
i e 1 A EARBRPERr S i el SrbY Bl Bl Bug BRI EBp i ™
i ght, | v, I I I ivel ttract t I | es, which
tends. 1o CIMEE YRR O L0dl ) “ana wat er per meabi 11ty to decrease.

{00313 The porous film of the present inventlon contains a PVDF resin as a

20  polymer component that composes the film. Here, a PVDF resin refers fo 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

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

limitations thereon, a fluorine-based monomer or chlcrine-based monomer, for
8



[ 0039] Al t hough there are no particular Iimtations on the formin which the
pol yet hyl ene glycol is contained, and pol yet hyl ene gl ycol nol ecul es may be
made to be present only on the surface | ayer of the porous body by coating
or graft 25polynerization, for exanple, at |east a portion of the

pol yet hyl ene gl ycol nolecules are preferably enbedded in the backbone of

t he porous bo fromthe viewoint_ of sustaining the effect of |nproving
chem cal ‘%"@E]pg%&ﬁﬁé’eﬂbﬁedd)rﬁ%@b%erE‘HH“%’P“‘O{*F-r?ét.ho H@E@ﬁ%ﬂ%ﬁ?é&l‘"“ﬁesi st ance
i nprovenent effects are denonstrated regardl ess of the form in the case of
appl yi ng 'giiaganhon rwsioht average mdeayiarweight @dw) oidhe rhdhsrshudt Body by
coating and the |like, the polyethylene glycol elutes over tinme during 5use
i n wat er ,Profgratdy 180.0R8 of syse bt pelyapeathp THIHUPPRY adenpis Rretergbi¥ne gl ycol
to the surface | ayer of the porous body by graft polynerization and the

li ke, thelSOgHME orgneie g net ease are®GY0hashi ng cheni cal s when washing t he
film Thus, it tends to be difficult to sustain the effect of inproving
cheni 6al [0@34]st anlde pareus fin confajrerf\JaF oesin sadhe magi epreporgntohdse cases.

10[ 0040] The porous filmpreferably has a filmstructure of a hollow fiber
menbr ane.pogne, canfpmidnaw Hiedee comtaibing ras the fveais companént’ refhesiorgnidi@ng or m of
a hollowring. As a result of the porous filmhaving a filmstructure of a
hol | ow f idd&0%byriaeigie or trivee Bisltie solid emdedtratshgpolymedebmponent. vl ume can be
i ncreased as conpared with flat films. In addition, if the porous film has
a fil m stadditionr altitdugh thetd ane rid paticuranimigationstthereen) ihelorodnefiladvant age of
being able to effectively use nmethods such as backwashi ng, by which

deposi t s meRrdtfoyRAinRYP YRR 36418 aclie@ Righg chimgonehttod tirepoipmibe companghtragct i on
opposite fromthe direction of filtration, or air scrubbing, by which
depogiot s §U9% biy &¥ERRDr Pors K nBYmbRetHain! 99.99% I B WeEHE bRg ndire phefekibdsat nt o
the nodule, to wash the film The inner dianeter of a hollow fiber nmenbrane

i's typi calgoy b wklgHiBr Phor@ue ndPRidte BRIh JUBL By hiEAGHS R thakthdrianauter
di aneter thereof is typically 0.15 mmor nore but not nore than 6 mMm in

addi ti on,ndr&&s filg] iRy Hisd EshtARROHE FRNTEr dothgdint NNRthotbA MRl ar@hot he

hol | ow fi ber nenbrane i1s preferably 1.3 or nore but not nore than 2.5 from

o o er or an >
the viewniriyl I}ﬁ%iﬁﬁ@‘ﬁ%@@@?ﬁ%%ﬁ%ﬁp‘#ﬂ?&i tiﬂﬁﬁnt?{elﬁt RSty tRRWIRADS! 1 Ly

as a holl'ow fiI be rane. t he anpbunt” of tine

(rjieg ]yie{ ggcéé)‘ﬂ‘id:%étig% ﬁ@%@f}@?hﬁgfmﬁm 8MRiokiRe B sl HeieHadhg g;g@.rm&ﬂ

tration pressure creep test,” in which the

time,for @Eigf%wca%irﬂié%% o S @ﬁgﬁg@%@%ﬁeﬁp@@sggﬁ%' y

appl ying a prescri pressure e 1 nsi d outside of
th nb . f ter. ' el ‘ 150
e o AR B IA Fpabl P PP BUERS Sy BpLETA Y,
case o AnebdBe H Pt Ful B bR B whi ch the rati o betueen the

i ner easedBeond 168 Hispdihus a8 A patmRteLP e e g < Tenor
e BT 5e PCRRANR b BE B SO Bl L Bl
repeat ed| _ _ _ I"1g"

VPa. 280 0P & GO RaLL NS HRIS e dg7e e (Br deate pRlE e Phodrloaln
adequately satisfy the (product) service life considered to be required in

t he i nt ercheldhappktifiatidase bieersdhe phRASIbs 80D €% M gpuree hat eot more
permeation vol une per nmenbrane unit surface

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
25  making this unsuitable for fiitration. Deterioration of PVDF resin by chemicals is

9



area of the hollow fiber nenbrane based on the inner surface area of the
hol | ow Fi ber 15 nenbrane when passing pure water at 25C through the hol |l ow
fi ber menbrane at a filtration pressure of 0.1 MPa is preferably 500 (L/nR-
hr) or nore. The pure water used at this time is distilled water or water
filtered through an ultrafiltrati on nenbrane or reverse osnosi s nenbrane
having a fraction nol ecul ar wei ght of 10,000 or less. In the case this pure
wat er perHggHmehiarayrstardng nihe grrorpipdserorien thatseaipasysiesdiexddity. equi r ed
when treating a prescribed amount within a fixed perjiod of time increases,
t her eby iGRNISEELPHMY. Hf e dparee ob crisinlEating of tha PYPFdRsBXCpaEnP0%ANtHbagh a
prescribed anmpbunt can be treated within a fixed period of time by setting a
hi gher fiamerabpwhpitien decemen relatiedly spargectihe antires polions(ilin & embettied agdt her

wi th the nenbrane nodul e requiring a higher wthstand pressure, energy

cost s red@sihedraken wheint thatanmrp bGisnpedias és dedosnpisedrnddinterayataddeuct i vi ty,
Fromthis viewpoint, the pure water perneation volunme is preferably as

hi gh as peshing ehenainals mpdehs fieei f Oodhd gther bapd af heapleyiflie60rfatd atza dfr ) or
nore and nore preferably 1000 (L/n2 hr) or nore. [0043] Moreover, the

pol ynmer fthé ponesdimbe dxadssivehypsrehic vediby pdrasability decrsasactherabyi makihgch t he
backbone of the polynmer conponent forns a nesh-1ike 5network and pores are
provi ded théporius, filarunisoitatii éor fikeridg appliaftionabl Gomagselyadiheuspetificm st ruct ure
in which the backbone of the pol ynmer conponent of the hollow fibers is

t hr ee- di rserfac@Badd of the Ppordiseds isRcéfevdipiarydfalido0§s Watar@drpeskiityas €

provi ded between the backbone of the polynmer conponent. [0044]1n addition,

t he por oumpfdvet Hineé elerfllVadeasred irf EoMBEWIEh EeritbBNnéréasdd) chbinidaness of the
backbone of the pol yner conmponent that forns the pores increases

cont il pUOYEYtaREe bﬂd@uP%@V&a%ﬁ)d?ﬁr@}?fhet@as@éoﬂtﬁéﬁ fiddiRgs,he afdordd flhckness
fromat |east the surtface having the greatest density anong the top and

bot t om f iAW RAESwald? é)@ggtﬁéfg'i!ng Md enios] r88ishnAe Sthe WeddlicBor gen i f a

portion of the surface | rated by chem cals, since the thick

portion ahetifg Efgﬁéé@ bR & tﬁé‘hﬁ#ah&?ﬁé’?ﬁ@es‘?ﬁ%&?‘aiﬁ%ﬁgﬁ g’/e'i’q‘r?:!‘r%& kGpg! | m can

be i nhibited. , a surface havlng r eat’est efers to the

surface having the smaller average pore di aneter oof p?res present per unit
surface YU KegRgoe indicalpd ahaveAnddmpreé el UCes B0 Mempsr idoti | m  and
in the present description, is determ ned by a neasurenent nmethod used in

the or oatiap handBo0 AT B Bl Fhie HBRABRYIDIGET NS Y il LREbeHe"nor "

nore than 0.5 pm and as a result of filtering fromthe side of the surface

havi ng t hieagnest ent H9gpi t%nrﬁ!ﬂm&i&%ﬁm@@%ﬁ Hefd bRNN® baktidalal NiitaeorRf t he
porous filmcan be nore effectively inhibited while maintaining high water

part 1 cul AouyRe S5reie el RS n goliinan pRatE e 8 BUMPIaY B moPess e

(r)gf :?;?ﬁ?ﬂg‘ﬁ@{#gﬁz B@&(ﬁmaé/é)ya% ﬁ(l:Orl]‘g T}ré: e!‘alth %S(rr}%‘qu%'or'?rr!oorrep btu?ﬁotv ringtye\s,p oint of
than 20 (m*/g).
{0035] Moreover, in order fo improve chemical resistance, and particularly

20 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

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

25  resin, consisting of an a-type, p-type and y-type, and PVDF resin having a degree of
10



wat er having hi gher water quality, the pore dianeter of the surface having
the greatest density is preferably 0.001 mor nore but not nore than 0.05
jim [0045] Al t hough a porous filmas descri bed above can be preferably used
i n agueous solution filtration applications, due to its superior water
pernmeability and 5chem cal resistance, it can al so be used preferably in

application cconp Lhg contact with chem.cals. In particular, this
porous. 1 IFYRRER el H-iore BHRalosp dFat Sehcan FORih feseilB e

acconpanyi nq contact with base, for which the application of conventional
PVDF por 5@ ingBorias thergpt e dlovtes, singslb-His anshsyRe corsslbliusliresateact wit h
base include, but are not particularly limted to, filtration of alkaline
10 sol ut iteeIEIodyapwinaiy Lpstable, dithese Hevriwer ¢ gentatkieddn g aRIOUBtSiBS hi ng
using an al kaline solution, and sinply washing using an al kaline sol ution.
Fur t her nét¥stalanthgipespusidmsis iniesusned B ave a pordios sueeeriiblealo sheadealcont ai ni ng
an al kali ne substance and in a nore preferable aspect thereof, refers to a
sol ut Fon deterigialian inre visindyraf the interfase hatween the gusetinadertion ad01% by

wei ght or nore but not nore than 20% by wei ght. 15[ 0046] The fol | owi ng

provi des ampreRplspertiponihefehy restitiog inod tendeday fmghemicgh odsistencd of treof t he
present invention. The polyner filmof the present invention is

pr ef er ableptipg peroogs filryo decreasal | ledrihwamord, |latthbogmittere araee hediculan whi ch a
filmformng solution (spinning solution), at |east conprising a

hy dr opholiingtatiohs therearg itipe laver lidivafrige foté\dPRourdf B-tase arystalnadd y-g@eponent

t hereof, a hydrophilic polynmer conponent and a common sol vent for both the
hydr opholuirgstaislisypreferablypansode ntlotasepdysihiaphinladditipa] eervVDBromewy, | S
extruded froma nol ding nozzle followed by solidifying in a solution having

wat ef.oas centanh @itmqp@?éFdryété’l@ro;?thypeDér,yst_@@iﬁjtﬁ@'clﬁtia!!ﬂ’fe)’pcymén tridrgoff or mat i on
method, in which the filmformng solution is extruded from a nol di ng

nozzl e fqbdIvled by sgariuhi the RVIBEREGS préBRMY sRRaihY BRIRGgUIaE Sdd(Rhee Ata
hydr ophi I'i ¢ pol ymer conponent as referred to here in the present invention

i s defi nedram ratigo! MBRY, amffeg@aﬂéedu@nweir@ﬂéré {#ea pbitoh GRlvhichh BifRRARg HBAST ON
(7c) of the polyner at 20C 16 50 (n\Vn) or nore, while a hydrophobic

pol yrer REPYUPAH J i ; 2y alalt] j i wsurface
t ensi on ?yC) of tsﬁg%gg%n%&qg?%gg%ﬁﬁibf esdsg(?han Sgﬁgﬂﬁ?\vmr%mcg%%ﬁ%nl nthis

product i gRstERd BPthe rﬁ)r}%ﬁ(&M%P‘Q@F@%%Deﬁmhg;&rreé@é ] ngerégtri]rlfqo rous

filmhaving a PVDF resin as a i n conponent there and a ‘hydro iC

conpegentc N eH Mdils, Qgﬁ%(r‘?e% ga?iﬁidf itﬁes%%%{«%igs COMBRRIA MR by I St

di ssolved i'n a cofmmon solv both the r ophobi ¢ pol ymer® conponent

and the hyﬂﬁmmi I r conmponent to produce a porous filmformng
solution. The pg{‘%/ér\%?&}é%%onents for formng the porous filmused at this

time may [@@aﬁVDF.frF‘eSzjaﬂo% ﬂ[l{‘geﬁ% sje%gﬁcé)fn @Bfe?ﬁgﬁ&?fne%}/@%ﬁ%ip%%’ ymers may

be m xed Irn for inprovi nlg':; roperties m n'the case of

M Xi NG T QI AP B) YFERRIR hSSSreMdht AP RIS SNt bf dThBHy 2 fim

strength is preferably 8.8% or more but fess than 30.0%. in the case of a low
20  irregular sequence ratio, namely in the case of PVDF resin having a highly regular
PVREF molecular chain sequence, deterioration by washing chemicals tends to
progress rapidly. In the case of a high irregular sequence ratio, namely in the case
of PVDF resin having a highly irregular PVDF molecular chain sequence, the
characteristic crystallinity of PVDF resin decreases, tending to result in a porous film
25  having low strength. The intramolecular irregular sequence ratio as determined by

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



on the other polyners provided they are conpatible with PVDF resin. For
exanpl e, a hydrophilic polynmer nay be used in the case of desiring to

i mpart hydrophilicity to 15the film or a hydrophobic polynmer nmay be used
in the case of desiring to further enhance hydrophobicity, and a pol yner of
a fluorine resin is used preferably. In the case of mxing in other

polynmers, the filmformng solutjon preferab cont ai n 0% or nore, and
preferabltt}ar!)@)’c@cﬁ“drﬁﬂ@?m@% ?W&erPWﬁUE’/egr H‘%%g’étj'eﬁ?ﬁfi%’ef%t al solid content

of the pola/rrer conmponents. 20[0049]In the production nethod of the present
i nvent i on00%81 yetmprdiienghg seroyslilggoretsably santaisolyinyler e giverbase de)

havi ng a wei ght average nol ecul ar wei ght (Mrx) or 20,000 or nore but not

nor e t harefegaddo@sipolvetadensoxite) tapinbpmeight ayeragegroleeripbweiaht (Mwopbor at ed
inthe filmformng solution. Al though a porous filmcan be produced even

i f pol yetd®dWhe rybreciuit nedmarg thaned@aeo fovdhegelymsr setipapeotoidl. ghpads | ess
than 25,000 is used, it tends to be difficult to satisfy a proper bal ance
bet ween dwgveightofr reoresiudinot mare theneh fdadp by welght dasedos 180qmriady weighided by
the present invention. In addition, in the case the weight average

mol ecul arof ilfhtesax c eeds rdshlt, @0 polymee fiths contabinglinis pelvéthyleoewhicbbr m y

di ssol ve the nmai n conponent of the hydrophobic pol ynmer conponent that forns
t he por owindel hydrophifiditg off teilaf surfezePvidBasesamd ataychef sataTolgesles ig i on. The
wei ght average nol ecul ar wei ght of the 5pol yethyl ene glycol is preferably
30, 000 oreasty forivigtl gndthe fith gutfhed b2ty 6O&tattrwith ahaqueawpsniaiopthebt ai ning a
spi nni ng sol ution having superior filmform ng properties. Furthernore, the

rati o of fidiReney yeidna@netgbsichle pdlyrhbecdivgsmmhithdtcoppogesthepomasém based
on the solid content of the hydrophilic polymer conponent is preferably 80%

or mpe, FHARadHIR] EfariickIsI9 WreduniB © RNdeven bidielageebiwatel malétids or nore
fromthe viewoint of obtaining a spinning solution having superior film

formng RERRES bh e I S Gndak A @50k fbréoERERIcaPRIsRAGR RF tME BBroLBe
degree of crystallization and specific surface area. [0050] As has been

descri bedyakaye iribrbi&). PHAGECE i w hh%r%ehﬂﬁe&ﬂﬁﬁ@éﬁfqhi%@mﬁtﬁ@,

al though 1t i's necessary to use at ast one type of polyethyl ene glycol

f 15 t NN ; f t hyl
or ng&ut@efﬁl{rjg@%bigrb& @%ééffﬁén%@m@nsmmnby ot?étggW%leﬁo% thB@infet hyl ene

glycol m _ ot her hydrophilic pol ( _rr{)]on_ents may be used in
Pydr ophi I'P e SDERC: CBRUGRE0 TR PeGh Akt MRARK BN R e
Dol gL A OB EEATRb PO E L6l BELis MELu A al g o
S O T T B
or cover (MEPyoengnELtgtate Bk ot B8 AcIB BT iy A SR IR ng
i ust 1 ngre oa LS ARG R bGP s el ol B B ylorb N ERIFRRE o
physi cal (}iﬁi{ezl?l]f Fg?"%t Iawreorfev\(f)gte%leaclufe% tgef‘or%ws,evﬂﬁile if the content of the polyethylene
20  glycol excerds 3 parts by weight, the polyethylene glycol excessively attracts water
molecules, which tends to cause the film to swell and water permeability 1o 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

25 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



[ 0052] Moreover, the PVDF resin used in the filmformng solution preferably
contains an irregular sequence at a certain ratio in terns of obtaining a
filmhaving superior chem cal resistance, and as previously described, a
PVDF resin having an intranol ecul ar irregul ar sequence rati o as determ ned
by 19F- NVMR neasurenent of 58.8% or nore but |ess than 30.0%is used
preferably. [0053] Moreover, although there are no particular |imtations on
the mi xi AYSPEINGthEetierbolireying shemisal (peistancs fBon Ene RESGIR) 8Mphi | i ¢

pol ymer conmponent in the filmformng solution, preferably the ratio of the
hydr ophoitBough ghemicabiesistanse improveogasy eiferimre dempppleatgiregrstdless et t han
35% by weight, the ratio of the hydrophilic 10 pol ymer conponent is 8% by
wei ght othertera, uhewese abaepplying yiere gitieoite the slaEaceilayes@f et , and nore
preferably, the ratio of the hydrophobic pol yner conponent is 25% by wei ght
or nore patousdrodydryecaating aB8% & likawdhe holyethivleneaalyas! stutasnevenyicneogiing c

pol ymer conponent is 10% by wei ght or nore but not nore than 25% by wei ght,
and the wmeedn wdtar, whilesiolthe chse Bbpimysinpliy bpodiogdhé polyetnyiang glydol tothizor mi ng
15solution within this range facilitates adjustnment of the remai nder of the
pol yet hylsarieceylayeodf the parguseady thegragmmiymhendaitibe aatidioe filex ithé banding t he

obt ai ning of a porous film having high strength, superior chem cal

resi st ancéesack sayeesd by washiew ghermiesdd ivhiet wash0@a#E ifim addnds, drtendsitot e
production nmet hod descri bed above, the solution tenperature (ThC) of the
sol ut i on diffiqkt tofsuistin @) efidcd f IGOVIEG Wb Riical resistamigio edopg perbd bher eof in
which the filmformng solution is solidified during filmformation

sati sfi esintdhig dittkabf PBsS®chs®f Td + 5 s Tb Td + 30 with respect to the
tenperature of the filmformng solution (TdC), and preferably satisfies

the fel afo@ushi PTRE pdfbuldilm prBretdlif hbe SNRBtstietird f alnoudwlideninehdmgs at ur e
(TcC) of the filmformng solution. Formng a fil munder conditions by

whi ch t Nitferk SARENH HBE MBRBParSlefds A0 8T Havingthatdsi brd nalidwrkg! Nas a
obt ai ning of a porous filmhaving high water perneability while al so nmakes

it possi bbgt (}ﬁgipﬁ%tﬂstfﬁﬁ HARARY 2HRY sRHRURL ofef htﬂﬂﬂvyﬁé&%@rﬂﬁlreﬁk}’ﬂ@ filho be

adjusted to a desirable range 'since solidification is conpleted wth at

| cast 2 RihbORra pdMoPALYRHLIFRE A b5 HordBctesd adgerhdiarhdie

backbone o € porous ue to t Increase In the diffusion rate of

the sol i gh fgﬁbﬂgnﬁg{h&%@f}g Ei@rggé%yt?ﬁrﬁ%‘(r%turé Br %rﬁﬁg@@gﬁgr‘:@%ﬁ&r% #OGeds

descri bec ove,” a nozzle rs use . . ng nozzle
dur 99, Tl PUTBLL B BRuIdtE JAALmA L HBGEIIGI SoBRRRLDY, o1 v
ther eof . e Reiede rerBR? b badlod SR RLE! e oaea B IR Mo ror ane
| oh RS, RO RS BB ofBAHET Yy o ST BB BB AREALS 2 o
o0 P2 St b BB 98 by WG OB o RSl 5 PR B B o
comron S%llr\n/.emfhg?nen%r diameter of a hollow fiber membrane is typically 0.10 mm or more
20 but not more than 5 mm, and the outer diameter thereof is typically 0.15 mm or more
but hot more than & 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.

25  [0041}) In addition, the amount of {ime 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



inthe filmformng solution provided it dissolves both the hydrophobic and
hydr ophi I i ¢ pol ymer conponents, and a known sol vent can be suitably

sel ected and used. At 15l east one type of solvent selected fromthe group
consi sting of N-nethylpyrrolidone (NWP), dinethylformm de (DWF),

di et hyl acet oam de (DMAC) and di net hyl sul foxi de (DVMBO) is preferably used

as the c lvent fromth I eWpoi n f i nprovi ility of the
1t or GG 8 R B chisPie G e B bmBran< B a5 Epd APobbky er avi y
fromthe vi oi nt_of. obt ai ni ng..handl i ease, and. hi gh, 20wat er

per meab FPPYIE hPisafib o esgbrerutten BovERn o8 Mk SRR e ect ed
fromthe above group, may al so_be uysed as a m xed sol vent w anot her
Solvent . TATHENS TOAEUE Cuth SRS ARk NE RO B RS A0 AP, he
total ampunt of the commbn sol vent sel ect ed %r mt&g above rouB is

pr ef er abMPrEon &I EEHSRINGBYIINBYLBPGRE raleriior BedivdowdiPer pieatisas P§ingos by
wei ght or nore. 25[00571As a result of enploying these production nethods
of the prBaRistoMaAjiatn dRIrcHALYT Y shananaRdii Hip Gt ianrOvVRAtieg. rptersdoabi | ity
and chem cal resistance as well as superior durability unable to be

obt ai ned th§ BlateciBrvideh thentio hetwern thellarg a¥in apd sbagiaxs efibe sulgsidiametatuced.
EXAMPLES SE OOSSE@AI t hough the followi ng provides a detail ed explanation of

t he pres@hths hnllemt fiten nigmbradiedecreasesererppddsst hiertbetase the tneseqirednvent i on
is not limted to these exanples. [0069]In the porous filns described

bel ow, miersivghiegis dfort, leerd égtendenty for Y aiehihrane tnbe tasilyecrisiPR aesi n,
measur enent of specific surface area, 1lOneasurenent of the ratio of the

t ot al anwesilt affrepeatpdlyappsiral pesdune-duyipg fidratenalr Heakedsting.t hes aoesdlt anount
of the crystalline portion of the PVDF resin, neasurenent of polyethyl ene

gl ycob cohtrekingathsdicheoreql®6d fardrastiyg wea phissafe differdPidBiof DesMRa, 160easur enment
of the wei ght average nol ecul ar wei ght of polyethylene glycol (PEG

cont ai nedhours divaocid, kina filreaisttie enesdnt afvehbien isratdgtd adeqedeiesatsfy i o of PVDF
resin, l15neasurenent of the thickness of the backbone of the thick portion

of the syploaaet)Bamidegife Rongit eridestbedensiréd in theastengadapplichtid fetheriaght
average nol ecul ar wei ght of the PVDF resin and chem cal resistance testing

of the pooey fi IMEredRECtHeASUreathtOUbertitiafion VBRINMEp&ofsmbesy uleslirRbow.
[ 0060] (1) Measurenent of Degree of Crystallization of PVDF Resin

20Di f f er g4 8f theaRINBIVibef MMbrARE biséPORhERRASHEQIRIY SredRIf ehesRbIlowetbeput
under the follow ng conditions using the DSC2920 apparatus manufactured by

TA | 5t yRERb@ndaRath pé@a;%g{)@g%lmer 50s5-eahriligh thBHollOR FBEPMBMIPAnSRSLT bed

heat extended from 60C to tenperature at “which nelting was conpl et ed

about 190C), and the degree of crystalljzation of PVDF cal cul at ed
l(.ISi ng a %ﬁ{%@n&ressure 090% MPa is prefgratbg/ 500 (ilmg hr) or maore. e pure water

used at this time is distilled water or water filtered through an ultrafiltration membrane
or reverse osmosis membrane having a fraction molecular weight of 10,000 or less.
in the case this pure water permeation volume is low, the number of membrane

20  modules required when treating a prescribed amount within a fixed pericd 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

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

14



25104.7 (J/g) for the quantity of heat of crystal fusion. Sanple weight:
Approx. 5 ng Sanple cell: Al um num pan Heating rate: 5C/ m n Purge gas:
Hel ium Gas flow rate: 20 m/mn 5[ 0061] (2) Measurenent of Specific Surface
Ar ea A freeze-dried porous hollow fiber nenbrane was cut to a | ength
of 2 mMmmto prepare 1 g of nenbrane followed by determ ning the specific
surface area thereof according to the BET nethod using the SA3100

manuf act ReReaioromivmers prajerabbrachioh@sossbio g PapNPgslicaheift of

Conmbi ned Ratio of -type Crystal and y-type Crystal in Crystalline Portion

of PVDF Resfiefably 700 89hi?d-He} 8f S0t End\VR rdRASEFBRETOC0 Wehé &dydrifgreout under
the conditions indicated bel ow using the DSX400 manufactured by Bruker

mde: 2g0PFIF oaierRPEer e B dey Rep e e PERtay N e "B soc s
o2 kS5 UG B BRI SRR bARE 8% e cr vt
R s R R L R NG Rh
o o s B o TS et i 4
appearing at -93.5 ppm Ratio of 8-type and y-type crystals (%9 = {( Fla+py
He)/ ( FI h'ieiesdwnsi@pyﬂiw@@@hnkpdw@ﬂ]e(%}W@@uﬁ%wd&m@%@@w@ﬁﬂ of Porous
Fil m Based on 100 Parts by Weight of PVDF Resin
between the backbone of the polymer component.
{0044) In addition, the porous film preferably has a structure in which the
10 thickness of the backbone of the polymer component that forms the pores increases
continuously or in a stepwise manner to at least 1/6 the film thickness from at least
the surface having the greatest density among the top and bottom film surfaces. As
a result of having such a structure, even if a portion of the surface is deteriorated by
chemicals, since the thick portion of the film has a thick backbone, damage to the
15  entire film can be inhibited. Here, a surface having the greatest density refers to the
surface having the smaller average pore diameter of pores present per unit surface
area among the top and bottom film surfaces of the porous film, and in the present
description, is determined by a measurement method used in the examples to be
described later.  The pore diameter of the surface having the greatest density at this
20 time is typically 0.001 um or more but not more than 0.5 pm, and as a resuit 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

25  physically or chemically washing. From the viewpoint of obtaining safer filtered

15



1H NMR neasurenents of the porous filns were carried out using d5-DW for
the solvent and tetranethylsilane for the internal standard (0 ppn), and
using the 5 Lanbda 400 manufactured by JEOL Ltd. for the NVR neasuring
system Pol yet hyl ene gl ycol content was cal cul ated using the equation bel ow
fromthe integral value of the signal attributable to polyethylene glycol
appearln |nthev nity of 3.6 ppm (I p5 and helnteral value of the
Sl gnal | al#PHT b'gb el PEoe BRREPTOLE SuTEre R nalie. 3 (o 2. 4
and 2. 9 to 3.2 ppm (1l pvoF) in the resulting 10spectra. Pol yethyl ene gl ycol
content (ERg@kpSEAensiy ippreferpPa® PPl vy Zymose LGGJ‘O f o6t @S)%ésﬁﬁ?errent of

Wei ght Average Ml ecul ar Weight of PEGin Porous FilmO.1 (% of porous film
were di ssi@‘%%d i Pithough agtorgeefilhas deseiindatoyesephs pgferabhviused i ut i on
into 100 nl of water to re-precipitate the polynmers that conpose the film
and separdueotihgolptiony atnalive seplgajions. duentaiitsi swgeriar water permeakility eedt or m of
an aqueous solution. Subsequently, the solution containing the PEG was
conceht r @hemiediresistanes:dearealon bealsednseferablylinsansilicatinnsi acconwanyibol e phase
i ndi cated bel ow to obtain a polyethylene glycol solution. Using 200 m of

t he resulcontagt s@hwhieoncal&POn2emiadarr hireperowa §ine aan bedised padtimkatiyt he

follow ng conditions to determ ne the wei ght average nol ecul ar wei ght (as
PEG st anduelératdypi ajplicApiqes ataosnpary©g82adieP@ith TesehfoCwhich theapplivatiocBhodex
SB- 803H0 Mobi |l e phase: 0.7 mM/mn KH2PO4 (0.02 mM + Na2HPO4
(0. 02 nmMofagoemimn2bRYDEtporouDRIecwas limBed f edernt, applicatibnsatcompamydex
detector [0065] (6) Measurenent of Irregular Sequence Ratio of PVDF Resin

19F- NVR ropasist eieriisse odclide Hue aesisolf pdrisguiawy inmitat 1o, ditratioh ofialkaline!5- DME f or
the solvent and CFCI3 for the internal standard (O ppm, and using the

Lanbda 4Qlimingf @pedfeesy MerihbPonldikalinecdolititds MiRermahing 0gng Bataaalind he

irregul ar sequence 5ratio of PVDF resin was cal cul ated using the equation

bel ow fr aygidtion, bAd @%@% wahing Rind 58 akagfabolatiéd.i irtroke) dnhakdipaul ar
sequence appearing in the vici n|ty of -92 to -97 ppmO) and the int egr al

val ue of Jdoiohi anak t@éfsblu%ﬁ%s?ie%ﬁ eoﬁtaﬁmgréregmbme SQENECaRPPeARLAY 10 the
V|C|n|ty -114 to -117 in the resulting spectra. Irregular sequence

ratio ( %prefe{'étbié Qs¥ediQRertBF FORA (/2 VBREYA STRAChUhe EBhGIHIRSS Of aRafidbone of

Thi ck Portion
substance is 0.001% by weight or more but not more than 20% by weight.

15 [0046] The following provides an explanation of a method of producing the
polymer film of the present invention.

The polymer film of the present invention is preferably produced by a so-called
wet film for'mation method, in which a fiim-forming solution (spinning solution), at
least comprising a hydrophobic polymer component having a PVDF resin as a main

20  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

25  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



Surface Having Greatest Density Ten or nore pores on both surfaces of
a freeze-dried porous filmwere observed at an observable magnification in
a single field using an el ectron mcroscope, and the pores in the resulting
el ectron m crographs were approximated is to be circular followed by
treating the dianmeter determ ned fromthe nean surface area thereof as the
pore dianeter in that surface. Using the surface of the rous film having
t he snal Iséﬁa%@smndﬁ@t‘%fﬂh%ﬁob’ﬁ‘é’r@E%@a@:@ %Wﬂé“ﬂfé“@’ﬁe&‘%ﬁ%la density, the
resul ti n%gpore di aneter was treated as the pore di aneter of WMurface
havi ng t W¥dgPagPisdohdeeissayRongnis dfingd as ecPJyes eRTPERETHN W Se-dried
porous fil mwas 20observed at a magnification of 10,000x, and conparison of
t he thi clHE8ee Ensiondyafithe pelysier ehd0upjsdese thagi (NG t he surface haying
the greatest density in that field was continued to 1/5 the fil mthickness
to confi lPR4Mat dn&hivanductien methah sdydrephabicRelpas! somperrial fproingi n a
stepw se manner. [0067](8) Measurenent of Weight Average Ml ecul ar Wei ght of
PVDF 25Raéspaious filmghadngd DR resis &is sonain Qﬂmﬁwenhﬂ“@lfﬁﬁg\ﬂl)ﬁ a bydraphite
dissolved in DVF at a 24 concentration of 1.0 ng/m, GPC neasurenent was
carri ed sompondetintthe faronddi 4 hydrephilicpolxtred chmiponenicargdirgdissotvedtie anei ght
average nol ecul ar wei ght thereof (as PVMMA). Apparatus: HLC 82200PC Peat

Cor p.) 5Cohumon sSherddnr bdth6aH6E MNydiiBheit pblybidreopirmsent @nddthe Hydirep Hi-
Detector: Differential refractive index detector [0068](9)Porous Film

Cheni cal pebsnatangmnbesto gredtcag pafousifémelbeningadolutiesi sfTaapelyoierpor ous fil s
was carried out by imersing 10a porous hollow fiber nmenbrane in a chem cal
sol uti on chatpoacpisEsciorped Repondusofimt iswel, atiteiasivnid mgy iee”YBR sédie afomptarr e

el ongation by carrying out a tensile test, and cal cul ating the el ongation
ret endi oRnkalfinforeWpdisbMmahésoijablsonayBe etiked irolr fmpravingehe pripertes of

el ongation prior to imrersion (EOQ and the rupture el ongation foll ow ng
chemi cal igetgsioration resulting frominmersing for n days (En).

15El ongation retention ratio (/0) (En/EC)) x 100 Here, the chem cal
used in ghepjcal |Resd SAANGEMKERE ihMh&PoHmMéRtHRTe ArdThd BEriBAIME Patipisut | On
cont ai ni ng sodi um hydroxi de at 4% by wei'ght and sodi um hypochlorite at an
effectiv i j farB.c8% ki the ilnms
e o 1 e T B e o PR o e 1

20el Ongatélt%iréﬁ‘ﬁi%lig%lglh%?’n%?b@ﬁséﬂ H1ARLEY of B &iNo iRlparthydB sAitpwd | 1 ng

speed of
i 15 the film, or a hydrophobic polymer may be used in the case of desiring to further

enhance hydrophobicity, and a polymer of a fluorine resin is used preferably. Inthe
case of mixing in other polymers, the film-forming solution preferably contains 80% or
more, and preferably 90% or more, of the PVDF resin based on t_he total solid content
of the polymer components.

20  [0049] In the production method of the present invention, polyethylene glycol
(also referred to as polyethyiene 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

25  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



mm mn. [0069][ Exanpl e 1] 27% by weight of a PVDF resin in the form of
PVDF honopol ynmer having a wei ght average nol ecul ar wei ght of 350, 000
(KYNAR741, Arkema Co., Ltd.) and 2515% by wei ght of pol yet hyl ene gl ycol

havi ng a wei ght average nol ecul ar wei ght of 35,000 (Polyethylene d ycol
35000, Merck Ltd.) were dissolved in 58% by weight of dinethylacetoam de
at 70Cto obtajn a filmform ng solution. The cl oud point Eerrperature of

thi s sol RIGSERt Rentiese, In additipR, g the case memv%ighfs%\fe&@sﬁgﬁw@acg ANGed with an
internal liquid in the formof water from a doubl e-tube nozzl e (outernost

di amet er €xaeesisnti0.Gq%; drteppds et e diffionite pnifgrmity digsolvAiRe MR ceaseEc! o, 5
mm the sanme nozzle was used in the follow ng exanpl es and conparative
exanpl es}he hukephpbit polygter gompesentuhat fagnaitha pereus dfm fothedmmebtheol i di fi ed
in water at 77C fol |l owed by renoving the solvent in water at 60C to obtain
a por ous PMDfasinviniibe apinoirigoselitioner Themngighteavieraga molagutalmeightiobther operti es
of the resulting filmare sunmarized in Table 1, including those of the

10f ol $ owpntysthyiene gigcol [OBRM3REYHO0A @ more but3eyrsye Wedigh0,690 from thane PVDF
resin as Exanmple 1 and 13% by wei ght of the sane pol yethyl ene glycol as
Exanpl e Yiewsomtdif sbtainiegl aispirsiifg Sotutiei inting Bugierive iy farcen® prapgetiest 70C to
obtain a filmformng solution. The cloud point 15tenperature of this

sol ut i on Fuetbef6@e, the ratid of thd pdiyethgeng gtycebihubé bpdreabiliepblyoted from a
doubl e-tube nozzle together with an internal liquid in the formof water,

passed t hompoheat Hdsed orneisagdd dosteansithefhydfiphitio pneoddrabdriesdis n wat er  at
80C foll owed by renoving the solvent in water at 60C to obtain a porous

film haviphgfemabiobdRVBrirhdel nitRabras@iblyi $0% o et wngl. evad[ridérkfexattpl e 3]
27% by wei ght of the same PVDF resin as Exanple 1, 9% by wei ght of the sane

pol yeb hy logneoghsrOiromsthEXximicint bf 2Behikike Ryspritigd bolafioP havieg Bypens fighy col
havi ng a wei ght average nol ecul ar wei ght of 150,000 (R-150, Mei sel Chem cal

Wor ks, L‘f&n)ind‘?!‘(f‘péf‘ﬂiéﬁ@hi‘!’@%b %aﬁ&%rmygr&@ir@mr talardeRihyérert arbslef at 60C

to 25obtain a tilI'mformng solution. The cloud point tenperature of this

sol utiong 1288 ReSubbanf®y m ng sol ution was extruded froma
doubl e-t ube noZz%gll Qatnggsgteﬁellrc vL\ithbE ané)c{ nternal liquid in the formof water,

passed AN 2 AJ B8 BUILAG BELRB6E, IRTn@BRAEIGoII dfithy Bt vt er - at

80C foll ¢ removin vent I'n water at 60C to obtain a porous
por ous. 11 RRly i Rlieh e ePREy R (REatE BE ol e eRe et
15 the hydrophilic polymer component, two or more types of polyethylene glycol may be
used or other hydrophilic polymer components may be used in combination therewith,
There are no particular limitations on the other hydrophilic polymer components able
to be used in combination with the polyethylene glycol, and examples thereof include
polyvinylpyrrolidone and partially saponified polyviny! alcahol.
20  [0051] A polyethylene glycol that exists in the form of an industrial product may
be used alone, or that having been prepared by mixing a plurality of types thereof
may be used for the polyethylene glycol that satisfies the requirements indicated
above. Moreover, polyethylene glycol formed by using a polyethylene glycol having
a large weight average molecular weight as a raw material followed by adjusting to a

25 suitable weight average molecular weight by chemical or physical treatment thereof

may also be used.
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entirely under the conditions of Exanple 1 with the exception of using a
PVDF honopol ynmer havi ng a wei ght average nol ecul ar wei ght of 300, 000
(SOLEF6010, Sol vay Solexis, Inc.) for the PVDF resin. The cloud point
tenperature of the 10filmformng solution at this tinme was 75C.

[ 0073] [ Exanpl e 5] A porous filmhaving a hollow fiber nmenbrane film
structurgpwas produced entirely under the caonditions of Exanmple 1 with the
except i ofP®¥] usi P@rﬁowdheﬁ’o‘ﬁ%%m}%ﬁe%Mﬁ&lra-fm'aﬂtso 8r REderBNecul ar

wei ght of 290, 000 (KF1000, 15Kureha Corp.) for the PVDF resin. The cloud
poi nt t effpBlaltSAEINenUiaR soaeNReral EaTRIS BtigHR darmstofiabiainipg pdlifdavingc,

[0074] [ Exanpl e 6] A porous film having a hollow fiber nenbrane film

st r uct ur 8URROrEhemicsd desisianee | anduasdrievVicksly sesaite o A \WPF FRERPRENG @@ t h t he
exception of using a PVDF 20 honopol ynmer havi ng amwei ht average nol ecul ar
wei ght ofntBBwlecdar isenein6 seuerss! ratiy asdeternged b . f«NI%R Te@sUPRDENtefsi n. The
cloud point tenperature of the filmformng solution at this tinme was 75C
[ 00755 [ C8¥amatmore bk kspltearl B0.230ishysedairgferalny. t he same PVDF resin as
Exanple 1 and 15% by wei ght 25pol yet hyl ene gl ycol having a wei ght average
mol ecul afOG&s] ght MdrebydraitidRahytheleydreme @rjjaddr IBIGRonYGkdhEuien@Cheiv cal

I ndustries, Ltd.) were dissolved in 74% by wei ght of dinethyl acetoam de at
70C to ohf genhwirdphabid poipiieg cempuhentandiie reptolicdpgamet coreppesrdtutte of this
sol ution was 100C or higher. This filmform ng solution was extruded

from a déirblierntingeolnada, mrefcpgisty ey ratiotdt tienhydroehstst pbiyendr dompohbst i§ or m of
wat er, passed through a free running distance of 200 5nm and solidified in

vat er at 2800n§ Alelghted nitye baRyt mMerd than 38Ry By eidht ViRt eaticabf t8 Bytimpalitai n a
porous filmhaving a hollow fiber nmenbrane film structure.

[ 0076h [ Compadertdovhdrentia! 8% 2y wlightdr mereditlt net mard\ian 3086 landitie t he f orm of

PVDF honopol ynmer havi ng a wei ght average nol ecul ar wei ght of 420, 000

( KYNARBO Imatde e BBsdiont, diicdimbrep&i&dol Ot r‘léﬁ‘é ghﬁneQiydrrdsrﬂammbvet hyl ene

gl ycol as Conparative Exanple 1 were dissolve
component is 256% by weight or mare but not more than 35% by weight, the ratio of

the hydrophilic polymer component is 10% by weight or more but not more than 25%
by weight, and the remainder is solvent. Forming a porous film using a film-forming

15  solution within this range facilitates adjustment of the remainder of the polyethylene
glycol to a prescribed amount while aiso facilitating the obtaining of a porous film
having high strength, superior chemical resistance and superior water permeability.
[0054] In addition, in the production method described above, the solution
temperature (Th°C) of the solution tank of the solution having water as a main

20 component thereof in which the film-forming solution is solidified during film formation
satisfies the relationship of Td + 5 < Th € 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

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

also makes it possible to adjust the remaining amount of polyethylene giycol to be
19



in 74% by wei ght of dinmethylacetoam de at 70C to obtain a filmformng
solution. The cloud point tenperature of this solution was 100C or hi gher.
This filmform ng solution was extruded from a doubl e-tube nozzl e together
with an internal liquid in the formof water, passed through a free running
di stance of 200 15nm and solidified in water at 30C fol |l owed by renoving
a.holl ow fiber

t he solv i ter. 60C to.obtai.n..a_ porous filmhayi

menbr ane SPrplRa B &xibie ol S8R SPrEal Rehmierdt A Sods derith,

wi t hst an ressure strepngth and was una N i t hstand, gctual use during
F ract BherERmfy Bas SRRA ot maiied 1o Db ac)0Re grepSione biahe. Pvor
resin as EXx le 1 and 10% wei ght | yet hyl ene gl ycol having a wei ght
aver age %?ggﬂlea'f'cv\?@?@m Rﬁg%%?@%e(%&%ﬁ“ﬁ%’gﬂéoét Bol 500000, Wako Pure
Cheni cal Hi(giggstri s, Ltd.) were mxed with 65% by wei %Q{t of

di net hyl ani dEreQYFTHBIHR Productinh elhed aa desernedAPoNe. g deublsHerogeneous
filmform ng solutjon was unable to be obtained, and a hall ow fi ber

25menbr aﬁela%;&,s useebios thesmelding perzie during filytarmatien. anddhe fiysifermingnper at ur e
was unabl e to be neasured since a honpbgeneous filmformng sol ution was
unabl e t 8CkHON j5y prgiRrably extodeq frepnhihardauiblestubzaivgrle tagethenwvilh ansligingof PVDF
resin in the formof the sane PVDF honopol yner as Exanple 5 was m xed with
60% by wepgnitoglidiintne-fhutfproingsobiieniio Bl sowdigndavBigiuatér ag agnaindi ssol vi ng
at 170C to obtain a filmform ng solution. This solution did not have a

cl oud poramppaapicheatesf.c. As a reJuili theféddina porovisrigm dalvimgi dholesTieent r uded from a
doubl e-tube nozzle together with an internal liquid in the form of

gama- butmanvbrace dilre strpelsisedan be @aghy produeed.r vk Rnogn dicsblertoke obz86 amh and
solidified in an aqueous solution of 80% 10 gamma- butyrol actone at 30C

f ol | pwved hbjowiegmgenpordiraribolisehin this tyee ef field c60 Getusedittiont anyppadivgiaf i | m
having a holl ow fi ber nmenbrane filmstructure. [0079][ Exanple 7] 25%

by wei ghtimithtiensébthe @suble-tubd hezAdeoand bblidwing agert idddhhdrenopol yner as
Exanple 1 and 15% by wei ght of pol yethyl ene glycol having a wei ght average

15nol eculfGlsehei giMorebvetOiHead afdPad pattiaviae neitdioreodn 2ROGMmBAalsoVBHT gsgdheni cal
I ndustries, Ltd.) were dissolved in 60% by wei ght of dinethylacetoam de at

70C to obt ierfil@-bithimyfsomonthreatisd italssoNes [te Uk mairophdtacRad AydiophmE this
solution was 78C. FlI 1 shows the 19F-NWR spectrum of the PVDF resin

havi ng apolyhie? @ehPonSRBUEAAE A KrdtwrOscNerfl cAlbesRitably deleted and us@® Thits

filmformng solution was extruded from a doubl e-tube nozzle together with

an i 14 er falst bh@ e oMot 5ekBleRl froMaties gidupldiAsRAng o ROREhyRSBKddRY e 1,
passed t hrough a free running distance of 200 mm and solidified in water at

i m havi L oo PACRE LY Riinol DIl (QWAG) el 2 @ porous
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

20  water permeability. In addition, at least one type of cormmon solvent selected from
the above group may also be used as a mixed scivent with another scivent.  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 80% by weight or more.

25 [0057] As a result of employing these production methods of the present

invention, a porous film having superior water permeability and chemical resistance
20



25[ 0080] [ Structural Evaluation] The structure of the porous filmof Exanple
7 was evaluated. FIG 2 shows an electron mcrograph (magnification:

10, 000x) of the surface having the greatest density (outer surface) of the
porous filmof Exanple 7, while FIG 3 shows an el ectron m crograph

(magni fication: 10,000x) taken near the center of the thick portion of the

porous filmof Exanmple 7. As shown in FIGS. 2 and 3, the porous film5 of
Exanpl e ?Swﬁg' as %i@ﬁé'@" dyrebiibeunablen ke ohiginadowth crivestianal PPRUSIAMEN t he

surface thereof In addition, in a cross-section of the porous film a
backbone €8P bR&astnaRd Algbiy wedeerdimer conponents was confirmed to be
crosslinked three-dinensionally to forma nesh-like network resulting in a
filmstructure provided with numerous pores. In addition, the thickness of
t he backbone of hollow ring-1like 10 pol ymer conponents was confirned to
i ncr ease BXAO0APLES side of the surface having the greatest density shown in
FIG 2 towards the center of the thick portion of the filmas shown in FIG
3. [0981]0088h uatiitbnugh theehdwiah PReies adetdiledieapiaoation ekthetpaessatt est s were
carried out using the porous filns having a 15holl ow fiber nmenbrane film
st r uct ur @webtian b éhdicatiByaxahedesliheceor, thegr&mmp amventioreistba liplited td thedeand 4.
Fol | ow ng i mersion, the hollow fiber nenbranes were taken out of the
chem cal eageptesat 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 62 B053] EX. 3 6 forods Gimddeseribad beldw, measurement of the degree of
crystallization of the PVDF resin, measurement of specific surface area,
10 measurement of the ratio of the total amount of B-type crystal and y-type crystal
based on the total amount of the crystalline portion of the PVDF resin, measurement
of polyethylene glycol content based on 100 parts by weight of the PVDF resin,,
measurement of the weight average molecular weight of polyethylene glycol (PEG)
contained in the film, measurement of the irregular sequence ratic of PVDF resin,
15  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.
10060} (1) Measurement of Degree of Crystallization of PVDF Resin
20 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 crystaliization of PVDF was caiculated using a vaiue of

25 104.7 (Jig) for the quantity of heat of crystal fusion.

Sample weight: Approx. 5 mg
21
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Sampie cell: Aluminum pan

Heating rate: 5°C/min

Purge gas: Helium

Gas flow rate: 20 mi/min
[0061] (2) Measurement of Specific Surface Area

A freeze-dried porous hollow fiber membrane was cut to a length of 2 mm to
prepare 1 g of membrane followed by determining the specific surface area thereof
according to the BET method using the SA3100 manufactured by Couiter Electronics,
Ltd.

[0062] (3) Measurement of Combined Ratio of B-type Crystal and y-type
Crystal in Crystalline Portion of PVDF Resin

Solid-State "*F-NMR measurements were carried out under the conditions
indicated below using the DSX400 manufactured by Bruker BioSpin AG,

Probe: 2.5 mm MAS probe

Measuring mode: Single pulse (puise mode: zg0)

“F 90° pulse width: 5.0 psec

Repeat standby time: 4 sec

MAS frequency; 32000 Hz

Measuring temperature: Room temperature (25°C)

Internal standard: C6F8 (-163.6 ppm)

The combined ratio of p-iype crystal and y-type crystat was calcuiated 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 (Hg.psy) Of
the signal indicating the combined totai of a-type, B-type and y-type crysials
appearing at -83.5 ppm.

Ratio of B-type and y-type crystals (%) = {{ Haspry = Ho)/( Haspey + Ho)} x 100
22



Porous fil maverage spedfic surface area 6.8 5.5 13.1 7.0 7.4 10.1 6.2 35.3
3.1 98.6 (812/9)

{0063] (4) Measurement of PEG Content of Porous Film Based on 100
Parts by Weight of PVDF Resin
'H-NMR measurements of the porous films were carried out using ds-DMF for
the solvent and tetramethyisilane for the internal standard (0 ppm), and using the
5  Lambda 400 manufactured by JEOL Ltd. for the NMR measuring system.
Polyethylene glyco! content was calculated using the equation below from the
integral value of the signat attributable to polyethylene glycol appearing in the vicinity
of 3.6 ppm {lpes) and the integral value of the signal aftributable to PVDF resin
appearing in the vicinity of 2.3 to 2.4 and 2.9 to 3.2 ppm (lpvor) in the resulting
10 specira.
Polyethylene glycol content (wt%) = {44(lpec/4)60{lpvpr/2)} x 100
j0064] (5) Measurement of Weight Average Molecular Weight of PEG in
Porous Film
0.1 g of porous film were dissolved in 10 mi of acetone followed by dropping
15 this solution into 100 m! of water to re-precipitate the polymers that compose the film
and separate the polyethylene glycol remaining in the film in the form of an aqueous
solution. Subsequently, the solution containing the PEG was concentrated with an
evaporator followed by dissolving in the mobile phase indicated below to obtain a
polyethylene glycol solution.  Using 200 mi of the resulting solution, GPC
20  measuremeni was carried out under the following conditions to determine the weight
average molecular weight {(as PEG standard sampie).
Apparatus: HL.C-8220GPC (Tosch Corp.)
Column: Shodex SB-803HQ
Mobile phase: 0.7 mi/min KHaPQO4 (0.02 mM) + NazHPO4 (0.02 mM) aqueous
25 solution

Detector: Differential refractive index detector
23



Product of degree of 421.6 357.5 786 469 518 676.7 403 2153.3 176.7 7000.6
crystallization and filmspecific surface area (Ye.n2/g)

[0065] (6} Measurement of Irregular Sequence Ratio of PVDF Resin
¥F-NMR measurements of the porous films were carried out using ds-DMF for
the solvent and CFCi; for the internal standard (0 ppm), and using the Lambda 400
manufactured by JEOL Lid. for the NMR measuring system. The imegular sequence
5  ratio of PVDF resin was calculated using the equation below from the integral value
of the signal attributable to the regular sequence appearing in the vicinity of -92 to -97
ppm (I,) and the integral value of the signal attributable to the irregular sequence
appearing in the vicinity -114 to -117 ppm (I;) in the resulting spectra.
Irregutar sequence ratio (%) = {I/(I; + I;)} x 100
10 [0066] (7) Measurement of Thickness of Backbone of Thick Portion of
Surface Having Greatest Density
Ten or more pores on both surfaces of a freeze-dried porous film were
observed at an observable magnification In a single field using an electron
microscope, and the pores in the resulting electron micrographs were approximated
15  to be circular followed by treating the diameter determined from the mean surface
area thereof as the pore diameter in that surface. Using the surface of the porous
film having the smaller pore diameter as the surface having the greatest density, the
resulting pore diameter was treated as the pore diameter of the surface having the
greatest density. Similady, a cross-section of a freeze-dried porous film was
20  observed at a magnification of 10,000x, and comparison of the thickness of the
backboiie on the opposite side from the surface having the greatest density in that
field was continued to 1/5 the film thickness to confirm that the backbone increases in
thickness continuously or in a stepwise manner.
[0067] (8) Measurement of Weight Average Molecular Weight of PVDF
25  Resin

Using 50 ml of a test solution in which PVDF resin was dissolved in DMF at a
24



Conbi ned ratio of O-type and 7-1YPe crystals (% 27 25 27 15 33 16 26 28 38

concentration of 1.0 mg/ml, GPC measurement was carried out under the conditions
indicated below to determine the weight average molecular weight thereof (as
PMMA).
Apparatus: HLC-8220GPC (Tosoh Corp.)
5 Column: Shodex KF-606M, KF-601
Mobile phase: 0.6 ml/min DMF
Detector: Differential refractive index detector
[0068] (9) Porous Film Chemical Resistance Test
Testing of the chemical resistance of porous films was carried out by immersing
10  a porous hollow fiber membrane in a chemical solution for a prescribed amount of
time, measuring the tensile rupture elongation by carrying out a tensile test, and
calculating the elongation retention ratio (%) using the following equation from the
rupture elongation prior to immersion (EQ) and the rupture elongation following
chemical deterioration resulting from immersing for n days (En).
15 Elongation retention ratio (%) = (En/EO) x 100
Here, the chemical used in chemical resistance testing consisted of a mixed
aqueous solution containing sodium hydroxide at 4% by weight and sodium
hypochlorite at an effective chlorine concentration of 0.5% by weight, and the porous
films were immersed at a temperature of 25°C.  In addition, measurement of tensile
20  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., Lid.) and
25  15% by weight of polyethylene glycol having a weight average molecular weight of

35,000 (Polyethylene Giycol 35000, Merck Lid.} were dissolved in 58% by weight of
25



55 Resi dual PEG content in hollow fiber nenbrane (vt %9 1.9 2,5 3.5 1.9 2.2
2.5 0.2 0 Weight average nol ecul ar wei ght of PEG in hollow fiber
menbrane ( Mw)

dimethylacetoamide at 70°C to obtain a film-forming solution. The cloud point
temperature of this solution was 75°C.

This film-forming solution was extruded with an internal liquid in the form of
water from a double-tube nozzie (outermost diameter: 1.3 mm, intermediate

5 diameter: 0.7 mm, innermost diameter: 0.5 mm, the same nozzle was used in the
following examples and comparative examples), passed through a free running
distance of 200 mm and solidified in water at 77°C followed by removing the solvent
in water at 80°C to obtain a porous film having a hollow fiber membrane film structure.
The properties of the resulting film are summarized in Table 1, including those of the

10 following examples.
f0070] [Example 2]

30% by weight of the same PVDF resin as Example 1 and 13% by weight of the
same polyethylene glycol as Example 1 were dissolved in 57% by weight of
dimethylacetoamide at 70°C to obtain a film-forming solution. The cloud point

15  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.

20 [0071] [Example 3]

27% by weight of the same PVDF resiiv as Example 1, 9% by weight of the
same polyethylene glycol as Exampie 1 and 6% by weight of polyethylene glycol
having a weight average molecular weight of 150,000 (R-150, Meisei Chemical
Works, Lid.) were dissolved in 58% by weight of dimethylacetoamide at 60°C to

25  obtain a film-forming solution. The cloud point temperature of this solution was

75°C.
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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 soivent in water at 60°C
to obtain a porous film having a hollow fiber membrane film structure.

(0072} [Exampie 4]

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 300,000 (SOLEF6010,
Solvay Solexis, Inc.) for the PVDF resin.  The cloud point temperature of the
film-forming solution at this time was 75°C.

[0G73] [Example 5]

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 290,000 (KF1000,
Kureha Corp.) for the PVDF resin. The cloud point temperature of the film-forming
solution at this time was 75°C.

[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 (Polyethyiene

Glyco] 6000, Wako Pure Chemical Industries, Ltd.) were dissolved in 74% by weight
27
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of dimethylacetoamide at 70°C to obtain a film-forming solution. The cloud point
temperature of this solution was 100°C or higher.

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

5 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.
[0076] [Comparative Example 2]

20% by weight of a PVDF resin in the form of PVDF homopolymer having a
weight average molecular weight of 420,000 (KYNAR301F, Arkema Co., Ltd.) and 6%

10 by weight of the same polyethylene glycol as Comparative Example 1 were dissolved
in 74% by weight of dimethylacetoamide at 70°C to obtain a film-forming solution,
The cloud point temperature of this solution was 100°C or higher.

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

15 mm and solidified in water 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.  This hollow
fiber membrane demonstrated low withstand pressure strength and was unable to
withstand actual use during filtration.

{0077} [Comparative Example 3]

20 25% by weight of the same PVDF resin as Example 1 and 10% by weight
polyethyiene glycol having a weight average molecutar weight of 500,000
{Folyethylene 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 {c be obtained, and a hollow fiber

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

unable to be measured since a homogeneous film-forming solution was unable to be
28
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produced.
[0G78] [Comparative Example 4]

40% by weight of PVDF resin in the form of the same PVDF homopolymer as
Example 5 was mixed with 60% by weight of gamma-butyrolactone followed by

5 kneading and dissolving at 170°C to obtain a film-forming solution. This solution did
not have a cloud point temperature.

This film-forming solution was extruded from a double-tube nozzle together with
an internal liquid in the form of gamma-hutyrolactone, passed through a free running
distance of 50 mm and solidified in an aqueous solution of 80%

10 gamma-butyrolactone at 30°C followed by removing the solvert 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 glyco! having a weight average

15  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.

20 This film-forming solution was extruded from a double-tube nozzle together with
an infernai liquid in the form of water in the same manner as Exampie 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.

25 [0080] [Structura! Evaluation]

The structure of the porous film of Example 7 was evaluated. FIG. 2 shows an
29
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electron micrograph (magnification: 10,000x) of the surface having the greatest
density (outer surface) of the porous film of Example 7, while FIG. 3 shows 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 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.B Ex.7 | Comp. Comp, Comp. Comp,
. Ex.1 Ex.2 Ex,3 Ex.4
PVDF rasin 62 65 60 &Y 70 67 65 &1 57 - 71
dagree of
crystailizatiors
(%)
Porous film 6.8 55 13.1 7.0 7.4 104 6.2 35.3 3.1 . 88.6
average
specific
surface area
(mg)
Product of 4216 | 357.5 786 469 518 G76.7 403 | 2153.3 176.7 7000.6
degrea of
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Vel ght average nol ecul ar wei ght of raw material PEG (My) 35, 000 35, 000
81, 000 35,000 35,000 35,000 20,000 6,000 6,000 500,000

crystallization
and fiim
specific
surface area

(% m%g)

Combined 27 25 27 15 33 16 26 28 38 - 55

ratio of
B-type and
y-type
orystals (%)
Residuai 1.9 2.5 35 1.9 2.2
PEG content
in hotlow
fiber
membraneg
{wt %)
Walght 40,0007 | 37,000 | 245,000 | 42,000 | 42,000 | 45,000 | 25,000 - - - Z

2.5 0.2 0 0 - 0

average
maolecular
weight of
PEGin
hofiow fiber
membrana
{(Mw}
Irmegular 8.4 9.4 9.4 8.6 7.8 88

9.4 9.4 10.3 - 7.8

sequence
ratio of
PVDF resin
In holiow
fiber
membrane
(%)
Pure water e50 510 1200 980 880 1050

1000 110 600 - 500

flux (L/m™

hr@0.1 MPa)
Ratio of 27 30 27 75 25

hydrophoblc

26 25 26 20 25 40

polymer
component
in spinning
solution
{wt %)
Irregular 9.4 9.4 9.4 8.6 7.8 8.6

9.4 9.4 0.3 9.4 78

saquence
ratio of raw
material
PVDF resin
(%)

Ratio of 15 i3 16 15 20 15 15 16 6
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Tensil e elongation retention ratio after Imersing for 1 day (% 95 97 92
88 80 89 g 55 96 30 Tensile elongation retention ratio after imersing
for 3 days ( %) 88 85 80 73 67 80 88 19 90

hydrophliic
polymer
component
in spinning
solution
(wt %)
Welght 35,000 { 35000 | 61,000 { 35,000 | 35,000 | 35000 | 20,000 | 6,000 6,000 500,000 -
average

molecular
weight of raw
materat PEG
{Mw)
Tensils 95 a7 92 88 80 89 84 55 96 - 30
elongation

refention

ratio after

Immaersing
for 1 day (%)

Tensile 88 85 80 73 67 80 88 19 a0 - LA
efongation

retention
ratio after
immersing
for 3 days
(%)
Tensile 80 81 69 61 42 68 72 8 82 - 5
alongation

ratention
ratio after
Immersing
for 7 days
{%)
Tensile 76 78 60 60 18 62 67 5 75 - Unable to
alongation be

retention measured
ratio after

immersing
for 14 days
{%)
Withstand ) 4] O O 0 Q Q 0 Unable {o . 8]
pressure hea

performanca avaluated

[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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11 Tensile elongation retention ratio after Imersing for 7 days (% 80 81
69 61 42 68 72 8 82 Tensil e elongation retention ratio after | mrersing
for 14 days (%9 Wthstand pressure perfornmance 76 0 78 00 60

10

accumulated on the film surface due to filtration using agueous alkaline solutions and
other chemicals. Moreover, since the PVDF porous film of the present invention can
be produced both easily and stably, it contributes to improved productivity and
economy. Consequently, it can be widely and effectively used in fields requiring
films to demonstrate both high water permeability and chemical resistance in the
manner of washing suspended matter and other debris accumulated on the film
surface due to filtration with chemicals, such as water purification treatment at water
treatment plants, filtration treatment of river water and lake water, filtration purification
of industrial water and wastewater treatment, and liquid filtration treatment such as

pretreatment for desalination of seawater.
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601 18 0 62 0 67 _ 5 75 liffre-ble to he evaluated - -1:- Unable to be
nmeasured O -- [0083]According to the PVDF porous f Imof the present

i nvention, since high chem cal resistance to washing chem cals and the |ike
i s denonstrated while maintaining high water perneability, the porous film
can be used over a long period of tinme in applications acconpani ed by
washi ng suspended nmatter and ot her Qﬁ‘ ' accunul ated on the filmsurface
due to filtration using aqueous al kaline solutions and ot her chem cal s.

Mor eover, since the PVDF porous filmof the present invention can be

pr oduced

and econo%?l{]fﬂ%ﬁag‘é‘%]&arﬁr}g?ﬂ%iﬁgl%ﬁbé% i{%%éh{%%éﬁézngr;iéﬁér&gg'%w :‘/: Ea?/ds
Fequl 1 NG having a PVDF resin as a main component thereof by extruding, from a
5 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,

10 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,
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

16  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 soltution (Tc°C).

2. The method for producing a porous film according to claim 1, wherein a
PVDF resin having an intramolecular irregular sequence ratio as determined

20 by ¥E_.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 filtn-forming solution contains 20% by weight or more but not more than
25  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.
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5films to denonstrate both high water perneability and chem cal resistance
in the manner of washi ng suspended matter and other debris accumul ated on
the filmsurface due to filtration with chem cals, such as water
purification treatnent at water treatment plants, filtration treatnent of
river water and | ake water, filtration purification of industrial water and
wast ewat er 4 TR kB 1R Modbdig 4 ddrbtié filh 3Bcdi SHABiINRS1 ¢
10pretreatnment for desaﬁﬁﬂéfﬁﬁ% 5$rs%amater? g@m&%yyl. % netﬁ%g’for
produci ng whewintie molding onprie $$ agtoupieatibe mupzée, padoa pofausrilitravavingg a PVDF
resin as a_maj.n conponent thereof by extrudi froma,5nmol di ng.nozzle, a
11 m f or m APOLAVIDFDRERE ahe SiiCauE s BRMEPd &Y NG oM B ger
conponent  &aufidHframUBMbRIFg N E&I@ gt CORP ARIMbwiltEagatt, aAd hydrophilic
pol ymer_conponent and a conmon sol vent for both the hydrophobic and

hydr opii | i 20lidéyipadhe semsoinenhselutiambaviogivateyrag Ml ¢empengditheregfsol ution
in a solution having water as a mai n 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 netTHEM@tidibfor By bpisesifins atterdmediocity of slaiped ¥ ieH,
conponent, wherein the tenperature of the solution for solidifying the

. ) . . ) 9
filmforniWaeEH e Bm-formig selutian cartaintat lgpskdimpihiaceipamideaste Th S Td
+ 30 and t j hip 15 of Td s Tc S Tbh with respect to the
tenperaturgﬁgﬁﬁ%%&mgﬁﬁh}forning solution (TdC) and the cloud point
tenperature of the filmformng solution (TcC). 2. The nethod for
produci ng a porous filmaccording to claim1l, wherein a PVDF resin having
an intranol ecul ar irregul ar sequence ratio as determ ned 20 by 19F- NWVR
measurenent of 8.8%or nore but |less than 30.0%is used as the PVDF resin.
3. The method for producing a porous filmaccording to claim1 or 2,
wherein the filmformng solution contains 20% by wei ght or nore but not
nore than 25 35% by wei ght of the hydrophobi c pol yner conmponent, and 8% by
wei ght or nore but not nore than 30% by wei ght of the hydrophilic polyner
conponent . 4. The nmethod for producing a porous filmaccording to any of
clainms 1 to 3, wherein the nolding nozzle is a doubl e-tube nozzle, and a
porous filmhaving a hollow fiber nenbrane structure is produced by
extruding the filmformng solution fromthe nolding nozzle together with a
hol | owi ng agent, and 5 solidifying the same in a solution having water as a
mai n conponent thereof. 5. The nmethod for producing a porous film
according to any of clains 1 to 4, wherein the filmform ng solution
contains at |east dinmethylacetoam de as the common sol vent.

35



