DESCRI PTI ON POROUS MULTI LAYERED HOLLOW FI BER MEMBRANE AND PROCESS FOR
PRCODUCI NG THE SAME TECHNI CAL FI ELD [ 0001] The present invention
relates to a porous hollow fiber nenbrane formed of a thernoplastic resin
whi ch has m nute pores and high water perneability suitable for
10filtration and exhibits excellent strength, and a stable production

t hereof . BACKGROUND ART [0002] As a nethod of purifying river water for use
as service water and the |ike, alIE¢RIPTaONon met hod utilizing a porous

hol | ow fi ber nmenbrane which i nproves safety of treated water and reduces
the installation space is being widely used. A porous hollow fiber menbrane
is required to exhibit high blocking perfornmance which can reliably renove
bacteria (e.g. PORQUEMPETTIHYER EENAOLLANGIERER MEMBIRYAWRANDt ur bi d, hi gh
wat er perneability for treating a large quantity of water, and high

strengt h whi ch 20enabl eBROOKGSHHIIMPREEIUODEE THMBAMIE ange of operating
conditions (e.g., chem cal washing and operati on under high operating
pressure). [0003] A concept of obtaining a porous nultilayer hollow fiber
menbrane whi ch exhi bits high bl ocking perfornmance and hi gh wat er

per i neablECHNIGAILBHdithg a bl ocki ng 251 ayer having a smal|l pore di ameter
and a strengih support |ayer having a |large pore dianeter is disclosed in
Pat ent DHYMENt 1, for exanpl e. Specifically, Patent Docunent 1 discloses a
met hod i n whi a crystalline thernoplastjc resjn such as_  polyethylene is
mel t - extr uded%gﬁ’ PrrStitt IaFating rdateb foapprouskelloy phsranembrane favapd et mol | ow

Ui g o TR BHE oA G RRETORES PSR BEe RN OB GDIdpi g
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g?reﬂgheﬁﬁflgﬁﬁﬁgFgmgﬁﬁﬁg?uéﬂsggﬁégﬁﬁﬁéﬁ“ gﬁﬁﬁ?éﬁ”@ﬁ?&# ﬁ rg{?oufo Lfeave

the lanellar crystal stack to obtain a porous nenbrane (see Non-patent

Docunent 1). In Patent Docunent 1, crystalline thernoplastic resins which

differ ip HUAe ) are nelt-extruded fromtwo circular nozzles

di sposed ég%ggﬁprlcafﬁﬁf This is because the nethod di scl osed in Patent

- Docunent ObOEI”iZGS the property that resins which differ in M (i.e.,
differ i% nol ecul ar 10wei ght) have different pore dianmeters upon stretch

pore-forning. pA% rﬁ‘etﬁ&?b‘fr#urif inB VR afcfPor \BY QS s@lck MtdrlaRg i TRIPR ane i n
whi ch the outer layer and the~inner layer differ in pore dianmefer is

obt amedﬁuid@mvﬁtho@m%ggaspmhg holf#e ibBahbiAWaht RecHTRIPS AR @K ti ng
hi gh strength cannot be obtai ned by the nethod due to the foll ow ng

pr obl emstredted Whithendidiasgithe RistalliBodGrace f bEild WidRYeisehol AQardusi@llowenbr ane
in the stretch axis direction is increased by stretching at a high stretch

rati o. Hibeveembilaue Streqgrelito erlibit lgioblookipg essonenst meigt dan(elidbly strength
in the direction perpendicular to the stretch axis) inportant for
filtratioemavebdctena (egl eypwspgidjihm) pnd caohpdrentstrhakiog tvater hayid highd t he i nner
| ayer nmust differ in nolecular weight
water permeability for treating a large quantity of water, and high strength which
20 enables long-term use under a wide range of operating conditions (e.g., chemical
washing and operétion under high operating pressure).
[0003]
A concept of obtaining a porous multilayer hollow fiber membrane which
exhibits high blocking performance and high water permeability by bonding a blocking
25  layer having a small pore diameter and a strength support layer having a large pore

diameter is disclosed in Patent Document 1, for example. Specifically, Patent

Document 1 discloses a method in which a crystalline thermoplastic resin such as



20or pol yner type. However, required properties such as chem cal resistance
and nmechani cal strength differ depending on the nol ecul ar wei ght or polyner
type. Therefore, when using a resin having | ow strength, the strength of
the entire menbrane decreases. Therefore, a nenbrane exhibiting
hi gh strength cannot be obtained. Mreover, 25since a nenbrane obtained by
this nethod has a structure in which the pore dianmeter in the | ongitudinal
di rect i opolpéthylbee hehdloyxthides witheul AIger a tdiadht ! dive qosureuscthalfigiyer hollow he

t hi ckness direction, the menbrane shows | ow bursting strength and | ow

conpr essfiver matbremgisprodu@edAbm the resultiipdodib or fther @xpodedysodutk tsihgyer hol | ow
fi ber menbrane which exhibits high blocking perfornmance, high water

per neat i siretehatcae-famdngingthodt r §hgtdimdhtte@h poos tsmidgpmethot atdfsts pr #duci ng such
a porous multilayer hollow fiber nmenbrane have not yet been obtai ned.

[ 0005] Angthed maivhichiarwliowdilph aseuddpaedid orstresthkd dn haedodmmdinehown as a

met hod for produci ng a porous nenbrane. This nmethod utilizes a

t her rfopl &iggctien ﬂ%ﬁlﬁgaﬁdchmtmmﬁ'ﬁ thd lngailat. cried stackdepbtaln gpdrduser ves as a
| at ent sol vent which does not dissolve the thernoplastic resin at room

t enper at WFAbrapg (sediNpsgpajens Rasemenehno pr BatentcDeaunent 4t crxstalligh t enper at ur e.

In the thernall ¥ i nduced phase separation nethod, the thernoplastic resin
and t he BFpowast resinsgvhick differ dymalt index (Y1) peerpelt-srigvdeddipn hae cirendar
thernoplastjc resin is dissolved in the organic liquid. The mxture is then
cool ed tH% émsmseﬁéﬂﬁ@n&mﬁ& t ohis AybrcauysHaE aretpkisalossd n Fatenior gani ¢

liquid ig th d, f th 1 Xt .10 .qht ai . . . body. Thi
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t her nopl I I: . a:Cr |1 I es] i Zat.i i ronoted so
t hat apﬁ%%‘%’{eﬁéﬁ&%‘é‘%r alﬁé&?‘éér’eag?rpﬁﬂc?gyg{l%%&ghg%%er &%Wgarr%f ore, the

t her mal | \nt LO0: ] i . a 25 porous
menbr ane&giﬂggﬁgﬁggﬁ&%ﬁ%gﬁgﬁggﬁb lﬁlg%g?glget fn%%lyg(régh%(%m%q?%&zmgf or exanple).
[ 0006] [Rabemt. Docunent 1] JP-A-60-139815 [Patent Docunent 2]

JP- A- 3- 215535 [ Patent Docunent 3] JP-A-2002-56979 [ Patent Docunent 4]

JP- A54- Q§$S0STHINReRn PRl E e pRcERALtIder hBIGS tHber ARMLEAHRGH HRNWetdROKTEN
Dictionary", pp. 672 to 679 (Industrial Research Center of Japan, February,

2004) [ Nireepod Brincrbped B9 Rirehinkiad @ hiphMitetdian®, HEweskiClhurgihOdtreRethY Mer
Por ous Menbrane by Thernally I nduced Phase Separation (TIPS) nethod",

Cheni calanErginpessivagtrerpth (145 strongth if Keglifestiio gypeshiayladionke $tR98) axis)
[ Non- pat ent Docunent 3] Akira Takizawa, "Menbrane" pp. 404 to 406 (1PC,
Januar y inpoges)fof flbrtipaterdtto Deouaent 4] D. R Lloyd, et. al., Journal of
Menbr ane Science, 64 (1991), pp. 1 to 11
In principle, the outer layer and the inner layer must differ in molecular weight
20 or polymer type. However, required properties such as chemical resistance and
mechanical strength differ depending on the molecular weight or polymer type.
Therefore, when using a resin having low strength, the strength of the entire membrane
decreases,
Therefore, a membrane exhibiting high strength cannot be obtained. Moreover,
25  since a membrane obtained by this method has a structure in which the pore diameter in

the longitudinal direction of the hollow fiber is larger than the pore diameter in the

thickness direction, the membrane shows low bursting strength and low compressive



DI SCLOSURE OF THE | NVENTI ON 15Probl ens to be Solved by the Invention [0007]
An object of the present invention is to provide a porous hollow fiber
menbrane formed of a thernoplastic resin which has m nute pores and high
wat er perneability suitable for filtration and exhibits excellent strength,
and a process for stably produci ng 20t he porous holl ow fi ber nenbrane.
Means for Solving the Problem [0008] In order to achieve the above object,
t he i nveat@ps of the present invention conduct ed extensive studies
aimed at a porous nultilayer hollow fiber nmenbrane whi ch 25advant ageously
has bot hjgmonut e pores and high water perneability by the thermally induced
phase separation nethod (Non-patent Docunents 1 to 4) which is considered
to be advant agkgufrd, arpodhiisainiltiigeahdlicghfibéreagbansRikhanpibandigt stably
production of the porous multilayer hollow fiber nmenbrane. As a result,

t he i nvebibckiag batinthdnbathigh war yaineaiiopoié, and high stiefghandge piddek£for M Xt ur es
which differ in conposition from adjacent discharge ports and to

i ncoryor steldy @rodunimggach & pbioae npdiides Hotlowhtbemalcirdmaira haveinet whit sekiar ged from
at | east one discharge port in order to stably spin (produce) a porous

5mul ti | agtdainkdl | ow fi ber nenmbrane and further inprove the strength of the
Iesultin&wporous mul tilayer hollow fiber nenbrane. The inventors also found
t hat bl odR0Rl performance, water perneability, and strength are effectively
wel | - bal anced using a porous nultilayer hollow fiber nenbrane having at

| east two | ay@rkerselpindicadplaase sepreatidnapethodhab kasn dnewn a$ ayethodife por ous
mul tilayer hollow fiber menbrane being formed of 10a thernoplastic resin,
at | eastPIfecingy pprovamegbrente  difismethpg ufiligesrasthpranaphagtia resisend api ¢
three-dinensi?nal mesh structure and a surface pore dianeter 0.6 to 1.4

ti me¥ a WesyEligud: | dhgorgeH laquit srreshsaniateat solymy Whird doenaot disspbre (B) of

t he abov ershavin surface pﬁre.diSEEter |l ess_ than half of the

Cr 0SS- S€ F%L%@H ‘@Pm%?‘é"%ﬂ fenRstpre, Rucigsgbes the thermgplashie res aty, ¢ he
Roi T ow 1iBs st pEn e I F et Gea e PR Aoy, BeyBabe Thiorbafor
di schar g5 o T e SR e BiEH wiodBEu e e g (BBt wt ur e
i schar g Bt PR fths S ERUBRED AR BRARC G B L") T yer

hol | @W [ ieRBErandBEh ANBY M I&ﬂﬁgaq%gan&ﬁe h%ﬁqyicqi({}ﬁ@ﬁ‘ hdireiubd [iB¥Ghe NO! | OW

. t
fi ber by extraction to or ous I'Tayer h ow f I ber nefbrane,

the hol | gl bl dbsteufio) o ThRhDSl W8k B MGG ifikalies i schar ge ports

whi ch are di sposed concentrically, nolten mxtures 25 iffer in

conposi tapn bgimenithscharaadsiy @@aﬁ&@ 6HAEFN Y mel SR AL §61yRAN Iede (§1e MOl ten
m xture di scharged fromat |east one of the circular discharge ports
further witch udapgtopfiate REIVgaNKEich bACdipEIMIEthe paRGadrRerdoROfetpRiturkidag powder
being also removed fromthe resulting multilayer hollow fiber by

extract immexis(.2) The process for producing a porous nultilayer hollow fiber
menbrane according to (1), wherein the thernoplastic resin, the organic

| i quidd, (Bhd flintdide thdrmophstigeminds Hissel vpduickeliigh tenparatect dnd cadlei @ast a
nolten m xture which is discharged in a | argest anmount 5anong the nolten

m xt ur esolilidy had et £ membtdne. cilhewlfar, mirsaiabgehgoteshermpBlhstihesipriocess f or
produci ng a porous nultilayer hollow fiber nenbrane according to (1) or
(2), wher@ysialline r¢siroenysiallizatiomis nyomdisd sp shag adiigh-geenptinmepbedes easi{y) The
process for producing a porous nultilayer hollow fiber nmenbrane according
to any d’r‘i’éﬂl’é(fd-(l) to (3), wherein the nolten m xture di scharged from a

circul ar
Therefore, the thermally induced phase separation method is widely used as a

25  porous membrane production method (see Non-patent Documents 1 to 4, for example).
[0006]

[Patent Document 1] JIP-A-60-139815



10di scharge port includes the inorganic fine powder in an amount of 5 mass%
or nore and 40 mass%or less. (5) The process for producing a porous

mul tilayer hollow fiber nenbrane according to any one of (1) to (4),
wherein a mass ratio D of the organic liquid and a mass ratio S of the
inorganic fine powder wth respect to the nolten m xture and a maxi num nass
15M of the organic liquid absorbed by the inorganic fine powder per unit
mass sat [Bdtynt Do) 7| VB-£3-215835 The process for produci ng a porous

mul til ayer hollow fiber nmenbrane according to any one of (1) to (5),
wher ei n {gert®dcemeni RUBLL3002-3560Ar ged from the adjacent circular discharge
ports include at |east one common organic liquid. 20 (7)The process for
produci n§Pacp doeusenid]|UPlaversshos | ow fi ber menbrane according to any one of
(1) to (5), wherein organic liquids contained in the nolten m xtures

di schar gédod-paimttiheuvathatEfflagicaadFanctibinat Pelyger Piotioaagt epp. 1682 s@e® i n ki nd
but differ in ratio. (8)The process for producing a porous nmultilayer

hol | ofv f {Industn@fbseareh Gector dff Jagar) Sebruany 2008 of (1) to (7), wherein the
nolten m xture is discharged so that at | east one spinning nozzle discharge
par amet etN@-patestdegcuneni D] Bidefro¥letsapaind, (0t ductidbresS olyiner Bpnni ng nozzl e

di scharge paraneter R being a value obtained by dividing a linear velocity
V (' sceMapttaanadys Ereamgiin fpdused Redse SeparatierufidPBymgthetl?tClwindedl d (rn) of the
di scharge port. (9) The process for producing a porous multilayer hollow
fi ber meRBgapding ppriditagotKagkp-Bagywo hf(,iquw%@&) wherein the multilayer
hol low fiber is stretched in a |ongitudinal 5direction of the hollow fiber
at a str ¥empatapt Rocyment 3] Akirgrkdzaag “Nleprbranss ppttoedt 06 (104, Jaruare movi ng
the organjc liquid and/or the inorganic fine powder by extraction. (10)
The b?océ Dt or produci ng a porous nultilayer hollow fiber nmenbrane

according.to an ne of o,.(9), wherein t thernoplastic¢c resin is

sel ect edﬂ?‘%mﬁﬁxﬁgwm@&? ’iﬁ%a‘%\duééﬂ‘ﬁ= iy ﬁ‘i’%ﬂé’l}s’m&l‘@%. le’(’f(ei% (®%%r ous

mul til ayer 1htol l.ow fiber menbrane conprising at |east two layers i.e., an

i nner Ia%‘r ind an outer layer, the porous nultilayer hollow fiber menbrane
being formed of a thernoplastic resin, at |east one |ayer (A anong the two
| ayers having an isotropic three-di nensional mesh structure and a surface

pore di am@fﬁg OF Fefk: VBRTRORr 0ss-sectional center pore diameter, and
r Tayer anong t he

t he ot he two | ayers 15having a surface pore dianeter

| ess 4 ha fiy el r = i:qnal center pore dianmeter. (12) The
porobi ngﬁgﬁngsy@rbek%ﬁegﬁﬁ%gf&% rane according to (11), wherein the

| ayer (Bjoopgp an isotropic three-dinensional nmesh structure. (13) The
porous nultilayer hollow fiber nmenbrane according to (11) or (12), wherein
the layer (B)Ahabjct sttht dEReRqhfentibai®logiro@lic @ pBloul hB1IOK fIFRf ReABehnkess than
5 um 20(14) The porous mnultilayer hollow fiber nmenbrane according to any
one of (fuolned of a {tkdhoplaktey @bin vitieh BdsafButesiréOmd higle Wark ppdicabilitpnmet er i s
0.1 pmor nore and 10 pmor less. (15) The porous nmultilayer hollow fiber
menbr aneswaeblerfdi filjration any exibitodxcelldnt strength, and @lptdceswbrrsably pibaudigyer (B)
has a surface porosity of 20% or nore and 80% or |ess. 25(16) The porous
mul t 20 aythe poodusdwilbwifder mentbrare according to any one of (11) to (15),
wherein the Iayerb’gB) has a thickness of 1/100 or nore and 40/ 100 or |ess
of the tMeskniosSobingthe Ppadrleus nul til ayer hol | ow fiber menbrane. (17) The
porous nultilayer hollow fiber nenbrane according to any one of (11) to
(16), whBl088h the layer (A and the layer (B) both have a degree of

i sotropy of 80% or nore. 184) The porous mul til a)éer hol | ow fi ber nmenbrane
according to Wd@rﬁg aglple(q_élf: gve object, the inventors of the present invention

conducted extensive studies aimed at a porous multilayer hollow fiber membrane which

25 advantageously has both minute pores and high water permeability by the thermally
induced phase separation method (Non-patent Documents 1 to 4) which is considered to

be advantageous for obtaining a high-strength membrane and at stably production of the



5 (17), wherein the nunber of paraneters Q which satisfy -0.2<Q<0.2 is 80%
or nore of the total nunber of paraneters Q neasured val ues, the paraneter
Q being a value which indicates a pore dianeter change rate at each
position froman outer surface to an inner surface of the porous multilayer
hol | ow fi ber nmenbrane in its thickness direction. (19) The porous

mul tilayer hollow fiber nenbrane according to any one of (11) to 10(18),

wher ei n . ' Bk Sipsel r 4R . [ ;
pol yvi ny%@ggi%ﬁ¥t%¥ F}%ifg%&ﬁ glgﬂ)n&#ﬁgdngbr %ﬁfg@%ﬁ;}itf ?{I@Q%@%ﬁ%ﬁtﬁﬁtﬁtg@g menbr ane

accor di ngerl, dmBRYan® REAiISEhatdelhofih mlxkks wHAr &iftr h8nPRLiaYS okl 4djh@¥er hol | ow
fi ber nmenbrane has an i nner dianeter of 0.4 mmor nore and 5 nmor | ess and

a t hi ckngisehadde Brtd AN O IncHPofat @B inbrgiMiOfind Sder 1D MoldnRRikai#s mul til ayer
hol | ow fi ber nenbrane produced by the process according to any one of (1)
to (10). disaRrgclfonpariess ot iischayepoal brdet foishdiy mﬂmramear@rg@fddﬂsng to any
one of (11) to (20), the porous nultilayer hollow fiber nenbrane being

pr odux edwbitilisee hpll®c €861 ae@draingd fntlanympnee tie dithethof ([1dd)ksul@QES f ect  of

the Invention [0010] According to the present invention, a porous

hol | ow f pdyeus mehiaenkoll®r fiber mEmardnher Thpirvshioes algsfoanddtiat hlobkimgbot h m nut e
pores and high water perneability suitable for filtration and exhibits
excel | enper§trmency, vatapetnecabilitl and ptrouiic exk. efftSti BRY BrelIBREOREPTSITNaOF THE
DRAW NGS [0011] FIG1 is a view showi ng an exanple of a two-layer hollow

fi ber nopatongmuliidayer bolldw Gberlihambianehaving st lesgdwio dawers sangwisiigamginaerpl ane
hori zontal to a discharge direction, FIG 1(b) is a view opposite to a
nozzl e dissetrmadqge optar dayeanie porous mplMayes hgllew dibsr membrangdieing fermehelni ng a
two-| ayer hollow fiber extruded product along a plane_perpendicular to an
ext r Usi onthermerlastisesinmt fgasponedayerype aif BseP Ryt ehls eie having ap isotiepica

two- 1 ayer hollow fiber polding nozzle, FIG3 is a schematic view

showi ng WEeerdimepgpnal mash skueiprrandiaoisiacepas diameter (P &0 1 AeneE a s 4 schemati ¢
view showi ng a . spherulite structure, 10FIG 5 is.a_.schematic view show ng an
exanpl e FPSECHAYECHFF RSF dlagiclretng the AR lAYPH ity

two-1ayer hol |l ow fi ber nenbr.ane. F shows an.el ectron m crograph
(magni 11 BHPT BRI B0RCE oL Tieeless hep bt ngheacr%fssa%o SGPOFC hol T ow
fiber rreggtc)tr%{g obtained in Exanple 1. FIG 7 shows an el ectron m crograph
(magni fi caron: 5000) of a cross section 15around the outer surface of a
pororgs tl‘r“@i)b yer hollow fiber nenbrane obtained in Exanple 1. FIG 8 shows
an el'ectron m crograph (magnification: 1000) of a cross section around the

out er surfaceqgf.: r = i | r“mﬁgg% laed in
Exanpl e 1. 2oﬁ8ﬁsﬁgﬁgﬁre§%ﬁé %%F?%Emrﬁl%gégérggﬁ 8 gn?%?(?g?ﬁ)gﬂr?zﬂgwom of
the centgpitdveRhSNARS sibseebin®hnef a porous two-|ayer hollow fiber nmenbrane
obtained in I'—_};<anpl e l.

(1)  Aprocess for producing a porous multilayer hollow fiber membrane by a hollow

VFE¥®i on of a porous

tiber molding nozzle with a circular discharge port, the process comprising discharging

20 amolten mixture including a thermoplastic resin and an organic liquid from a circular
discharge port of a hollow fiber molding nozzle to obtain a multilayer hollow fiber, and
removing the organic liquid from the multilayer hollow fiber by extraction to obtain a
porous multilayer hollow fiber membrane, the hollow fiber molding nozzle having two
or more circular discharge ports which are disposed concentrically, molten mixtures

25  which differ in composition being discharged from the adjacent discharge ports, the
molten mixture discharged from at least one of the circular discharge ports further

including an inorganic fine powder, and the inorganic fine powder being also removed



FIG 10 shows an el ectron m crograph (magnification: 5000) of a cross
section around the inner surface of a porous two-layer hollow fiber
menbrane obtained in Exanple 1. 25FIG 11 shows an el ectron m crograph
(magni fication: 5000) of the inner surface of a porous two-layer holl ow

fi ber menbrane obtained in Exanple I. FIG 12 shows a m croscope imge of
the circular cross section of a hollow fiber extruded product obtained by

M Xi NG Ofi3fthé Geshithg nfuARLGLAR B EB &y (@iradiRit er | ayer). FIG 13
shows an el ectron micrograph (magnificCation: 5000) of the outer surface of

a_ por ous(Awo- rRY BilocBRibiWo b BEE a FBFIAE ﬁﬁ@tn@?éra}ion@d;)mrﬁa@fmhﬁe decofdifz 14

shows an el ectron m crograph (magnification: 5000) of a cross section

Saround {oh@),GHicdin S thaGpPistia rd, ASorowic 1iRQYRY aftPilrdet fhichedroimpBhane
obtai ned in Exanple 1. FI 15 shows an el ectron m crograph ?rragnlfl cation:

1000) of pewddrassmpeatih anlcah QunsltdnNRixQUE &rhidlik aeRargéd i PRr@YSahowvt | ayer
hol | ow fi ber nmenbrane obtained in Exanple 2. 10FIG 16 shows an el ectron

m cr agr aphofgnhgmidlichatikones GOB@)gedffrdn theatntiar dpthasepass section of a
porous two-layer hollow fiber nenbrane obtained in Exanple 2. FIG 17 shows
an el ect €on nThe pgeapho pradundifig € adroms mBNIARYr lollow filreo sendectd aooalimgund t he
i nner surface of a porous two-layer hollow fiber nenbrane obtained in
Exanpl e @.(116H2F wWigrsinshvsinargael ceftter mrwder o ogjliegphng pesgddrf i cat i on: 5000) of
the inner surface of a porous two-layer hollow fiber nmenbrane obtained in
Exanpl e @) FI Ghdprostmsvisr ndedieg & porousinoiislgyergtollomwelgrer mepairpmmacce@inmf t he
entire circular cross section of a porous two-|ayer hollow fiber nmenbrane
obt ai nedto anyPrawp(lo to (3)Fwherepnths mendkenarixiire diselonged Eeogragshlat nagni fi cat i on:
300) of the circular cross 20 section of a porous two-layer hollow fiber
me b4 n edisetasgeecat ﬁnﬁluggzqat,bﬁ igorganic fine powes in an ampugt @{]‘r%\}@qqssg/[a, OWmAte apde hange
in cross;sectional pore diameter of a porous two-layer hollow fiber
menbr ane*OPREAHISH Exanpl e 2. FIG 22 shows an el ectron micrograph
(magni fi tiogh 5000) ,of the outer surﬁgﬁe of r holl ow

o

fiber nefr andDBROEFTIY RRIEHRHAPATIY S = A 1@2%@%@%@@%@%%
o oL o) PROBE LGP Lo rRgRPN i oBa RS BhedRi” L1
Commar a4 RS ot B y LR ELEE AT 0 ARD
v el QoL UL AR5, O )y SOTPR R U AT,
Section g 2<(D/S)/M=2.

(6)  The process for producing a porous multilayer hollow fiber membrane according

to any one of (1) to (5), wherein the molten mixtures discharged from the adjacent

circular discharge ports include at least one common organic liquid.

20 (7 The process for producing a porous multilayer hollow fiber membrane according
to any one of (1) to (5), wherein organic liquids contained in the molten mixtures
discharged from the adjacent circular discharge ports are the same in kind but differ in
ratio.

(8) The process for producing a porous multilayer hollow fiber membrane according

25  to any one of (1) to (7), wherein the molten mixture is discharged so that at least one

spinning nozzle discharge parameter R (1/sec) is 10 or more and 1000 or less, the

spinning nozzle discharge parameter R being a value obtained by dividing a lincar



5around the inner surface of a porous two-layer hollow fiber nmenbrane

obt ai ned in Conparative Exanple 2. FIG 26 shows an el ectron m crograph
(magni fication: 5000) of the inner surface of a porous two-layer holl ow

fi ber nmenbrane obtained in Conparative Exanple 2. FIG 27 shows an el ectron
m crograph (rmagnification: 5000) of the outer surface 10 of a porous holl ow
fi ber nmenbrane obtained in Conparative Exanple 3. FI G 28 shows an

el ect r onydh&HOY glmec)(mmﬁdtﬁ@giﬁgme 2O mRturd beHAESWRBE Hi(BN oafieund t he
outer surface of a porous hollow fiber menbrane obtained in Conparative
Exanpl e @isctatge pod® shows an el ectron mcrograph (magnification: 5000) of
the center of a 15cross section of a porous hollow fiber nenbrane obtained

in Conpagat i veh&xabessfodproducing a phloGs 3Milslapsshotioweliteg tfeaibranccicogidan
(magni fication: 5000) of a cross section around the inner surface of a

por ous hwl dngwnt iob el toedibrvhaeinit annedyerholonpibats steetdbed iph dou@ituding 31
shows an el ectron m crograph (magnification: 5000) of the inner surface 20
of a pordiuxtibokl twtoilber fitne mbz sneclotatiaiofdd ommGempdBairiless bEoanpt «te3.

FIG 32 shows an el ectron m crograph (magnification: 1000) of the center of
a cross msevwvirgthebrganjpdiqu aiddi thevirforfeic freerbowde byaximeica. spherulite
structure-obtained in a reference exanple. FIG 33 shows a change in

par armet et10) oThapoessder praduding e poteok nolikydrdollRy fhorprearsansiacapndeng i n
Exanpl e 2 dependi ng on the thickness position. The horizontal axis a

posi t i ontoi anytone of hl%dk (Vs whaieiedeithmmahloatie reintis selpcted frerrerdyelgfiinne, and
the vertical axis indicates the parameter Q  EXPLANATI ON OF SYMBOLS [ 0012]
1: End otndmalyviadidene fluprideut er | ayer) 2: End of extruder B (for inner

I aya@e 53. Hollow fiber_ nolding nozzle  4: Lower. .end of ar}i tiqn wal l
bet wbn i er Aipgyss mtilayar gl Hleranaubrang eoppiiting Aidessh e laygipde-nol t en

6. Space™| ROGHFBHT BB oufcs FORn o PERUTANRG: FpURE Hher Ropgeadegor
mner -1 SYEPeROr ¢ SR Rteetns SharDE Y e Roe RO o ke BE A g 11 ui o
0 oS8Rtk 1% oNREF Tl AU wBHRERR o PR R PO A
]9': > f*d‘a{j?g gﬁ%{%ee&ig%?l'tc%&% PR EAmAR! bED oIS el 83) SR PNE RIS 1dy@R- T orm ng
15  having a surface pore diameter less than half of the cross-sectional center pore diameter.
(12)  The porous multilayer hollow fiber membrane according to (11), wherein the
layer (B) has an isotropic three-dimensional mesh structure.
(13)  The porous multilayer hollow fiber membrane according to (11) or (12}, wherein
the layer (B) has a surface pore diameter of 0.01 pm or more and less than 5 pm.
20 (14) The porous multilayer hollow fiber membrane according to any one of (11) to
(13), wherein the cross-sectional center pore diameter is 0.1 pm or more and 10 pm or
less.
(15)  The porous multilayer hollow fiber membrane according to any one of (11) to
(14), wherein the layer (B) has a surface porosity of 20% or more and 80% or less.
25 (16) The porous multilayer hollow fiber membrane according to any one of (11) to

(15), wherein the layer (B) has a thickness of 1/100 or more and 40/100 or less of the

thickness of the porous multilayer hollow fiber membrane.



20: Extruded product (cross section) 21: CQuter |ayer 2022: Inner |ayer 23:
Hol | ow portion 30: Production device 31.: Lower end of partition wall

bet ween outer-layer nolten m xture di scharge port and inner-|ayer nolten

m xture di scharge port 2532: Lower end of partition wall between
inner-layer nolten m xture di scharge port and holl ow portion-formng fluid
di scharge port BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0013] The present
I nventiony)s g 1%%f&‘é‘%dlﬂla?&t}ﬁiilbub@é&%enﬁ&%cc&(ﬁﬁhﬁﬁo% las bk £1 mesin
exhibits el'asticity, but ndot plasticity at roomtenperature. However, it
exhi bi t s (phaghbeid the RN APatiaRe 1a9cAR) MR LRk adl@rdeTRRtRbYLESYR @l | ow

nol ding. The thernopl astic resin again exhibits elasticity when cool ed, and
does not muyreergo a chem cal change in nol ecular structure and the like
during this process (Kagaku Daijiten (Conprehensive Chem cal Dictionary),

si xt h edi(t§)on The pdtinthidiiaggr hollOpPLbdB Bknetreh S CofdiyDiol dngwnSlod pragmo Co.

Ltd., 1963). [0015] Exanples of the thernoplastic resin include

t her mopl @81} whereri ths ndeber sflyacthnater’s (R GARhGChgsty cAR<Qrodus 88%, crpporc829 to 882
(The Chemical Daily Co., Ltd., 1995), resins described in Kagaku Binran,
Quyou Kadiaktotal ppmb&0H pardn@dd ( mdasues WmjucEhthe panenerdabeiSgaivetue waifickl apan,
Maruzen, 1980), and the |ike. Specific exanples of the thernoplastic resin
i ncl ude paolisadtsef pars dsmuterabhanpgs gtetdh phanmsiivg fpoh ppooley ket tpah yreny| | dene
fluoride, an ethylene-viny] al cohol copol yner, pol yam de, polyetherim de,
pol yst yr ewdacesdithesparpenaultiaey holtlgw fibbrobmbranp ol itp haekpicesdirastiper |

pol yphenyl ene sul fide, cellul ose acetate, polyacrylonitrile, and the |iKke.
' parti €libar Tha pooes stitlayetelionerins prasiuhes Kesihns ey 28 06( oty ! cne,

pol ypropyl ene, pol yvinylidene fluoride, an ethylene-vinyl alcohol
copol' Y mef 18)owhersinthe Hamaplagiralesinas sqhected fromm Bolylefin ardpalyiayNde@apoi nt of
strength.,_ It is preferable to use a polyolefin, polyvinylidene fluoride, or
the |ikeMWATiH exhibits excell ent water resistance due to hydr ophobicity

o L SR e et i AR b nn. s nn e hormt pgpcovs
AR e N A N e R e R
v ) SR HBLL 6 SOREL IRLal e AT Bh PRSP SR, o
CoPOUY T 1 LRSI ORI ey o1
to any one of (1) to (10).
(22)  The porous multilayer hollow fiber membrane according to any one of (11) to
(20}, the porous multilayer hollow fiber membrane being produced by the process
according to any one of (1) to (10).
20 Effect of the Invention
[0010]
According to the present invention, a porous hollow fiber membrane formed of a
thermoplastic resin which has both minute pores and high water permeability suitable
for filtration and exhibits excellent strength can be stably produced.
25  BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a view showing an example of a two-layer hollow fiber molding



chloride, and ethylene. A vinylidenc fluoride honopol yner is nost
preferabl e as 5pol yvinylidene fluoride. [0016] As the organic |iquid,
a latent solvent for the thernoplastic resin used in the present
application is used. The term"latent solvent” used in the present
application refers to a solvent which rarely dissolves the thernoplastic
resin at roomtenperature 10(25C), but dissolves the thernoplastic resin at
a t enper atourle; HiCY @Y istd@bss ROMdAE RS Abtl & plaht hediditaias atdiRhaghe organic
liquid be liquid at the nelt-mxing tenperature of the thernoplastic resin.
The or ganiiectiorg i@ I a vidw OPERES & 4 hyzAhedibitguichot, ahOBIG.LIggHenat ur e.
[0017] 15When the thernoplastic resin is polyethylene, exanples of the

or gani ¢ |drapeisdctional vieke show ingl satveslagerdivllass fiidb ettyhdedhirbdlcabieong dipheaet vyl

pht hal at e, dioctyl phthal ate, bis(2-ethyl hexyl) phthal ate, diisodecyl

pht hal at eerpndicdliat fo lexxyusiphtdhattatre; sebacat es such as di butyl sebacate;
adi pates such as dioctyl adipate; trinellitates such as trioctyl
trimePlitate; HGobhaties ssoeingasother butyle phosphhtyer boltbvt fib@ohyldinghosphat e;
gl ycerol 20esters such as propyl ene glycol dicaprate and propyl ene glycol
di ol eat enogdeaf fins such as liquid paraffins; a mixture of these; and the
i ke. [0018] Wien the thernoplastic resin is polyvinylidene fluoride,
exanmpl es of t A8Cot §arfckemnatipuyiawishet ingeangsatpiathess-dimehsiaral dpasbt hy |

pht hal at e d| et hyl phthal ate, dibutyl phthalate, 25di cycl ohexyl phthal ate,
di heptyl SPREHHE at e, di octyl pht hal ate, and bi s(2-ethyl hexyl) phthal ate;
benzoat es SUC@L s, met hyl benzoate and etpL benzoat e; phosphates such as
tri phenyl phodpHat 82 s¢ ?%@}%cy‘{leﬁﬁh‘%‘ﬁw&taeg}’ glile SUCRBS Y| phosphat e; ket ones
such y- bUtF)f{}cg act og et hg e car bonat eI o yl ene carbhonat e,

cycl d exanone B SRR Vi ?‘g’t’j‘ﬁﬁﬂr‘%ﬁ%‘?e Bgengorg (e Hhd t he

nlc i nclude silica, alum na,

[ik 0Q19 f th V\d
t : t:nl Lmq%xtlll%f?esggj?rg%b% (’f a Q?Oé%’gslor 8’%‘?@6’” %éﬁ%gqq{%nq ike. It is

f ble t [ i wd h ticl
di anet or gf S G Poblsion el bBEBOMAEH (R MERD: ARy F“f?ﬁr*ﬁy!f Barti cl e
di ameter Hi%'h? 8- i%hr%f ARlo% RbEHHe ﬁ&aﬁ@ Braftfed @ggmﬂg\}?olr I ess. |'S nore

preferable o use a hydrophobic siTrTca Prie i¢h is hard to
aggregat e and pgethi b % ca having
a net hanol wettabil |0§v§ a%ofé% i %Cﬁ% (ﬁfggﬁl IIC %/2) E}}gf&ﬁ;gbsgtslé tIolnrmr e

pr ef g5 ablgund g GRS Bur W Woué‘@ﬁﬂla?&r IR ﬁﬁ&ﬁl‘?@ﬁﬁﬁﬁ@&)t&lﬁ@& f%{\t (vol % of
met hanol with which the po i's conpletely wetted. The MNvalue is

det er m ngglaplefiol | ows. Specifically, silica is pl aced in pure water, and

met hanol is then added to the m xture below the liquid surface with

stirring. TheFoGr& @tvs @y elddron ini Siiph @hai fitftEon2 0GDUT aS8dsd sbd@idpwhen 50
mass% of silica has 15precipitated is determned to be the MWval ue. [0020]
The i nor ganid td mecrpovider ofi sspgroef eroalalyr ladidedfiis nidndiratdebtsiaat @nt of the
inorganic fine powder in the nolten mxture is 5 mass% or nore and 40 mass%
or | ess. Exfmpled.content of the inorganic fine powder is 5 mass% or nore, an
effect of m xing the 20i norganic fine powder can be sufficiently achieved.

| tR® cont ent’lof shhesianslegtinh oitiogmph Gdenification) SHRBsFilorcenessfaa stabl e
Spi nni ng operation_can be ensured.

cross section of a porous two-layer hollow fiber membrane obtained in Example 1.

FIG. 10 shows an electron micrograph (magnification: 5000) of a cross section
around the inner surface of a porous two-layer hollow fiber membrane obtained in
Example 1.

25 FIG. 11 shows an electron micrograph (magnification: 5000) of the inner surface

of a porous two-layer hollow fiber membrane obtained in Example 1.

FIG. 12 shows a microscope image of the circular cross section of a hollow fiber



[0021] The mxing ratio during nelt-mxing is preferably determ ned so that
the content of the thernoplastic resinis 15 to 50 vol % and the total
content of the organic liquid 25 and the inorganic fine powder is 50 to 85
vol % fromthe vi ewpoi nt of the bal ance between the water perneability and
the strength of the resulting hollow fibers and stability of the spinning
operation (i.e., nelt-extrusion operation) (the mxing ratio is indicated
by a val ustrodddahroestt bytadieuiwimgi@%apme iafecbiten Siavic () (ouldeawpnt ent of
the thernoplastic resin is preferably 15 vol % or nore fromthe viewpoint of
the strength dfiGt eshoesuntelsrgon atiotegraphl (inakaifientidinlsnody Jithesutorsdfene and
spinning stability. The content of the thernoplastic resin is preferably 50
vol % or letapofmwnwbiieyey helipoifiber @Embtdne obvatex in@xamphi 1.ity of the resulting
porous nultilayer hollow fiber menbrane and spinning stability. [0022]

The t her nopl adtl{icl4 gwiws, antehetron ganiogrdphquiagnifiamdort: K800 dragamiseeftione powder
may be nelt-m xed using a nornmal nelt-m xi ng neans such as a tw n-screw

ext r ufer .argunighoddtovsufabeof apdintyrarbyet kollaw fihg rhewbmne phtamediin cul ar

di scharge ports disposed concentrically is attached to the end of the

ext ruder Bxgpipleeh ni xtures are respectively supplied to and extruded fromto
the circular discharge ports fromdifferent extruders. Mlten m xtures

suppl i ed fromltfel ihomespamlecken migoemphiwmamifigeip APYUGH atdhessgeeishiar ge
ports to obtain a hollow fiber extruded product having a nultilayer

st r uct ur &OUng thgpwersyiaceof aperars twarpyer halleny Hher membyane abteined 4| acent

| ayers difE{xféer i pore size can be obtained by extruding nolten m xtures

whi ch di et ‘conmposition fromthe adjacent circular discharge ports. The

i "di i iti " f to.th th |t
oot dPes i £ 1 GIOTTS SOMEAR EIRGHDD SloEERE b o SBOMK L SHE RRRt en
1 xt tai..n t ti t bst { i.f i h ti
Cher oof - o SiPnat faPRER sieaptsr beTdk SPETREPRERE ghfinelin F5hmplict nopl ast i c
i whi ch gl f-f i I I wei gh I I i-ght distribution,
(oot i o B TR REH A UL BB TR A0 NS o Rk O
FIGS. 1 %ﬂﬁlng 2 %in ?ﬂ@ébf:a %&8%@&%&%1& i ér'nluﬁ’%lﬁ%l}%%tlaﬁ\é’d Eﬂ ber

extruded product production process yer ruston when the
nunmber ofpxhaygrs is two. The nerging point of the nolten 25m xtures which
differ in conposition may be the |ower end face of the hollow fiber nolding
nozzlie (FIG $IGorg s?ioﬂ@%htelééf}oﬂg{ig?ﬁa?tﬁ (b QbR o QIW) o hAGSuBhed he

hol | ow fi ber nol di ng nozzle (FI Is preferable’to use the nozzle
shown i noFh gorods Wb -SdVer BRAUSE HibbNBemMBlahe Bblineli ¥h ERakple®r ge before passing
through the | ower end face of the nozzle (i.e., before being cool ed and
under goi ng ph&se 19ehawatahelebtrbh afitiopepd i(@WRARBitiRE 60ydfahe baetiragdhesi on.

[ 0023] 5When using the hollow fiber nolding nozzle having two or nore

ci rcul ar caissedetiogef pootoss tivsmee Holon dibat membtany pbamedioBRample. GS. 1 and
2, anolten mxture in which the thernoplastic resin, the organic |iquid,
and t he i nor g&iGQ0fshnes powbbetrommecopteph (magnifieatext BQ@erdf the aroubdr ctsast one
circular discharge port. As a result, a porous nultilayer hollow fiber
menbE@ne sgion ot @ phidvis teothyse koo Sibef oembrice obleatedrin Eepepleabi | i ty, and
strength in a_well-bal anced manner can be easily obtained. [0024] A
porous nul ti| Hf&r21Hep Igaphishpeingreehtsnganin wais-Isctidmg peseckidhetat ofpepdrowsmance
can be stably obtained by adding the inorganic fine powler due to the

fol | owi n§¥q-Hiveehal e fiperananprage gbtarsd iy Fxamalet usi on stability (spinning
stability) of hge QﬁIIOM/f{ber extruded prodgct_havin a multilayer
structure is SIGrfheRsenylecpn sugasraph(agn hgon, 3@00) wé the g srifgeeof t he

nolten m xture ipcrease 0 | ar ge, extent by addi ng the_inorganic fine
powder . Rﬁ??ﬁ’fPB%gYO"E%YF‘iI?&‘I%ﬁP@ﬁH npignge %wsgahg‘fﬁwﬁ@tlagﬂém@@ed with
single-Il ayer rysion. In the present. invention, since.at |east. one |ayer
Lo B& bonded AL 24 igh=0Fsedes BSpainb Bhsmac il &f  cdirdtipty i s
achi evedam%?(?ﬁu'efolu é'i‘"sllyfhceao ag(}ré)llls %ﬁa?&%o \(/)wafllb%?rmembrane obtained in

Comparative Example 2.
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extruded product in which non-uniformty at the layer interface is
suppressed can be easily obtained while naintaining roundness. It is
important for nultilayer extrusion to suppress non-uniformty (e.g.,

wavi ng) at the layer interface. (2)Since the pore size distribution becones
sharp, a nmenbrane whi ch exhi bits 25bl ocki ng performance, water
pernmeability, and strength in a well-bal anced manner can be obtai ned.

Speci fical | y, Hrbeshohe aneldcann miktographliamgai floatgin: $08@)aithy/ captertolia
aggregate of the inorganic fine powler absorbs the organic liquid, a

si t uat i ormross sedtioglf atphmuwstgadayer hoGew dibentrendrarkebadh@de ttonmyeivei s
suppressed. When the organic liquid enters fromthe adjacent |ayer, the

i nor gani dxainpée howder absorbs the organic liquid (i.e., functions as a
buffer). The novenent of the organic liquid is suppressed due to high

vi scosity, or HGcHathgwsian eldsromarnbrogrephd mageifigeieond §80@)m i xossgeaiont he
organi c |iquids 5between the layers is reduced. (3)Wen the inorganic fine
powdef | srauddie nscairfaeast a pereus Byetayer hadlave Ehemmenbrage pltaiped iand t he
chem cal strenqth (chem cal resistance) of the nenbrane tend to increase
bef ore orfCCatRAEFIVEEXBPId Dn/ removal of the organic liquid and the inorganic
fine powder (although the reason is not kno_f)._lo 0025] The above three
effects are i r%ﬁo%ﬁe@mwa@ﬁ dgsEoRFrcgraphimgeritigpion SPAO)AT siangreariage ¢ he

| argest anount contains the inorganic fine powder. It js preferable that

all Jof t RbARBIAS e R hedo @b%mam%mpg@ﬁeédﬂ AU SEHARBEFC 11 ne
powder. [0026].,15 n the ten.mxtu cont.ai ni n e dnorganic.fine
Powder has. sudlOo OO EIGHOR AUEoS P GEoUBC e op) o O Gt S
ratiQ,.D of. _the organic..liquid b mass. rati o S of.the.inorganic fine
powdg(r) arﬁ’gaﬁjﬁﬁuﬁggﬁ%‘i@ibaf ﬁ’ﬁm?’ﬁaé%rog’éad’l“ﬁslﬁ PRI rum mass M of t he
organi c |iqui rbed by.the inorganic fin wd er- uni t §ss is 0.2
or “ore and 2 TS RO035 atbidsfBa SRR Tkt B AT R0RE o R SRR
organic I qun i - i .gved. The
erm ™ or Ganna el HERD b PRiBlt RO Kol SanbARe Bl Eoni RN CS  fe
sane comp@ahbledN as that of the organic liquid contained in the nolten

m xture, i.e., an organic liquid aonprising sole conponent or plural
conponent s at HQ1&BHIRs Hh*lddfoh &lib@gAphiBabniBlatdie 500@aTike ddnfiltida cont ai ned
in the nolten mxture. If the above value s 0.2 or nore, the 25novenent of
t he of gartdss bédtioh @f b Horduk Mela e Menl AR obtdindd i@ Cdngparative Dfaniphes | ayer
interface is suppressed so that a dense |ayer is not forned, whereby a high
pure water peRi€ail ghowsaheldciofaiitiogiapldmapiifichtoralS00® ofal disssissctidnor | ess,

t he amount of the organic liquid which is not absorbed by the inorganic

fi ne powdsmund shesinhés smrfand bfja poralid holldve fibéranembtahe ohairedem Condpatahiee or gani ¢
liquid in the vicinity of the interface occurs to only a small extent. This
reduces &xetalege in the nmenbrane structure, whereby bl ocking performance is
mai nt ai ned. The above value is nore preferably 0.3 or nore 5and 1.5 or

| ess, and sti FIGdrshopsefgteatioy nocugmphimagnidination: 6000) dfdesinnditsiusfaed f ect i s
al so preferably inproved when the nolten mxture which is discharged in the
| ar gégt ahduaoue batlaw hiber membrase ghtriredt infeompnariie Example3.nore preferabl e
that all of the nolten m xtures to be di scharged contain the inorganic fine
powder. The t &% I2sepidmelraten misostapt (Brgaficatiqn: d0PQ oAbkarmieaoby t he

i norgani c_fine powjer per _u itfnass" may 10be det er m ned by addi ng_t he
organi ¢ FIO§USFUER SpaPervs 80{?% PRbGERT B AN RSO REEMHHRITUSTURS QGtHged he

i norganic fine powder, and dividing the mass of the organic |liquid when the
m xi ng tB}ﬁﬁﬁaﬁgga?@EEW%d 70% of the maxi mumtorque by the mass of the

inorganic fin r. [0027] 151t is preferable that af |east one conmon
organc i qut Bt Rus il gt SEERDRHS YT holFeEberd moe an
effegt o nge .l n, sty uct yre when.t he ement of .the ni.c Liquid
ccours bR PutARint: £ A0SRy TRYGTE s Pooigf o IREPHFAE "t ha

t he sane,{; f. O L€ L1 qui i Lot Ji n L.ten i xtures
1 orind PSR Bk b Y et TGk R AR ARGV O Phe
20adj acept;, i t.en. m he extracted organic liquid can be easily
recovere }Sﬁgg%%%tﬂkﬁ&uﬁﬁﬁg ifference in resin tenperature when causing
the adjacent nolten mxtures to nerge is preferably 20C or less. If the
difference in resin tenperature is 20C or |less, densification or void
formation rarely occurs at the interf%?e bet ween the nolten



25 ,mxtures. As a result, a nenbrane exhibiting excellent water
pernmeability and strength can be obtained. The difference in resin

t enperature when causing the adjacent nolten mxtures to nerge is nore
preferably 10C or less, and still nore preferably 0C [0029] When
extruding the nolten m xture fromthe circular discharge port, it is
preferable to discharge the nolten m xture so that a spinning nozzle

di schar ggxpipataneire o vgecond) is 10 or nore and 1000 or |ess, since a
menbr ane havi ng high strength can be obtai ned whil e achieving high
product i yagig]and high spinning stability. The term "spinning nozzle

di scharge paraneter R' refers to a val ue obtained by dividing a discharge
| i near vél Bed biexviudef A€fo) obter tayst)it width d (m) of the discharge port. The
term "discharge linear velocity V (msec)" refers to a val ue obtai ned by
di vi di ng2t Bied dDanmdet B (fi/isee dayd)) of the nolten m xture di scharged per unit
time by the cross-sectional area (1112) of the discharge port. If the

spi nni ng3ndzldwe fdescbbligenpeatanmeter Ris 10 or nore, a problem such as a
change (pulsation) in the dianeter of the hollow extruded product does not
occur so4theawertdnd of paritiongvdbeatatérortealnyrensltabhixtye dissharge pit hd hi gh
productivity., |If the spinning nozzle discharge paraneter Ris 151000 or

| ess, t hewei-boygampben mtixtbreadifchpigeport ant strength) of the resul ting porous
mul tilayer hollow fiber menbrane can be maintained at a sufficiently high
| evel . ThAeSnase i whichrmysarilayer sroltgperikture 8p®Wes to the el ongation with respect
to the origina[ Ien%Fh when pulling the nmenbrane in the | ongitudinal

di r ect i oft: SRAse i Whishipnerdaysrimalignadixhise §ewbef or e bei ng di scharged (see

L S BRI RS 2 S S S
e o b i S SR eeterge. rds
m X1 09, MY O SIASH it i fhgcPar ged (see 5ot i ng nozzie shown i n
espect i voly felal aigdefor the i1t i dths ol and 2 25 of the cireuler

case, it 4, that at | east one spinning nozzle discharge
paraneter'EHE%&%§Egebﬁ%re and 1000 or less. It is nore preferable that the

SPi N0 01 Q&R HiRHAYE I8 BAGRBELSE Rokl Mplield the amount of di scharge is

| argest be 10 or nore™a 1000 or Tess. It 1s still nore preferable that

the spi nm.NCrdR&iRhdigs Hoar B kel RYBL @bReRn@ftudl | of the circular discharge
ports be 10 or nore and 1000 or |eSs. The spinning nozzle discharge

par amet er3:RidlfovwpbRioR fofRinalflwd 8Qcdrgdps€¢ and 800 or less, and still nore
preferably 5100 or nore and 500 or |ess. [0030] The nunber of |ayers
and t he 2@tixandbd phelupofcess k&gioay the thickness of the layers may be
appropriately set depending on the objective. For exanple, when formng a
t wo- | aye?l:fOuwteelnyerenbr ane, (i) a conbination of a thin outer |ayer having a
smal|l pore 10 dianmeter and a thick inner |ayer haying a |arge pore

di an# er22:dnndrilagera conbi nation of a thick outer |ayer having a |large pore
dianeter and a thin inner layer having a snmall pore dianeter is effective
for providibhglaw pertienpor es and hi gh water perneability. Wien forming a
three-layer filter nmenbrane, (iii) a conbination of a thin outer |ayer
havi ng a*&fapdugsiendedicanet er, a thin inner |ayer having a snall pore

di anet er ? , and a thick 15 intermedi ate |ayer having a | arge pore

di anet er3 :drowsr¢nd af paspn stalldstwgenoutirlayer siglicp miz{use diseharagpert ik ge pore

di aneter, a thick fnner | ayer having a | arge pore dianeter, and a thin
i nt er nedi@tilapermelteniprireslischalee B98r e di aneter is effective for providing

m nufe poyes and high water rmeability. [0031] 20The hol | ow fiber nolten
m xt resgéijﬁﬁgﬂnggﬁﬁpﬁ%“@ﬁgﬁﬁﬁ?ﬁénﬁﬁﬂﬂgéﬁﬁ’W VEXGIeAISEhargg Rert @14 uct ur e
are cool.ed, and éolidifiegg$gaoqggrthe air or arefrigerant such as water,
and are WOUERTPAHOHHATRNELLd dSETEE D ed. Thermal Iy i nduced phase
separation occurs during cooling. Polyner rich-phases and organic liquid
ri ch-phases are mnutely distributed in the hollow fiber after cooling and
solidification. Wien the 25inorganic fine powder is a silica fine powder,
the silica fine powder is unevenly distributed in the organic liquid rich
phase. The organic liquid rich-phases form pores by renoving the organic
liquid and the inorganic fine powder b¥ extraction fromthe



hol | ow fi ber which has been cooled and solidified. A porous multilayer

hol | ow fi ber nmenbrane can be thus obtained. [0032] The organic liquid
and the inorganic fine powder may be renoved by extraction at the sane tine
when the organic liquid and the inorganic fine powder can be extracted with
the sane solvent. The organic liquid and the inorganic fine powder are
normal |y renoved separately. [0033] The organic liquid is renoved by
extracti effs) @FbE{%AﬁRW@@UW}?EfINWEWﬁW action which does not

di ssolve or nodify the thernoplastic resin used, but which is mxed with
the orga (gshiquid. Specifically, the organic liquid may be extracted by
contact such as immersion. It is preferable that the liquid used for
extraction beT\ﬁg%@gsgllltqn@éhﬁm@gdésg%édiigldgglﬂq,%qbvp_e easily renoved fromthe
hol | ow fi ber nenbrane after extraction. Exanples of such a |iquid include
an al cohgfpiqret hyl ene chloride, and the 15like. \Wen the organic liquidis
wat er-sol'ubl €, water nay be used as the extraction |iquid. [0034] The
i norgani c fine peNEgilasis raof BRlibiys dlenRUtgbudyoeNhdtatty novotsicngpeuragueous
l'iquid. For exanple, when the inorganic fine powder is silica, silica my
be convetm®ekvelitikaibits pldsticiat @hémiiaugho aanbaoprinicttbmperaak&ial dlloev sol uti on,
and the silicate is then renoved by extraction through contact with water.

[ 0035] moldingheThx thanheplhdtiguidn agadn ekiebitselaganiyovidneolsdywaer damayobe
renoved by extraction in an arbitrary order. Wen the organic liquid is

i mmi sci bluederpd h chahienl chiahgé Bt polet@nadihet2sdtnd thedibealutihg tos graess | i quid by
extraction, and then renove the inorganic fine powder by extraction. Since
t he or gafiKegdkudddijiten fidompehpmayag@nineicsl IDistipeal sixgh edition fradyagd pizesent i n
the organic liquid rich-phase in a mxed state, the inorganic fine powder
can lpe $po¥fitand 568 tBwedtsuyBherpandce.i bid., 1°0986] A porous mul til ayer
hol | ow fi ber nmenbrane can be obtai ned by renoving the organic |liquid and
the inor d@i5d fine powder by extraction fromthe nultilayer hollow 5fiber
whi ch has been cool ed and solidified, [0037 The nultilﬁ%$r hol | ow
fiber whi ch ha¥apgls ofginte s st W%@emgag?? EFERE R He

| ol ol clnect o0 B® SLIBLDAD Gl ernlse, (L SRRSTC, o
e AR S B R PESITARY !
I o T T N S S
povcler o4 GHUEASHL AR BB TR TEATL b bkl By, ol on 1 er
L5rrenor aney e 80014 B LLBEA LRDhoQRpb R LRRFrfaRd, Si nce the

pressure w and perfornmanc I'ng strength and conpressive strength)

decreas e%ol)feﬁm%riﬁiiﬁ@,tp%E@%@f@?ﬁél@ﬂﬁfd’ﬁ%}’pd’!Winﬁllaél&yh%l,ﬁfo%eﬁﬁbnééth@@gt h.

However, "t he porous mil ti | ayer "hol | ow fi ber nenbrane obtai ned by the
producti @@1@%%@&& REER, diRGodcQctie, ﬁcﬁl?&cﬁ‘monitﬂlﬁ? Bhd 0R 1fkas & hirgbulgreghani cal
0

strength. erefore, the multilayer | ow 20fi ber may be stretched at a
streboh rcadst0li®d thdrdopQéstiaREen 8wttt a3 polyeliBdse, Jélepadikne, polyvinylidene
fluoride, an ethylene-vinyl alcohol copolymer, or polyvinyl alcohol may be suitably
used from the viewpoint of strength. It is preferable to use a polyolefin,
polyvinylidene fluoride, or the like which exhibits excellent water resistance due to
hydrophobicity and is expected to exhibit durability when filtering a normal aqueous
25 liquid. It is particularly preferable to use polyvinylidene fluoride due to excellent

chemical durability (e.g., chemical resistance). Examples of polyvinylidene fluoride

include a vinylidene fluoride homopolymer and a vinylidene fluoride copolymer having

13



perneability of the porous nultilayer hollow fiber nenbrane is inproved by
stretching the porous nmultilayer hollow fiber nmenbrane. The term "stretch
rati 0" used herein refers to a val ue obtained by dividing the |l ength of the
hol  ow fi ber after stretching by the length of the hollow fiber before
stretching. For exanple, when stretching a 25multilayer hollow fiber having
a length of 10 cmto a length of 20 cm the stretch ratio is two accordi ng

to the faliamidege BXRIRIShRAL of APmEM, or Adr& M Fxataplbof0REPINGESEne strength of
t he nenbrané may be optionally increased by subjecting the stretched

nmenbr ane fluride B8R yrhreAdHIBN coptianfedtvidyiRRASHISrideedndamatoditorbi s normal |y
equal to or less than the nelting point of the thernoplastic resin. [0038]
The por ousondiletd detitasi thah kamiubRemhyi@rbianaduacpapdiong, tidlubhetipiesent

i nvention which exhibits bl ocking perfornmance, water perneability, and

st r engt h chioride el letthddnanc advinviideae fiusride hathbpdlayer isnmeosb peefierabikiash i ncl udes
at least two layers and 10is forned of the thernoplastic resin. [0039] The
por ous nmubiyivirg¥idenchbidroi fi ber menbrane according to the present invention
is described below with reference to a schematic view show ng a porous
two- | aye{OW@l] | ow fi ber nmenbrane (see FIG 5). 15[0040] A |l ayer having
a larger pore dianmeter is referred to as a |ayer (A), and a |ayer having a
snmal | er pore disghetrganicdiquist, adatent sobveatfoa theahermapB)stic Tesen pepgdn then) i s
referred to as an inner layer, and the Iai/er (B) is referred to as an outer
| ayer. Notesenthapligationps essdnt Thatesnt flaantiselveat” uspéin bg rresentapplication exanpl e,
anot her | ayer may be provided 20 between the | ayer (A and the |ayer (B),
or- anot hé&¢fersdg asolvayt weick raelyetisselyes fie thermaplasi resin ptaomdGaperpEye [ 0041]
FIG 5(1)_.is.a view showi ng a change in pore dianet e]ré(ﬂ_i t he thickness

di r edfi of2WherPut Hissolusrahe thiermapiastiqresingy a ferppsratirg ishst thagiopghi ¢

t hr ee- di nensi onal sh_structure. 25 FI{ 2),is.a view show ng a change
in pore dMapREpiMFC. V\H‘g“ﬂl%% thatyhs Orgﬁ}lcﬁﬁglﬁﬁﬁ%ﬁ?“éBtttpgﬁ}elt'lpwlé%- di mensi onal
mesh structure. FI.G 5(3) i . view showi ng _a,.change.in pore dianeter when a
| ayer (sE?‘ﬂpqr%\tyﬁerﬁf(aﬁ%&eﬁaofiag}?arF’flnpo?ge %ﬂ]&h@lwqqrgeefiéﬁp ‘%Feﬁsﬁniﬂée out er
surface in Fl 5 . FILGS. 50) to 5(3) give graphs show ng the

rel ati on%lﬁ}nﬁlao%?%éé%n?%%mfehi ckness and the pore dianeter along the cross

section 26 @ach hollow fiber membrane. In each graph, the vertical axis
i ndi cate (%h ratio of the pore dianeter at each cross-section to the

cr 033;5290“ On%h&eﬂﬂh%{e 8@@3@6 AYE &bmﬁﬂg@&@f&&&%&%@% orgérsldﬁ lighigdi cat es

t.
t he tance fromthe out surface’t position in the i ckness

directi 0%@&%&Vﬂt@lﬁﬂatwﬁ{ch%ait%@?a;lmﬁam&m?eﬁyﬂpmmwe, dliéctﬁg;_hmaeit@,r abl e that
|

the layer (A) and the | ayer have an isotropic three-di nensional nesh

struct ur eg(Setsthek s PraitpdiRedd9T prRgletec handiasddedl shthalata; ebRlatesext ent
even if surface wear occurs. [0042] 10The layer (A) is a support |ayer. The

support Isagteds ERSY @5acatd)iadibat®ehicnascdibetsl #dipae; hrigietihatas syphes stisoeylw t hst and
performance, and nmaintains water perneability as high as possible. [0043]
The | ayetrififllithephasphiasstsucpactribhtyd pheiphetesind madctplgsiesigtatg) glyeeml The term
20  esters such as propylene glycol dicaprate and propylene glycol dioleate; paraffins such
as liquid paraffins; a mixture of these; and the like.
[0018]
When the thermoplastic resin is polyvinylidene fluoride, examples of the organic
liquid include phthalates such as dimethyl phthalate, diethyl phthalate, dibutyl phthalate,
25 dicyclohexyl phthalate, diheptyl phthalate, dioctyl phthalate, and bis(2-ethylhexyl)

phthalate; benzoates such as methyl benzoate and ethyl benzoate; phosphates such as

triphenyl phosphate, tributyl phosphate, and tricresyl phosphate; ketones such as

i4



15"i sotropi c" used herein nmeans that a change in pore dianeter is small (
e , al nost honbgeneous structure) in the thickness direction, the
circunferential direction, and the |ongitudinal direction of the nenbrane.
The isotropic structure is a structure in which a portion having a | ow
strength such as a macro-void rarely occurs. Therefore, the nechani cal
strength (e.g., pressure wthstand perfornmance) of the porous nultilayer
20hol | owyfbuheelactend) etnéencanrbveaienpiopplsed cahdnhate, aclnheianbng atdtephwabee,
pernmeability of the porous nultilayer hollow fiber nmenbrane. [0044]

The ter mand hpploroiayemsikbmabf thesh asd thedtker e” used herein refers to a
structure schematically showmn in FIG 3. As shown in FIG 3, thernoplastic
resins al®H8l 25 connected to forma mesh so that openings b are forned.
FIG 9 shows an exanple of a microscope inmage of the isotropic

t hr ee- di nensi &nampieeghthetipqreanie én@)po‘adﬁdﬁ@uge silien; laliypaina HEpnigm axider

menbr ane obtained in Exanp he thickness of the thernoplastic resin

. le 1. Tk ! L

whi ch® f of HiEoMih 62 lhehcarongtemat tedist adtis preferehledo up ealigr fenarydel nesh
structure, .a resin bl ock havinp spherylite structyre schematically shown
in FIG 4Ei“§n% a1 BYGREYBrY cﬁ’?‘mﬂ%%g‘é‘ﬁé‘ﬁ ﬁg?’ o ‘%‘H@Ol‘teﬁ‘n“géﬁﬁ FefsiFEnall bfesh

U MR S T R
s T G R e e e AL
EREN B o AT
P LS AR A AT RN o LR BT
108 1 B B o AR bR R AR DGR SR (0

i n bl ockgentdie AHENMM yAle IWRITRRAGSE! E16HS! NSpMAE ANica P hawsd 1 engt h

is relatively small. Therefore, 1t Is considered that the strength of the

entire | ¥Rk, and nedBdnoYisahéesdRd hRMmRALE below! A8 ligBRINul et li®RgbY
chemicals. FIG 4 is a 15schematic vi ew showi ng a spherulite structure as a

r ef er enc®he tohtélt Grolds) oS Pilidhol 1eBe Gq@doRs Balutibidlvihyn PORidkiRREddense!l y. An
opening d is forned between the spherulites c. FIG 23 shows an exanple of a
m cr o copecipitage iodetansipbkiod the MWraahieur e obt ai ned in Ref erence Exanple |
described | ater. [0045] 20The surface pore dianeter of the layer (A) is 0.6
times tol0D2@]ti nes the cross-sectional center pore dianeter. The fact that
the surface pore dianeter of the layer (A) is 0.6 tines to 1.4 tines the
cross- sect i ondhe vergarc oy powlcanepreferitdy eddmsli wttbattthevcetentioétifeact t hat t he

| ayer (A) has_an isotropic three-dinensional mesh structure. |If the surface
pore di aerspicfng pravdeajethemyltangnixtge iy hows'her srose andsdmpssfiapr lsemt er pore
25di ameter or nore, filtration resistance at the surface of the support

| ayer doEdheantenief tedaonganig fingmgwdsxisennassypor mare, ohelfesof pexing sy ane
exhibits, a high water perneability sufficient for practical use, If the
surféte PorEnl; inppardegran hesythgightly agshipwed. 1 Ijthe pogientofdbeingeaniedere onal
center pore di.arr‘Fter0 r kgss, Qh%h,nechanical strength can be achi eved.
[0046] APHEHYdWHY PBEY Bk HBR-Aritatie SRINUIRA PBFENQR PULRR FSEISEL endures a
fiItratiﬁﬁ PLessure 5di ffering froma flat nmenbrane which is generally

pl aced o & upport such as a nesh-shaped netal or a plastic. Therefore, a

nmb |. desi whi . OV h i he . fil i
Girection (1 o mBpgFise AR TSR BTl IR R o e thegohlsBr t ant.
't : e : . . b .
st rengt n o SErPRARTLRYE ¢ BHd O LEP LRGSR Mk SRR ST o
10U s Vi GlAE Yocbar OfnC SN 050 1185 65195 BB LRk B pRyd ghgle sur f ace. of
the holl ow 11 ber* ocking perfornance, water perneability, and nechani cal

. ' W i | 1 h
Por o i o e R Y e O The U ace

pore di aggliBly &fthé gtﬁim!nﬁg Speradn Ei%.,ﬂﬁﬁt—‘é‘itﬁ@idh SefatldnTeHe hxihg Jatld @€S. and

nore preferably O tines'to 1.2 tinmes the cross-sectional center

15



15pore dianeter. [0047] The term "surface pore dianeter of the |ayer
(A)" used herein refers to the average pore dianeter of the pores observed
in the exposed surface of the layer (A) fromthe outside. The average pore
di ameter is neasured as follows. The exposed 20surface of the |ayer (A) of
the porous nmultilayer hollow fiber nenbrane is photographed using a

scanni ng el ectron mcroscope at a magnification at which the shape of a

| ar ge nunhdcatef bpovase obmided byldeading mive bkeded@sic grachyas Ihessnteheof thé ve
lines are drawn on the phot ograph perpendicularly to each of the horizontal
di r ect i onhcmgdplakiec nesintis priferably d 6tviolfr oatnat frost the gieatpoimitod theadiengthnd t he

| ength of the Iine which 25 crosses the pore on the photograph is neasured.
The ari t fietebdting perovaiulileyerbBowddsunehvalcued spisnual stbildyedThnd t aken as
the average pore dianmeter. In order to increase the pore dianeter

measur eméAttericiihadyrmenlagtic rpvie fsepratsrably havolPher lesniiem thd viepppmsobver whi ch
the ten lines drawn in horizontal and vertical directions in total pass be
20 or 3 moitle witkeperpgabibbr o the saveliag pesovs ol tilagerthallowifipanmenbrateandr on

m croscope, i rage_at a nmagnification of about 5000 is suitably used. [0048]
5The t er SPERBESYERYI onal center pore di aneter” used herein refers to a

val ue obt[@gg?d by phot ographi ng the cross section of the porous nultilayer
hol | ow fi menbr ane when cut perpendicularly to the |ongitudinal
direction vvitﬁi n . the rgntgce of 10% of .tﬁe. Oafgﬁl' t hi ckness fromthe center
position of t Se{BITRRiEs ’i?§‘inné’eé"%aé’é‘"n ﬁilﬁé’ &b FOrRamcdf I'S¥@Yan
arbitrary _magnification, and, calculating the arithnmetic nean. 10val ue of the
pore di anBORTTLIEAGSIEE HoRDE) Bl M BERS SHet 4 & WSS FEHAGT 45 ¢ he

aver age ameter. The, cross-sectional .center .pore djamreter, i s

o of &F abPg N HoBrRbRing ST TR S e sut R Far Rl Ref ana

nechart C 3L SAMEROIEL LD AREEH,NBCTMbNG, FLATRS SRGELARRI gent o
pore di ameter 18 thi R I'S range. e Cross-sectional . center pore

di anet er sﬁﬁplﬁg 16 ol SRR R NP ﬁh@kf?éuiéﬁﬂdi&h%&g ﬁ%rtgtfi‘i:opf ARt exdtpfeld | 1O e

preferably 0.6 pmor nore andt6 gm or |ess, nore prefterably 0.8

gm or MoMolRdnkudR Qppli&Pfoml HO4 erent exthéF@aIE%&éééf Nir httllﬁﬁdﬁ&ta; ce of
ng on the ob)

the layer (B) may be appropriately determ ned dependi ctive

Wi thout $BREId diftaihiaMoliah RS extFRRAMREARE hivild o hiviavesaaenf 2Puhe | ayer
(B) is preferably 20% or nore, nore preferably 23%or nore, and still nore
pr ef es abkyse2dtudilaye meenhitir@ne i eMBR kY adpdcehl i dratiifen iSparlislzetodn BE a
treatnment target |1 quid containing a suspended substance or the like. The
por osi t y obined dyexabliyg 8Meamikasss Whiemdiffie in cenpaditidn fbmitheidashng t he
mechani cal strength of the surface portion. The porosity is nore preferably
60% or | essylamhischatdel dorispr Ehpegfressadn §dih@%n compesifion’ Tlefers @3hpossasi ty may be
determ ned by placing a transparent sheet on a copy of an el ectron

m cr oscopéeiathgaolteninmxiorg differ inkengives sulstange ar theaese whare dre mbked i ke,
copying the transparent sheet onto white paper to clearly distinguish the
por es ( bPH¥ERyesfcongin the same poyssituenh substanegs hue Yiffeamd theahituthgtdofig When porosity
using commerci ally avail abl e i mage anal ysis software, as_ disclosed in WO
01/ 53&13ﬂ%’dH,lolf%lrm@%rﬁw@talpdwm}ne type of thigemepigstic res)s which difesdii ng | ayer.
The bl ocki ng layer, prevents a foreign matter contained in a treatnent

target | MQIRCH S Psigl Q& Brogulap MLl ISP UHoRDibs Aol gt anixBresrae sonsideresr f ace

di er.. The t " sur f di anet f the | (B)" d
Porcin { BOTET g or NS G P BT Ror BUGP ahBlEd eSO St g bd i t he

d surf the | B the, out si de. The_surf
oo or PRSIk By o S S S o UG 3 oo
i i in.th in t 10 .of ing th
sur f ace. DEle R bruln e B PRI ersl§ e e Rtktns miploORERBLET ot "t ne
o o5, ik SRR B QR R TR AL Wl e VT2

S ot o o

Sur o e fias hOZICREE) Y s AEfiobdutrtfhe SRS EOKELE] FRECTRRTAILLY
di amet er ﬁB%r rﬁ&ﬁﬁgﬁrﬁo‘%ﬂe((ﬁﬂ '2§.bgltg§g}r>ﬁ%ge\§lé‘t§.§ %Ql_%s%l tHERLD% ﬁ%quBEi?gcnzg\?/ﬂi%h por t ant

for the filter rane can e surface pore er ‘of the
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| ayer (B) is nore preferably 0.05 umor nore and 2 tan or nore, still nore
preferably 0.05 p.mor nore and 0.5 umor |ess, and nost preferably 0.1 um
or nore and 0.5 pmor |ess. [0051] 20The surface pore dianmeter of the |ayer
(B) is less than half of the cross-sectional center pore dianeter. This
allows the layer (B) to function as a desired blocking |ayer. The | ower
limt of the surface pore dianeter nmay be appropriately sel ected dependi ng
on the sta@gesahe Mvdteh atigrkestto nivgedbadolegassihg throughrtaé brvadnlerd thatoftliize surface
pore dianeter of the layer (B) be 1/1000 or nore of the cross-sectional
cent er pnoazidi.apbtiore baingrrddial ZEMingenpims plefe sapacationpiromttbe vigspoadbi 1ity.
The surface pore dianeter of the layer (B) is nore preferably 1/3 or |ess
and 1/ 506f ioterdmreadlandnst i || nore preferably 1/4 or less and 1/100 or nore
of the cross-sectional center pore dianmeter. [0052] It is preferable
that the[Q0BBkkness of the layer (B) be 1/100 or nore and | ess than 40/100
of the thickness of the nenbrane. Even if insoluble matters such as sand
and aggr egat e¥henasipghibabaibgy fiberaneldogtneante hewingéwo lor gwraciredhd nmenbrane can
be used by 5relatively increasing the thickness of the layer (B) in this
nmanner adiselwsga passdlimeesdeconspddrdlivead shpwntin&1G8r § ard2 popelten) BrgREindoes not
change even if the layer (B) is worn to sone extent., ﬁsi rabl e bl ocki ng
per f or maWBEhap@therpepljuicarsinahepugniciliqyids apd B BB Hng REFHS HEN t he

thi ckness of th is within this range. The thickness of the |ayer

| ayer (B)
(B) 15 nBwesuapeesbIdedtromet i5rs: gae SiraHle Gsshetis nor. | ESSEE I S5EPYS o e
o ane s i ol e S S5 o bR S SRR Phct e 1
whi ch, the di aneter of each. por radual |y increases..fromthe surface toward
the- [thsi BRmSEOT e saeEstit R S e Ay rp et i T ogany DRSS or nar s vel y.

t he Iaye@oég}) may have an isotropic structure in 15which the dianmeter of
each pore T's’ constant irrespective of the distance fromthe surface in the

same Tenner ag kg BYSH A STNSLANSE LBl BEE AR R S0t 0P <

t hree-di nensio ructure sim 0 ayer . This
enabl es i cal r . i i e to be
mor ovec T e B e e R IR B 054

The thi ckpegregreefs. the layer (A) and the layer (B) are determned as
follows. Specifically, the cross-sectional pore dianeter of each portion in
the tshi cynpessTHé éﬁﬁisifﬁlnstébili?%ﬁﬁﬂh@@Qbm(y)aoffmé helb vl EB&f dxiaded Hrotddt i n the
exanpl es. "A point at which the pore dianeter is the closest to a value 0.7
times theavid@sanbdeddrefatiufantghiftangy thaoetkr Thiombedilse tinerit@kitpf the
cross section toward the surface of the layer (B) is determined to lie on a
boundar yof thaendbeh weeturé merdasiges a largh exdnisiyonidingrbt weegaihiEndbpemdiary | i ne
and the surface of the layer (A) is taken as the thickness of the |ayer
(A), andMulidaghrskansen tdnds wemwomkaembloblrdacympamrd vathdsingie-layer xtowsiaf t he

| ayer (B) is taken as the thickness of the |ayer ﬁ). When the pore

di anet er Ingbe presenttimesntibussise af beast ansllaeer @ Fe bouvded hahe highodseosigeta onal

center pore dianmeter at a plurality of points, the distance between the

sur fHce ®rmtarard fayer, sapilitamrchissedoi PrecdiceBpstmulbilavgehellat 8betof t he cross
section is considered to be the |ayer (A)' [0055] The degree of

i sot r opyexsrudedh pradygidn whigh n@-pv@@1wt§h®@%i'dﬁte pls syppresse MELS hat t he

| ayer (A) has, an extrenely isotropic structure. If the degree of isotropy

i s~ 80% ofasHyphtamed grhile PaRiNG HngRessc hitdy WepRknt @rﬁwwg?rrﬁm'@wﬁv gh wat er
perneabi lity. 10 The degree of isotro f the |l.ayer (A) is nore preferably
5006 o1 riGrUPPE AT Ye B atEied oy TSI FE. | [ 00s6] The term

"degree isptro of t.he | ayer. " refers to a.val ue .(rati.p) obtained by
di v ng® he RaRBAE 1F° e (rESind kRS et Pl t s B thHCH aneter 0. 5
t 75 t Oblocking performance, water permeability, and strength in a well-balanced manner can

be obtained. Specifically, since the molten mixture has a high viscosity or the

aggregate of the inorganic fine powder absorbs the organic liquid, a situation in which
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151.2 times the cross-sectional center pore dianeter by the total nunber of
portions included in the |ayer (A) neasured as descri bed above. [0057]

The degree of isotropy of the layer (B) is preferably 80% or nore. This
means that the layer (B) has an extrenely isotropic structure. If the
degree of isotropy of the 20layer (B) is 80%or nore, the |ayer (B)

exhi bits high bl ocking perfornmance. Mreover, a decrease in blocking

per f or mamigEogatlc RGuiSLRRNCHS Q] a8M A Nah & kub PRI f aCgerahe bRRANIAXRAG (B) s
worn out due to insoluble matters (‘e.g., sand or aggregates) contained in a
t r eat mententedy @6th thd Sijaddnt (e, MM a0 FAE poivdbiSMsb®RYhddraghdle 1ihaxat.c(B)
refers to a value (ratio) obtained by, provided that the cross-sectional
pore di afgicgionais Aburs).t i The havdmdnber BhtdiakaBesd of suppeestaly®ic t6 Bighl S
referred to as a cross-sectional center pore dianeter (B), dividing the
nunber ofvigposityl ensclinaye gtha nishassaseaictiwadhe ponexisk afht ergadididuides to 1.2
times the cross-sectional center pore dianeter (B) by the total nunber of
porti Bns befwreh tidddydrnitiadudedyer (B) neasured as descri bed above. The degree
of isotropy of the layer (B) is nore preferably 90% or nore, and still nore
pref er abl(3) 95%lum tho irergathefing pewddriie kdizddo of lcadtent dayer, ti{Bheélemicel y snal |
as conpared with the total thickness of the nenbrane, the above neasurenent
i s conduétrentinviid deichenmabitreggtthshenivbliesisfansnwd s wpmhtanpbindits of t he
cross-sectional pore dianmeter of the layer (B). It is appropriate to

neasur e fHEcase beloraserciiies aalraghiopecaperef e agapoligwidmng thyy inpiganic fre058]

It is nost preferable that the degrees of isotropy of the layer (A) and the
| ayer (BPowderdabhenghibe easqryisprbkigiees of isotropy of the both |ayers are
80% or m%e 10si nce the nenbrane structure is efficiently forned by the

bl ocll?ng (}%%r and the strength support |ayer, a nenbrane exhibiting

bl ocki ng perf th in a well-bal anced

ce, . wat ernmeabilit and stren

manner can be%g%gﬁ"f?eta%ee'ﬂ%mgé‘&?‘é‘&o‘é?d %@%%Wlﬁll’?‘ﬁg’rﬁgpwhﬂéyers are nore
pr ef er abl 0% or e nd still nor referably 95% or_ nore 0059] The
Perm - dteBpeed bRl FassEifofroeais BoSud yrdpit el &y Pefealt  bes

bel ow. [ term "paranmeter.,. O, ref.ers to,a.value which indicates the
or o di anae o AT pRARCE Bl Bt e PR IR PO ace to the
i nner su ?%g in the thickness direction. The paraneter Qis cal cul ated as

fol | ows. 1] The cross-sectional pore dianeters at each position

0 the thi cknegs g BEikRiRR ARSI RoRlIR il QAN BaOULR, SUrface 1o

the inner surface. he outer sur pore diameter 1s referred to as Do,
the cr Oséﬂﬁﬁﬁiﬂi&{‘@ﬂn POLISe IhaiiRh 85 iRl Rg Sh & 8% DY rake anni@?iqu@"lgrepg n
[

order fromthe outer surface, and the Inner surface pore dianete
ref er r ednia@s A&%old of th®YMeddanic fine powder and further dividing the resulting value by a
maximum mass M of the organic liquid absorbed by the inorganic fine powder per unit
mass is 0.2 or more and 2 or less, the effect of suppressing the movement of the organic
20 liquid between the molten mixtures can be further improved. The term “organic
liquid” used herein refers to an organic liquid having the same composition as that of
the organic liquid contained in the molten mixture, i.e., an organic liquid aomprising
sole component or plural components at the same mixing ratio as that of the organic
liquid contained in the molten mixture. If the above value is 0.2 or more, the
25  movement of the organic liquid from the adjacent layer in the vicinity of the layer

interface is suppressed so that a dense layer is not formed, whereby a high pure water

permeation rate is maintained. If the above value is 2 or less, the amount of the
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The paraneter Qis given by the follow ng general expression. 5 The
paraneter Q for the outer surface pore dianeter is calculated as follows.
10The paranmeter Q for the inner surface pore dianmeter is cal culated as
follows. [0063] 15In the porous nultilayer hollow fiber nmenbrane according
to the present invention, it is preferable that the nunber of paraneters Q
whi ch satisfy -0.2<Q<0.2 be 80%or nore of the total nunber of paraneters Q
measur ed orgiiR IR ehichfis e deBbed By Beihoghnis dinePowdeDis 2ufficlentlyismatior e
preferably 85%or nore, and still nore preferably 90% or nore of the total
nunber offhpa@f@sphe hHvenerasuheokgaSic tigaidinshe vitin2§ df tie: inenfaranecuha® a

uni form pore di aneter when the nunber of paranmeters Q which satisfy

- 0. 2<Q<0oBlyi wssmdll bitentt h&hshediees anigmgean thembeiahene xthiddirt) wigerbbocki ng
performance, water perneability, and strength in a well-bal anced manner can
be obt ai béskinsREBbImaGTkts inginpaieédker diicabbharalthes monstpeeicblyodd anplose s Q

whi ch satisfy -0.1<Q<0.1 be 50% or nore of the total nunber of paraneters Q
measuf ed andhé ardesemdotillpaorametferdly®.dor otorsand 5 pr lags.1 <Lhigeffeqtds pop e

preferably 60% or nmore, and still nore preferably 70% or nore of the total
number obrifereblyemeraved wheadhe meltert oogse vhighis Cil&ﬁhafgﬁﬁl ipHicdpeeriameantnet er s
Qis smaller than -0.2 or larger than 0.2 shows a | arge change in pore

di anet er coipas dhaigotganicHmeoRider. orft lsﬁn%ﬁ@rqfﬁ’iaél@ﬁhétsal ithemelteh. [ 0066]
The outer surface pore dianeter and the |nner surfaﬁatporg dianeter are

measur ed PH¥UE¢sE0 éﬁéiﬁéh%ré%?ms@a thiREENICTHES RoMsies Fohanas 51 di anet er
G515 Mo T T G bl RO

t f fib th t W
i 0T hES ARETBGR PR e e e SR BRvdrorERe e et Bof B o Ve e

preferabl e i spose. t bl o on the ut er f 1 hol | ow
P ber e akdts PBRRG ‘%P%‘()Ob%ﬁ"ﬁ?ggf‘” e mbihestiy P g Bl A %E ooss)
The inner |b £ f et mm or
nor e andng9 f{g}qg ggssr.e%(g}f’d%él 8nner flglﬁﬁg{ ﬁQﬁy tlﬁ IBES% Clqktl(?lfpl b nl%merr‘or ane
is 0.4 mpnr %%rg the pressure loss of a liquid which flows through the
hol I ow fi DB rane does not increase to a large extent. If the inner
di anet er @(j ihe hol | ow fi ber menbrane is 5 20mmor |ess, sufficient
corrpresswe trength and bursting strength arc easily achieved by a holl ow
F'i bensmenbr ang; QayiBabR thladldaiting eHihdn & hrﬁK'II §% be el MG thadivamet er  of
the holl ow fiber "nenbrane is nore preferably nmor nore and 3 nm or
| ess, anddptédtndmheniRt@éCEABE Yn BféCt B @han@@ﬁ@ st@lﬂiﬂuﬂ; whEhake hesementhe
thlckness of the hollow fiber menbrane is preferably 0.1 mmor nore and 1
25mm or  bédt.orgdni¢ Hguitihicelndseisvesh thdhaolal mbuurks Berduedbr Bnemose 0. 1 nm or
nore, sufficient conpressive strength and bursting strength are easily
achi eved prdférabkehdthhekmesiypobf vigeniediguahbed mbed imterilir ahacensmalterm or | ess,
sufficient water perneability is easily achieved. The thickness of the
hol | ow f nbigtureseinidiifmentirstiosor 8Vhenethe sabe Yyp6.of 6rgamicdiquidiseniaad itde Sienm or
| ess, and still nore preferably 0.2 nmor nore and 0.6 nmor |ess.

20  adjacent molten mixtures, the extracted organic liquid can be easily recovered.

[0028]

The difference in resin temperature when causing the adjacent molten mixtures
to merge is preferably 20°C or less.  If the difference in resin temperature is 20°C or
less, densification or void formation rarely occurs at the interface between the molten

25  mixtures. As aresult, a membrane exhibiting excellent water permeability and
strength can be obtained. The difference in resin temperature when causing the

adjacent molten mixtures to merge is more preferably 10°C or less, and still more
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[ 0069] 5A hollow fiber nmenbrane having such a preferable structure exhibits
bl ocki ng performance, water perneability, and nechanical strength in a

wel | - bal anced manner, and exhibits a high perfornmance under a w de range of
operating conditions. Mrreover, the hollow fiber menbrane does not change

relating to the bl ocking performance (i.e., it exhibits high abrasion
resi stance) even if insoluble matters such as 10sand or aggregates are
cont ai negrdf@rallytofeat ment target |iquid. [0070] A menbrane having a

uniform |l atex sphere (0.2 un) blocking rate of 95% or nore, a pure water
per neabi [6d2¢] of 50001/ n2/hr/0.1 MPa or nore, and a conpressive strength of
0.3 MPa or nore is particularly preferable for the objective of the present
15i nventi on. BXANREESInGOFdnoEhenixteseinomitinvantulanischargeportj besd i n det ai |
bel ow by way of exanples. 20 Property neasurenent nethods are as foll ows.
The neas preferebie tadisclzogoiiie redtcatmiEE: an Hhas s spithisgwogde disdharat ed. (1) Fi ber
di aneter (nm) and aspect ratio The holl ow fiber nenbrane was cut to
a smaf| paiasietes s(lrstorgl) & Thgomorerandi@O0 ok tespetrpendnenbant havies high

| ongi tudi nal direction of the nmenbrane. The cross section of 25 the

menbr ane Stignetioprdroaddaingd whilaashieviog bigperodustvivapet highisginaingstabaityand t he
mnor axis dianmeter of the inner dianmeter and the major axis dianeter and
the m nofhalar® ‘gpianiediozee dﬂa@haraepéifarrmtear?e @FGY%FO%Y@U%@}P"P@W PYber were
nmeasured,  and the jnner. diapeter terdtg det er mi ned

accor di ngiWéng ASISCBIER YIRS V@l@ﬁ%%’s&%’ﬁ%" z]ﬂl = (inner
Gt o di el ke hogit ooy af'lrg/’?cﬁx' St B s negﬂa%@éim?qg&ﬁé’éi’% ‘
a1 6 66;,@1@1"‘%9@%4%%‘9‘% 5%@?@8@ it AsShihed PePE GROORES: rer i amoter
ronbr ane YAt HHRENER T of B Yiasbede ebfran ﬁ]‘h‘a&%lef&l&% g Ry 20

”! hut es, e{ep%é% g?o?g ait;ﬂ'g B}esr"ﬁm a%ﬂ?dEogtJ&Eénrgtgﬁ Bk dﬁzh&ctgoéflt

fi ber nmenbrane ane Havi ng a ?en th of

I138r gmmvfg?ﬁ%s%?eg %(gm? %{Ségr}tg)ﬁg@ﬁﬁ@}) §IV\E/I\{V§0§("rg F&ﬁﬁ ﬁg%glljtg %ahteﬂj%g%trol ngeeﬂgedl e
at a prepsihtdiwith fighBfoductivity.  If the spinning nozzle discharge parameter R is
15 1000 or less, the elongation at break (important strength) of the resulting porous
multilayer hollow fiber membrane can be maintained at a sufficiently high level. The
term “elongation at break” refers to the elongation with respect to the original length
when pulling the membrane in the longitudinal direction. When the molten mixtures
merge before being discharged (see spinning nozzle shown in FIG. 2), a value obtained
20 by dividing the discharge linear velocity V of the merged molten mixtures at a lower
end face 9 shown in FIG. 2 by the slit width d of the discharge port is employed as the
spinning nozzle discharge parameter R. When the molten mixtures merge when or
after being discharged (see spinning nozzle shown in FIG. 1), the spinning nozzle
discharge parameters R1 and R2 are respectively calculated for the slit widths d1 and d2
25  of the circular discharge ports 11 and 12 at the lower end face 9 shown in FIG. 1. In

this case, it is preferable that at least one spinning nozzle discharge parameter R be 10

or more and 1000 or less. It is more preferable that the spinning nozzle discharge

20



The amount of pure water which passed through the nenbrane was neasured.
The pure water perneation rate was determ ned by the foll ow ng expression.
20[ 0075] Pure water perneation rate (1/n2/hr) = (60 (mn/hr) X anmount of
water perneated (1)) / x inner diameter (m x effective length (m x
measurenent tinme (ruin)) [0076] The effective nenbrane | ength used herein
refers to the net nenbrane | ength 25excluding a portion in which the

syri nge mesdiateriBof whieh tledam§d0 o7 His¢iBygBis dakesn e $0 vengirdar{dVRE0 @neks.

el ongation at break (% Load and di spl acenment upon tension and

br eakage lwsstll mpas preéetabln dert theheidohg owizieglisahadictpiacmsaterSRngl 2t ofithe  hol | ow
fiber menbrane produced by the nmethod (2) Measuring instrunment: |nstron
tensi | e tuseler disdh@giegprivdguas murre dndyO®Bhomhassz u ThCepipongtioar} dischargk

di stance: 5 cmTensile rate: 20 cm m nute The breaking strength and
t he el ongaramnterdt Isbpergipreierabl ydet ermoigaad B0 ohless, ahdl sl myrerpsfasidiyons.
[0078] 10Breaking strength (kgf/cnR) = |oad at break (kgf) /

cr oss? sed P onEIOTas>097dyss[ 0079] El ongation at break (% = (di spl acenent
at break éc /' 5 (cm) x 100 [0080] The cross-sectional area of the
menbr ane [Y&%et er ni ned by the follow ng 15expression. [0081]

RN - W< MR P A M )
2t ex Nt SRR AR, £ 00208, i (STACCX anul el el by 9%
doseeyl L e ok SERb AR R BT B PSR B °
placgd i QizPneter and a thick inner layer having a large pore diameter, or (ii) a combination of a
thick outer layer having a large pore diameter and a thin inner layer having a small pore
diameter is effective for providing minute pores and high water permeability, When
forming a three-layer filter membrane, (iii) a combination of a thin outer layer having a
smatll pore diameter, a thin inner layer having a small pore diameter ) , and a thick
15 intermediate layer having a large pore diameter, or (iv) a combination of a thick outer
layer having a large pore diameter, a thick inner layer having a large pore diameter, and
a thin intermediate layer having a small pore diameter is effective for providing minute
pores and high water permeability.
[0031]
20 The hollow fiber molten mixtures extruded from the discharge ports to have a
multilayer structure are cooled and solidified through the air or a refrigerant such as
water, and are wound around a reel, as required. Thermally induced phase separation
occurs during cooling.  Polymer rich-phases and organic liquid rich-phases are
minutely distributed in the hollow fiber after cooling and solidification. When the
25 inorganic fine powder is a silica fine powder, the silica fine powder is unevenly
distributed in the organic liquid rich phase. The organic liquid rich-phases form pores

by removing the organic liquid and the inorganic fine powder by extraction from the
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25 beaker, and supplied to a wet hollow fiber menbrane having an effective
| ength of about 12 cmfromthe outer surface using a tube punp at a
pressure of 0.03 MPa at a linear velocity of 0.1 misec so that the liquid
whi ch perneated the nenbrane was let off fromthe ends (open to the

at nosphere) of the hollow fiber nenbrane to filter the |atex suspension.
The filtered liquid was returned to the beaker, and filtered with a liquid
in a cl oselosydeewhicAhtebechQonieduhasolidifitd.l t Apbioms multilayén lgplliosh fikrch
perneat ed the nenbrane fromthe ends of the hollow fiber menbrane and the
| i quid soppitired: dandathiseobaibabker were sanpl ed, and neasured for an
absorbance at 600 nni using an absorbance detector. The | atex bl ocking rate
was det ef®i3éd by the followi ng expression. [0083] Latex blocking rate (%
= (1 - (absorbance of |iquid perneated! absorbance of |iquid supplied)) x
100 10[ 0084] (Iby ctaepredigiidsendsthe axggani¢ fiPapowder may i@nesmened by eatrawionhol | ow
fiber menbrane havin% a length of about 5 cmwas sealed with the other end
open o fhidestmeiprarien thepwangtligridandgbeingsganiafisepowdser ser heatteadtdde hol | ow
fi ber menhrane fromthe outer surface under pressure, and water 15 which
per meat e HHEC pERbYAY@Lwakhe egpve dapidomditheingpraniceing powsler RfesncsmaBy t he
total amount of watey supplied to the nenbrane was filtered w thout
circulatF%ﬁ“ﬁﬁﬁ@F?mP tal anount filtration nmethod). The pressure was
increaseg(brgnlo.l MPa stepw se by 0.01 MPa. The pressure was mai ntai ned
for 15 s % A s, and water renoved fromthe open end within 15 seconds was

cpabe R L AN TSt T R
e T e T
o1 PRUARLIABRLTRIPGANS, SoBsH SRS SR SRR AR S
reroranecgasugasEs miRdybl, 2RISR TR pITERAL e he

t he menbyangiRBIRIESe RqUIRXAHELARS rLAKRA mnttmcgmpﬁﬁéwﬁbﬁﬁé gRgth of the

hol | ow fi ber nenbrane. (6) Inner surface pore diameter, outer surface

pore di agBtRtonaNHxRRF8s §f MORhquAt inkh@e 68 AlcBholOheliyRES cARGUEOMI(Re M
The inner surface pore dianeter, the outer surface pore dianeter, and the

Cr 0ss$5 selké.0mdthes i @EadOliguidiiaweieEolQble! WercPRAQ WS ub& Asane BkBRkionenbr ane
wer e Sneasured using a scanning electron mcrograph in which the shape of
20 or noliguidores could be verified. Five lines were drawn on the photograph
(A4) perpendicularly to each of the horizontal direction and the vertical

di recti o088} al nost equal intervals so that the photograph was divided into
six sections in the horizontal direction and the vertical direction. The

| engt h of theThé mergmosSaappvwdes ipomeratiy remevashnt ograaipin vasg d0aqreasur ed. The
arithnetic nmean length was cal cul ated to determ ne the inner surface pore
di anet erliqyide Bor example, dsa thoimergihnitegrowdent siliea, sitiossag dechoveaied cent er
pore diameter _of the porous hollow fiber nenbrane, Wien the pore di aneter

i s aBbut Inte 2 sligate thppglapondrc stithom stkdmesebisien snddhe silicye iplljan fgneavetion of
about 5000 is suitably used. The cross-sectional center pore dianmeter was
measur ed?y friFasEoR Hgesiponiastsath WHEr t ot al 15t hi ckness around the center in
t he thicﬁﬁggi direction. (7) Cross-sectional pore dianeter in each portion
inthe t ess direction and thicknesses of layer (A) and | ayer (B)

The cross sectjon of. the. hollow fiber mbr ane was, photo hed using a
scanni ng elecib%ﬂmﬁF@ ) ‘H@fgﬁuﬁﬁ%Fﬂb$§$ﬂPW Iﬁﬁﬂﬁﬁﬂﬁﬁgvgigggx%WMQ@ or nore

Por S, 205 G UL SRR R PR R b L 2nce
hi . A4 ph h h A hi

R A L A T T e T S e
h . : i: i : | cul d

oL 00" B R4 S TR DTSRA G, TR S28E R 62LHhbed, L

thi cknesgegink §F ik QPpant¥i&fhid RERSHAYL A9niREE Sl Ot ThGRRAE 30D pbRabAkN at a
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sufficiently high magnification, a |line whereof the points lie at an equal
di stance fromthe outer surface may be approximated by a straight line. A
poi nt at which the pore diameter was closest to a value 0.7 tinmes the
cross-sectional center pore diameter fromthe center of the cross section
toward the surface of the layer (B) was determned to |lie on a boundary

| ine between the | ayers. The di stance between the boundary line and the
surface bt sibethlyyeafoved\byvasadtiaken as the thickness of the |ayer (A), and
t he di stance 5between the boundary line and the surface of the |ayer (B)
was takef0B$]t he thickness of the layer (B). Wien the pore dianeter is
about 0.1 to 1 m an electron mcroscope inmage at a nagnification of about
5000 i s suit aB porosedultilayet hellgpr Ebentembyapatchwbe obthmet by abmbding kiness was
divided into 14 sections. Specifically, the above neasurenent was conducted
usi ng f oorgagedigideld e imrganig fiap hew (erdynixtiactdn Hom (BOGO)tilgfer hhbowr oss 10
section of the hollow fiber menbrane. \Wen the el ectron m crograph was

t akens at fikewhich drebednyconledanduglidificdat i on, a |ine whereof the points lie
at an equal di stance fromthe outer surface was approxi mated by a straight
line. (8J0W&gree of isotropy (% of layer (A A value (ratio) obtained by
dividing the number of portions having a 15 cross-sectional pore dianmeter
0.8 times to Themylidagerihodlopyfghss “é’é@%h%rbﬁpn eedledpnpwlidifipdanst®r in the

| ayer (A) by the total number of portions included in the |ayer (A

measur edSﬁrﬁclzeﬂ)m\mﬁsmflammdgilr@ﬁt@rbrtt@rsgétcafraﬁl%6 ? 8plpsofd) @qf@rewagwewneA) (9)

Degree of, isotro % .of |ayer es were dra ncentrjcally with
circles AT %%{F%B%/‘Bg apﬂéhec‘%%n’scéjg ’lelpé’l”lv f by giHehR V@Mﬁ?l TP VIE R4t erval s

R o i G L R
h Th h d

ot er m nEpigoBy GO EE bon il bl R EP o B B SRy ne | ayer
(B) in t&grt,mﬁ%&l@%%gan@e A bR AR aner rem Iy B &g@@ﬁéﬁﬁn y pore

di anet er oSi t I ckne rererred to

as the iS5l 009y e) éxt&%snd'ftﬁ%g{er g@ma&h\( b (i) 9Pt &l ned

by dividing t nunb ortions having a tross-s tlon e di anet er

0.8 tinmegofi@y ﬁbgr ﬁlbﬁ%ﬁlﬂ@h@%&fe%lﬁf e84 anA st GRRA th@ﬂ{u@tﬂ rﬁ%ﬁ@ g} by the
total nunber of portions 1ncluded in the layer s taken as the

degr ee Ofnelrﬁ)%rfcqm(h@lfonéllﬂﬁhﬁzﬁléﬁrectﬁcﬁ) OPARGIL R h@ﬁ@)ﬂﬂ\é@)ﬂh QeSS M absor bed
by inorganic fine powder The oil absorption was measur ed using an oi l

absor pt i ahBRAS périfdiehaded (estndskenFhnRul a6hpredve yrdigiY tedeades, th6cor dance
with JIS K6217-4. 5 g of the silica fine powder was placed in a sanple
chanber . stfhiehednganbent hayindt Was astdetibat siogpislse Howéleg the péroas f i ne powder at
4 mM/mn while rotating a rotor blade at 125 rpm The 10t orque increases as
t he sil i oaltilaywr hoboetdibeabhpartvand digainedanite grodpeitidn pAfcesyacthidingandhe r eaches
t he maxi num val ue, the torque then decreases. The nmaxi num oil absorption
mass M ppresemiiventios hof a high nievbagealistrengthe poowtorehs moitileydr&bdwby t he

fol |l ow ng expression fromthe total mass of the organic |iquid when the

tor gk i Aberimdy he steciced it 760%toh ratieotnlak phmere/aiidieor leg{ 00B®[Wakxi mum nass
absorbed by inorganic fine powder per unit mass = total mass of organic

i qui d whdHegbilifuel the Rerias mitd%aw hpdbomiiprryagitereeg is/imprqvgy bycbeshing11)

Maxi mum pore di aneter (u (bubbl e point method) 20The naxi mum pore
di anet er D§PFs Wk ane s heaaempansn heeraapedchyatiy” used herein

refers to a value obtained by dividing the length of the hollow fiber after stretching by
the length of the hollow fiber before stretching.  For example, when stretching a
25  multilayer hollow fiber having a length of 10 cm to a length of 20 cm, the stretch ratio is

two according to the following expression.
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ASTM F316-03. (12) Average pore dianeter (unm) (half-dry nethod) The
average pore dianeter of the m ninum pore dianeter |ayer of the nenbrane
was neasured in accordance with ASTM F316-03. 25(13) Spinning stability

A holl ow fi ber nenbrane was continuously spun for eight hours. A process in
whi ch the nolten m xture was extruded and cooled to forma nultilayer

hol | ow fi ber was observed with the naked eye. A case where the dianeter of
t he hol | ow fi berndi dooet=ghange and the hollow fiber did not show interface
non-uni formty and had roundness was eval uated as "Excellent”. A case (a)
where interface non-uniformty did not occur, but the hollow fiber had a
poor roundness to sonic extent, or a case (b) 5where interface

non- uni f or m t Yhdicomprksioe sitengtiboft the fenibrirer mdy Bespidonatihangeded bysone ext ent
wi th not inpairing production was eval uated as "Good". A case where the

hol | ow f stigectmigalvestidteited miacieranot-windat oeatirtent. aritheHadt aeqpoont tropadness was
eval uated as "Bad". [0089] 10Raw materials used in the exanples are given
bel ows <Rawrmmatleeqed! to Fhiesstbpt tstmdtingpoint ¢Rhe thevinnylastersint | uori de

honopol ymer gKF#looo manuf actured by Kureha Corporation) 15 (R-2)

Hi gh- den§®@3] pol yet hyl ene resin (SH800 manufactured by Asahi Kasei

Chemi cals Corporation) Organic liquid (L-1) Bis(2-ethylhexyl) phthalate

( manuf act ur ed 1hy poouEstWilapshedpat filss embraye michigiyg toghe Augbet énvention

(manuf actured by CG Ester Corporation) 20(L-3) y-Butyrol actone (speci al
grade, nififhgehivsdleskingsiomnrrcectater paimgapdistandsyengthén 3 | norganic fine
powder (P4), Silica fine powder (AEROCSIL-R972. manufactured by N ppon Aerosil
Co., LtdWe 1&5‘.5@0 PORRIRGY li)%lmq?fél e anenpas wﬁmbda@u% %tlfﬁ?ft tTREeTRESd ng rati o
and e producti onditions in each exanple are shown in Table 1. Exanple
1 ife B fﬁﬂ?}?%ﬁﬁﬂ Lpplasis 8 honopol yner was used as the ther mopl asti c
resin, a (w éj)ure of di(2-ethyl hexyl) phthalate and di butyl phthal ate was
used as { é rganic liquid, and a silica fine powder was used as the

using two ext SUREYESh by RO Rt Rp B AR S S RRB F'G
2. A ey | Len .1 ; LiLan 1o Wi inylid
Fi uor i oo sseeerorelry WERPHAHER § SRR R oMRAInE BB Vit s "

silica f 0P eBehemb 2@ 8 8. 2: 23.0 (rmass ratio) (volune ratio:
32.2:44. 478 4115 .enﬁn@ﬁgse?r%%llgy r nolten mixture (b) had a conposition in

whi chs vi ydspglene fluoride honopol ynmer bi s(2- et hyl hexyl) phthal ate: di butyl
phthal ate:sifica 10 fine powder = 40.0:35.1:1.9:23.0 (mass ratio) (volume
ratio: 32.0: 5Q.18ye? Havikg - aQdrgerbore ARl &Sd réferrdd ROAsl OMyRQAD ] a-f1agex ng fl ui d.
The nolten m xture was extruded froma hollow fiber nolding nozzle (outer

di amet er hadn®8 siller pi@diaficted @fcrrdd t8As AMyea(BR B IBydre APey dtdifed t9f 240C
and a discharge linear velocity of 14.2 mimn (i.e., spinning nozzle

di schar ges pamaseitedr, &dvhas 144D(B3)eis yefemed toads dohmrtériapdenetistertastithe (out er
| ayer:inner 15 | ayer) was 10:90. The outer dianeter of the nozzle refers to
t he out epresstt ihicatiet ernadiintited thikretohaFgecpmuple, anoFeGlay2r mThée pruvédeddi anet er
of the nozzle refers to the maxi num di aneter of the |lower end of the
par t 2@ i obetvatn thedayweén) tinbthiedayer (B hye rnothért leyermast by gadkied ohdhgleygort  and
the hol |l ow portion-formng fluid discharge port.

(A) or the layer (B).

[0041]

FIG. 5(1) 1s a view showing a change in pore diameter in the thickness direction
when the layer (A) and the layer (B) have an isotropic three-dimensional mesh structure,
25  FIG 5(2) is a view showing a change in pore diameter when the layer (B) has an
anisotropic three-dimensional mesh structure.  FIG. 5(3) is a view showing a change in

pore diameter when a layer (skin layer) having a small pore diameter is formed on the
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[ 0090] 20The extruded holl ow fiber extruded product travel ed over 60 cmin
the air, and was introduced into a water bath at 40C to solidify the
product. The product was wound around a reel at 40 nmimn. The resulting
two-1 ayer hollow fiber was i mMmersed in nmethylene chloride to renove

bi s(2-et hyl hexyl) phthal ate and di butyl phthal ate by extraction, and was
then dried. The dried product was inmmersed in a 50 mass% 25et hanol aqueous
sol uti onotiter sficoUNBIES(1)i NFEGSEN 1) 1 B ke f;@phﬁ&d@diﬂglt}ﬁs-eiaﬁmgﬁ ed ina 20
mass% sodi um hydr oxi de aqueous solution at 70C for one hour, and then
washed whtthveemiterthickndse and thetpgoee Siatneta afongehpavstesectiyn edaclandlion fibe] 0091]
The resulting porous two-layer hollow fiber nenbrane did not show interface
non- uni f arembrancandn bath gaagh, tie veoticud neis Sndidwesahe esiol df thof pare dasaes@cit i onal
observation using an electron m croscope, it was confirmed that the

bl ocki ngedchyeossesactidrhte tbaippes-sectiayd ceftadpan dissmtteropidcthe hoezontil meizsi onal

mesh structure w thout macro-voids. Table 2 shows the outer dianmeter, the

i nner5 di sndetatas the dstansplemn thavitor surfise puz posiieren the thigkacisohirectiore, t he

uni form | atex sphere bl ocking rate, the breaking strength, the elongation
at br eakpraviedd el ackneseisgly, Tthepwilareile sint thedaypdie el taedayer
(corresponding to the surface pore dianmeter of the layer (B)), the inner
surface PRYkaveienmetiepic(ibrserdimpanenalgios siectise siage thedlogsiepdgionnanasr of t he
| ayer (A)), the cross-sectional center pore dianeter, the ratio of the

out er sufFhHEIges by dpRal eatenbeignt hEECe 8625t Sonal center pore di aneter,

t he ratiﬁ¥ﬁf the inner surface pore dianeter and the cross-sectional center
pore dia }, and the degrees of isotropy of the layer (A and the |ayer

(B) the resyltin nbrane. The parous two-|layer hol|ow fiber nenbrane
ot 0 i g pun B KPR IR RRR B Fiat dhe Samet Sy Bl SRR g e g
mechani cal st.rength. [0092]. e porous two-layer holl ow.fiber

rerbr ane SEELSLT &1 PhySeR 8 snd gt o Pk R iRl e P oo um
hydroxidg-%%gggéﬁggolution cont ai ni ng sodi um hypochlorite (free chlorine
concent r ath on mass% at roomtenperature for 10 days. 20 The

el ongati 4$ break of the porous two-layer hollow fiber nenbrane was
nmeasur ed - before and after imrersion. The el ongation at break after

| mrersi on was-rR0%ef (A %h%lﬂx]% | OB RLG IR SR Qb IRT STRB terhl  WAS
confirmed that t%%gp%rﬂﬁg t wo- gyerrholISM/ ?ber ﬁeﬁbrane had‘gﬁbellent

chemjgal «i;6545880eR helDPRRha Rl {&2haB o8 1OY¥Ge AnREGS EAM (N LlPneqPe | mage of
the outer surface of the porous tmo-?ayer hol | ow fi ber nenbrane at a

magni f i cRbmOFerRbuPORRurE) ife-thd thSdkWEs EitcBbLGhd Oifcum fereatsianRclisMmagd efe a
portion around the outer surface of the cross section at a magnification
of 5000. IdnkudiBalsh@stoRof leesdniandll Criasesppid stageurefs astprkdre @nwaichund t he
outer surface of the cross section at a nmagnification of 1000. FIG 9 shows
an el ect nportivndnesgopew stregetholich hea oantoevoidtartlyeccnws s Thaefargnhat a
magni fi cati on of 5000. FIG 10 shows an el ectron m croscope i mage of a
portion prechmdca kiecriginér g Sprasduac witbftatdpertorospcs ef thegrraus raulbdeyei f i cat i on
of 5000. FIG 11 shows an el ectron mcroscope i nage of the inner surface at
a naghi f hellaw GheoheBboOe cAe b cedased whilemaitieniizggbe woter perorasbidivpef | mages
shown in FIGS. 6 to 11, the outer layer having a small pore diameter and

t he i nnethengyeys multilaygr aollesy Gbergpembi@banet er were formed in the porous
two-1 ayer hollow fi ber nmenbrane. The surface porosity of the |ayer (B) was
25% 10[ B894] A smal | amount of graphite was mixed into the nolten
m xture (a) (oquter layer) to obtain a two-Ilayer hollow fiber (organic

li quid was not%ﬁ? &?@\/é%!)eﬁ-dm@lw F@S%wu@ﬁw%@rw f%ﬁ’@ t® ASUPEYEr hol | ow
fiber was black. This indicates, that th ntire outer, surface was covered
wl th t heSSRGTRBHI SRR A S-a AT g4 Cotr O Sisariag 't he. 15

nmol t m xture . (b) was exposed on the. outer syrf s.not observed on the
o Py PGP ESSH farber mEvEs Taosrertss 8 bl | ERGoHnERb saa oty oscope
i mge of th‘circular c% SS ect%fn qf t he two-lgéfrthol%OM/fiber. As shown
in FIG 127“PREPEISER P @8#3‘%"8% HESFPRE ST PR AT RE U @) Cover ed the
outer su 1 h [ 0SS- i | . -d] ion t Lfor hi ckness
wthout B ESeLfoilgP abnRaBgat b EREHRT  °pl MG oer
menbrane was obtained in the sane manner as in Exanple 1 except for using
an outer-layer nolten mxture (a) having a conposition in which vinylidene
fluoride honmopol yner: bis(2-ethyl hexyl) phthal ate: dibutyl phthal ate:
silica fine powder = 34:33.8:6.8:25.42%nass rati o) and an inner-| ayer
nol t en



25m xture (b) having a conposition in which vinylidene fluoride

honmopol yner bi s(2- et hyl hexyl ) phthal ate: di butyl phthalate:silica fine powder
=- 36:35.3:5.0:23.7 (mass ratio). [0095] FIG 13 shows an el ectron

m croscope i mage of the outer surface of the porous two-layer hollow fiber
menbrane at a magni fication of 5000. FIG 14 shows an el ectron m croscope

i mge of a portion around the outer surface of the cross section at a
5magni f i detioplagfc BOOOhLiIdH Grmd heshahds amoeat eeistaan ninchio sleopdimemgaabf a
portion around the outer surface of the cross section at a magnification of
1000. FI ®elibstsivows, camsialbdotkrlomning cophsodigestiiwhge sdfentabieal yesibem infFIfthe cross
section at a magnification of 5000. FIG 17 shows an el ectron m croscope

i mage of 4as poaly pbsereadoudtic bheningntthedhnet-dovestonahmesr gastgedt ¢nolosed a
magni fication of 5000. FIG 18 shows an el ectron 10 m croscope i mage of the
i nner suby tedhenmoplastigrasn, eud fash se¢licBOUGhe MpaBing @ehvmsatah Fivet most

m croscope i mage of the cross section at a magnification of 60. FIG 20
shows® anv&the dharaapiftis wsisoped formge tokethaersigws medle strustrgtvhachheggni f i cat i on
of 300. As is clear fromthe electrgn m croscope i mages shown in FIGS. 13
to 20, tREheto thepaengihef dg hellgpdiber W@rmeaﬁémorglﬁmerth%mgmgh| ayer
having a | arge paqre. diamreter were 15 fqorned in the porous two-1ayer holl ow
fiber mefb b@anmef%rmc{rgé\éorﬁm?fs?wueﬁ IERUAICE JRGTERSE): vﬁ?rgw th#096]

The resulting porous two-I|ayer

non- uni | BHHREY TR MREGR Kb Qg eSS OSBRI 2o @D s sect | onal -«

e e

resulfi ggfan%ﬁgﬁngmgﬁ& oA ﬂ??}ﬁ 15 BRSO BT Rt bt ow i be
A SIS TR AT O 3

mechani cal "streng o) € neasurenent res [2)

Cross- segt éil?d%QBT &gfnegaﬂ.{oeﬁ%&llﬁ??@;@@ 2RUA J)th‘rﬁ’d(?qiifgg résﬂ?wﬁfcﬂ%%n@ﬁ:ﬁ{eis on of

the porous two-Iayer menbr ane | nt sections. The porous
two- | ayef, fehb@Ws fdRfel ST antheRd8reit 3 EHEIMI R HA He ShdHiohPhr he chii@t Shown

in FIG 5(3). FIG 33 shows the neasurenent results for the paraneter Q

Exanpl e Riyer is easily dFRCRH WHePultidelic edH QwittBeby CRERLARE RRS 40Bkai ned in
the sane manner as in Exanple 1 except for using an outer-layer nolten

m Xty e §oehemAdy kider sho ® SpHehaite BicictinRiac B rvferinké. demer1d 4iaphéelites ¢

honopol ymer: ( 2- et hyl hexyl ) phthal ate: di butyl phthalate = 40.0:36,0:24.0
(mass r ate@purtid9@9dilioned densdlfe Aespkiingd 1P foroied bewrechalyesphlallitawe. f i ber
menbrane did not show interface non-uniformty and had a high roundness. As
a resul t F¥ 28 sboss seetangiabf abhsaowape anagddw spheahiteitecturenbmimeddscope, it
was confirmed that the bl ocking | ayer and the support |ayer had an

i sot r opi Befehanee Edamplesli dasatibaddster.st ruct ure wit hout macro-voi ds. The
property evaluation results of the resulting nenbrane are shown in Table 2.
The por ol#948lvo- | ayer hol | ow fi ber nmenbrane had a high pure water perneation
rate, |latex blocking rate, and nechanical strength. 15 Exanple 4 A
por otfs t wo- | ayBe swIce parerdisaptcpehibe daver (iksis Odt amaete 1.4 tinks tkame manner as
in Exanple 1 except that the conposjtions of inner-layer and quter-I|ayer
are exchdRetrclippg) sentghporg dimatery e L hadact Biat Fosuifaes PRIt dgnaterdisi tion in

uni oh ViYL dSneo o ide honmpRl Y bl 2 PLINL e B el st g buty
with the fact that the layer (A) has an isotropic three-dimensional mesh structure.  If
the surface pore diameter of the layer (A) is 0.6 times the cross-sectional center pore
25  diameter or more, filtration resistance at the surface of the support layer does not
increase to a large extent, so that the entire membrane exhibits a high water

permeability sufficient for practical use. If the surface pore diameter of the layer (A) is
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2040.0:30.8:6.2:23.0 (nmass ratio) and an outer-layer nolten m xture having
a conposition in which vinylidene fluoride honopol yner: bis(2-ethyl hexyl)
pht hal ate: di butyl phthalate: silica fine powder = 40.0:35.1:1.9:23.0 (nmass
rati o) were extruded so that the thickness ratio (outer |ayer:inner |ayer)
was 90:10. As a result of cross-sectional observation of the resulting
porous two-layer hollow fiber nmenbrane using an electron 25 m croscope, it
was conf il drteded thatrosiiecchibodldenigr pargeliameter diflessshipp ordchirdyse strbgdh am
i sotropic three-dinensional mesh structure w thout nacro-voids. The
propert ybewdliesatli on results of the resulting nenbrane are shown in Table 2.
The porous two-layer hollow fiber nenbrane had a hi gh pure water
perneatiﬁw46bte | at ex bl ocking rate, and mechanical strength in the sane
manner as in Exanple 1. Exanple 5 A porous two-layer hollow fiber nenbrane
was obt ai ned ihallew Ghemenemnner mast Bhibitesuangthdhal caguwreps fittmtiongiresguian
outer-layer nolten m xture (a) having a conposition in which high-density
poIyeihyFéﬁ@“gégmm?@ﬂh@ﬁﬁbﬁ%ﬁé@ﬂ@‘ﬁé@ﬁ%?”bggfgi@lh?ﬂﬁ@%ﬁﬂﬂlEh%halate
(organic liquid):silica fine powder (inorganic fine powder) =
20. 0: 56. Dresysppedngial oappiwte voThﬁfe oretau r@emlzanﬂssmmgailctese}l whigh garr esul t  of
cross-sectiopal observatjon of the resulting porous two-|ayer hollow fiber
nmenbr anePIST9PG SRS P%gFrHH“%ﬁ%Q%%@@BéIeﬂ@Pﬁ“WE@fééﬁﬁm?ﬁﬁﬂpﬁﬁﬁﬁethe bl ocki ng
|sotrop|c t hr.ee- dj nensi opal . mesh

'sta ?’5?& 3? g %M%ﬁnﬁ f p@%&@% gafsc@sm#ﬁngafﬂas @F&F?ﬂﬁf‘?‘lﬁﬁf‘F%§ high o theh .

) 0098] T
¥?§:r“ hﬁw”ﬁwwaﬁ %13&8%@71%8“%%&%@%8 hgreasiel R %‘Bcﬁeh a%? TBSSY
ilﬁl o1 U AT AR SRME S BT SBh ?%@%”m%aﬁf%mﬁg%ﬁi bSs e
MR L ﬁﬁfe?f%ﬁngé e, PitcP BRI N R0 Sealdh @%nr%eaai”ﬂ”a%?& e
i mrer si op %ﬁ%@&aﬁ@& b5 B0 Ha'u%ﬂu%tothggﬁ% Qﬁét {__} (?fthgm%ﬁﬁ)'rﬁ{e

conflrned e porous tmo ayer brane ha excellent

cheni cal c@@@g&%@ﬂﬁ%re@&ﬁ{m|ﬁe@uﬁﬂ ;gd}g n;a‘i’iﬁetérhﬁ rﬁéls(ﬁug‘{‘ﬂ?x]e?é@cﬁ o | ow

fi ber nmenbrane (effective | engt rom gani Sl quid and
the inorgme o 1.5 MendOMIGHoN:ErcFBIPY 8 Finkd textzrpaﬁ&g 9B cRQ& abdaedal dnfexanpl e 2
were held withboth hands and stretched to a fiber 25 Iength of 20 cm and
t he m@ndgorerligndtben renoved. The fiber |ength decreased to 13 cm The
property evaluation results of the resulting nenbrane are shown in Table 2.
Exanpl e [0047] A porous two-layer hollow fiber nenbrane was obtained in
the sane manner as in Exanple 1 except for setting the resin tenperatures
of the out er - Thy ermrisbitfar purxdianetd af ttatla@f (E)andtdthesein refas +d dyger nol t en
m xture (b) during merging at 250C. The property evaluation results of the
resul ti ngvenageoandiaseter oh terpoires okmbived 2 ths cEreseiserfaee of the lagem@r)ous

two-| ayer hollow fiber nmenbrane was obtained in the sane manner as in
Exanpl e frowxbeputsider UWhe aerage pavndranichgras messurehaniolbwse Thy exmsedg a
conposition in which vinylidene fluoride honmopol ymer bi s(2- et hyl hexyl)

pht h#l at Briics of (e lpyer kA) af Ge sprdus anyliileyeplelioer fibérapemigane 5. 0: 39. 9 (mass
ratio). The roperty eval uation 10 results of the resulting nenbrane are
shown’ i nPhe tgpgnapchmgngeectromnbgpwe@%magy@caw ‘Ptc}%llﬁ}il Ber nenbrane

b d h 1 f
Mers| Sy a?ia%gp%frsz dn PPESS CRADF HG 5 ChIRSGS s Pk RO VPG| | dene
fluorid honD ne 2 eth Ihe t hal at e 15pht hal ate:silica
i Eﬁ oS R et 7EgD fﬁ@)é ibyREy’ t: X d@%ﬁ#@@fﬂﬁ@ﬁ%\ﬁ% e '
menbr ane extent an no n n . .oundness within a
pract i caifn\ﬁ_?tgﬁ ﬁ‘er%cﬁ’lh@reﬁg%%tr/‘ijg’?og\/eﬁluﬂg‘flgefi‘ﬁal? é‘gﬂl 166?‘11@%}1 YPSF]ﬁg membr ane
are fShOV\&oést ﬁ%bploef‘e 81'1 th%x p%%?ograp]n 1s measured. The arithmetic mean value of the

measured values is calculated and taken as the average pore diameter. In order to

increase the pore diameter measurement accuracy, it is preferable that the number of
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20A porous two-layer hollow fiber nmenbrane was obtained in the sane manner
as in Exanple 1 except that the nolten m xture was extruded froma hol | ow
fi ber nolding nozzle (outer dianmeter: 1.75 nm inner dianeter: 0.92 mrm at
a discharge linear velocity of 20.2 mimn (i.e., spinning nozzle discharge
paranmeter R was 814/sec). The property evaluation results of the resulting
menbrane are shown in Table 2. 25 Exanple 11 A porous two-| ayer
hol | ow f ipbss overhiah ¢honas liotst diawedn horitdneal sadeenigantrecdsnd in t&abpak ®c 1
except that the nmolten m xture was extruded froma holl ow fiber nolding
nozzl e (@0temaie.andhen thelpor&diameter imaroudDartetlgim, 4. 9&trmgmiatosaosi schar ge
| inear velocity of 10.1 mimn (i.e., spinning nozzle discharge paraneter R
was 407/ saege attahpagaxticatide ¢f hlodut 5006 isbertaldyusetled product travel ed over 30
cmin the air and was introduced into a water bath at 40C to solidify the
product , [$]t he product was wound 5around a reel at 20 minin. The property
eval uation results of the resulting nmenbrane are shown in Table 2. Exanple
12 2 A pordgdermwsrosayestians] cenermopediameiebr aisd hakstn pferaitnedalua t he same
manner as. in E&anr})ll el exceBt that the nolten m xture was extruded from a
hol | ow f PBBICASY PRI L1aphene crosusestion o emereusimyitlayss hollpvefibeti amet er ;
0.92 mm at .a discharge |linear velocity of 0.20 mimn (i.e., spinning
nozzl e d?@%ﬁ‘&e“’]ﬁ%’r%ﬁﬁ?@ﬁn cyady & é‘?’}g‘?lﬁé’aﬁgltr?%ﬁéd‘“%‘ll theiangadr  ext ruded
pr oduct v d r. 0.6 cmin the air, and s_introduced intg a water
b o 42 FefSural FirbiconEoin Batire baruthins 65 skt b B A B ound. o

A chan s.observed during travel

| at Q.4 nn/mn. .in fib I t )
[ 15t he S5 PO e Seate i BT Ry magSineit Bnd i R R ALy e | on
| 110} in Table 2. Ex | e, 13 A
por otis "t felup P RAY fiaftr BERE AU REL sty il S i R fanner as
in Ex t 1 . hal |
i ber ol oes SOaaseiaH ot HEe R R B tol R AL BE BT £ B! 02"y
L oer ! o o o T dra |
G schar oo ered AR of B8 o beeaBly i ebhufiat \RALINARS O Saed
product iRVl REePWBEn R oPlsisBettddgl @infer MaFE m&e{epﬁsr@%ﬁzﬁgsgr arpgt er bath

at 40Cto solidify the product, and the product was wou und a reel at

50 m m nerodhigechibRARchér Brdldikahdians Eﬁﬁ@??&e@ﬁiytd??ﬁﬁﬁ&qh&ie%d BEIRLRREs, 25ar €
shown in Table 2. Exanple 14 A porous two-layer hollow fiber nmenbrane was

obt aihedstilhmiohepsfiagblBIENahH o2 toré BndB ARPbE eds, BXE &AL mbRAdrefcha 1 08t 8R

m xtures were extruded so that the thickness ratio (outer |ayer:inner

| ayer) wasmbredngd 4 jn@ oeXéssuded hol | ow fi ber extruded product travel ed over
30 cmin the air and was introduced into a water bath at 40C to solidify
the prodi#®4%] and the product was wound around a reel at 20 minmin. The
property 5eval uation results of the resulting nmenbrane are shown in Table
2. Conpar at i véheErenepiteofithe surfacesf |ty loyer (Bl dydyepphuiriately fi¢tberinednbr ane was
obtained in the sane manner as in Exanple 3 excegt for using an inner-I|ayer
nol t en nilSpendiag ep)thaekipity cavidhomp srsicificofmitationsi cRhe pesphityiehide siderciode
honopol ynenbi s%‘éget hyl hexyl ) phthal ate: di butyl 10phthal ate = 40.0:42.0:18.0
(mas¥ r ae dgyer Smé%faqablﬁ?g”}%erw,me pesfeiEbiy A3 oo Mope endrétitbmare di d not
becone stap%%i}régpd (i.e., the mepbrane becanme oval or surface waving
occur r edY CIEHY &P 1Y MO Hm Mieymeay of fligatiogpabilHy of 8 Weptmsat targetiigides

obtained in.the exanpl.es. The property eval uation resul of the resulting
menbr anecoélrtaémélﬁ&ﬁﬂsl?r%d‘?‘iﬁw‘bétaﬁf’g‘i@fg‘éé‘i?é] the Poroqi%lsﬁé‘i’fﬁﬁgfﬁw PaIFET hol | ow
fiber megbrane was wetted by the nethod . and.imersed in a 4 mass%
sod um rgar o B anEsh S Rk S e tieh e Bbh T RURGCAIBI « 411y oo
chl orine e ion. 0. Ss%._ at .raom t enper ature, for, 10 s. The
el ongat i%oﬁgge}l@' 1%&1203 *’Bef@éff"‘ﬁ‘é(%g% 85.113,/%3(’ drd ?@ij)glror%&%'?%&?l?’ P §é"r°1r]rﬁsr§br iﬁ% was
MeaSKr €0yorosity may be determined by placing a transparent sheet on a copy of an electron

microscope image, painting out the pores using a black pen or the like, copying the

transparent sheet onto white paper to clearly distinguish the pores (black) from the
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20before and after inmmersion. The elongation at break after inmmersion
decreased to 20% of the elongation at break before i nmersion. [0100]

A smal | anmount of graphite was mxed into the nolten m xture (a) (outer

| ayer) to obtain a two-layer hollow fiber (organic liquid was not renoved)
in the sane manner 25as in Exanple 1. The outer surface of the two-I|ayer
hol | ow fi ber was not entirely black (i.e., a nunber of white streaks and
spot s wemenglosearee(yhite)arsl dahiatiagzelse pdrasityt idnoednemesinllfyae e AbAs ingk
entirely covered with the nolten mxture (a) so that the nolten m xture
(b) (i nnenalysiy evfjwarasasalipdssed oW ® Hé/582t A1 sfor baoeplat a nunber of points.
As a result of cross-sectional observation of the hollow fiber, the black

| ayer (1 d4@¥0]of the nolten nmixture (a)) did not thinly covered the outer
surface to a uniformthickness without defects (see FIG 12). The interface
bet ween t he | dyedayst (Bhie arddakene lavset ulbe blagkingdhyes prévagier; formigremalteryer ) and
the layer of the nolten m xture (b) (white layer; inner layer) was wavy.

Thi s P ndiceaipusd imatreptmenbigrgst linuiidromp arssingl thypugh dcangwbranativue ethenner 1 ayer
was exposed on the outer surface. Conparative Exanple 2 A porous hol | ow
fiber mefBRHsEREPBniiameta i hhe temsswdacemerediamster af homuerpBE usethavi ng t he
sanme thickness as that of Exanple 1 except that the outer-|layer polten

mi xt ure ?}ﬁ einypelers it the gy prgaeRoreipnea §f thnpersh abservaidp thappasrd it e (b)
havi ng a osi tion in which vipylidene fluoride

homopol it At 12y (BY ioirbg phisidgnt ke Siréece gt SAmGHer G IS (B) 88 P ne. powder
= 40.0: 30. 8: 6.3: 23.0 émass rati o) was extruded fromthe i nner.-I}?f%/er slit.
As a resUIESGET BPEE & SEURI SIS IOBHRISTRSPR DINAEE I e LAME SANLEL $59R T @FBs cope,

i i d h | ti | fi had
8 OB SO BRSNS

t i | f th fl in Table 2.
e por i BB R hrBERELE 80T el B REM P SR S B N 7 o
mechani C%ian?étir%f%é‘l’ay%) zg@gﬁgvn\goﬁhgfy IHeGRRhh 1eQMaR & HREGsc P MBat i on

rate. 20[ 0101 an efectron mcroscope | nage of the outer

surface ehrriddgs RAY, QR rdd AW JrREAL TR rIﬂ’a&&%msfei&@ésiﬂggbﬁneﬁpoo'

FIG 23 shows an el ectron m croscope i nage of a portion arou e outer

surface of the B&f£deqRse §i8fktcPBf Blc 1AyIRBNIsTI Giatdr ¥ds AleamB@erfokfFan®? Shows an

el ectron m croscope i mage of the center of 25 the cross section at a
magniif i ¢ atpetar®for3ROBiterhémbriae Shovs adilevld € CTHe Burfl e HBECHRRclcBH@e Of a
portion around the inner surface of the cross section at a magnification of
5000. FI Gye2@)cbawse pref@hiEeOoniinumi o hase ape?2 ipmgemofe, silbmornaefesabl§ ace at a
magni fi cati on of 5000. [0102] The porous hol |l ow fi ber nenbrane was
wet t ed b§.05hen wetrvoelad).5 pandr lessyend absi preferabl < 9%m £ dicuerarly@l 5 pxi aie
aqueous sol ution contai ning sodi um hypochlorite (free 5chlorine
concentr &spon: 0.5 mass% at roomtenperature for 10 days. The el ongation
at break of the porous two-layer hollow fiber nmenbrane was neasured before
and aftefOQ5hhersi on. The el ongation at break after immersion was 90% of the
el ongati on at break before imersion. Con?ar ative Exar’;pl e 3 10A porous
hol | &% fi ber rgBYHE nsesdismetsr pEtheilpayariB) tsdess thalndh ofdhe pisEsestiphad 1
except that only the inner-layer nolten m xture (b) was extruded w thout
ext r udi nﬁer’ct?féj%%fh@merf‘ﬁy eThﬁﬁﬁP&fﬁ the layer(B) toahunchian a§ 4 dasiied blgeking layer.
cross-seﬁli nal .ohseryati on usi ng, an el ectron micro cope, dé was confirmed
t hat the %gqh'etrilwt B{) 3 §urians nosediemster may be appropriately sclected depending

on the size of the target to be blocked. It is preferable that the surface pore diameter of

the layer (B) be 1/1000 or more of the cross-sectional center pore diameter from the

25  viewpoint of ensuring water permeability. The surface pore diameter of the layer (B)
is more preferably 1/3 or less and 1/500 or more, and still more preferably 1/4 or less

and 1/100 or more of the cross-sectional center pore diameter.
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menbrane had an isotropic three-dinensional nesh structure w thout voids.
The 15property evaluation results of the resulting nmenbrane are shown in
Tabl e 2. The porous hollow fiber nmenbrane had a high pure water perneation
rate and hi gh nechani cal strength, but showed a significantly |ow bl ocking
rate. [0103] FIG 27 shows an el ectron m croscope i nage of the outer
surface of the porous 20 hollow fi ber nenbrane at a magnification of 5000.
FIG 28 $bpas an el ectron mcroscope i mage of a portion around the outer
surface of the cross section at a nagnification of 5000. FIG 29 shows an
el ectron m cr disic ppeferabiegkatafic thivknesnifelic kafert (B3 be O & @ndre and Biss than
magni fication of 5000. FIG 30 shows an el ectron m croscope i mage of a
porti on dPdvAa! theghichnes of threfracebmahe.t hevaridssokbtrhatrerasuch asagni 4ridcat i on of
255000. FI G 31 shows an el ectron mcroscope i mage of the inner surface at a
magni i caggwpatof ar00MainThén poredusnhelgebliadidpée nenthrsneaniesisedbyed by t he
met hod (2), and imrersed in a 4 mass% sodi um hydroxi de aqueous sol ution
cont af ni ngatsedly nerdayipe i hidkness(of thedagh|(B) imdiconaeenes descobed thoFenassy) at
roomtenperature for 10 days. The elongation at break of the porous
t wo- | ayeSrp@firaly, ticlsurfacranase disaoipisiopbrnsshaueesarniftha yenfB)ds wormtsr si on.
The el ongation at break after_ imersion was 90% of the el ongation at 5break
bef or e i APREF KGR Espablablaskinepgrfgrmaanpe and highavaier prigiepiliiyownficper

nner_as in Exanple 1 except that the

35?2? oy %ﬁ&?fp‘é‘c%ﬁvﬁ?&%t g PRy 6Bl Fatn Bihtn Tl e | aye
Tor st n- B Hedout () RAPPrena At armpenndhE oS, 2isilonas o: 24. 0

eval 0t 1 oretrabllry W s Spad 3oy cre b et A gt £ 571

Referencg()@?rrpl e A porous hollow fiber nenbrane was obtained in the sane
manner a n'15Exanpl e 1 except that the outer-layer nolten m xture (a) was

|

ded, ' - g hayi
Composi ¢ on | Aaaeh (9 Ay bARSE 4R Bop SR T HEF et Al
40. 0: 60. - j.Q: : ke ' t
Journal b7 NEapr e Qlesk B TBs WikisSg eahothd Bl o5 R BHEE ALL  "As”
Synp.  Sekom t%@@ay(e}?&f)  AlRPnatd28), iR 1244 (BY¥nabhall &t foBbpilstrdetnblf _20pr operty
eval uation results of the resulting henbraneé are shown in Table 2. The

nmenbrane whadth the R R4 0E HEE Sire RESINBRAT iBRsPRL e oPihe CldiiiBe TiahEihedBMace
mechani cal strength. [0104] The holl ow fi'ber nmenbrane did not have a

t hr ee- di iretheis@fidmaBetnsh (Ch g A).2SPhK 1ahad B pSéfetablytid ahRsoMdpich
sphenilites were connected. FIG 32 shows an el ectron m crograph

(magni f i ted-dimentdAB)medh dvetveesiirdlar af thivihel the kigsr @OCt This @hblehthepor ous

hol | ow fi ber nenbrane. The wet porous holl ow fiber nenbrane was i Mmersed in
a 4 nassfeckoddalstrdngthr okihd entigumdlos $od nidndmracootbel imipngyegd odiilem hypochl orite
(free chlorine concentration: 0.5 mass% at roomtenperature for 10 days.
The el ongatitaningta desizaile bfocking psofoousndewo- | ayer hol | ow fi ber menbrane was
measured before and after imrersion. The el ongation at break after

i me#%i ofP0détr eased to 10% of the 5el ongation at break before i mmrersion.

The thicknesses of the layer (A) and the layer (B) are determined as follows.
Specifically, the cross-sectional pore diameter of each portion in the thickness direction
is determined by a method described in (7) in the examples. A point at which the pore
diameter is the closest to a value 0.7 times the cross-sectional center pore diameter from
25  the center of the cross section toward the surface of the layer (B) is determined to lie on
a boundary line between the layers. The distance between the boundary line and the

surface of the layer (A) is taken as the thickness of the layer (A), and the distance
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between the boundary line and the surface of the layer (B) is taken as the thickness of
the layer (B). When the pore diameter becomes the closest to a value 0.7 times the
cross-sectional center pore diameter at a plurality of points, the distance between the
surface of the layer (A) and the point closest to the center of the cross section is
considered to be the layer (A).

[0055]

The degree of isotropy of the layer (A) is preferably 80% or more. This means
that the layer (A) has an extremely isotropic structure.  If the degree of isotropy is 80%
or more, high strength can be achieved while maintaining high water permeability.

The degree of isotropy of the layer (A) is more preferably 90% or more, and still more
preferably 95% or more.
[0056]

The term “degree of isotropy of the layer (A)” refers to a value (ratio) obtained
by dividing the number of portions having a cross-sectional pore diameter 0.8 times to
1.2 times the cross-sectional center pore diameter by the total number of portions
included in the layer (A) measured as described above.

[0057}

The degree of isotropy of the layer (B) is preferably 80% or more. This means
that the layer (B) has an extremely isotropic structure.  If the degree of isotropy of the
layer (B) is 80% or more, the layer (B) exhibits high blocking performance. Moreover,
a decrease in blocking performance can be suppressed even when the surface of the
layer (B) is worn out due to insoluble matters (e.g., sand or aggregates) contained in a
treatment target liquid. The term “degree of isotropy of the layer (B)” refers to a value
(ratio) obtained by, provided that the cross-sectional pore diameter at a position half the
thickness of the layer (B) is referred to as a cross-sectional center pore diameter (B),
dividing the number of portions having a cross-sectional pore diameter 0.8 times to 1.2

times the cross-sectional center pore diameter (B) by the total number of portions
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included in the layer (B) measured as described above. The degree of isotropy of the
layer (B} is more preferably 90% or more, and still more preferably 95% or more.
When the thickness of the layer (B) 1s very small as compared with the total thickness
of the membrane, the above measurement is conducted while increasing the number of
measurement points of the cross-sectional pore diameter of the layer (B). Itis
appropriate to measure the cross-sectional pore diameter at 20 points or more.

[0058]

It is most preferable that the degrees of isotropy of the layer (A) and the layer
(B) be 80% or more. If the degrees of isotropy of the both layers are 80% or more,
since the membrane structure is efficiently formed by the blocking layer and the
strength support layer, a membrane exhibiting blocking performance, water permeability,
and strength in a well-balanced manner can be obtained. The degrees of isotropy of
the both layers are more preferably 90% or more, and stiil more preferably 95% or
more.

[0059]

The term “isotropy” used herein may be expressed by a parameter Q described
below.
[0060]

The term “parameter Q” refers to a value which indicates the pore diameter
change rate at each position from the outer surface to the inner surface in the thickness
direction. The parameter Q is calculated as follows.

[0061]

The cross-sectional pore diameters at each position in the thickness direction are
arranged in order from the outer surface to the inner surface.

The outer surface pore diameter is referred to as Dy, the cross-sectional pore
diameters are referred to as Dy, Dy, and D, in order from the outer surface, and the inner

surface pore diameter is referred to as D;,
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[0062]

The parameter Q is given by the following general expression.

Q=(Dp-Dy.1)/Dy
5

The parameter Q for the outer surface pore diameter is calculated as follows.
Q=(D1-Do)/D;

10 The parameter Q for the inner surface pore diameter is calculated as follows.
Q=(D;-Dy YDy

[0063]
15 In the porous multilayer hollow fiber membrane according to the present

invention, it is preferable that the number of parameters Q which satisfy -0.2<Q=<0.2 be
80% or more of the total number of parameters Q measured. The number of
parameters Q which satisfy -0.2<Q<0.2 is more preferably 85% or more, and still more
preferably 90% or more of the total number of parameters Q measured. Since most of
20 the membrane has a uniform pore diameter when the number of parameters Q which
satisfy -0.2<Q<0.2 is within the above range, a membrane exhibiting blocking
performance, water permeability, and strength in a well-balanced manner can be
obtained.
[0064]
25 It is preferable that the number of parameters  which satisfy -0.1<Q<0.1 be
50% or more of the total number of parameters Q measured. The number of

parameters Q which satisfy -0.1<Q<0.1 is more preferably 60% or more, and still more
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preferably 70% or more of the total number of parameters Q measured.
[0065}

A portion for which the parameters Q is smaller than -0.2 or larger than 0.2

shows a large change in pore diameter depending on the position in the thickness
5 direction.
[0066]

The outer surface pore diameter and the inner surface pore diameter are
measured by the above-described method. The cross-sectional pore diameter is
measured by the measuring method described in (7) in the examples.

10 [0067]

The layer (A) or the layer (B) may be positioned on the outer side of the hollow
fiber membrane depending on the objective. When using the hollow fiber membrane
for service water filtration, it is preferable to dispose the blocking layer on the outer side
of the hollow fiber membrane from the viewpoint of long-term stable operation.

15 [0068]

The inner diameter of the hollow fiber membrane is preferably 0.4 mm or more
and 5 mm or less. If the inner diameter of the hollow fiber membrane is 0.4 mm or
more, the pressure loss of a liquid which flows through the hollow fiber membrane does
not increase to a large extent.  If the inner diameter of the hollow fiber membrane is 5

20 mm or less, sufficient compressive strength and bursting strength are easily achieved by
a hollow fiber membrane having a relatively small thickness. The inner diameter of
the hollow fiber membrane is more preferably 0.5 mm or more and 3 mm or less, and
still more preferably 0.6 mm or more and 1 mm or less.

The thickness of the hollow fiber membrane is preferably 0.1 mm or more and 1

25  mmorless. Ifthe thickness of the hollow fiber membrane is 0.1 mm or more,
sufficient compressive strength and bursting strength are easily achieved. If the

thickness of the hollow fiber membrane is 1 mm or less, sufficient water permeability is
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easily achieved. The thickness of the hollow fiber membrane is more preferably 0.15
mm or more and 0.8 mm or less, and still more preferably 0.2 mm or more and 0.6 mm
or less.
{0069}

A hollow fiber membrane having such a preferable structure exhibits blocking
performance, water permeability, and mechanical strength in a well-balanced manner,
and exhibits a high performance under a wide range of operating conditions.
Moreover, the hollow fiber membrane does not change relating to the blocking
performance (i.e., it exhibits high abrasion resistance) even if insoluble matters such as
sand or aggregates are contained in a treatment target liquid.

[0070]

A membrane having a uniform latex sphere (0.2 pm) blocking rate of 95% or
more, a pure water permeability of 5000 1/m*/hs/0.1 MPa or more, and a compressive
strength of 0.3 MPa or more is particularly preferable for the objective of the present

invention,

EXAMPLES
[0071]}

The present invention is described in detail below by way of examples.
Property measurement methods are as follows. The measurement was conducted at
25°C unless otherwise indicated.
(1) Fiber diameter (mm) and aspect ratio

The hollow fiber membrane was cut to a small thickness using a razor or the like
perpendicularly to the longitudinal direction of the membrane. The cross section of
the membrane was observed using a microscope. The major axis diameter and the
minor axis diameter of the inner diameter and the major axis diameter and the minor

axis diameter of the outer diameter of the hollow fiber were measured, and the inner
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diameter and the outer diameter were determined according to the following
expressions,
f0072]
Inner diameter (mm) = (inner major axis diameter (mm) + inner minor axis diameter
5 (mm))/2
[0073]
Quter diameter (mm) = (outer major axis diameter (mum) + outer minor axis diameter
(mm)) /2
[0074]
10 The aspect ratio was determined by dividing the major axis of the inner diameter
by the minor axis of the inner diameter.
(2} Pure water permeation rate (L/m2/hr/0.1 MPa)
The hollow fiber membrane was immersed in a 50 mass% ethanol aqueous
solution for 30 minutes, and then immersed in water for 30 minutes to wet the hollow
15  fiber membrane. One end of the wet hollow fiber membrane having a length of 10 ¢cm
was sealed, and a syringe needle was inserted into the other end. Pure water was
injected into the hollow portion through the syringe needle at a pressure of 0.1 MPa.
The amount of pure water which passed through the membrane was measured. The
pure water permeation rate was determined by the following expression.
20 [0075]
Pure water permeation rate (1/m2/hr) = (60 (min/hr) x amount of water permeated (1)) /
(m x inner diameter (m) x effective length (m) x measurement time (min))
[6076]
The effective membrane length used herein refers to the net membrane length
25 excluding a portion in which the syringe needle is inserted.
{0077}

(3) Breaking strength (MPa) and elongation at break (%)
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Load and displacement upon tension and breakage were measured under the
following conditions.
Sample: wet hollow fiber membrane produced by the method (2)

Measuring instrument: Instron tensile tester (AGS-5D manufactured by Shimadzu

Lh

Corporation}, chuck distance: S cm
Tensile rate: 20 ci/minute
The breaking strength and the elongation at break were determined by the
following expressions.
[0078]
10  Breaking strength (kgf/om®) = load at break (kgf) / cross-sectional area (em?)
[0079]
Elongation at break (%) = (displacement at break (cm) / 5 (cm}) x 100
[0080]
_ The cross-sectional area of the membrane is determined by the following
15  expression.
[0081]
Cross-sectional area (cm?) =7 x ((outer diameter (cm) / 2)* - ({inner diameter {cm) /
2)
[0082]
20 (4 Latex blocking rate (%)

A monodisperse latex having a particle diameter of 0.208 pm (STADEX
manufactured by JSR Corporation, solid content: I mass%) was diluted with a 0.5
mass% sodium dodecyl sulfonate (SDS) aqueous solution to prepare a suspension with
a latex concentration of 0.01 mass%. 100 ml of the latex suspension was placed in a

25  beaker, and supplied to a wet hollow fiber membrane having an effective length of
about 12 ¢cm from the outer surface using a tube pump at a pressure of 0.03 MPa at a

linear velocity of 0.1 m/sec so that the liquid which permeated the membrane was let off
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from the ends (open to the atmosphere) of the hollow fiber membrane to filter the latex
suspension. The filtered liquid was returned to the beaker, and filtered with a liquid in
a closed system. After 10 minutes of filtration, the liquid which permeated the
membrane from the ends of the hollow fiber membrane and the liquid supplied from the
beaker were sampled, and measured for an absorbance at 600 nm using an absorbance
detector. The latex blocking rate was determined by the following expression.

[0083]

Latex blocking rate (%) = (1 - (absorbance of liquid permeated / absorbance of liquid
supplied)) x 100 !

[0084]

(5 Compressive strength (MPa)

One end of a wet hollow fiber membrane having a length of about 5 cm was
sealed with the other end open to the atmosphere. Pure water at 40°C was caused to
permeate the hollow fiber membrane from the outer surface under pressure, and water
which permeated the membrane was removed from the open end. In this case, the total
amount of water supplied to the membrane was filtered without circulation (i.e., total
amount filtration method). The pressure was increased from 0.1 MPa stepwise by 0.01
MPa. The pressure was maintained for 15 seconds, and water removed from the open
end within 15 seconds was sampled. When the hollow portion of the hollow fiber
membrane is not crushed, the absolute value of the amount (mass) of water which
permeates the membrane increases as the pressure increases.  When the pressure
exceeds the compressive strength of the hollow fiber membrane, the hollow portion of
the hollow fiber membrane is crushed so that clogging occurs.  As a result, the
absolute value of the amount of water which permeates the membrane decreases even if
the pressure increases. Therefore, the pressure at which the absolute value of the
amount of water which permeated the membrane becomes a maximum was taken as the

compressive strength of the hollow fiber membrane.
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(6) Inner surface pore diameter, outer surface pore diameter, and pore diameter at
the center of cross section (um)

The inner surface pore diameter, the outer surface pore diameter, and the
cross-sectional center pore diameter of the porous hollow fiber membrane were
measured using a scanning electron micrograph in which the shape of 20 or more pores
could be verified.  Five lines were drawn on the photograph (A4) perpendicularty to
each of the horizontal direction and the vertical direction at almost equal intervals so
that the photograph was divided into six sections in the horizontal direction and the
vertical direction. The length of the line crossing the pore on the photograph was
measured. The arithmetic mean length was calculated to determine the mnner surface
pore diameter, the outer surface pore diameter, and the cross-sectional center pore
diameter of the porous hollow fiber membrane. When the pore diameter is about 0.1
to 1 um, an electron microscope image at a magnification of about 5000 is suitably used.
The cross-sectional center pore diameter was measured in the range of 10% of the total
thickness around the center in the thickness direction.

@) Cross-sectional pore diameter in each portion in the thickness direction and
thicknesses of layer (A) and layer (B)

The cross section of the hollow fiber membrane was photographed using a
scanning electron microscope. A photograph in which the shape of 20 or more pores
could be verified was used. One hundred lines of which the distance from the outer
surface was equal (i.e., lines connecting points at an equal thickness) were drawn on an
A4 photograph so that the total thickness was divided into 101 sections. The length of
the line crossing the pore on the photograph was measured. The arithmetic mean
length was calculated to determine the cross-sectional pore diameter in each portion in
the thickness direction. When the scanning electron micrograph is taken at a
sufficiently high magnification, a line whereof the points lie at an equal distance from

the outer surface may be approximated by a straight line. A point at which the pore
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diameter was closest to a value 0.7 times the cross-sectional center pore diameter from
the center of the cross section toward the surface of the layer (B) was determined to lie
on a boundary line between the layers. The distance between the boundary line and
the surface of the layer (A) was taken as the thickness of the layer (A), and the distance
between the boundary line and the surface of the layer (B) was taken as the thickness of
the layer (B). 'When the pore diameter is about 0.1 to 1 pm, an electron microscope
image at a magnification of about 5000 is suitably used. In the present invention, the
total thickness was divided into 14 sections. Specifically, the above measurement was
conducted using fourteen electron micrographs (magnification: 5000) of the cross
section of the hollow fiber membrane. When the electron micrograph was taken at a
sufficiently high magnification, a line whereof the points lie at an equal distance from
the outer surface was approximated by a straight line.

(8) Degree of isotropy (%) of layer (A)

A value (ratio) obtained by dividing the number of portions having a
cross-sectional pore diameter 0.8 times to 1.2 times the cross-sectional center pore
diameter in the layer (A) by the total number of portions included in the layer (A)
measured in (7) was taken as the degree of isotropy of the layer (A).

(9 Degree of isotropy (%) of layer (B)

Lines were drawn concentrically with circles indicated by the cross section of
the hollow fiber at intervals at which the thickness of the layer (B) measured in (7) was
equally divided into 20 sections. The length of the line crossing the pore on the
photograph was measured. The arithmetic mean length was calculated to determine
the cross-sectional pore diameter in each portion of the layer (B) in the thickness
direction.

[0085]
The cross-sectional pore diameter at a position half the thickness of the layer (B)

is referred to as the cross-sectional center pore diameter (B). A value (ratio) obtained
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by dividing the number of portions having a cross-sectional pore diameter 0.8 times to
1.2 times the cross-sectional center pore diameter (B) by the total number (20) of
portions included in the layer (B) was taken as the degree of isotropy of the layer (B).
[0086]
5 (10)  Maximum mass M absorbed by inorganic fine powder
The oil absorption was measured using an oil absorption measuring device
(S410 manufactured by FRONTEX)} in accordance with JIS K6217-4. 5 g of the silica
fine powder was placed in a sample chamber. The organic liquid was added dropwise
to the silica fine powder at 4 ml/min while rotating a rotor blade at 125 rpm. The
10 torque increases as the silica fine powder absorbs the organic liquid.  After the torque
reaches the maximum value, the torque then decreases. The maximum oil absorption
mass M per unit mass of the inorganic fine powder was calculated by the following
expression from the total mass of the organic liquid when the torque initially reached
70% of the maximum value.
15 [0087]
Maximum mass absorbed by inorganic fine powder per unit mass = total mass of
organic liquid when torque reaches 70% of maximum value(g) / 5 (g}
[0088]
(11) Maximum pore diameter (pm) (bubble point method)
20 The maximum pore diameter of the membrane was measured in accordance with
ASTM F316-03.
(12)  Average pore diameter (um) (half-dry method)
The average pore diameter of the minimum pore diameter layer of the membrane
was measured in accordance with ASTM F316-03.
25  (13) Spinning stability
A hollow fiber membrane was continuously spun for eight hours. A process in

which the molten mixture was extruded and cooled to form a multilayer hollow fiber
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was observed with the naked eye. A case where the diameter of the hollow fiber did
not change and the hollow fiber did not show interface non-uniformity and had
roundness was evaluated as “Excellent”. A case (a) where interface non-uniformity
did not occur, but the hollow fiber had a poor roundness to some extent, or a case (b)
5  where interface non-uniformity did not occur, but the fiber diameter changed to some
extent with not impairing production was evaluated as “Good”. A case where the
hollow fiber showed interface non-uniformity and had a poor roundness was evaluated
as “Bad”.
[0089]
10 Raw materials used in the examples are given below,
<Raw material>
Thermoplastic resin
(R-1) Vinylidene fluoride homopolymer (KF#1000 manufactured by Kureha
Corporation)
15 (R-2) High-density polyethylene resin (SH800 manufactured by Asahi Kasei
Chemicals Corporation)
Organic liquid
(L-1) Bis(2-ethylhexyl) phthalate (manufactured by CG Ester Corporation)
(1-2) Dibutyl phthalate (manufactured by CG Ester Corporation)
20 (L-3) vy-Butyrolactone (special grade, manufactured by Wako Pure Chemical Industries,
Ltd.)
Inorganic fine powder
(P-1) Silica fine powder (AEROSIL-R972 manufactured by Nippon Aerosil Co., Ltd.
Ltd., primary particle diameter: about 16 nm)
25 The mixing ratio and the production conditions in each example are shown in

Table 1.

Example 1

42



H

10

15

20

25

Ref erence Exanple Sri 290 00zz SI OL Q. 090 ,

A vinylidene fluoride homopolymer was used as the thermoplastic resin, a
mixture of di(2-ethylhexyl) phthalate and dibutyl phthalate was used as the organic
liquid, and a silica fine powder was used as the inorganic fine powder. A two-layer
hollow fiber membrane was melt-extruded using two extruders utilizing a hollow fiber
molding nozzle shown in FIG. 2. An outer-layer molten mixture (a) had a composition
in wﬁich vinylidene fluoride homopolymer: bis(2-ethylhexyl) phthalate: dibutyl
phthalate: silica fine powder = 40.0:30.8:6.2:23.0 (mass ratio) (volume ratio:
32.2:44.4:8.4:15). Aninner-layer molten mixture (b} had a composition in which
vinylidene fluoride homopolymer:bis(2-ethylhexyl) phthalate:dibutyl phthalate:silica
fine powder = 40.0:35.1:1.9:23.0 (mass ratio) (volume ratio: 32.0:50.0:2.6:14.9).  Air
was used as a hollow-portion-forming fluid. The molten mixture was extruded from a
hollow fiber molding nozzle (outer diameter: 2.00 mm, inner diameter: 0.92 mm) at a
resin temperature of 240°C and a discharge linear velocity of 14.2 m/min (i.e., spinning
nozzle discharge parameter R was 440/sec) so that the thickness ratio (outer layer:inner
layer) was 10:90. The outer diameter of the nozzle refers to the outermost diameter of
the discharge port in FIG. 2. The inner diameter of the nozzle refers to the maximum
diameter of the lower end of the partition wall between the inner-layer moiten mixture
discharge port and the hollow-portion-forming fluid discharge port.

[0090]

The extruded hollow fiber extruded product traveled over 60 cm in the air, and
was introduced into a water bath at 40°C to solidify the product. The product was
wound around a reel at 40 m/min. The resulting two-layer hollow fiber was immersed
in methylene chloride to remove bis(2-ethylhexyl) phthalate and dibutyl phthalate by
extraction, and was then dried. The dried product was immersed in a 50 mass%
ethanol aqueous solution for 30 minutes, immersed in water for 30 minutes, 1mmersed
in a 20 mass% sodium hydroxide aqueous solution at 70°C for one hour, and then

washed with water to remove the silica fine powder by extraction.
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[0091]

The resulting porous two-layer hollow fiber membrane did not show interface
non-uniformity and had a high roundness.  As a result of cross-sectional observation
using an electron microscope, it was confirmed that the blocking layer and the support
layer had an isotropic three-dimensional mesh structure without macro-voids,  Table 2
shows the outer diameter, the inner diameter, the aspect ratio, the pure water permeation
rate, the uniform latex sphere blocking rate, the breaking strength, the elongation at
break, the compressive strength, the outer surface pore diameter (corresponding to the
surface pore diameter of the layer (B)), the inner surface pore diameter {corresponding
to the surface pore diameter of the layer (A)), the cross-sectional center pore diameter,
the ratio of the outer surface pore diameter and the cross-sectional center pore diameter,
the ratio of the inner surface pore diameter and the cross-sectional center pore diameter,
and the degrees of isotropy of the layer (A) and the layer (B) of the resulting membrane.
The porous two-layer hollow fiber membrane had a high pure water permeation rate,
latex blocking rate, and mechanical strength.

[0092]

The porous two-layer hollow fiber membrane was wettéd by the method (2), and
immersed in a 4 mass% sodium hydroxide aqueous solution containing sodium
hypochlorite (free chlorine concentration: 0.5 mass%) at room temperature for 10 days.
The elongation at break of the porous two-layer hollow fiber membrane was measured
before and after immersion. The elongation at break after imnmersion was 90% of the
clongation at break before immersion. It was confirmed that the porous two-layer
hollow fiber membrane had excellent chemical resistance.

[0093]

FIG. 6 shows an electron microscope image of the outer surface of the porous

two-layer hollow fiber membrane at a magnification of 5000. FIG. 7 shows an electron

microscope image of a portion around the outer surface of the cross section at a
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magnification of 5000. FIG. 8 shows an electron microscope image of a portion
around the outer surface of the cross section at a magnification of 1000. FIG. 9 shows
an electron microscope image of the center of the cross section at a magnification of
5000. FIG. 10 shows an electron microscope image of a portion around the inner
surface of the cross section at a magnification of 5000. FIG. 11 shows an electron
microscope image of the inner surface at a magnification of 5000,  As is clear from the
electron microscope images shown in FIGS. 6 to 11, the outer layer having a small pore
diameter and the inner layer having a large pore diameter were formed in the porous
two-layer hollow fiber membrane, The surface porosity of the layer (B) was 25%.
[0094]

A small amount of graphite was mixed into the molten mixture (a) (outer layer)
to obtain a two-layer hollow fiber (organic liquid was not removed).  The entire outer
surface of the two-layer hollow fiber was black. This indicates that the entire outer
surface was covered with the molten mixture (a). A white area which indicates that the
molten mixture (b) was exposed on the outer surface was not observed on the two-layer
hollow fiber over 100 meters or more. FIG. 12 shows a microscope image of the
circular cross section of the two-layer hollow fiber.  As shown in FIG, 12, the black
layer (layer of the molten mixture (a)) covered the outer surface in the cross-sectional
direction to a uniform thickness without defects.

Example 2

A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except for using an outer-layer molten mixture (a) having a composition
in which vinylidene fluoride homopolymer: bis(2-ethylhexyl) phthalate: dibutyl
phthalate: silica fine powder = 34:33.8:6.8:25.4 (mass ratio) and an inner-layer molten
mixture (b) having a composition in which vinylidene fluoride
homopolymer:bis(2-ethylhexyl) phthalate:dibutyl phthalate:silica fine powder =

36:35.3:5.0:23.7 (mass ratio).
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{0095]
FIG. 13 shows an electron microscope image of the outer surface of the porous
two-layer hollow fiber membrane at a magnification of 5000. FIG. 14 shows an

electron microscope image of a portion around the outer surface of the cross section at a

Lh

magnification of 5000. FIG. 15 shows an electron microscope image of a portion
around the outer surface of the cross section at a magnification of 1000. FIG. 16 shows
an electron microscope image of the center of the cross section at a magnification of
5000. FIG. 17 shows an electron microscope image of a portion around the inner
surface of the cross section at a magnification of 5000, FIG. 18 shows an electron
10 microscope image of the inner surface at a magnification of 5000. FIG. 19 shows an
electron microscope image of the cross section at a magnification of 60.  FIG. 20
shows an electron microscope image of the cross section at a magnification of 300.  As
is clear from the electron microscope images shown in FIGS. 13 to 20, the outer layer
having a small pore diameter and the inner layer having a large pore diameter were
15 formed in the porous two-layer hollow fiber membrane. The surface porosity of the
layer (B) was 30%.
[0096]
The resulting porous two-layer hollow fiber membrane did not show interface
non-uniformity and had a high roundness.  As a result of cross-sectional observation
20  using an electron microscope, it was confirmed that the blocking layer and the support
layer had an isotropic three-dimensional mesh structure without macro-voids. The
property evaluation results of the resulting membrane are shown in Table 2. The
porous two-layer hollow fiber membrane had a high pure water permeation rate, latex
blocking rate, and mechanical strength. FIG. 21 shows the measurement results for the
25  cross-sectional pore diameter when equally dividing the cross section of the porous
two-layer hollow fiber membrane into 100 sections. The porous two-layer hollow

fiber membrane had a structure very similar to that shown in FIG. 5(3). FIG. 33 shows
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the measurement results for the parameter Q.
Example 3
A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except for using an outer-layer molten mixture (a) having a composition
5  in which vinylidene fluoride homopolymer:(2-cthylhexyl) phthalate:dibutyl phihalate =
40.0:36.0:24.0 (mass ratio).
[0097]
The resulting porous two-layer hollow fiber membrane did not show interface
non-uniformity and had a high roundness.  As a result of cross-sectional observation
10 using an electron microscope, it was confirmed that the blocking layer and the support
layer had an isotropic three-dimensional mesh structure without macro-voids. The
property evaluation results of the resulting membrane are shown in Table 2. The
porous two-layer hollow fiber membrane had a high pure water permeation rate, latex
blocking rate, and mechanical strength.
15 Example 4
A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except that the compositions of inner-layer and outer-layer are exchanged,
thus, an inner-layer molten mixture having a composition in which vinylidene fluoride
homopolymer:bis(2-ethylhexyl) phthalate:dibutyl phthalate:silica fine powder =
20 40.0:30.8:6.2:23.0 (mass ratio) and an outer-layer molten mixture having a composition
in which vinylidene fluoride homopolymer: bis(2-ethylthexyl) phthalate: dibutyl
phthalate: silica fine powder = 40.0:35.1:1.9:23.0 (mass ratio) were extruded so that the
thickness ratio (outer layer:inner layer) was 90:10.  As a result of cross-sectional
observation of the resulting porous two-layer hollow fiber membrane using an electron
25  microscope, it was confirmed that the blocking layer and the support layer had an
isotropic three-dimensional mesh structure without macro-voids. The property

evaluation results of the resulting membrane are shown in Table 2. The porous
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two-layer hollow fiber membrane had a high pure water permeation rate, latex blocking
rate, and mechanical strength in the same manner as in Example 1.
Example 5

A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example | except for using an outer-layer molten mixture (a) having a composition
in which high-density polyethylene resin (thermoplastic resin):bis(2-ethylhexyl)
phthalate (organic liquid):silica fine powder (inorganic fine powder) = 20.0:56.0:24.0
(mass ratio) (volume ratio: 23.5:64.2:12.3).  As a result of cross-sectional observation
of the resulting porous two-layer hollow fiber membrane using an electron microscope,
it was confirmed that the blocking layer and the suppott layer had an isotropic
three~-dimensional mesh structure without macro-voids. The property evaluation
results of the resulting membrane are shown in Table 2.

[0098]

The porous two-layer hollow fiber membrane was wetted by the method (2), and
immersed in a 4 mass% sodium hydroxide aqueous solution containing sodium
hypochlorite (free chlorine concentration: 0.5 mass%) at room temperature for 10 days.
The elongation at break of the porous two-layer hollow fiber membrane was measured
before and after immersion, The elongation at break after immersion was 60% of the
elongation at break before immersion. It was confirmed that the porous two-layer
hollow fiber membrane had excellent chemical resistance.

Example 6

The ends of the porous two-layer hollow fiber membrane (effective length: 10
cm) from which the organic liquid and the inorganic fine powder were removed by
extraction obtained in Example 2 were held withboth hands and stretched to a fiber
length of 20 cm, and the hands were then removed. The fiber length decreased to 13
cm. The property evaluation results of the resulting membrane are shown in Table 2.

Example 7
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A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except for setting the resin temperatures of the outer-layer molten mixture
(a) at 270°C and the inner-layer molten mixture (b) during merging at 250°C. The
property evaluation results of the resulting membrane are shown in Table 2.
5 Example 8
A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except for using an inner-layer molten mixture (b) having a composition
in which vinylidene fluoride homopolymer:bis(2-ethylhexyl) phthalate:dibutyl
phthalate:silica fine powder = 40:19.1:1.0:39.9 (mass ratio). The property evaluation
10 results of the resulting membrane are shown in Table 2.
Example 9
A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except for using an inner-layer molten mixture (b) having a composition
in which vinylidene fluoride homopolymer:bis(2-ethylhexyl) phthalate:dibutyl
15  phthalate:silica fine powder = 40:49.9:2.6:7.5 (mass ratio). The resulting hollow fiber
membrane was flat to some extent and did not maintain roundness within a practical
range. The property evaluation results of the resulting membrane are shown in Table
2.
Example 10
20 A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except that the molten mixture was extruded from a hollow fiber molding
nozzle (outer diameter: 1.75 mm, inner diameter: 0.92 mm) at a discharge linear
velo.city of 20.2 m/min (i.e., spinning nozzle discharge parameter R was 814/sec). The
property evaluation results of the resulting membrane are shown in Table 2.
25  Example 11
A porous two-layer hollow fiber membrane was obtained in the same manner as

in Example 1 except that the molten mixture was extruded from a hollow fiber molding
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nozzle (outer diameter: 1.75 mun, inner diameter: 0.92 mm) at a discharge linear
velocity of 10.1 m/min (i.e., spinning nozzle discharge parameter R was 407/sec), the
extruded hollow fiber extruded product traveled over 30 c¢m in the air and was
introduced into a water bath at 40°C to solidify the product, and the product was wound
5 around areel at 20 m/min. The property evaluation results of the resulting membrane
are shown in Table 2.
Example 12
A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except that the molten mixture was extruded from a hollow fiber molding
10  nozzle (outer diameter: 1.75 mm, inner diameter: 0.92 mm) at a discharge linear
velocity of 0.20 m/min (i.e., spinning nozzle discharge parameter R was 8/sec), the
extruded hollow fiber extruded product traveled over 0.6 cm in the air and was
introduced into a water bath at 40°C to solidify the product, and the product was wound
around a reel at 0.4 m/min. A change in fiber diameter was observed during travel in
15 the air, but was within a practical range. The property evaluation results of the
resulting membrane are shown in Table 2.
Example 13
A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 1 except that the molten mixture was extruded from a hollow fiber molding
20 nozzle (outer diameter: 1,75 mm, inner diameter: 0.92 mm) at a discharge linear
velocity of 25.3 m/min (i.e., spinning nozzle discharge parameter R was 1017/sec), the
extruded hollow fiber extruded product traveled over 75 cm in the air and was
introduced into a water bath at 40°C to solidify the product, and the product was wound
around a reel at 50 m/min. The property evaluation results of the resulting membrane
25  are shown in Table 2.
Example 14

A porous two-layer hollow fiber membrane was obtained in the same manner as
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in Example 1 except that the molten mixtures were extruded so that the thickness ratio
(outer layer:inner layer) was 5:95, the extruded hollow fiber extruded product traveled
over 30 ¢m in the air and was introduced into a water bath at 40°C to solidify the
product, and the product was wound around a reel at 20 m/min.  The property
evaluation results of the resulting membrane are shown in Table 2.

Comparative Example 1

A porous two-layer hollow fiber membrane was obtained in the same manner as
in Example 3 except for using an inner-layer molten mixture (b) having a composition
in which vinylidene fluoride homopolymer:bis(2-ethylhexyl) phthalate:dibutyl
phthalate = 40.0:42.0:18.0 (mass ratio). The resulting porous two-layer hollow fiber
membrane did not become stably round (i.e., the membrane became oval or surface
waving occurred), differing from the porous two-layer hollow fiber membranes
obtained in the examples. The property evaluation results of the resulting membrane
are shown in Table 2.

[0099]

The porous two-layer hollow fiber membrane was wetted by the method (2), and
immersed in a 4 mass% sodium hydroxide aqueous solution containing sodium
hypochlorite (free chlorine concentration: 0.5 mass%) at room temperature for 10 days.
The elongation at break of the porous two-layer hollow fiber membrane was measured
before and after immersion. The elongation at break after immersion decreased to
20% of the elongation at break before immersion.

[0100]

A small amount of graphite was mixed into the molten mixture (a) (outer layer)
to obtain a two-fayer hollow fiber (organic liquid was not removed) in the same manner
as in Example 1. The outer surface of the two-layer hollow fiber was not entirely
black (i.e., a number of white streaks and spots were observed). This indicates that the

outer surface was not entirely covered with the molten mixture (a) so that the molten
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mixture (b) (inner layer) was exposed on the outer surface at a number of points. Asa
result of cross-sectional observation of the hollow fiber, the black layer (layer of the
molten mixture (a)) did not thinly covered the outer surface to a uniform thickness
without defects (see FIG. 12). The interface between the layer of the molten mixture
(a) (black layer; outer layer) and the layer of the molten mixture (b) (white layer; inner
layer) was wavy. This indicates that the outer layer partially broke so that the inner
layer was exposed on the outer surface.

Comparative Example 2

A porous hollow fiber membrane was obtained in the same manner as in
Example 1 having the same thickness as that of Example 1 except that the outer-layer
molten mixture (a) was not extruded, and only an inner-layer molten mixture (b) having
a composition in which vinylidene fluoride homopolymer:bis(2-ethylhexyl)
phthalate:dibutyl phthalate:silica fine powder = 40.0:30.8:6.2:23.0 (mass ratio) was
extruded from the inner-layer slit.  As a result of cross-sectional observation using an
electron microscope, it was confirmed that the resulting porous hollow fiber membrane
had an isotropic three-dimensional mesh structure without macro-voids. The property
evaluation results of the resulting membrane are shown in Table 2. The porous hollow
fiber membrane had a high latex blocking rate and high mechanical strength, but
showed a significantly low pure water permeation rate.

[0101]

FIG. 22 shows an electron microscope image of the outer surface of the porous
hollow fiber membrane at a magnification of 5000. FIG. 23 shows an electron
microscope image of a portion around the outer surface of the cross section at a
magnification of 5000. FIG, 24 shows an electron microscope image of the center of
the cross section at a magnification of 5000. FIG. 25 shows an electron microscope
image of a portion around the inner surface of the cross section at a magnification of

5000. FIG. 26 shows an electron microscope image of the inner surface at a
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magnification of 5000.
[0102]
The porous hollow fiber membrane was wetted by the method (2), and immersed
in a 4 mass% sodium hydroxide aqueous solution containing sodium hypochlorite (free
5  chlorine concentration: 0.5 mass%) at room temperature for 10 days. The elongation
at break of the porous two-layer hollow fiber membrane was measured before and after
immersion. The elongation at break after immersion was 90% of the elongation at
break before immersion.
Comparative Example 3
10 A porous hollow fiber membrane was obtained in the same manner as in
Example 1 except that only the inner-layer molten mixture (b) was extruded without
extruding the outer-layer molten mixture (a). As a result of cross-sectional observation
using an electron microscope, it was confirmed that the resulting porous hollow fiber
membrane had an isotropic three-dimensional mesh structure without voids. The
15 property evaluation results of the resulting membrane are shown in Table 2.  The
porous hollow fiber membrane had a high pure water permeation rate and high
mechanical strength, but showed a significantly low blocking rate.
[0103]
FIG. 27 shows an electron microscope image of the outer surface of the porous
20 hollow fiber membrane at a magnification of 5000. FIG. 28 shows an electron
microscope image of a portion around the outer surface of the cross section at a
magnification of 5000. FIG. 29 shows an electron microscope image of the center of
the cross section at a magnification of 5000. FIG. 30 shows an electron microscope
image of a portion around the inner surface of the cross section at a magnification of
25 5000. FIG. 31 shows an electron microscope image of the inner surface at a
magnification of 5000,

The porous hollow fiber membrane was wetted by the method (2), and immersed

53



OQUON 0065 66< RZI 05Z 590 CZ. 1COSC 1 11_1 Er 060 TO 66< 56< a |Sr

[ tco

LA

10

15

20

25

[0.t QUON COL 66< 571 00Z 560 6EO

in a 4 mass% sodium hydroxide aqueous solution containing sodium hypochlorite (free
chlorine concentration: 0.5 mass%) at room temperature for 10 days. The elongation
at break of the porous two-layer hollow fiber membrane was measured before and after
mmersion. The elongation at break after immersion was 90% of the elongation at
break before immersion.
Comparative Example 4

A porous hollow fiber membrane was obtained in the same manner as in
Example 1 except that the outer-layer molten mixture {a) was not extruded, and only an
inner-layer molten mixture {(b) having a composition in which polyethylene
resin:bis(2-ethylhexyl) phthalate:silica fine powder = 20.0:56.0:24.0 (mass ratio)
{volume ratio: 23.5:64.2:12.3) was extruded. The property evaluation results of the
resulting membrane are shown in Table 2.
Reference Example

A porous hollow fiber membrane was obtained in the same manner as in
Example 1 except that the outer-layer molten mixture (a) was not extruded, and only an
inner-layer molten mixture (b) having a composition in which vinylidene fluoride
homopolymer:y-butyrolactone = 40.0:60.0 (mass ratio) (volume ratio: 29.4:70.6) was
extruded referring to Journal of Membrane Science, 52 (1990), pp. 239 to 261 (D.
Lloyd) and ACS Symp. Ser., 269 (1985), pp. 229 to 244 (W, C, Hiatt et.al.). The
property evaluation results of the resulting membrane are shown in Table 2, The
membrane had a low pure water permeation rate, blocking rate, and mechanical
strength.
[0104]

The hollow fiber membrane did not have a three-dimensional mesh structure,
but had a structure in which spherulites were connected.  FIG. 32 shows an electron
micrograph (magnification: 1000) of the center of the cross section of the porous hollow

fiber membrane. The wet porous hollow fiber membrane was immersed in a 4 mass%
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sodium hydroxide aqueous solution containing sodium hypochlorite (free chlorine
concentration: 0.5 mass%) at room temperature for 10 days. The elongation at break
of the porous two-layer hollow fiber membrane was measured before and after
immersion. The elongation at break after immersion decreased to 10% of the

5  elongation at break before immersion.
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(turf) (tun) (un) (cad) CVv/ 13Sr' |, Layer (B) Qut er dianeter |nner

di aneter inu(sia) Aspect ratio Interface non-uniformty Pure water
perneation rate Latex blocking rate Breaking strength Elongation at break
Wt hstand pressure Maxi num pore di aneter Average pore di aneter Quter
surface pore dianeter Cross-sectional pore dianeter Inner surface pore

di aneter Quter surface/cross-section pore dianeter ratio |Inner

sur f ace/ BYRESTBEAL APRLpCABILI ANt er ratio | Thicknesses ratio of |ayer (3)

[0107]
According to the present invention, a porous hollow fiber membrane which has
minute pores and high water permeability suitable for filtration and exhibits excellent
5  strength can be provided.  According to the present invention, the porous multilayer

hollow fiber membrane can be stably produced.
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Degree of isotropy |NDUSTRI AL APPLI CABI LI TY [0107] According to the
present invention, a porous hollow fiber nmenbrane which has m nute pores
and high water pernmeability suitable for filtration and exhibits excellent
5strength can be provided. According to the present invention, the porous
mul tilayer hollow fiber nenbrane can be stably produced. CLAIMS [|.A
process for producing a porous nultilayer hollow fiber nenbrane using a
thermal ly i ndueggn@gase separation method by a hollow fiber nolding nozzle
with a circul harge port, the process conprising discharging a nolten
m xture including a thernoplastic resin and an organic liquid froma

circul ar dischang t l.o ibery.: | | n.a

mul £ 11 ayer ol | dorPrBerc? Bt s hbiols BUEDEChAR AEE; fabiaBlnBbl <

mul til ayer thamhidgvidfdutzdr pHaye eophration ingthotl obyobthallow dibpormeldingrubizid ajtkera hol | ow

fi ber menbran .he hol | fiber noldin 0zzl e having two or re circular
di scharge surLe dintent ard thy eufedtuBitt ST ey il biRer oeliPRg i on
differ iSE qmalae}sliaatﬁcqegixbaidmgl_ &@aﬁw &ghaa;rg@ci cﬁlrc@ilm ﬁihkﬁ:aﬁgdjpaﬁ?mh r?d“@@ hﬁaérlge
ports, the ten mxture, discharged fromat |east one of the circular

di schar ge ﬁgﬁélgg PeRAteHB oA raaktlﬂﬂggfafwllpwéibgaﬁ%remor‘f@gﬁm_g?fzw Horad fme

i norgani ¢ frhdguRMNEEhol&l TheAb$ AxI:ERN QF dbladMat RfosesihildyBI nolh ighayer

hol  ow fiber by eXtraction. 2. The process for producing a gorous

mul til ayer ToMtira hiehelowdhprmelding deare havingly ot mdraickisular dijsasres portshe

t her mopl astiG.r 51 L& | L guLd,: e LNOF e fine
powder are \Jvnrf (g(he%éi%g{eﬁﬁggéﬁqﬁgh%lrb(gﬁhﬂ??t Bér! e&%llﬁ ? ﬁfelr ébg?gﬁﬁgr%ggﬁcf%}gn a

| ar gest! Oanviissbargadoimon tHeedjaodnt dischar getportethalinsiidranyeole disdargett drooi at daabtar

di scharge port 3. The. process for, pr.oduci ng a poro nmul tilayer, hol | ow
{1 ber - manbihhet dhecSieueh gisBisnis aarm grns? i uipeo o o PRhE Frschiyin 244 s povcer
i's a silicdndrpdnée peustavder BOAg 1166 rghiove® $Bmf e ra3titiey Giultfayer RONOUSbaLYL i | ayer
hol | ow fi ber nenbrane according to any one of clains 1 to 3, wherein the
nol ten ni xt8¥&8scharged froma circul ar di scharge port includes the
inorganic fine powder in an anmount of 5 mass% or nore and 40 mass% or | ess.

5. The process f roduci n orous nultilayer hollow fipber nmenbrane
according 35 t o THRrogRS RyPredisiga morqs muLilpH FelIRY SoRREEMPIERT BEHUE t he
organi d5l i qacdindMdwBerbB8e fheimdpladti®fesinN e oR@nRARuE, hhd Qurhemiie inoMdnlt r espect
to the nolten m xture and a maxi nrum mass M of the Qrganl c liquid absorbed
by the inorBarowden #& ieseldr apkepstimolt sixtye Whicky ip dscprged)inclargests.  The
process fOrmﬁﬁ&qﬂfohg%fq?&@é%ﬁu%‘h?sbﬂafg%%@rfrohﬂhéa%uier%Eh Rr@ne according

to any one of clains 0 5, wherein e nolten m xtures™ di scharged from

t he adj acent circul ar discharge ports include at | east one conmon organic
liquid. 7.3 TheTRE BR&S i QrodicREUCHIIGsan RO ol tibeAMembhat h@wtdidber
menbrane according to 5 any one of clains 1"to 5, wherein organic |1 quids
cont ai ned ithcleie! apl.tsrein e inoesanigifne RaYV¢ed 4 bsn fing@owdfracent circul ar

di scharge ports are the sanme in kind but differ in ratio. 8. The process
for prgauci ng a_porous ltilayer hollow fjber geng{ ane according,to any
one of <€l ai‘ns 1 TP®PIPCESHAUREPHCIIES PREPSER ity diodoy 41587 WemErageaecetdingnat  at
lleast one 10a8RinRdF AGin0Z8 hewhiSia MRl 38 1R Ji VRS BéchBgbd &8 @)oirb@lar10 Or nore
and 1000 or_|ess, the spinning nozzle discharge paraneter R being a val ue
obt ai ned bylisghajgairangingludds teeaporgarlio 8iiq Bowde( was appuied A nefissle kamgiersgd t he

ol ten m xyyrely fesl it wdth d (m of the discharge port. 9. The process
for producing a porous nultilayer hollow fiber menbrane according to 15 any
one of clains 1 to 8 wherein the nultilayer hollow fiber is stretched in a
I'ongi tudi nal di reehioedys ¥r gridich@ld Qous R@filaddr RUSHTREE emBiah® aQbradngl OF
more and 3 or |less before or after renoving the organic |iquid and_/gor t he

i nor gakPc 19 #Y pvadeleimyy! oxd, ﬁ‘é’@teifbhmasslf@t.lorgé)fﬁﬁd&% Fud pdodmessmajioa por ous
mul til ayer lL.her ] : i o 9,
wher el n’the e Mo aE g ORI IAIERGREC W BB MARE oL p AR ks

pol yvi nyl i &&r9é the omeniddiquillabsacbpdbyube merganicalier pétoddr ppsr i erassreatisfyane

conpri sing 0%([5)%W<2t.wo | ayers i.e.,
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an inner layer and an outer |ayer, the porous nultilayer hollow fiber
menbr ane being forned of a thernoplastic resin, at |east one |ayer (A
anong the two | ayers having an isotropic three-di nensi onal mesh structure
and a surface pore dianmeter 0.6 to 1.4 tinmes a cross-sectional center pore
di aneter, and the other layer (B) anong the two |ayers 10having a surface
pore dianeter less than half of the cross-sectional center pore dianeter.
12. The porous mnultilayer hollow fiber nmenbrane according to claim11,
wherein the |ayer (B) has an isotropic three-di nensional mesh structure.
1513. The porous nmultilayer hollow fiber nmenbrane accordjng to claim11l or
12, wher ei n & he Thapteresg é} Progdacing spprdus sulipreeylodnihee Do Prage FEOURES nore

and | ess thagy 3nPet ciths TNE POWRSH MM hbl@y@rxnhed digNadghd gomnMeehipRet
according to any one of clainms 11 20to 13, wherein the cross-sectional

center pore “Pasisehagepogs nolyds Yleaiore CHRRCUVER B ess.  15. The porous
mul til ayer hollow fiber nenbrane according to any one of clains 11 to 14,

wherein the ] ay B) has a.surface porosit %.0r : 80% or
ocs. 25 16."rhe THoPol HOPPATSUR AR PR rob rloaiet B BECa B 0
one of clsi nBy bie bo clhbys WierSeiwhettreorkaye Hqld) cdnésned ibhhe kndiss roktuks 100 or
nore and 40/100 or, J esg of.the . thickness of. the u il r._hol | ow
fi ber merrbrélﬁéhar%@?.l%gﬁ‘bﬁjﬁc?fi%ﬁeéf%ﬁuﬁrI%’alsfr}leafgel*%) 3% t}lgg%%%e r%‘heﬂ%egé%rdi ng to
any one of ahti.nms 11 to 16, wherein the layer (A) and the | ayer (B)
both have a degree of isotropy of 80% or 5nore. 18. The porous nultilayer
hol | ow fi ber nmenbrane according to any one of clains 11 to 17, wherein the
nunber of pd&r anBhersce fonprHudes 4 ergusglitacegolpy SboggyirnaRadiE 9 he t ot al
number of a\ﬁﬁ§ AR 9118 TBLBLTRASHEEE MRIMES, didehRgddaanRlClcaldRei Ng a
10val ue which'indicates an average pore di anmeter chang& nate 3t e&}%h

posi t i onl0f r shinaing sards disthatsscearateste i i(Hp) 15 4P oA CROTB Y HY é)(?F We ol til ayer
hol 1 ow fi ber,, TRAbraRfe ol $BhikaoR Dol eGblomotRd Hedipiargus imbk Ui | ayer
hol | ow fi ber“ menbrane accordihg to any one of clains 11 _1’?} 18, . wherein
the t her moplvalstitsc Vrsgsen) Wbens@rsg@tgw the Eeiten BTSN Fitanid p(gﬁ%%?ﬂ?i dene
fluoride. Z(Qﬁs‘gﬁgaop%;tpus mul tilayer hollow fiber nenbrane according to any
one of clains to 19, wherein the porous nultilayer hollow fiber
menbrane has an inner dianmeter of 20 0.4 mmor nore and 5 mmor |less and a
t hi ckness ofg, 0. 2hLoPlotdss FR R dadk 4 pdrtusanulliegs holkdw Bbqareobsnmatcbidimgter hol | ow

fi ber menbrane produced by the proce accoydi t.0 ] .clalnms Ito
10. 2522%%@%8?%3% ki 8@?2?@@61?‘1 BRI B o A A e I%I&‘ dg%ny one
of cl ai ms 1Mirection of the hollow fiber at a stretch ratio of 1.1 or more and 3 or less before or after

removing the organic liquid and/ox the inorganic fine powder by exfraction.
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to 20, the porous nmultilayer hollow fiber nmenbrane bei ng produced by the
process according to any one of clains 1 to 10.

10, The process for producing a porous multilayer hollow fiber membrane according
to any one of claims 1 to 9, wherein the thermoplastic resin is selected from a polyolefin

and polyvinylidene fluoride.

5 1l. A porous muliilayer hollow fiber membrane comprising at least two layers i.e.,
an inner layer and an outer layer, the porous multilayer hollow fiber membrane being
formed of a thermoplastic resin, at least one layer (A) among the two layers having an
isotropic three-dimensional mesh structure and a surface pore diameter 0.6 to 1.4 times
a cross-sectional center pore diameter, and the other layer (B) among the two layers

10 having a surface pore diameter less than half of the cross-sectional center pore diameter.

12, The porous multilayer hollow fiber membrane according to claim 11, wherein

the layer (B) has an isotropic three-dimensional mesh structure.

15 13,  The porous multilayer hollow fiber membrane according to claim 11 or 12,
wherein the layer (B) has a surface pore diameter of 0.01 um or more and less than §

pm.

14.  The porous multilayer hollow fiber membrane according to any one of ¢laims 11
20 to 13, wherein the cross-sectional center pore diameter is 0.1 pm or more and 10 pm or

less,

15.  The porous multilayer hollow fiber membrane according to any one of claims 11
to 14, wherein the layer (B) has a surface porosity of 20% or more and 80% or less.

25
i6. The porous multilayer hollow fiber membrane according to any one of claims 11

to 15, wherein the layer (B) has a thickness of 1/100 or more and 40/100 or less of the
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thickness of the porous multilayer hollow fiber membrane.

17.  The porous multilayer hollow fiber membrane according to any one of claims 11

to 16, wherein the layer (A) and the layer (B) both have a degree of isotropy of 80% or

more.

18.  The porous multilayer hollow fiber membrane according to any one of claims 11
to 17, wherein the number of parameters Q which satisfy -0.25Q=0.2 is 80% or more of
the total number of average pore diameter measured values, the parameter Q being a
value which indicates an average pore diameter change rate at each position from an

outer surface to an inner surface of the porous multilayer hotllow fiber membrane in its

thickness direction.

19.  The porous multilayer hollow fiber membrane according to any one of claims 11

to 18, wherein the thermoplastic resin is selected from a polyolefin and polyvinylidene

fluoride.,

20.  The porous multilayer hollow fiber membrane according to any one of claims 11
to 19, wherein the porous multilayer hollow fiber membrane has an inner diameter of

0.4 mm or more and 5 mm or less and a thickness of 0.2 mm or more and 1 mm or less,

21. A porous multilayer hollow fiber membrane produced by the process according

to any one of claims 1 to 10.
22.  The porous multilayer hollow fiber membrane according to any one of claims 11

to 20, the porous multilayer hollow fiber membrane being produced by the process

according to any one of claims 1 to 10.
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