DESCRI PTI ON POROUS MULTI LAYERED HOLLOW FI BER MEMBRANE AND PROCESS FOR
PRODUCI NG THE SAME 5 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 10
filtration 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, DBSCRIPTIONti on nethod utilizing a porous
hol | ow fi ber menbrane 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
bacteri a (e.gPOROYBIMERGILAY BREDAOLEOWIIBERMEMBRAYNEAND t urbi d, high
wat er perneability for treating a | arge uantitg of water, and high
strength which 20 enabPROUESSEHORPRQIZECINGIHE SAME range of operating
conditions (e.g., chem cal washing and operation under high operating
pressure). [0003] A concept of obtaining a porous multilayer hollow fiber
menbrane whi ch exhi bits high bl ocking perfornmance and hi gh wat er

per meabiTECHNIGALEHIAg a bl ocking 25 | ayer having a small pore dianeter
and a streni;h support |ayer having a |large pore dianeter is disclosed in
Patent EBfOkent 1, for exanpl e. Specifically, Patent Docunent 1 discloses a
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crystal stack to obtain a porous nenbrane (see Non-patent Docunent 1). In
Pat ent Docunent 1, crystalline thernoplastic resins which differ in nelt

i ndex (MAcrREROMID-AXruded fromtwo circul ar nozzles di sposed
concentrically. This is because the nethod disclosed in Patent Docunent 1
utili ze§0(;d28 property that resins which differ in M (i.e., differ in

nol ecul ar 10 wei ght) have different pore dianeters upon stretch

por e- f or m ng.AsASmathbe 98 pirifythgve? Watdr\ior hise)es iserviel vaaterf dnidahe lilgylar ane i n

whi ch the outer layer and the inner layer differ in pore dianeter is

obt af nediltrdtivnanethod atiliting & poraus hbllewy dibehmeembrankividech meprovesrsafetxbf bi t i ng

hi gh strength cannot be obtai ned by the nethod due to the foll ow ng

pr obl ensreattd watdrBné reducesihe linstellatine spave dsbeingividdlyysed. hdl pasoushaddlow menbr ane
in the stretch axis direction is increased by stretching at a high stretch
ratio. Hbsemembrangristeqnigedtorexhifinhigh blaskingmssformancetwhiclyean reliady ~ st rengt h
in the direction perpendicular to the stretch axjs) inporta ﬁ_n,for
filtrat irenovedastans (88c camiesporidinm apd camppnents making yyatr qﬂi\‘yg ghd the inner
| dyer must differ in nolecular weight, 20 _or polyner, type ver, required
pr oper t ivaterggrReability fanfreating adatge ALY Sﬁﬁ’a%c?ﬁémg}‘aqt‘yeggﬁhe‘g@? differ

dependi n n the nol ecul gr weight or pol rt . _Therefore, ,when using a
regizﬂ hggplﬁgs]pgg;tgqqgg ,e”lW&ges"?P% 9% mﬁr‘@x‘@ﬁf’?sr g\’e‘{pﬁ?jé%é decr easeg.

washing and operation 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




Therefore, a nmenbrane exhibiting high strength cannot be obtai ned.

Mor eover, 25 since a nenbrane obtained by this nmethod has a structure in
whi ch the pore dianmeter in the |ongitudinal direction of the hollow fiber
is larger than the pore dianeter in the thickness direction, the nenbrane
shows | ow bursting strength and | ow conpressive strength. [0004]

Therefore, a porous nultilayer hollow fiber nenbrane which exhibits high

bl ocki ngolyethfyleneisnmelt-ckirgdedweittent péding atsolventy atdes pamds muljilayer helbgyh and a
process for 5 stably producing such a porous nmultilayer hollow fiber

menbr anéibbramembane ysgirodwed fioin tiereshltifgltdw Aberreatmded produad using aphase
separation nethod has been known as a nethod for produci ng a porous

menbr anetretdihpererforrhing mathad. z dhegenh éstrethl pose-ferming methedd refers10@aor gani ¢
liquid. The organic |iquid serves as a |atent solvent which does not

di ssol vanethed inpdichophellaw fbercaxtmded produehis atrgiehestin the lopgitudinal sol ves t he
thernopl astic resin at a high tenperature. In the thermally induced phase
sepaf at dBpction:aha digh swetahiratiorinsleaveithe lamgllar emstal fieckdp QRIRIRA PPIYS d are ni xed
at a high tenperature so that the_thernoplastic resin is_dissolved in the
or gani c Mempratg (segRloprpaientldogument L) éB(ﬂaE‘?t gcngeith 1 EYBRHME at ure to i nduce
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crystall'i 1on is pro a high-stre rane I's easily

obt ai ne@'Wo-lasyer hollow §8&Sh&hBrank ﬂ?vrs{hfréﬁrtﬁ%ﬁt& laP&umA thPhRSClay&RAf@lihon et hod

is widely used as a 25 porous ne ane producttion nmethod {see Non-patent
Doc umenpsreldikietdr isloBlaifdd mi’-id%x)eveég BRlus nnatiRper HMGWESYr rddmbtine- 60- 139815
[ Pat ent "Docunent 2] JP-A-3-21553 Pat ent DoCunent 3] JP-A-2002-56979

[ Pat ent ekMibisigHigldtrod B rafinbteUdtih ity B hesthod WieLtee follbwid asti c and
Functional Polyner Dictionary", pp. 672 to 679 5 (Industrial Research
Cent er efoblapan, February, 2004) [ Non-patent Document 2] Hi deto Matsuyans,
"Production of Polyner Porous Menbrane by Thermally Induced Phase

Sepas at (bn ( TheSirength hbde pofdus multilayériwllosefibergnenppranelid thesti@ch axis

( Kagaku- Kogyo- Sha, June 1998) [ Non- pat ent Docunent 3] Akira Tal dzawa,
" Menbr adisectim. is #greased By Sreteting atilrigh styeted13192) Havnvep huwstng Bsengtent 4] D.
R Lloyd, et. al., Journal of Menbrane Science, 64, (19912}]',&‘ Bp. 1to 11

DI SCLOSerEcappresiive stnemrth (O8> stEenetivin thediregionepemsndicylap fo thstreigh axis) on

[ 0007] .. An object of the present invention is to provide a porous

hol | ow fmpertantopfHltration tgpddaidestease.t her nopl astic resin which has ninute

ores a hi gh wat.er perneabilit ui,table for filtratign and exhibits
xcel | ok ot TR mgnsiblea{Hs olten fayenadd e inre gy Tyt Aify gnoleoadi weii

20 orpolymer 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




20 the porous hollow fiber nenbrane. Means for Sol ving the Problem[0008]
In order to achieve the above object, the inventors of the present

i nvention conducted extensive studies ained at a porous nultilayer hollow
fi ber nmenbrane whi ch 25 advant ageously has both m nute pores and hi gh water
perneability by the thermally induced phase separation nethod (Non-patent
Docunents 1 to 4) which is considered to be advantageous for obtaining a

hi gh- st sgagith. menbrane and at stably production of the porous nultilayer
hol | ow fi ber nenbrane. As a result, the inventors found that it is very

i npor t afie0049 di scharge nolten m xtures which differ in conposition from

adj acent discharge ports and to incorporate an inorganic fine powder in the
mol t en m xt urthertferehapareds mubtitaydr hbHew tiibermenmbeamle artdeh ¢xhiliitsitiglor der to
stably spin (produce) a porous 5 nultilayer hollow fiber nmenbrane and

f ur t her blogking\perfolraamter kigh atarfpetrheativasatie; andchiglostcangthnanidia pragess fdrol | ow

fi ber menbrane. The inventors also found that bl ocking performance, water
per néabistablyproduring suchragudrous reultildyecholicay fibevah¢mbrahahavedotipétbgem por ous

mul tilayer hollow fiber menbrane having at | east two |layers conprising an

i nner | é&@iﬂle&nd an outer layer, the porous nmultilayer hollow fiber menbrane
being fornmed of 10 a thernoplastic resin, at |east one |ayer (A of the
above t\[\%oq5iyers havi ng an i sotropic three-di nensional mesh structure and a
surface pore dianeter, Q.6 to 1.4 tinmes a _crQss-sectional center pore

di aneter, an&@ﬁgﬂq}&ﬁgguqegg%@se(sgyarapoqﬂ@@é%@@bw%m ofx surface
pore dianeter |less than half of, the cros%.— sect.i on Centergg‘?re di aneter.

al

15[ 0009 Producing agproysiembrape. + Hhis methqdytlizes, @ erpoplasisrraR & A2 ol | owi ng
proggss and. por ous | tilayer hollow fiber nbr.ane. élA rocess for
o odfcr sRPIBRanS T crendly B Sengiar ¢ B SERBHCE 0% SBEREIYS | ber
nol di Ng g, e . CJ rdi I [, rising
di schar gi ngé@g()pg\és‘nll‘hi F%é%h%%g#ﬁmgg%%@% I ﬁ%g%lh?edr‘ ?nﬁ)lﬁﬁﬁags)@?%%rrgsggﬁt 2!and an
or gani €yt dn0jdd nGhé fea j r I ' di ng
nozzl e th i)éhggitngf%&g@rm{nﬁ |h% ayer &h}ﬁ*ﬂ?ﬁ%ﬁ@%@r %grr?gg? g’&hﬁdhglwttﬂéﬁg lg?g?léf c liquid
from t heesiftihdd thd¥ESanRAliduidade! iiREd kéfrhd R S
mul til aye$r hol | ow?%i be_rd ma%{?r ane, Q%/%@éhp%%é\fvaﬁ%%rﬁ%o%@ﬁgn%éz e having
two or mEiPis@ids6Vediin eTrHAi IBqRQ! t Phviialreds theflicohIed Bfregncentri cal |y,
nolten m xtures 25 which differ in conposition being discharged fromthe
adj asenterﬁﬁaabﬁtgencﬁm&bliasetshpaﬂi@dﬂ.emdfgﬁﬁ@li%ﬁ& Gl Rdndve@ ol tHeeast one
of the circular discharge ports further 1 ncluding an inorganic fine powder,
and t he mixtrgtorobtaifi aperqus\bddy. UFhis thethiorichas ereofol dwirgradvarithgesr esul ti ng
mul tilayer hollow fiber by extraction. (2) The process for producing a
porous fa)l ti lAapembiankicambé edsily pnadvicedinsing e polythien gudhoas(pb)yethyhearedon t he
thernopl astic resin, the organic liquid, and further the inorganic fine
powder ahichnappropriate soleent whichmahdéssolve thapodymer at oo temperstareyiagsi n a
| ar gest anount 5 anong the nolten m xtures discharged fromthe circul ar
di schar§et ¥t s. (3) The process for producing a porous multilayer hollow
fiber rage according to (1) or (2 wherein the inorganic¢c fine powder

ca

is &si incs throthganoplastigyresim is d&S@l"@é@t 2 Brehdemperaturgand eooledite mul ti | ayer
hol | ow fi.b rane accor di to any one qf (1) to (3), wherein the

mol t en ﬁ‘?]%ﬁ{}'ragﬁggﬁ AARIRRFaRs. tpre, ?r&F“lfgyéﬁg@é Hkﬁ'taémifmlatstlf’ fSMides t he
inorganic_fine powder in.an amount of, 5 ss% or nore and 40 .mass% or | ess.
(5) The®Srotaline s chvsuallicalion “SPromeisb iRt HE-sernesh PERORASAr SRlbr ane
accordi BBafRqany one of (1) to (4), wherein a mass ratio D of the organic
liquid and 5 nmass ratio S of the inorganic fine powder with respect to the

e
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adj acen[og@% cul ar di scharge ports include at | east one conmon organic
l'iquid. 20 {7) The process for producing a porous mnultilayer hollow fiber

menbr angpaa&t Wodient 1] JP-A-60-139815




to any one of (1) to (5), wherein organic liquids contained in the nolten
m xt ures di scharged fromthe adjacent circular discharge ports are the sane
in kind but differ in ratio. (8)The process for producing a porous

mul tilayer hollow fiber menbrane according 25 to any one of (1) to (7),
wherein the nolten m xture is discharged so that at |east one spinning
nozzl e di scharge paraneter R (1/sec) is 10 or nore and 1000 or |ess, the
spi nni ndPaearhecuiehe DPIRBA-P215988t er R being a val ue obtained by dividing a
linear velocity V (msec) when discharging the nolten mxture by a slit

wi dt h d [PatentdDoduneendB FIFRAFO2BH079 (9) The process for producing a porous
mul-tilayer hollow fiber nenbrane according to any one of (1) to (8),

wher ei n [Phtentdddunieay 4} JAL4-065305ber is stretched in a longitudinal 5
direction of the hollow fiber at a stretch ratio of 1.1 or nore and 3 or

| ess bef[blos-patenthiDoeumens i {/Plastic dnd Kungtionat Pblymer Dictivhany”, pined 720 6@2ni ¢ fi ne
powder by extraction. (10) The process for producing a porous nultilayer
hol | éw f(InslustrisbReseareh CentesofiJapgns Eebauwayy,@084pf (1) to (9), wherein the
thernopl astic resin is selected froma polyol efin and pol yvinylidene

f 1 uor i ddNomgpatent Pogupent 31 Hidgte Matsuyamaydirpdietipn o€ PolymebPereds conpri si ng at

| east twg | aye i an i nner_layer and an outer |ayer, the porous

mul ti | aydem ggm;m%@ly@meéﬁéme‘mgmﬁen hEER Sy methadreChepicalst i ¢ resin, at

| t | A he, t | havyi i sot i

thr oe- dEHEPORR DS TP S neeker KogerShnciune 10 por e i amerer 0.6 to 1.4

ti _seqt i onal t i angt er h B

et wo Repapisn Boniiof Akih malighvn S Mehran o WAL iy | Che

cr ogﬁ-sel%%‘iz)onal center pore diameter. (12) The porous nultilayer hollow
fi ber nmenbrane according to (11), wherein the layer (B) has an isotropic

t hr ee-di S t ( i I 1 ow
fibor minor3sRAEDolRRhe) PR Pldfe e oy il MR BHRe Sk BT o4l 2
surfacer@o[@oﬁarret er of 0.01 gmor nore and less than 5 gm 20 (14) The
por ous [tilayer hollow fiber nembrane according to any one of (11) to
(13), wherein the cross-sectional center pore dianeter is 0.1 gmor nore
and 10 gmor less. (15) The porous mnultilayer hollow fiber menbrane

accor di ImIStL.OSURE 0F THE TVENTAON (14), wherein the layer (B) has a
surface porosity of 20% or nore and 80% or |ess. 25 (16) The porous

mul tis| ayPesblemb tobe $olbed byreiineetioaccor ding to any one of (11) to (15),
wherein the layer (B) has a thickness of 1/100 or nore and 40/100 or |ess
of the {@0@MPness of the porous nultilayer hollow fiber menbrane. (17) The
porous nultilayer hollow fiber nmenbrane according to any one of (11) to
(16), wher ei Mn ¢hjedtaf the pregentinstention ik &yprovide)a footys Hodlow fibed erprdbrarces

i sotropy of 80%or nore. (18) The porous nultilayer hollow fiber nenbrane
accor di Agrmed ofigythesmoplssti¢ tesin which hasimjnuteyperesand higk wateripermenbiljgsir amet ers Q
which satjsfy -0,.2<(x0.2 is_80%or nore of the total nunber of paraneters Q
measur eduijahl¢ fos filirationnnd exhibits exyellentirengthaandea preress forftablyprodugingor e

di anet er, change rate_at each position froman outer surface to an inner

sur #ce B Parpws hallow Abermembradear hol | ow fi ber menbrane in its thickness

directiqn. ( . The porous multilayer hollow fiber nenbrane according to
any one?\g‘?anf f%)sl"?%}“ﬁg‘e(ﬂ%g%’“\merei n the thernmoplastic resin is selected
froma E%%?l efin and pol yvinylidene fluoride. (20) The porous multil ayer
hol | ow menbrane according to any one of (11) to (19), wherein the

porous nul ti IﬁXﬁqQOACh%Wah%b%ygﬁﬁgéta efiggé'snéoargﬁk n%rﬁ%ﬁ%ligta%e%ﬁr of 0.4 rnmor

nore and 5 nmm or | €ss an g Phm or |ess.
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1195 THERRARaRECAICR e FicOUR Rl ekl ot by EuRARENS Ul L1 ayer

hol | ow fI ber “menbr ane bel ng pfo rocess-accor any one of

(1) to (ddiked pihsEEERRFdtioN mdthed (NBHERIERDIARLAS 1 to 4) which is considered to

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




According to the present invention, a porous hollow fiber nmenbrane forned
of a thernoplastic resin which has both m nute pores and high water
perneability suitable for filtration and exhibits excellent strength can be
stably produced. 25 BRI EF DESCRI PTION OF THE DRAWNGS [0011] FIG 1 is a

vi ew showi ng an exanple of a two-layer hollow fiber nolding nozzle; FIG
1(a) is a cross-sectional view along a plane horizontal to a discharge

di recti broufhfaltiaer HoHow fie YheRtRAR. t AstPresull) WZinPertb S TR DBatiOfst . and FIG
1(c) is a cross-sectional view show ng a two-layer hollow fiber extruded

product vatydffportait ta deschag®giottes liRturdsaviiich aiffef itSéompoditiofdidPBdjaédnt G 2 is a
vi ew show ng anot her exanple of a two-layer hollow fiber nolding nozzle.

FI G 3 | disshaghpored and te ligosrsorateial dnrBanis fihe ppwdertih tikemoltérembitaeal nesh
structure. FIG4 is a schematic view showi ng a spherulite structure. 10FI G
5 is a disckarptd fromiatVeastawi digharge @oetipbaieoto staldi apigepriodus) agodisnet er i n
the thickness direction of a porous two-layer hollow fiber nenbrane.

FI G 6 smhuislayer hellowt fiten menthrangr andHuthergmipfovedhe strengfiOefihe ofsulting out er
surface of a porous two-layer hollow fiber nmenbrane obtained in Exanple 1.
FI G 7 spoteys smulidlayerthobawrfiter oxpmbpéne; mddwiinventors also f@mdahatblocking oss secti on
15 around the outer surface of a porous two-|ayer hollow fiber nmenbrane
obt ai nedeifermBasepyaterpermpabilityssnsl#reagthare effectivelyi welbbalansed usingsi f i cat i on:
1000) of a cross section around the outer surface of a porqus two-I|ayer

hol | ow PPTous myltilayerhellgwfiher membranohavingeat leasbiyo leyas corpprising aningex r on

por ous. F4HST PG ovETIRe, e BSFOUR RS OO Shen MeF RS NS R 6 10 chovis
ndp s bamEpBrtreaty nUERE R AR ReRbare fep Tverbtive BiroRB T
| - |

Ex le l. 25FI G 11 sh | ' h I L | on: 5000 f
tho | nndrestitrasiond ietSmBes il Ffick vhis TBRPe B8R TR bt ai ned i n
the i1 . . ! ed in
= Dol | osrery Eeond Eitod FLEkER SREthe AT (B Mo CT P8 5 ol e
i XL Ur @1y lsn L i ReSHobe kBl ock BB O EGOLARCAL ] BB B0 e

(magni fi cation: e outer surface a porous tl%o- er hol | ow
fiber nmgageage obtai ned in Exanple 1. FI G 14 shows an el ectron

m crograph (magnification: 5000) of a cross section 5 around the outer

sur figsce[@jooq porous two-layer hollow fiber nmenbrane obtained in Exanple 1.
FI G 15 shows an el ectron m crograph (nmagnification: 1000) of a cross

secti on ar ouSgedificalsjithe prevent ioentioh providésatie fllvavihgpricedseint @ordusber

menbr ane obtained in Exanple 2. 10FIG 16 shows an el ectron mi crograph
(magni f nodtilaper hol6@dbep inetbeameent er of a
(1)  Aprocess for producing a porous multilayer hollow fiber membrane by a hollow
fiber 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 oonc_entrically, 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




cross section of a porous two-|ayer hollow fiber menbrane obtained in
Exanple 2. FIG 17 shows an el ectron m crograph (magnification: 5000) of a
cross section around the inner surface of a porous two-layer hollow fiber
menbr ane obtained in Exanple 2. 15FI G 18 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 2. FIG 19 shows an el ectron m crograph
(magni f ifeat ileresufitle Mbltildyer Bsllow Bbér Bycedtattied. oss section of a porous

two- | ayer hollow fiber menbrane obtained in Exanple 2. FIG 20 shows an

el ect r oy cIThgmpagdesy foBprudutiagtaipopsusifliilayér idibweiibauhanbrane@szofiingect i on
of a porous two-layer hollow fiber nenbrane obtained in Exanple 2.

FI G 21 ite (19, whapin thé thetmgplastichesigethe organdsuid and dntlier gerieorgasicdiner of a
porous two-layer hollow fiber nmenbrane obtained in Exanple 2. FIG 22 shows
an el ectpoedenare nmigediniat {easignindlteratniixdnre Biticl s dischatged iua bargestiahae® of a
porous two-layer hollow fiber nmenbrane obtai ned in Conparative Exanple 2.
25F| & 23mohgtle moltel mittues disclarget fph thersigvldridischangs poB900) of a cross
section around the outer surface of a porous two-l|ayer hollow fiber

menbr ané3)obt diheetodess oo priusing acorusmulilayer hollow fibermembrane pespeding

el ectron m crograph (magnification: 5000) of the center of a cross section
of a pot®(b 0@'\6%, wgyr@rnﬂhslmqsm«v fae pewderis A silich e RaWdeth Conparati ve Exanpl e

2. FI G 25 sho an electron mcrogra magni ficati on: 5000) of a

cross sétkiordbs p&?@% fPF@“PWﬁé‘rP%‘BHSff&E‘é&yFPQOI gﬁ!gr I;c"%%é‘%aﬁﬁlé?wﬁ‘gi‘% ow fi ber
nb bt ai i ti le 2...FIG 2 hows. | ect

T or ogr A SRR A RS GHeran i ek i itchaiept SOB BFTGEor ous. t wo- | ayer

“hol | fd ber menbrane, obt ai ned i n. Co ative Ex ol 7 an

o edBr o fisRtseR BP A ass i P eie ine TGS InAe R Of & plasedpranntors BRETS

por ous Q%IHIIO\é\(,(f(i)rtigJ menbr ane obtained in Conparative Exanple 3. FI G

28 shows  anef ett ¥on m crograph (rmagnification: 5000) of a cross section

Compar e, Examress B BrdusRelps Meal bR AR AOA0RP AR ot on

5000) OEO LENPoREOE @) td )ﬁvﬂe‘f’ﬁ%%‘i‘ﬁ%ﬁﬁﬁ; D%gligé)rg%rﬁmi&h'ﬁ an@lal @M rathes menbr ane

obtai ned 1 n Conparative Exanple shows an el ectron

i cr ogr ypithd BRI iR tpoMder wiR Paspeét t8 tifd 1AsRerSBithe And hendiEmuitmbsaner
surface of a porous hollow fiber nmenbrane obtained in Conparative Exanple

3. kG M of vsigaiic Bywidtabsuibed by 0@liAiEatioTigs pbwdatpep it 3P 3atfy t he i nner
surface 20 of a porous hollow fiber nenbrane obtained in Conparative
Exanpl e 0(R<(D/S)M<E] G 32 shows an el ectron m crograph (magnification: 1000)
of the center of a cross section of a porous hollow fiber nenbrane having a
spher ul i(6)e stTheqirocess furtpeoduethg apaowsaheltidayee hellewrfiber membragsg agtosdivga change
in paranmeter Q of a porous two-layer hollow fiber )
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 linear




25 nmenbrane obtained in Exanple 2 depending on the thickness position. The
hori zontal axis a position in the thickness direction when the total

t hi ckness is one, and the vertical axis indicates the paraneter Q
EXPLANATI ON OF SYMBOLS [0012] 1: End of extruder A (for outer l|layer) 2: End
of extruder B (for inner layer) 5 3: Hollow fiber nolding nozzle 4: Lower
end of partition wall between outer-layer nolten m xture di scharge port and
I nner - | ayletityVl(irfsecwkienl R clibirgia f dedRolpa hixtire bSrastie width diin) lof diet er - | ayer
nolten m xture flows 6: Space in which inner-layer nolten m xture flows 10
7: Passdigehdrge péral | ow-portion-formng fluid 8: Lower end of partition wall
bet ween inner-layer nolten m xture di scharge port and

hol | ow (@r t i Ghe procassnigr prodircing iaporaus geulfityer hadlowNilzer nentwaweracsondiregce 10:
Production device 1511: Circul ar discharge port for outer-layer nolten

m xt ur etoldny adieraf (1 eto (8), sdieeain thepoultilayer hollovefibéray stretehsdtie a longitndinal 13:

Hol | ow-portion-form ng fluid discharge fport 20: Extruded product (cross
sect § on}liretion@fiths halloyefib@amt 2 streteh ratio afdykber mare 45d)3) anlessbefare pr afly:
Production device 31: Lower end of partition wall between outer-I|ayer

nol t en FeRQVIRgthgiosganig kiquid end/onthg ingraenic fing ppwden YKL r e di schar ge port
25 32: Lower end of partition wall between inqer;j#ayer |ten m xture

di schar §89)porhe prReessdor Bredpeing adrrqusmitilayen hallgw %ﬁeﬁl@ TOHIEST MODE
FOR CARRYI NG QUT, THE | NVENTI, [ﬂ(%Ol?g The present .inyention is.described in
det aj | %Wne[qf@mt}) (9), wherein the thermoplastic resin is selected trom a polyolefin

and polyvinylidene fluoride.

10 (11) A porous multilayer 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

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.




5A thernopl astic resin exhibits elasticity, but not plasticity at room
tenperature. However, it exhibits plasticity when heated to an appropriate
tenperature to allow nolding. The thernoplastic resin again exhibits

el asticity when cool ed, and does not undergo a chemi cal change in nol ecul ar
structure and the |ike during this process (Kagaku Daijiten (Conprehensive
Chem cal Dictionary), sixth edition (reduced size), 10 pp. 860 and 867
(Kyori t gu7ySh tﬂh@%ﬂro(ﬁ@ multifafler holi8@3Hber Hhbedneracastaliio ahy bheof (18) 0PI ast i c

resin include thernoplastic resins described in "12695 Chem cal Products”,
pp. 829(16), whéereinlthe 14580 Cald thilalysr (B) bothliiade a dbBRB bf isoespysef 8BS or i bed i n
Kagaku Bi nran, Quyou Kagaku, pp. 809 and 810 (edited by The 15 Chem cal
Soci et ymafre Japan, Maruzen, 1980), and the |ike. Specific exanples of the

t hernopl astic resin include pol yol efins such as pol yet hyl ene and

pol ypr oi}8)e n&he potous nltilagarimlibivufiter dembamestchyidapaoannphe af ddhtl

copol yner, polyam de, polyetherim de, polystyrene, polysulfone, polyvinyl
al cohol (1DowWhederrtht emmbert dfgraranpaséry Ghwhich eatisfy £0.25Q0).2 ¢=80% oo swraickt at e,
polyacrylonitrile, and the like. In particular, a 20 crystalline

t her nopitlsstotat numberofpasmeters Qoingasuted atiees, the pgramsisy IQbeing pyplie whjth dene
fluoride, an ethyl ene-vinyl alcohol copolynmer, or polyvinyl alcohol may be
sui t abl yndieases & payprdiameterichopgsi tate ab pachipositigniron an putep,fusfase MHALINOET yse a

pol yol efin, poalyvinylidene fluoride, or the Iike which exhibhits excellent
wat er r égquqea}fé%e pRYBus ultijanes pollayy Ebenmembrane insifs,thigkagssdiregtion- bi ¢

dur abi |'i n filtering a normal aquequs 25liquid. It is rticularly
prefer ald% t J hgHETqYs It ?’ilﬁ)ilﬁ@’ é‘?@ﬁ a‘!ﬁfé"?‘%‘%@@é‘ﬂ”@ﬁ? Ogﬁéﬁri(bal

dur ahi i . 0.,,chem cal resi.stance). ampl es | yyi nyl.i dene fluoride
nefde (B, MoingsR ARPraBtia B oo B Rpobaietin AR AR IR G

copol y hgving a vinylidene fluoride content of 50 nol % or nore.
Exanplgg&gp The vi nyl i dene fluoride copol yner include a copol ynmer of

vinylid flQrd . ¢ [

eyt dapocrigrois MBI BiloiRtse BAMI AR Gapb LBELE U 0 4. and
et hyl en i i 2l 1S, 1 : 5

pol yvi ngl PHEherH hEPARus Bl HORGRARCK HREibrk 103 el LhARBL0N |

sol vent phfilor iftfe AAES TRRbARSY tnd £BIdknbR®H 012 mhi\6r M6RAA!N ARRIrI1ERA! 1 ON 'S

used. The term "l atent solvent” used in the present application refers to a
sol ygnt () ChA parbed Mulilsep hyBsw fiber thbabrmb pasduced b theprédess arbirdiggper at ur e
10 (25C), but dissolves the thernoplastic resin at a tenperature higher

t han r oeoraiyeoneesfql Yog(10).t suffices that the organic liquid be liquid at the
melt-m xing tenperature of the thernoplastic resin. The organic |iquid need
not nec&€2Xar iThg poeousinmultikiyert halloenfitier meataans acofdiiglfd]any S eh(1lhéo
thernoplastic resin is polyethylene, exanples of the organic |iquid include
pht hal at(2), theploraus nliltilayer hablowhfibbes mesmbiamelpeing producesl t&’tfgib paiicesst y |

pht hal ate, bis(2-ethylhexyl) phthalate, diisodecyl phthalate, and

di t ri de@gsordingiepay ene efdbhtoAil8s such as di butyl sebacate; adipates such as
dioctyl adipate; trinellitates such as trioctyl trinmellitate; phosphates
sucR0as Eff@lcg‘éﬁ@?hm%@;@hate and trioctyl phosphate; glycerol 20 esters such
as propylene glycol dicaprate and propyl ene glycol dioleate; paraffins such
as quuigp%ﬁraffins; a mxture of these; and the |ike. [0018] When

e {0 O LB P BN SRS B A ARy S o2

ot hal Bl teps b IR i Rt Bigh WaldebmedbliO R ) 7

b t hyl . ber te; hat t.r ] ph | ph hat e,

penzoet oriiie SRS LT B R Fhebl sy, Dioeeete
25  BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

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




y-butyrol act one, ethyl ene carbonate, propyl ene carbonate, cycl ohexanone,
acet ophenone, and i sophorone; a m xture of these; and the |ike. [0019]
Exanpl es of the inorganic fine powder include silica, alumna, titanium
oxide, 5 zirconia, calciumcarbonate, and the like. It is preferable to use
a silica fine powder having an average primary particle dianmeter of 3 nmor
nore and 500 nmor |ess. The average primary particle dianeter is nore

pr ef er aloyzl&; Fit bia) isor crosrdtctiGidl niwodlotges plané hotdizontad tea diseliagabl e to use a
hydr ophobic silica fine powder which is hard to aggregate and exhibits
excel | erdirecticap EFQilih)l is b wiew-yplrosjse tha nozzid discharge\pontyamd it Rémas awet t abi l ity
10 (MN value of 30 vol%or nore is still nore preferable. The term"MN
val ue" weesespdionplviewishowinga thodayahmobow fibeokexgudsi prastuebalohg aplanewhi ch t he
powder is conpletely wetted. The MWvalue is determ ned as foll ows.

Speci f i @smepdicular fogn exérupion disgction. pure wat er, and net hanol is then added to
the m xture below the liquid surface with stirring. The content (vol % of
net hanol in HHE Zi§acden showingiappthanexmmle ofsiyoe-lgyerdiallopafibes snolging
precipitated is determned to be the MWval ue. [0020] The inorganic fine
powder i“é’”ﬁ?ef erably added so that the content of the inorganic fine powder
in the rmlteﬁ‘.&:'%ture is 5 mass% or nore and 40 ss%.or less. If the
content of the i hBSAgSRTEatS HeW Showe andsafropicthege gnal |esB f ect of

m Xi ng t8§$ 20 inorganic fine powder can be sufficiently achieved. If the
cont ent Hife inorganic fine powder is 40 mass% or |ess, a stable spinning
operation ca e S . . ] XI ratio during nelt-m xing
is preferabl 3:1 e‘%lgs;lnsl%irale atls(%xggﬁ;s#ongac%ﬁgrgmeé&{ﬁg%ég thernoplastic resin is
15 t;9 50 vol : . r ! QUi . -1 he

i norlgani c fi ﬁégﬁégﬁh%gé@ow%gg@@”@éﬁ&#?‘%ﬁﬁcﬁgw\l}?ﬂ élg;f)r??e %?m ?ﬁg"{)al ance
bet veen dd\i a8 diRER G bdrbiks (e é’i%o?lbﬁveﬁ‘&rrﬂ}eﬁ{br&&‘? resul ting hol I ow
fibers and stability of the spinning operation (I.e., nelt-extrusion
operation) (G 6¥howddn efdctrdn nficroghiphRlaghifiBMich: $000)R AR Qitdadrfave di vi di ng
mass by specific gravity). The content of the thernoplastic resinis

pr ef er allf ¥ pdfouy O Hler il B fibeéhBravie bfadiedtin Bkahpr 15t rengt h of the
resulting porous multilayer hollow fiber menbrane and spinning stability.
The cont ent #FIGthshowisanrdigetraf imicrogtsphimagnificaticar: 8000) dFQ cyess ¥ectionl ess from
the viewpoint of 5 the water perneability of the resulting porous

mul t15 | apsrunt dhd @uerfsubface ofnporanetvaniyarhatlowniibes nadmbrane/obthifed The
thernoplastic resin, the organic liquid, and the inorganic fine powder nmay
be mel t Bxample Lisi ng a normal melt-nixi ng nmeans such as a twi n-screw
extruder. A 10 hol |l ow fiber nolding nozzle having two or nore circular

di schar ge pofiS &shopissaslectnn ariciogeaph|(paprifigation: 18Q0)taf atcresssertionf t he

ext ruder. I\/BIten m xtures_are respectively supplied to and extruded fromto
the cir QIAVRA the Qtersugaceef4 Eorp%ﬁwlawér%%w fahar mgarhrane qispinedhini xt ur es
suppl i e%frogthe different extruders are nmerged through the discharge
ports t&XBBPH¥h a holl ow fiber extruded product having a multilayer

t t o {5 15 | til m j i ch the_adj t
aydhs i 11 oFIG) 678 S peteR el (et agrh oot el R tur os

whi ch differ. i ition.f he .adj t ci | gr._di ts. Th
e_foess!%o(rff%ﬁhB? fé?%ﬁr%'s%h%%-;qy{ef’@‘#ovfgﬁaﬂrrﬁgﬁﬁwﬁéﬁéﬁwg@rwﬁéﬁrﬁx%ﬁgemlﬁfi en’
m xtures di i [ . c r / en

m Xt ures COH?S?ﬂIO{%é&E%ﬁﬁgfe%@%pﬁ%é%? Hglﬁ%é{l g%%{g)g ’ g@‘f‘”%? tcgorsg Q%tltgﬁe ratio

th f A j ' -t h | ast i
R e R e e e e e e
the ol Egamplexit ures are considered to differ in constituent substance.

FIGS. 1 and 2 are schematic views showing a nultilayer hollow fiber

ext pyided proguGt1 1RhEORY Gh ERBtr&} ﬁ@&égrapl’{ (thl%rﬁﬁéa%ﬂbﬁf 5 bf eliinttis@fatthen the
nunber of layers is two. The nergi hg point of the nolften 25 m xtures which

di ffer iofa poroResvd-lay8r REoWAbériBehbraBé obtathell &€ Bxathplene hol | ow fiber ol di ng
nozzle (FIG 1) or a position differing fromthe |ower end face of the

hol | ow fi ber FiG!1Qishgws @ afit@sédpe@ndge of the ickcilaérdssdettor 6f Alslldwfib&ozzl e
shown in FIG 2 which causes the nolten m xtures to nmerge before passing
t hrough the | ower end face of the nozzle (i.e., before being cool ed and
under goi ng phase separation) fromthe viewpoint of inter-Ilayer adhesion.
[0023] 5SWhen using the hollow fiber nplding nozzle having two or nore
circul ar




di scharge ports di sposed concentrically, as shown in FIGS. 1 and 2, a
nolten m xture in which the thernoplastic resin, the organic liquid, and
the inorganic fine powder are nm xed can be extruded fromat |east one
circular discharge port. As a result, a porous nultilayer hollow fiber
menbr ane whi ch exhi bits bl ocki ng performance, water 10 perneability, and
strength in a well-bal anced manner can be easily obtained. [0024] A
por ous rutrodddspredudh oblamed fiy likingesriplatednte>amolitén mixtwe ) (batet lagenf or nance
can be stably obtained by adding the inorganic fine powler due to the

fol | owi ng t hifée. Bpshowksian elecfron e crogfaph Mhagnifixdtions 5000) of i dutérysuffsgd nni ng
stability) of the hollow fiber extruded product having a multilayer

st r uct uogaipsroys gwip-laeahellgw fibprmembiran¥ obwiried ibEsample It he vi scosity of the
molten m xture increases to a |arge extent by adding the inorganic fine
powder . Ml t FilGykd shews ap slestron axerograph fmagnificationt 4000 ofis craserpentiod wi t h
singl e-layer extrusion. In the present invention, since at |east one |layer
to bé bemeé theeuter Wrigre of aperens tyvarlsyerthallomniiber mgmebrangehtained i | | ty is
achlevegE f flcally, a multilayer hollow fiber extruded product in which
non- uni Sl-at the |ayer interface i s suppressed can be easily obtained

whi | e mai nt ai roundness, i S I rtan for il.ayer extrusion to
suppr ess nonIFEﬁn]f oﬁhﬁf”tsﬁn(e CHOHHH%R? nﬁ f:}%at}oé‘yg&qsﬁféﬁoéééec 108) S nce t he
pore size di ones shar gane i C ts 25 bl ocking
per f or nﬁﬁé@d%?‘g ‘H’?rf’k}s %@5’%&3‘}% t'i %‘%‘i‘q %Pﬁ%@ed nmenner can
be obt al goem fically, since the nolten mxture has a high viscosity or
t he aggregape 6f the inorganic fine powder absorbs the organic liquid, a

sitygtion in fd]snowg%n%fegﬁ'g fhibdo H(r?lgérﬁﬁl?atfolﬁe%@dﬂg%?%tce f"é?( GFal S

suppressed. e organi c |qU| nter rom t acent 1ayer, the

| nor ganicfysh E&ﬁoﬂ%‘ﬂg &?%@ﬁ%&ﬂ&l&i b&ﬂégb{aineﬂmpﬁ(m" Ipns as a

buffer). The m)verre e “organi c |qU| I'sS suppressed due to high

viscosity or FQGCIP@BGGIS lah eiéaﬁoﬂﬁﬁabé‘lﬁh%ﬁaﬁgiﬁﬁh%tﬁ)ndmd) Qf FlcidsS Gectiont he
organic liquids 5 between the layers is reduced. (3)Wen the inorganic fine

powder iafouddesinhér satfabead paroas twayRier HolRwisi aningthnSsbtaRed h and t he
chemi cal strength (chem cal resistance) of the nenbrane tend to increase
bef ore &xamplesd. extracti on/renoval of the organic liquid and the inorganic
fine powder (although the reason is not known). 10[0025] The above three
ef fdfts are Fipridshdwsiaeelectren micrbgraphimbgiificativine 5000) ofitedhaergarfacen t he

| argest anobunt contains the inorganic fine powder. It is preferable that
al | of ©hapemsus ewoeyxr hollayy fibererdbraot ablgindd dwExampletZhe i nor gani ¢ fi ne
powder. [0026] 15When the nolten m xture containing the inorganic fine
powder has s 18 shovrp s electon mqu@phémagnﬁmtmnhé& afythejentirelcineplar mass
ratio D of the organlc l'iquid bK a mass ratjo S of the inorganic fine
powder §TR8S PIFHOREF 2 Bpravs fierlavee v%wﬁbﬁrr@emameob@@dneﬁxmmeﬂass M of the

Sigﬁ{;'ré ;hﬁ““ff'%?-%lssgéé’/?%% c%%‘fg{e%‘rgéqapﬁ' ; f'ﬁgqtﬁ»g“? Fiestenlar st ne.
db t f d. Th
Cer A0 oredan o efmes Ve H@u bEOmEREa SR R Bl ol o hovi g i he
th th | d h | t
SoE oS, HARAT ; g g gezww&egw@fg Ao R ="
conponeg;, %E ﬁ&ﬁ)@ﬁﬁ@t gttalve vaFue Ble(}f the organic liquid contained

in the m Xt ur e. 0.2 or nore, the 25 npvenent

of the Orga”FfG'zz%HstgﬁQI&&ﬁ;‘? gr%ﬁﬂgm%i@géatioﬂ 5610) fﬁ{e’Héx'téf Wﬁ‘tf %e | ayer

interface i s suppressed so t I'S not orne y a high

2 |
pure wabesp &eﬁmlageggﬁ@ﬁqw mﬁg m'ealﬁbs Eeﬁgm?h'zs or |ess,

t he amount” of the I'S not e inorganic

fings powder FrG28fshbw &E‘Eie}étr&f’ﬁﬁéro Iﬁﬁhﬁﬁgﬁﬁcatfoﬁ%my il @Fos?.fse&l'aﬁ‘ organic
liquid in the vicinity of the interface occurs to onfy a small extent. This

r educes aufidd edfutdruifice SRIFraRawoLlhyéiHollow ke hfb?dbrm&sﬁtalﬁéu ﬁﬁr formance is
mai nt ai ned. The above value is nore preferably 0O or nore 5 and 1.5 or

| ess, aQdnphiative ERa@pler2eferably 0.4 or nore and 1) 0 or Iess. This effect is
al so preferably inproved when the nolten m xture which is discharged in the
| ar gest anount contains the inorganic fine powder. It is nore preferable
that all of the nolten mxtures to be discharged contain the inorganic fine
powder. The term "naxi num mass M of E@e organic liquid absorbed by the
inorganic fine powder per unit nass” nmay 10 be determ ned by adding the
organic liquid dropwi se to the inorganic fine powder while mxing the
inorganic fine powder, and dividing the nmass of the organic |iquid when the
n1X|ng torque has reached 70% of the nHX|nun1torque by the mass of the

e e F A/~ A r=1 a




adj acent nolten m xtures, since an effect of a change in structure when the
novenment of the organic |iquid occurs between the nolten m xtures is
reduced. It is nore preferable that the sane type of organic liquid be

m xed into the adjacent nolten m xtures in different ratios. Wen the sane
type of organic liquid is mxed into the 20 adjacent nolten m xtures, the
extracted organic liquid can be easily recovered. [0028] The

di fference i FIGERI sholws AR ledtrbh thit¥dgraph dmagrifcition: 5000 oF tHe oenlet 6fia m Xt ur es
to merge is preferably 20C or less. If the difference in resin tenperature
i's 20C efosk s&sion @€ B poicus &vo-Layep holi®dw dibéomembrana obtaineld yn Compamtiae t he
interface between the nolten 25 ,m xtures. As a result, a nenbrane

exhi bi t iBxgmplecZ| | ent water perneability and strength can be obtained. The
difference in resin tenperature when causing the adjacent nolten m xtures
to merge is rFtI»GeZS;ﬂheWsraalaleptmﬁ)micnogtaphimag:igc&idnt pOGD o€ a crasepentiahl y OC.

[ 0029] When extruding the nolten m xture fromthe circul ar di scharge
port$ i ardudgheinoersurface of alperonsnivelayerchallom: Bbermcmbrare elainedin a spi nni ng
nozzl e di scharge 5 paranmeter R (1/second) is 10 or nore and 1000 or |ess,
si nce a Gemgraitye Bxampleg2-hi gh strength can be obtai ned while achieving high
productivity _and high spinning stability. The term"” %pi ning nozzl e

di schar ge pafaHedtshops apefestren mycragiaph (@agnifigatingg S940 d’if\r&led%s 8%Schar ge

i | oci VvV (m b i idth.d ( f the disch . Th
ter m oS RAS (WPBiT DO EbEs e bripe GbiaineddR CoBrege FADRRGT af ned by
dividing the Fﬂ[ﬁﬁ%m /ﬁ_econ(c:ll)g of ht he Iten_%ur di %char ed per
b v 2 El5caR Sricraaegh (egiraton SN0 o The e iitaes
gg:t ;“nmenozzle discﬁﬁr e rarreig I. eﬁl((%?; el b rgogllgm such an 2
chaﬁge %Salpgac}uisgﬂgogv Fﬁg’eg]i LA fanb lf’heonFPoa?? W é‘)%?‘ udgd product does not
t hat Lani ' A | hi gh
or oduct i vi ty PPy 24 8 ahafec B L ionthefithapAhital S0k fiR st 0, 9,
| ess, { REnRHAROBLkARrAbe BF £Abold ABRNW ABE: BkmSANAL Bhiafted if Coffpaidlile ng porous
&

mul til ayer ane can be maintalined at a sufficiently high

| evel . n"elongation at break" refers to the elongation wth respect
to the original Iength when pulling the nmenbrane in the |ongitudinal
direction. WHRG 19éhoiRlah@lecion niE@Erdph (SR ghiGcaich: 5000)Df thesschtr oed (see

spi nning nozzle shown in FIG 2), a value obtained 20 by dividing the

di sqbar ggosk sétidh of @lpofdus hollowffibieh hefibigrcbbeaihédin Comxparatbe Exantpld hwer end
face 9 shown in FIG 2 by the slit width d of the discharge port is enployed
as the spi nniRiG. 3Mstowes adiebechran ge crographetmagnifcatite 1000)ef amkdss sectiont ur es
merge when or after being discharged (see spinning nozzle shown in FIG 1),
t he spi andungd thoinnkresudfase bbia peropsiheltasy &ber mhmmgta'meéim Eopwerative| y
calculated for the slit widths dl and d2 25 of the circular discharge ports
11 and Examplehe | ower end face 9 shown in FIG1. In this case, it is
‘preferable that at |east one spinning nozzle discharge paraneter R be 10 or
more and 1006716r31 shews apelqciropmpigrographdmagniication: SP9(Y of theianeTsupass | e

di scharg par anet er of which the ampupnt of discharge,is |argest be 10 or
rmréoan&%m’ewva#wh@gﬁqm@r%qeiq%rmﬁ% YT RRIIRLE 31 he spi nni ng nozzl e
di scharge par ers Rof all of. the circular dis orts be 10 or nore
and 1000 or Iﬁ@z Sh?gséﬁiWHﬂrﬁﬁ?ﬂa@ﬁéF?%@%%mbjBMéﬁe‘F?“?‘go re
preferably 50 or re_an 00 or les and still ,nor. r |y 5100 or
nore and® 5%3\”@23?9“{“@8’?@?‘” fiber meﬁrﬁazax}?[}%g}g % h@ger%ugﬁugé fa’ﬁg%re tio of

t he por i r_the thickness of the |layers may be appropriately set
dependi Eﬁigﬁt@{eﬁge% 11%3’(% ‘ive. For exanple, when formng a two-layer filter

menbr ane, (i i.nat i ] i hawl | pore 10
di anet er and)Fallét I C '“%g?ldndgr%#;{[féjr%#g%/tl&ng%ggﬁ)groglé%%gﬁ gﬁglrlr@?g?y or (ii) a
ponQBnatrhé?ﬁbxﬁﬁe SothidkE I BJI(% le b@égéncﬁ'ﬁ%/ bﬁ&e%cﬁ&?g@ﬁfi&l.d'mzoﬁt@ﬂ a thin
i nner |layer having a sma ore diameter Is effective for providing mnute
pores andishi oRittalif thRIKRER direbiion WhGIthe 2t RiftkAedsi 6%, b e vettlcaPr
menbrane, (11i) a conbination of a thin outer |ayer having a small pore

di amet efaxisandiBates ihepafamedt®y. having a small pore dianmeter ) , and a thick
15 internedi ate |l ayéer having a |large pore dianeter, or (iv) a conbination
of a thick outer layer having a | arge pore dianmeter, a thick inner |ayer
having a |l arge pore dianeter, and a thin internediate | ayer having a small
pore dianeter is effective for provi qi ng mnute pores and high water
permeability. [003 1] 20The holl ow fi'ber nolten m xtures extruded fromthe
di scharge ports to have a nultilayer 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

o I




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 |iquid and
the inorganic fine powder may be renoved by extraction 5 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
extract EXPLANADIGN IOFOSYNIBPRS opri ate for 10 extracti on which does not

di ssolve or nodify the thernoplastic resin used, but which is mxed with
the orgeoie]liquid. Specifically, the organic liquid my be extracted by
contact such as immersion. It is preferable that the liquid used for

ext r act iloBndef sxihugler Aéfs outehddyet)he | i quid can be easily renoved fromthe
hol | ow fi ber nmenbrane after extraction. Exanples of such a liquid include
an al coRoEnd ofeédinidenB (Edvlimmerdayer)and t he 15 i ke. Wien the organic liquid is
wat er-sol ubl e, water nmay be used as the extraction |iquid. [0034] The
i nor yaniBcHpllow fibenoholding nezzleral | y renoved by extracti on using an aqueous
l'iquid. For exanple, when the inorganic fine powder is ﬁi l'ica, Sciil i ca may
be convét Lewepend; ofipartition; walk betweemewerleyeronelien miztirg dischareg aett 48d sol ut i on,
and the silicate is then rempved by extraction through contact with water.
[0035] inner-layprmolen ayixiurg digehargent ¢ he i norganic fine powder may be
removed by extraction in an arbitrar rder. When the organic liquid is

i nuni scPhPRAcg;iR Fhigh Gyter-layer;mol BIF@WS5 to renove the organic liquid by

extractiop, and then renpve t i norgani ¢ fine powder by extraction. Since
‘t he orggngﬁaqeilﬂmﬁﬁﬁ’alﬁaerfrﬁﬁ eri’ﬂ‘%)f%"ﬁ?ﬁ?&'%omﬂer are normal |y present in
t he organipc |igpli ich-phasg in i, xed state, the inorganic fine powder
can 18beals ?%‘?qtg)rﬂgﬁr%‘@'é’(gptb%”' W?I&a:tg‘fmgn. [ 0036] A porous nul tilayer

he | not et Tt TR wif oeeBh Bt et AT Ao s i RAIRE Pt ahdL) § i ber

the inorgani'c Tine *po y extra
whi ch h en oo : i flhfob®drt [ 0037] The multilayer holl ow
fi ber ﬁ?gﬁ?&é@ﬁ?ﬁ%@%ﬁg@%ﬁ B ¢ e may be stretched in the

| ongi t udy. RRL g E& uPcat a stretch ratio of 3 or less (i) before renoving
t he organlﬂ? fiquid andcthe i norganic fine powder by extraction, (ii) after

renovi ngot bR da&isH @ ideC |1 quid by extraction, but before rempving the
i norganic fine powder by extraction, (iii) after renpbving the inorganic
f i ngspowdecCirbylacdisslaesd suit fob vitepdfyer mottemmixtoge t he organic |iquid by
extraction, or (i) after renoving the organic liquid and the inorganic fine
powder Hy: €iculacdischargelpmt fumtimrer{hayerpoiten ntiytuef t he nul til ayer hol |l ow fi ber
menbrane is generally inproved by stretching the nmultilayer hollow fiber 15
menbr and 3t Hollbhw-portiop-farchingfluididisebaigemportOn t he ot her hand, since the
pressure wthstand performance (bursting strength and conpressive strength)
decr eas @9; Extradesk predudt éerosteneptieme nay not have a practical strength.
However, the porous nultilayer hollow fiber nenbrane obtained by the
product i2dhOYteEdBEE according to the present invention has a hi gh nmechani cal
strength. Therefore, the nultilayer hollow 20 fiber my be stretched at a
streéPch Z2alimgrpen. 1 or nore and 3 or less. The water perneability of the
por ous %IH La er hollow fiber menbrane is inproved by stretching the
por ous F HOllgWROtHRN | ow fi ber membrane. The term "stretch ratio" used
her ei n r%f.?rs to a.val ue obtained by dividing the Iength of the holl ow
fiber afCefTUCUORIFIF by the | ength of the hol | ow fiber before stretching.
For exanpl, when, st retechin i Lo fel I | engt h
glt gbglef ghdg?tfpa%tft‘i\’%wgﬂ get&'%e%{\tte{-[a?ﬁlelﬁlo[l% e é?énc@l%\%gx)gﬂgnﬁ

of 10 c cm the stre atrors tw a Ing to the

foll ow qgne@iﬁ’g;e? ﬁdl&ﬂ ‘mixture discharge port
25  32: Lower end of partition wall between inner-layer molten mixture discharge port and

hollow-portion-forming fluid discharge port
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20 cm 10 cm = 2 The conpressive strength of the nenbrane may be optionally
i ncreased by subjecting the stretched nenbrane to a heat treatnent. The
heat treatment tenperature 5 is nornmally equal to or less than the nelting
poi nt of the thernoplastic resin. [0038] The porous mnultilayer holl ow
fi ber menbrane according to the present invention which exhibits bl ocking
performance, water perneability, and strength in a well-bal anced manner is
a nul ti BRI MOBDBFORCARRYING OUTHGSE aTVERHION wo | ayers and 10 is forned
of the thernoplastic resin. [0039] The porous nultilayer hollow fiber

menbr ango@ggording to the present invention is described below w th
reference to a schematic view show ng a porous two-|ayer hollow fiber

menbr ane ( se&hEpfesnt.inventiof & Jescribed in Aefadlpelovhavi ng a | arger pore di aneter
is referred to as a layer (A),  and a layer having a smaller pore dianeter
is refefo@d]to as a layer (B). The layer (A) is referred to as an inner

| ayer, and the layer (B) is referred to as an outer |ayer. Note that the
presgnt i nvertthermapdastiotresin enhileith aldsticity, but Fatrplastigivp pleroomiemperatiresyer may be
provi ded 20 between the |ayer (A) and the layer (B), or another |ayer may
be st actmweyer, itreshibity plastiglly when heataddg en appppripte erature to alp® 5(1) is a

vi ew showi ng a change in pore dianeter in the thickness direction when the
| ayer (Aolding. t Fhe theyaoplastic resiy agaim exkybity elpsticity frhen caplgdrandsdogs notesh
structure. 25 FIG 5(2) is a view show ng a change .in rre di ameter when the
| ayer (BRderge aghemicakehapgpingnelseular Sugre gk ile ke dhrig RGPS i G 5(3) is

[ i ..ch ' di ter .wh g Ki havi
Srml | pORBEU R ER (E GmpB RN rieRER 155t Dy Pl fort Eruted T¥E 1 a8 (1)
to 5(3 [ haow th | at.i i p bet the thick dth
por 0l 2 A TROREE Buer B s Bl 3BBEhen hol Tow 11iber menbrane. in
each gr (21,5 t'he. vertical axis indicates the ratio of the pore dianeter at
each cri@ -éectl on to the cross-sectional center pore dianmeter, and the

hori zont al aﬁ]xgmgshés C%girt]rgegﬁslgg}oﬂgggg [t PRCRdE 'ﬂ%?i’tnhgftﬁstf&’tteﬁhs qecfiB&eint 0 @

position in I I on provide the total thickness is

one. 1t «h5edy @ﬁé?%i@a'ﬁo&&%” ﬁé}ggﬁwgéz (e GGhitADIBYES., L), 1995 an

i sotropic three-di nensi onal structures since the bl ocking performance

changes rk@ndelvribedS AR agaldXBRin, ©SBu Klaglkl, {p@?ﬁ)mmloqwfﬁ-by['ﬁ%ﬂ 10The
layer (A) is a support |ayer. The support [ayer ensures a hi gh mechani cal

st r a9t [CHekfiéal 5cifyasTIupah, Mdriisena I8 0painidahérike e, Sproificraambples of theat er
perneability as high as possible. [0043] The |l ayer (A) has an isotropic

t hr ee- dithernoplasid resisificlade pelyolefins Sich ab polyethylehe and polypwpylesed herei n nmeans
that a change in pore dianmeter is small (i.e., alnobst honpbgeneous

st r uct urpe)yvinylidese flinriden axs sthgliene-vinybalcobdleopolymenipetyantideal di recti on, and
the |l ongitudinal direction of the nmenbrane. The isotropic structure is a

st r uct urpelyetheriniidé; palystyreneppolysiifong, polydnylsaleahelpelyphenylens ethetacr o- voi d
-rarely occurs. Therefore, the mechanical strength &g% , rTg}:eswre wi t hst and
per f or mpebwherylencsulfids; oclinlogiacetptsy polyzaylesitrilonand the likge i pasicwlama pe

i ncreased while maintai ning the water perneahility of tg&rgl.rous mul til ayer

hol 128w foryséalling:thermonlasticgesam puch as polysthy{cneppolyprop¥lens. pe F%esh
s Showf oA A EEYRBAeRbe] EoROLERFoLpaly iRyt Aeohol gy bl sty ' 1S %
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




25 connected to forma nmesh so that openings b are fornmed. FIG 9 shows an
exanpl e of a mcroscope i mage of the isotropic three-dinensional nesh
structure of a porous two-layer hollow fiber nenbrane obtained in Exanple
1. The thickness of the thernoplastic resin which forns the nmesh is al nost
constant. In this three-dinensional nesh structure, a resin block having a
spherulite structure schematically shown in FIG 4 is rarely observed. The
openi ngaeinytidend MiceReTofiRAcod 50O shmsid. UExampldsof dincvingladénby t he

t hernopl astic resin, and each section of the opening comruni cates. Since
most 5 @hotidecdpobmie?phasde £copobymierud eihylidemsfluoriderand ode pemsieonal nesh
structure which can contribute to the strength of the hollow fiber

menbr aneonamstspelected faye tetdafluorogthylene grexsfluaopopylene thBudroethyl¢ne Mor eover
chem cal resistance increases. The reason that chem cal resistance

i ncr easehlotide,rmod ethybane, Butinylileno Ayomida leamaepylyinerds nfost prefesablepeci fical | vy,
since a | arge anount of thernoplastic resin forns a nesh which can 10
cont §i bpokyvinylidenedfhupride. t he strength of the entire layer is not affected
even if part of the mesh is affected by chemicals. In the spherulite
struct ul@léthematically shown in FIG 4, since the resin gathers in blocks,

the anount of thernoplastic resin which con ribu(iﬂ%s to. strgn {hP, IS
rel atively sHdithe orgaaicdiagidsa latentisglventfor the thermopiastie FRsingyse Hg of the

gﬂteim'r gaka.sg;ﬂ@ugq%éini&sv E%stgﬁéw‘?ﬁ%‘g\% %@%&Q@%E@F%ﬂt%@?c gﬂc? ﬁre as a
opent ng eersed paplved wWRR Gty o B indpioplaftc J RS R SEbARNRE 0 2or &
i i . of Li.te. . i i Ex le 1
desdf bOAe R disfop Bl Bihobiafic et s i Gmitelithe oS XS S0t
ti t | I . i . The fact that
the. sur fermustasbiel” §t ol R REMIENGiqE I Eha UpEneammIE | NP, 2C |00
Cross- Sifrﬁ%égglﬁgen&tﬁfsi‘% flerRop15stilir8dR ©Thd SroaMB HighidGited Wo Abckdigrifyel that the

| ayer ( tropic three-di nensional 'mesh structure. 'If the surface
pore di gRidedt r&m tdispdrai®. (A) is 0.6 tinmes the cross-sectional center pore
25 dianmet'er or nore, filtration resistance at the surface of the support

| ayer dgggi7mot increase to a |arge extent, so that the entire nenbrane
exhibits a high water perneability sufficient for practical use. If the

sur flace por e Wheénhe germbplabtic tesiyids pdli¢thytene, ekarhples wE thetdrganic bgsdsect i onal
center pore dianmeter or less, high nmechanical strength can be achieved.

[ 0046] Andhadd phthdlateesuchmsidibatyd phittmtate ditiepiyl phthalkatey dioct phthaleteir es a
filtration pressure 5 differing froma flat nenbrane which is generally

pl aced bis(2ethyfayh) ittalate, diisndeshl phithalate, ansk ditridseylphthalade;isebacaigsr ef ore, a
menbrane structural design which can provide st r_enﬂjt hinthe filtration

di r ect i Ghcl 4s dibutyhsebacate; @dipates suetnasaiectyladinate srimellfateesushgs thiactylnnor t ant .
It is possible to achieve low filtration resistance and high conpressive

st r engt trimglligaeinheaphatss seh as sibutyd phosphals an @F%gé’?‘PFP b5 8F‘5§’$ret er from 10

hol P ePISE 3o EIRPHED Bk EATEUS b PEEy 5uF 485! HP s BRGEHRcHN cal
ol [“8w : , a ica
strength can, be hieved in a.well-Dbal gnced manner by thus controlling the
pore di wid nara %a@msﬂgw’ﬁn@a@ s-sectional direction. The surface
pore di Z@@trgjr of the layer (A) is preferably 0.7 tinmes to 1.3 tines, and
nore pr bly 0.8 tinmes to 1.2 tinmes the cross-sectional center 15 pore
dianeter. [O y lsgﬁ i t t (A"
used herein re %anrtélett%e%ﬁglagt\%g%lzygé e c‘fpgénlgetﬁ 0 ’ﬁle p%sr(gghéo ggél\‘ied in

t he expg; - i ! BihdBite. dibatA pBIHa0E: POr e

di anet e?ﬁlﬁgl %glgltggﬁ@a&aagegp g %ym‘gﬁe&ﬁiep%églgtseégﬁgﬁyéur ?gceé oftyli.i e layér (A) of

t he jgor fog}cmﬁ'e&}l'r@mﬁat&fdiﬁ%‘g&lg{hﬁﬁ[at, %&ﬁggnﬁa?ata%klw(@-@hﬁﬁwb@i)ng a

scanni ng €l ectror m crosco a magni f1cation at which the Shape of a

large n (atO beRMIaES st adRetblyFBérnzYate RAE K@ Bénzbhe plspliessubh as Fi ve
lines are drawn on the photograph perpendicularly to each of the horizontal
di recti qQRpRg HRRAPNAE tthibatyl plidsPRate, andaficrabyTphbsphdieaketodsasidiabs, and the
| ength ofpthg ?i ng whi ché%ﬂ(h:rgsses t he pore or%ﬂltqhe phot ograph i s neasured.

st

The arithmetic nean val ue of the nmeasured values is calculated and taken as
the average pore dianeter. In order to increase the pore dianeter

measur enent accuracy, it is preferablg that the nunber of pores over which
the ten lines drawn in horizontal and vertical directions in total pass be
20 or nore. Wien the pore dianeter is about 0.1 to 1 gm an el ectron

m croscope i mage at a nmagnification of about 5000 is suitably used. [0048]

5The term "cross-sectional center pore dianmeter"” used herein refers to a




obt ai ned by photographi ng the cross section of the porous nultilayer holl ow
fi ber menbrane when cut perpendicularly to the |ongitudinal direction
within the range of 10% of the total thickness fromthe center position of
t he thickness using a scanning el ectron mcroscope at an arbitrary

magni fication, and calculating the arithnetic nean 10 val ue of the pore

di aneter using the resulting photograph in the sane nanner as the average
por e di gsbatyeolactbhe ethybare-carhonatenprlopylent earbpuote cpiclahexanond, scqiopifeserd| y 0. 1
gmor nore and 10 gmor |less. Water perneability and mechani cal strength
can be wed isoplairams; adniwhee of these; andthediket i onal center pore dianeter is
within this range. The cross-sectional center pore dianeter is nore

pref erab®d199. 3 gmor nore and 8 gmor less, 15 still nore preferably 0.6 gm
or nore and 6 p,mor |less, and still nore preferably 0.8 gmor nore and 4
gmor |ess. [Esamples of the inarganip fine ppwiergnclpgesilics. phuRingtitiem oxidss (B) nay
be appropriately. determ ned dependi ng on the objective w_thout specific

lim g at PEeenia, TRy earbrafe, ond thedike, r s preferably to yee 3 siligs fipgpowderpr ef er abl y
20% or npore, rmrelﬁgret erably, 23% or and still re preferghly 25% or

nor.e,
more f r BAYIDE ARAYRTALS RIFMALY|naFtipls teasfginfrwdmf&apf‘égﬁﬁah“?%ﬁg i quid
cont ai ni ng a suspended,sybstance or the Like. The porogi is preferably
80% or | FESEEY PURKY BN SIBBICHE SROTe REFEIRL Y M TR AN L PITERyt b of ¢ he
surfacegportion. T orosity. i r&. prefera %, pd.still
nore pr éﬁ@%‘? 6%9%8 OVSéasashydﬂP}Og’gc sglb‘gao l}etxipwgda%wg%ﬁdgp aelJrd (r%ng %%%rg ‘B%epl acing a
t ranspar, e 40f. an ] i k] ng out
e por 8% R roBflrR gRRERie Bl TS RBRONE ol hARARR R weRARY 19 °Crt o
whi PROD) R Yol brshoragy ( Bl cm FRAW VAl uiin- por e
aregg( ite %ﬁgﬁ$ cér%dﬂgﬁ#ﬁgq¥ﬁ§h%%r I??éﬁﬁging comercially gvailable

| mage angieysiefers &) thdRpk hyH siRshol WithQyRdh BR%Hb3dbt is doftipl@tdgp! e.

[ 0050] The&ﬁayerr (ﬁl?}) ?_se%ﬂg?oc)li(?{ng l'layer. The bl ocki ng Iayerp prgv_ents a

for ei gn wagkd.er Tie MW ahBeflddtémanéd SAIBWS. t Speeficall,Gilicd i§ prsediasrad

t hrough the nenbrane due to the small surface pore dianeter. The term

" sur f acevaeg) sddheti@iot is hén bddedltayier mixBire beloadthb diqaidsurfaéewith strringe aver age
pore di anmeter of the pores observed in the exposed surface of the |ayer (B)
f r om t h@he wbntentsvolPheofaniethane irpthe aqakomsBsdlation wheh 80 nzags of Bllicahgs be
measured using a scanning electron mcroscope inmage in the sane manner as
in tlhe paxpithedds detensined tgbd the MW Yadwe pore di aneter of the layer (A). The
surface pore dianeter of the layer (B) is preferably 0.01 pmor nore and

| ess thdwW020]p. m If the surface pore dianeter of the layer (B) is 0.01 p.m
or nore, the filtration resistance of the dense surface is | ow, whereby

wat er per meafiheiingrganie fine pewiderrip prefrablyiadded spcthat the gorientpfdh aj ned. 1 the

surface pore dianeter of the |ayer (B) Ls 5 p.mor le cl eani
per f or mikprganicfinepovderin thegpokterbmyxtyreds S5 ﬁ@ﬁi%&ﬁ mare and,20 H’@Fﬁ%/g %ffg& The

‘liﬁéf Z‘Cﬁaﬁﬁéecawdi é‘@ﬁ% ingrwt oA AL ) 3 605 OE OGS, “BRECat FgRe B or

] 0.1 .9 0, 20T
sﬁfﬁgciqﬁ%%ﬁéfﬁéﬁ?ﬁﬁ%ﬂ PRECFaty pgjieyed Pi@?ﬂemﬁ‘%‘nﬁ%@g Bpresplt i .

- i i er. This.. B [
e a: doBoMIR RHgBERNE orihra SlEShiRhiog bPeRPh ol Bo Bl L0)e' G amoter |

may be ﬁpri ately sel ected depending on the size of the target to be
bl ocked. is preferable that the surface pore dianeter of the |ayer (B)

be 1/1000 or T’ﬁgrn’ﬁxﬂ{% rﬁﬁ'@d&x‘iﬁ%ﬁéﬁ%&lﬁ]?bre?&ﬂﬁl?rde%ﬁleqis@'ﬂ?Jt e dongim t he 25

vi ewpoi nt of ensurifg water pernea The“surface pore dianeter of the

layer ( %hﬂesth&&{@légﬁet&m@lm td58 v81% af& theaDM] d6mER oPthdBifmic Bgeidsti || nore
preferably 1/4 or less and 1/100 or nore of the cross-sectional center pore

di anst efand tHd@Shnic fine potider & 5016 8BS Mk Froni e vidwepdint sTthebdare t he |ayer
(B) be 1/100 or nore and | ess than 40/100 of the thickness of the nenbrane.

Even if betvwieh i watePpéritfeabifitedhdthe s@ébtinofihs gesultiniiRdloar fbeeomidai ned in a
treatment target |iquid, the nenbrane can be used by 5 relatively

i ncr easistailith of theispithfSopetatioh €i.¢. pivelt-ekBhision opdration)dtheanixar rdés & | bed
above. Specifically, the surface pore dianeter does not change even if the
| ayer (B) is worn to sonme extent. Desirabl e blocking performance and high
wat er perneability can be well-bal anced when the thickness of the |ayer (B)
is wthin this range. The thickness gqf the layer (B) is nore preferably

3/ 100 or nore and 20/100 or less, and still nore 10 preferably 5/100 or
nore and 15/100 or | ess of the thickness of the nmenbrane. [0053] The
| ayer (B) may have an ani sotropic structure in which the dianeter of each
pore gradually increases fromthe surface toward the inside of the




20 [ 0054] The thicknesses of the layer (A) and the | ayer (B) are
determ ned as follows. Specifically, the cross-sectional pore dianeter of
each portion in the thickness direction is determ ned by a nmethod descri bed
in (7) in the exanples. A point at which the pore dianeter is the cl osest
to a value 0.7 tines the cross-sectional center pore dianeter from25 the
center of the cross section toward the surface of the layer (B) is

det er m insticates by @valne abtaingd bxdjvidingendse bysperifihgravity)er The Tomtentioftlznce
between the boundary line and the surface of the layer (A) is taken as the
t hi ckne#$iergpplastic 1esipds prefirablynd volfé odmore from the wiewpeint ohthelstremgthof 1i ne and
the surface of the layer (B) is taken as the thickness of the |ayer (B).
Wien t héhegesuting poreuemulidavsibellewdiber membrane gnd spigning sgbiity.j nkee t he

cross-sectiongl, center pore dianmeter at _a plouralit&/ of paqints, the distance
bet ween CPpfen F‘P%@S“B?PIW resigy s prefayabln g0 voldo ordesifram taedewpeint ofe center of

the crogs section is 5 copsidered to be the |ayer (A . [00Q55] The

degree e Valg P%Waleﬁltmféﬂ? Lgfuiting morqus %lﬁx?r}eﬁg)vvs@% glembgrte andhi s noans
that the_ | ayer i’ﬁit has an extrenely isotropic structure. If the degree of
isotropﬁpll’“g"\{%(ﬁ% Ymore, high strength can be achi eved while maintaining

hi gh vvag 22germeabi lity 10 The degree of isotropy of the layer (A) is nore
prefera(ﬁ({/ 0% or nore, and still nore preferably 95% or nore. [0056]

'(I)'Bte ait ﬁ(rad 'l')seglhgi di n(f:j)b% %eJ n! u’#bfeﬂ];3 ogoéiﬁhb‘loﬁ%Li%éfnﬂsgléhﬂ:a;evilrnﬁlt&Ei{ah%cérnggg- \élieg }crkkléi%g;?t :083 e
di . . . di
| 2t be tuelt-fab RS bl S G0 SRR S thlsre BAr OAC O ARt er

" by the tota portions in I'n the Tayer neasured as

desggi baglGR EHr mbRARyhozzle havﬁgehw@%rn%ﬁ'e ercﬁlﬁlodigé?ﬁy(ggg%tg Igﬁgbé’e\ﬁer (B) is

preferably 80% or nore. This ans that the [ayer n extrenely

| sot r opicéndehfri¢ally isSattabed B Th\Gll GFRhOExthitel. ' MYt mixt@res BrelraypREtived) 1S 80%
or nore, the layer (B) exhibits high bl ocking perfornmance. reover, a

decr eas euppliel k@ aikd Higruded frorMBREE cié@ilartischitpe pofs adntdiderenheinides. sur f ace of
the layer (B) is worn out due to insoluble matters (e.g., sand or

aggr egaMljenanintumessagplied fiomrtbadifierint exttgdels dre tnerged thivagh diedischaggeee of
isotropy of the layer (B)" refers to a value (ratio) obtained by, provided
t hat t hpoxs twsabtaie athiolowl fiteo extrutied peddarct bavimg powitilayen stradtiiret hdn s t hi ckness
of the layer (B) is referred to as a cross-sectional center pore dianeter
(B) 15 di eas¢i amuitHayersamavebrang inpwhich thesadjeeentlgyess diffss in pare sizonatt bpor e di anet er
0.8 times to 1.2 tines the cross-sectional center pore dianmeter (B) by the
total nahtedby exbpding molten miktvaesovhigh difer jim gempqsifjonfisem theadizesnescr i bed
above. The degree of isotropy of the layer (B) is nore preferably 90% or
more, affcWes I?C?‘ﬁ{ﬁeéoﬁﬁef Ehe Gropesyon, differdn gomppsiion Hetergtothe e8¢ of t he

| ayer (B) is,very small as.gconpared. with the total thicknegs of the
merbr andheferihe HiglioR TG e cpustinunl Sehstiion et e chsRoPBiE Ribgmelif® number of

Tt o aBT e b Befems AthRRT upSGLea Rt ARG R Be U MarmBt e VA 20 po nt
oy 2" sttt oo oMo off GLENSHE 5t tigMopilfic fEdiiEmeR st B | 00Y O 1 0P

he b 0 ; ] h
of i of o MABHEE el oP G hief Wefint SRR, SRR iRAeeithl Uliliched P
membr ane, @l B dohstuble AatlibeP CEOS PR a3 RImARIBAUiWiNg 5 aNd StTength

in a well-balanced manner can be o he degrees of |sotropy of
multilayer hollow fiber extruded product production process by multilayer

-

melt-extrusion when the number of layers is two. The merging point of the molten
25  mixtures which differ in composition may be the lower end face of the hollow fiber
molding nozzle (FIG. 1) or a position differing from the lower end face of the hollow

fiber molding nozzle (FIG. 2). 1t is preferable to use the nozzle shown in FIG. 2 which
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the both layers are nore preferably 90% or nore, and still nore preferably
95% or nore. 15[0059] The term "isotropy" used herein may be expressed by a
paranmeter Q described bel ow. [0060] The term "paranmeter Q refers to a

val ue which indicates the pore dianeter 20 change rate at each position
fromthe outer surface to the inner surface in the thickness direction. The
paraneter Qis calculated as follows. [0061] The cross-sectional pore
di amet eggusad the anditep@siiturésto infergdieefdte paksing thralighah¢ lovver gné faveofithged i n or der
fromthe outer surface to the inner surface. 25The outer surface pore

di amet enozze (ief, defoeelbting asol@band inelergoirgsplwee saparationpiiom the wiewpeins ar e
referred to as D, D2, and Dn in order fromthe outer surface, and the

i nner sof interdayspréhaticmreter is referred to as D. [0062] The paraneter Qis
given by the follow ng general expression. Q=(DirDn-i)/Dn 5 The paraneter Q
for the[@28&r surface pore diameter is calculated as follows. Q=(Di-Do)/Di
10The paraneter Q for the inner surface pore dianeter is calcul ated as

fol | ows. Q=PVhevDisinatbebolloys fiker malding nozslehaving|twg OF mose FEML per nenbr ane
according to the present invention, it is RI ferg‘%g tha{ t he nunber of

par anet Eisshargepertydispaspd pgneenfrisalty, agshowgin ot @ BPle IR b nher
of paraneters measur ed. The nunber, of  pargneters Owhich satisfy

- 0. 2<Qc<hich the Sﬁ'@oﬂﬁﬁtf‘-‘eﬁe&‘ﬁi 38%11%64’@?‘1g}?dng"tglﬁ‘@g%rpgwgfre?rgrabI y 90% or

rorr an@RELC K AEHAT Pt FRS e oM T RSO o eSAPATRI o) whi ch
isfy -0. 2 Lt hi h . . LDiti bl ocki

f EZ? for M@@%&oﬁp%&a&&bﬁ%@?ﬁ?ﬁé%?ﬁ%ﬁ‘éf‘ﬁﬂ% BB ARG S oa anner can

i 0 SRy 48 e o B Enbte o6 By Shaliedl B erer s @

measureg o2k e nunber of paranmeters Q which satisfy -0.1<Q<0.1 is nore
prefera?y 0% or nmore, and still nore

A porous multilayer hollow fiber membrane exhibiting excellent performance
can be stably obtained by adding the inorganic fine powder due to the following three
specific effects.

15 (1)  The extrusion stability (spinning stability) of the hollow fiber extruded product
having a multilayer structure is significantly improved. This is because the viscosity
of the molten mixture increases to a large extent by adding the inorganic fine powder.
Multilayer extrusion tends to become unstable as compared with single-layer extrusion.
In the present invention, since at least one layer to be bonded has a high viscosity to

20  form a hard layer, stability is achieved. Specifically, a multilayer hollow fiber.
extruded product in which non-uniformity at the layer interface is suppressed can be
easily obtained while maintaining roundness. It is important for multilayer extrusion
to suppress non-uniformity (e.g., waving) at the layer interface.

2) Since the pore size distribution becomes sharp, a membrane which exhibits

25  blocking performance, water permeability, and strength in a well-balanch 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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preferably 70% or nore of the total nunber of paraneters Q neasured. [0065]
A portion for which the paraneters Qis snmaller than -0.2 or larger than
0.2 shows a | arge change in pore dianeter depending on the position in the
t hi ckness 5direction. [0066] The outer surface pore dianeter and the
I nner surface pore dianeter are neasured by the above-described nethod. The
cross-sectional pore dianeter is neasured by the neasuring nethod descri bed
in (7) ithe erganieliguidieaters the[a0jabatit layer is suppuesdedy e WHeA)thoorghine ligaider (B) may
be positioned on the outer side of the hollow fiber nmenbrane dependi ng on

t he obj &oters/fzom igeadjacchhigyerhthe iirganic find powdendbserbe temrgande liquid (et er
filtration, it is preferable to dispose the blocking |ayer on the outer

si de of funciionnis abuffarherTheamoyemant ﬂE bmorganic/iquih is swpprsssedslug ta bigh st abl e
operation. 15[0068] ) The inner dianeter of the hollow fiber menbrane

i s pref ¥isapsity, or achange in the memhranestipgiuse duetogmixing efithe pyganic liguidset er of t he
hol | ow Li ber nbrane is 0.4 mMmmor nore, the pressure loss of a liquid

whi ch f PgiEceR eo‘éb‘ﬁsisrf ¥4 ow fi ber menbrane does not increase to a large

extent. |f t i nner di anefer of ,the hollow fiber nbrane is 5 20 mm or
Rser SN i civhen B areAes oS RISt #0810 BHIFRSE P u e EivdRsrhaRaloas |y

hi d.b hol, | fib . i. i vel LI thick .
The 1 nnaroat st e iR B s R e FE e An SRR bl v 0. 5
. I il f er.abl 6. ) d1
or 1 ess MtRéasgulIEbarER BBl Rimoyal PR Bemucfidbidnd e siemticBBer 2 or ably
/ 0.1 mm bw éﬁlfﬂ%hjthgpeaggﬂﬁﬂm{@fo%gl f the thickness of the holl ow fiber
I's 0. or suftici

menbr an nor €, ht conpressive strength and bursting
strepgt ho@isg easily achieved. If the thickness of the hollow fiber nenbrane
is 1 mmor fess, sufficient water perneability is weasily achieved. The

thi ckness of m%bmthfee/effﬁee@@réﬁﬁm@aa%&tﬁlpﬁﬁmefzxﬁ{i%?@wicﬁisw mm or nore

and 0.8 mmor less, and still nore preferably 0.2 mmor nore and 0.6 nm or

| ess. [ Q6Bdrg&finfthé la?%’ésf arhGuint FBAMRINS fige MRt fieGiowaleR! at Rpbiefibid ruct ure

exhi bits bl ocki ng performance, water permeability, and nmechanical strength

i n a wekhat bbétheaenolteanituresiobeatisvhbigesd canthindhe pRiididBmcowdeder a W de
range of operating conditions. Mreover, the hollow fiber nmenbrane does not
change [@2&jing to the bl ocking performance (i.e., it exhibits high
abrasion resistance) even if insoluble matters such as 10 sand or

aggi&gat es aMéhenghe wiolten mixtuse ¢contmaning the inarggeic fineqowder ha3GHCH a A
menbrane having a uniformlatex sphere (0.2 gm_ bl ocking rate of 95% or
nore, acpupesitien hat peslneabained by dfvidiogemass ratia D of thergganic ligwid byand a
conpressive strength of 0,3 MPa or nore is particularly preferable for the
obj ect i #syratipRotihe norganicfing raydesand fuxhwpdiviling thexps yHesleng i nventi on

ot hods MRERR T35 M AL PHBFHANA ErOHIoOane OIGDI RO gL S
otherw %n%ssI s f grt r%gfe ag'n:(Il)ZFci)r gsrs, t?xle aeﬁgct:t%rf s&lqlgl%ss?r{]gdmgs o%gltnetrltagfj 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 hol |l ow fi ber nenbrane was cut to a snmall thickness using a razor or the
| i ke perpendicularly to the |longitudinal direction of the nmenbrane. The
cross section of 25 the nmenbrane was observed using a m croscope. The maj or
axis dianeter and the mnor axis dianeter of the inner dianeter and the

maj or axis dianmeter and the mnor axis dianeter of the outer dianeter of
the hollow fiber were nmeasured, and the inner dianeter and the outer

di amet eprgasicdiquél whichnienotabsabed by thedndrpani€ fink powder ie xyffiereatlp mmall] 0072]

I nner dianmeter (m) = (inner major axis dianmeter (nm + inner mnor axis

di anet eThérefare)the moRemet 4 therganic tigaiden ¢ie ionjty of (hetnterfacegaenrsasi s
dianeter (nmm) + outer mnor axis dianmeter (nm)) /2 [0074] 10The aspect

rati o weslydemaslhéxtend. b¥hidiredudesnaychange irafho membrancodtruchue,iwhesebydi anet er by
the mnor axis of the inner dianmeter. (2) Pure water perneation rate

( L/ n2/ hblogkingpeefprmance is mpimtavegd. ovWheiabeve vaburbis amare peeferablyd). X eximore a 50
mass% et hanol aqueous solution for 30 m nutes, and then inmersed in water
for B30 ARhLOLS less, andistilleorn praferablys).4 prmeraandd @ aelesson dhisefiest isale et

hol | ow fi her. nmenbrane having a | ength of 10 cm was seal ed, and a syringe
needl e szgﬂ?mg@w whsn theemglenemixiprg, whith is dischaieeitsthe hgraest agopsf o t he
hol | ow port.ion through the syringe needle _at a pressure of 0.1 MPa. The
amount BPRES BeBPEATIGANE PORHEE o ot ismHase FF e AN S e mYeasur od. The

201 0075 LIRS Gt aieChse ik Sl e reriP Fee PS8  dBel MR I S oLt of

el TR TR b A Tl AT D

syringe ngetg e i sbgﬁsoergg%. r?%g‘t?gjl ?f@gﬁgﬁﬁ% S?F%ndgitg% é%%] ana '

br cakag nag hEAnic fine powder, nd BN REFrehaR o ARTE R Rl WARA RN anc
mixing torque has reached 70% of the maximum torque by the mass of the inorganic

=

fine powder.
[0027]

15 It is preferable that at least one common organic liquid be mixed into the two
adjacent molten mixtures, since an effect of a change in structure when the movement
of the organic liquid occurs between the molten mixtures is reduced. It is more
preferable that the same type of organic liquid be mixed into the adjacent molten
mixtures in different ratios. When the same type of organic liquid is mixed into the

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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Sanpl e: wet holl ow fiber nenbrane produced by the nethod (2) Measuring
instrunent: Instron tensile tester (AGS-5D manufactured by Shimadzu 5

Cor poration), chuck distance: 5 cmTensile rate: 20 cnimnute The
breaki ng strength and the el ongation at break were determ ned by the
foll ow ng expressions. [0078] 10 Breaking strength (kgf/cnR) = | oad at

break (kgf) / cross-sectional area (cn2) [0079] Elongation at break (% =
(di spl apesterablya®Cbreak (cm) / 5 (cm)) x 100 [0080] The cross-sectional area
of the menbrane is determ ned by the follow ng 15expression. [0081]

Cr oss- s¢o029pnal area (cnR) = x ((outer dianmeter (cm) / 2)2 - ((inner
dianeter (cm) / 2)2) [0082] 20 (4)Latex blocking rate (% A nonodi sperse

| at ex havi ng Vihgeextiuding the mokter mixturdfr@d sheyeruBiF Aidekanga porft st isur ed by JSR
Corporation, solid content: 1 mass% was diluted with a 0.5 nass% sodi um
dodecy! pseferabledo disclsdsy theoueltensmixtire s¢ that a spipningaoezle disobasghsi on with a

| at ex concentration of 0.01 mass% 100 ml of the | atex suspension was

pl acéd iparamens Roddsesond)dn 40 exmpre and k090 Lr Igss, sinse|agnernbrgae hawipghighe havi ng
an effective length of about 12 cmfromthe outer surface, usi ngl,a t ube punp
at a pr sengtle cat beolaingpwhile aghieving highnsodictivity and high spinging stabilitat t he
l'iquid which pernmeated the nmenbrane was | et off fromthe ds (open to the
at mos phdhg ferat “spHRingqzalg dischasge paramelerR ' wfars fo %YalF%%btP‘&F‘gBy suspensi on.

"n°a of dStiging p.ffihirenihet Veloctiy v rissc) v it pdth i) of e fisiesbemircn
he | . f ; d Rt hol | [ b dth
T eSS O S R
Q ' " [
oD P WS MG aR! FBiporil bR 1 ook e
Tob 1o SRERSRARRErue ot b ARHARRRH. | 1PRESHRARE SR bisitide SUPPI 1 ed))

100 10[ O
parameter R is 10 or more, a problem such as a change (pulsation) in the diameter of the

hollow extruded product does not occur so that the spinning operation can be stably
performed with high productivity. 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 shownin 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




(5) Conpressive strength (MPa) One end of a wet hollow fiber nenbrane
having a | ength of about 5 cmwas sealed wth the other end open to the

at nrosphere. Pure water at 40C was caused to perneate the hollow fiber
menbrane fromthe outer surface under pressure, and water 15 which
perneat ed the nenbrane was renoved fromthe open end. In this case, the
total amount of water supplied to the nenbrane was filtered w thout

ci r cul apamameter Reof which ¢e ammumn bf diis¢Harget is tangeyebd bl pr mbrecandr 1966 wr Eesyvas
increased fromO0.1 MPa stepwi se by 0.01 MPa. The pressure was naintai ned
for 15 dtdsetild moreprtfesshle that dhrecspenhirig mozzleldischargn perachetdrs Riaf all®ftleconds was
sanpl ed. When the hollow portion of the hollow fiber 20 nenbrane is not

cr ushed cirewer dibehatgetports be @ opinareend h@dmr I¢ssas The sfinning aozakhdisthapgs neat es

t he menbrane increases as the pressure increases. \Wen the pressure exceeds
t he conpreswiefR isimen grafergblyt Weoratre end BOGer lesse and stlbmorepretesablyw porti on

of the hollow fiber nenbrane is crushed so that clogging occurs. As a
resuft, 1PRer BeEang 000gleRs. of the amount of water which pernmeates the
nenbrangxgﬁireases even if 25 the pressure increases. Therefore, the
pressur whi ch the absol ute val ue of the anount of water which perneated

e e e e R e A S RS AR 0

e 1 nn et PRRR BB abuE onthe SRR < Gt Ao It D HGIOBA ahd ¢ he

| %?Ezés%ﬁaﬁ’gﬁhﬁﬁ%‘%{%ﬁg’i naﬁ’f°?f§ﬁ}é?e‘{é’8f°ﬁvf&tﬁﬁ%°3‘?%3¢%ﬁEg‘:’dﬁé’ évﬁ‘.f“'%ﬁ Bbite %E%Egreglfo h

I AR R WAL VT8
Hicleouts ha 1 | e n- inetls 1 por

six sections in the horizo direction a rtica irection. The

llengt h @fanidhe ié EfMECtvE FSSHrowdinganPateDHopés dndhigWhieppaRiRabiisy. 1GvaRasur ed. The
arithmetic mean | ength was calcul ated to determ ne the inrner surface pore

di armet eforndifiga ﬂu&@taysuﬁlftaq&emquﬁ? ARbRIbinatibf of B éhif b&H1 dviipd center
pore di ameter of the porous hollow fiber nmenbrane. When the pore dianeter

i s aboutméll potedidmerer, aakinghes ldyeb haNifg 8 Sl Poterdigifetai ) fartbhidk cati on of
about 5000 is suitably used. The cross-sectional center pore dianmeter was
meaddir ethtenmedinte layefevirfg dlaggeqfore diamteter,adr (V) atchinbkraties ofia thickdoutbre center in
the thickness direction. (7) Cross-sectional pore dianeter in each portion
i n the {layechawiega birgepare dismetet, a thicdkdneerdeyer baving pdarg¢ ppreatianétery end ( B)

The cross section _of the hollow fiber menbrane was phot ographed using a
scanni nd tipdterpgdiate layeshaying a smplhpersgliameter in effpctive forproxidingmto0 or nore
pores 20 cog%f be verified was used. One hundred |lines of which the

di st ancBO¥ watergeraeabilitye was equal (i.e., lines connecting points at
an equabgb I ckness) were drawn on an A4 photograph so that the total

t hi ckne s divided into 101 sections. The length of the |ine crossing

oot B0t ed 't 3P RPIR RREARRLAE RS s ot Bedataiee bo REbavgan por e on
t aken allg)erSRESe bt Slibd g O Brol RN iFerdt GRISBN HALR0 TP T o
ot ¢t gm0 SEERC] Gfd pfeck s flaulidi *Fherdflly dOSEPPERE BRI 2, ) o
o5 oo GrhiERIRED PO Rer AN ElseP B o AAP TR HohWabdiaee PO 01, L0
a boundgiutblyMstHBE USRI thb h@11&@melsaﬁe¥fasomg%ﬂ%ﬁdifﬁhﬂ@@n Wihén fieundary |ine

and the surface of the layer (A was taken as the thickness of the |ayer

(A) 25 anthormidifisd foveder & PELVERRe pdRdOMB ICY fihk pewadds h&vealy f ace of the

| ayer (B) was taken as the thickness of the |ayer (B). Wen'the pore

di anet edistributdddt thdorkari@ liquidifichdshasy. € CltHeUigdHiCliQHie PRE-phaRs forat pétes
magni fi cati on of about 5000 is suitably used. In the present invention, the
total thbyednnmdng thiedrginid @dd aid thelidorgasit ifiag powdaesi &xt@atidy fromhike above

measur ement was conducted using fourteen el ectron m crographs

(magni fication: 5000) of the cross 10 section of the hollow fiber nmenbrane.
When the el ectron mcrograph was taken at a sufficiently high

magni fication, a |ine whereof the poi?ts lie at an equal distance fromthe
outer surface was approximated by a straight line. (8) Degree of isotropy
(%9 of layer (A) A value (ratio) obtained by dividing the nunber of
portions having a 15 cross-sectional pore dianeter 0.8 tinmes to 1.2 timnes
the cross-sectional center pore dianeter in the layer (A) by the total

K e T




(9) Degree of isotropy (% of layer (B) Lines were drawn concentrically
with circles indicated by the cross section of 20 the holl ow fi ber at
intervals at which the thickness of the |ayer (B) nmeasured in (7) was
equally divided into 20 sections. The length of the line crossing the pore
on the photograph was neasured. The arithnetic nmean | ength was cal cul at ed
to determne the cross-sectional pore dianeter in each portion of the |ayer
(B) in thbHowlfibekwhich hds besmtdooled a8 sOlBHeEd. A porbue nultilagerdotivwditetr por e
dianeter at a position half the thickness of the layer (B) is referred to
as t he oengwarsecnibertials abéainet. pore di aneter (B). A value (ratio) obtained
by dividing the nunber of portions having a cross-sectional pore dianeter
0.8 tim032p 1.2 tines the cross-sectional center pore dianeter (B) by the
t ot al nurrberaTSIEO) of portions included in the [ayer (B) was taken as the
degree of i sdieepganistliquidandathe inqrgynic finopeyda mayhe wmeved by exfactivn absor bed
by inorganic fine powder The oi] absorption was_neasured using an oil

abso? pt abthe saras timevhendbe exgapicdignidand the inoiganir fige Fraere3g be exteastedr dance
with JIS K6217-4. 5 g of _the silica fine powder was placed in a sanple
chanber Withige sapesalvent; qlhgorgaric ligudpand thipprganicdinepowder ar@awimhliy powder at
4 mM/mn while rotatfing a rotor blade at 125 rpm The 10 torque increases
as the §?1P‘PY,EQ’SFP%@&{¥OV\UGI’ absorbs the organic liquid. After the torque
reaches @:ﬁ maxi mum val ue, the torque then decreases. The naxi num oi |

absor pt i[ Jnass M per unit mass of the inorganic fine powler was cal cul ated
bythefollo'n% the .t of.al nmass,.of. the or ¢ liquid when

e | f . . i
he torae § e Rl RERA Rlembud by SrttadtiGhuiiRe & iGuia pdBroPEIGRT, | i rum
4 f chef . |
o no g0 20 Rbtn Whit A0t s RBNIE] 8 HerttDblast RS msbd ) wHRRSS 1 (0
11) Maxd: i .or: 4 . . ni . i
i et o SUIWRANE b BTPltid - S3dci QMY NE BRI iy BA0 be eRAGedTY: TUM POT S

Aver age cpthét sttipaBBherSionl, Mis pefdrible ihat TRIRRG used for exliabigyss age pore
di aneter of the m nimum pore dianeter |ayer of the nenbrane was nmeasured in

accor dansktiW sothAMMidndd GartBe eadil§ Tehoveld fidth e GIRMI fibdr Ynembrane #Rdpol | ow

fi ber nmenbrane was continuously spun for eight hours. A process in which
t he nol eetpactiont UERamples efduch deiduihisiciude he alcbhvlf methytenahloridaysmd thol | ow
fiber was observed with the naked eye. A case where the dianmeter of the
hol 1pw flikb.er Wied theodrgatiatigeid astoratehsolble] watef inagibe dsell asahe exteastiont er f ace
non-uniformty and had roundness was eval uated as "Excellent”. A case (a)
wher e i Higuidi ace non-unifornity did not occur, but the hollow fiber had a
poor roundness to sone extent, or a case (b) 5 where interface

non- uni {Qﬂi’ﬂﬂty did not occur, but the fiber dianeter changed to sone extent
wi th not inpairing production was eval uated as "Good". A case where the
hol | ow fi ber I8R&GEEANGHRG pesrder sbnormally sempYed byrextIagionuSRGAN AGI9AMess was

eval uated as "Bad". [0089
vaiu ﬁqui%. For example, welle]n the inorganic fine powder is silica, silica may be converted

20 into a silicate through contact with an alkaline solution, and the silicate is then removed
by extraction through contact with water.
[0035]
The organic liquid and the inorganic fine powder may be removed by extraction
in an arbitrary order. When the organic liquid is immiscible with water, it is preferable
25 to remove the organic liquid by extraction, and then remove the inorganic fine powder
by extraction. Since the organic liquid and the inorganic fine powder are normally

present in the organic liquid rich-phase in a mixed state, the inorganic fine powder can
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10Raw nmaterials used in the exanples are given bel ow. <Raw material >
Thernopl astic resin (R-1) Vinylidene fluoride honmopol ynmer (KF #1000
manuf act ured by Kureha Corporation) 15 (R-2) High-density pol yet hyl ene
resin (SH800 manufactured by Asahi Kasei Chenicals Corporation) Organic
liquid (L-1) Bis(2-ethyl hexyl) phthal ate (manufactured by CG Ester
Corporation) (L-2) D butyl phthalate (manufactured by CG Ester Corporation)
20 (L- Sl,e},'msyﬂ-ﬂc?r@hﬁﬁ,g@aye{‘@mhal grade, manufactured by Wako Pure Chem cal
| ndustries, Lt I norgani c fine powder (P-1) Silica fine powder
( AERCSI [60397 2 manuf actured by N ppon Aerosil Co., Ltd. Ltd., primary
particle dianmeter: about 16 nm 25The mxing ratio and the producti on
condi tions i A gaohs myhkilpleeholi®v fibevwembrahabhebd obthinadrbl eendovidg theny| | dene
fluori de honmopol yner was used as the thernoplastic resin, a m xture of
di ( 2- et bydahiediquid gt tha imdrgamie finel powder bypextriactiont feomdlse mekidayas holhew or gani ¢
liquid, and a silica fine powler was used as the inorganic fine powder. A
t wo- § ay éibethwhich vas béparcontedtand selidified.mel t - ext ruded using two extruders
utilizing a hollow fiber 5 nolding nozzle showm in FIG 2. An outer-|ayer
mol t en 09037lir e (a) had a conposition in which vinylidene fluoride
honopol yr ner: 2-et hyl hexyl ) phthal ate: di butylsé)ﬁ)ht hal ate: silica fine

i

powder = 40. Gh 9@0 tilgyer: imtlow fibes sdhighchas bpen cenlethand selififiedgpaybers 4: 8. 4: 15) .
An |nner-la er, m)lten ture (b) had a conposition j i ch vinylidene
fluori détr t@“zal mwsfremhtrma %Oﬂkﬁﬁﬂ*i}? CIYRTARPHENE: silica 10

f 1.9:23.0 | at s
155 B oregia Hagi anslf'he ipaipanicdipe povideR by PHtac beﬁ’t(?‘lgeﬁﬁ?raﬁhgwggmi d. The

hol | fib di |
i et cprostEmify B MF@F&@BP%‘? e ot BB RVIRES 7 ot e or 2400
d d -| |. amid |
LIS o B 1
| f t
T S g Wl i) g S 11 L
of the '&%ﬁbﬁaﬁl‘g ometﬁfcm&lﬁ?gqy'glrl@@%fe?gerﬂfeaﬁﬁ SONE iyl the

partition wa en the I nner n mxtdre di scharge port and
the hol henow Fiblet RRmMbAIEIE gerfelfdﬂyqnﬂir&feﬁiﬂy%e&ﬂfdg thé RRAAhyet Bbhewarber uded

hol | ow fi ber extruded product traveled over 60 cmin the air, and was

I nt n9dueRihbirideinahd\Rngitudindldirttidd) C O tiedthetihbid, shfte ssure The product
was wound around a reel at 40 mimn. The resulting two-1ayer hollow fiber
was i Mmuwithetnd perferinibnce (lirstingatieagthtaad cenpressibe stfchgdt) kigtdeasey) the pht hal at e
and di butyl phthalate by extraction, and was then dried. The dried product
was i mstretekked membﬁmems&ﬁﬁﬁveeapladdﬂal stqmgﬂus Haowemer,dhe paous80 ni nut es,
imrersed in water for 30 mnutes, imersed in a 20 nass% sodi um hydrOX| de
aqueous mubtilayérdiollow FEErembramecotizined b}athﬂ; pmdmtmagmsmcmdmgterthq 0 renove
the silica fine powder by extractl on. gtL The resul ti ng por ous

t wo- |ay@resw|lnmt1pnbe$ah@hﬁn lcstign sha"hpnefqrerth%lwltﬂwlhﬁl P¥rmity and
had a hi %h roundness. result of cross-sectional éﬁ;rvatl on using an

el edPr of10fE WARbe étﬁ%tchthatmge@bﬁm%ldl ormorg #id Howlers: ndheValer and t he
support permeability of the porous multilayer hollow fiber membrane is improved by stretching

the porous multilayer hollow fiber membrane. The term “stretch ratio” 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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5 layer had an isotropic three-dinensional nmesh structure w thout

macro-voi ds. Table 2 shows the outer dianeter, the inner dianeter, the
aspect ratio, the pure water perneation rate, the uniformlatex sphere

bl ocking rate, the breaking strength, the elongation at break, the
conpressive strength, the outer surface pore dianeter (corresponding to the
surface pore dianeter of the layer (B)), the inner surface pore dianeter
(correspondi ng ca+- 10 ctihe2surface pore dianmeter of the layer (A)), the
cross-sectional center pore diameter, the ratio of the outer surface pore
di aneter and the cross-sectional center pore dianeter, the ratio of the

i nner surface pore dianeter and the cross-sectional center pore dianeter,
and the degr @&s compiessive stpangtt off the nlemybeine(rAdy B dptidially inceeasédBhy of t he

resul ting nmenbrane. The porous two-layer hollow fiber nenbrane had a high
pur e wasuabjegmgribastrachedahanbrihe toat leat trbatmientng Thetheat taentinentdérapératake
strength. [0092] The porous two-1layer hollow fiber nenbrane was wetted
by the mendmndlly 29yyal sondr lessntbars et melting goinhefthe dwntnoplastyairesini de aqueous

sol ution contai ning sodi um hypochlorite (free chlorine concentration: 0.5
mass% &038bom tenperature for 10 days. 20 The el ongation at break of the
porous two-|ayer hollow fiber nenbrane was neasured before and after

i mer si on. TH&e @prawg muldlayerthoblpwfibes membrangaccarding ipdhe prysen inviepton

el ongatlé‘%? at break before_ imrersion. It was, confirmed that the porous

t wo- | ay SidhoaheRifsihlesking pesformance, wates pergnqabHity, @nd sirength g i st ance. [ 0093]
25FI G 6 s an. el ectron m ¢roscope i mage, of, the outer surface of the

oor ous RN ER Frafnes s § FLKLA R FBHRhanG iR LR IR BB G 7
sho an Fl ec(irgtﬁ rﬁcrosiﬁg e inmage of a portion around the outer surface of
t he "¢r o&%O0BES Pore frermop i®flcati on of 5000. FIG 8 shows an el ectron

m cr osc N i]mage of a portion around the outer surface of the cross section
at a magn f9 cation of 1000. FIG 9 shows an el ectron m croscope i mge of the

cent er of 1 Nqyg pARss SAlI08 110l A0 Bidhtiald 8o fknPRfe plekGie Hh el an

el ectron m croscope iImage” of a portion aroun nner surface of the

Cross seCdds@bedlbefo BBl rbfefelct &2 Kher380 vidw ﬁoﬁ? % g%ﬂ‘{?u@ R’V@-ll% fon

m croscope | mage of the inner surface at a mag on of 00. As is

cl ear fhemw fderhembiae (§He10s50Pe | mages shown in FIGS. 6 to 11, the outer
| ayer having a small pore dianeter and the inner |ayer having a | arge pore
di amgt efoo@e fornmed in the porous two-layer hollow fiber nenbrane. The
surface porosity of the layer (B) was 25% 10[ 0094] A smal | armount of
gr aphi t e was Anflayerchaviniga lhiper pareidéameterds weferrédijo dsaiaper (A yad)a lagerobt ai n a
two-| ayer hollow fiber (organic liquid was not renoved). The entire outer
sur f acehaving hemiallerpoag diantetdr liowefdrrdiao asadayer Bk . Theilsyer(A) satfesredib@t t he
entire outer surface was covered with the nolten mxture (a). A white area
whi ch i aslacineslayeraand the laysr (B) is eeferred taasan(difendayer.e xiNotedbiatdhe t he out er
surface was not observed on the two-layer hollow fiber over 100 neters or
nore. FPESat inyestion is nat dimdted dheretonn for example, anptheplayer mpy be prwidedon of t he
two-| ayer hollow fiber. As show_ in FIG 12, the black | ayer (layer of the
mol 8&n" Retvegn thelayer (A)prg the layse (B); or anafherrlaye may hedacked o8 thedayérona

directi f‘&bto a unigﬁrmthi ckness w thout defects. 20 Exanple 2 A

por ous o the layer ik ow fi ber menbrane was obtained in the sane manner as
in Exanréoeai. except for using an outer-layer nolten mxture (a) having a
CONMpPOoSi Bt0in whi ch vinyl i dene fluoride honopol ynmer: bis(2-ethyl hexyl)

ht hal o di oht hal oosili f.i wd = :.33.8:6,8: 25,

ey “ara aftetrsth RISy Hcinga hidbe i PirdiRSter iy A stk e Tho°
whi ch vj i fl i i - | . | di but vl

o bl o P RORGerical 8R4 R | AT YRR NEERNGH Gi S e ibp I O SRl D11

Fl 3 . i i f th

Cor3ts HOSaN8 AT AR ChAREIR ol RAfiell whif b BYRISHE BF 1°

h . : . . 1 1 . f f
Sho' - SBniSURAHi¢ BeURIAFOARTITEToe. 2 IRLAGET £figh Mlok|ify Dithaipe BT T 208 ©
m cr 0SCHHe dla{iﬁ&@r Wherfa B Eltésﬁ’ilﬁ @&y%'ﬁo%g”gﬁﬂ glf)resdﬁlﬁ@t@ﬁs%rrﬁé@o&ﬂhess section

at a magni fication of 1000. FIG 16 sh ectron m croscope I nage of
the center of the cross section at a magnification of 5000. FIG 17 shows an
el ectron m croscope image of a portion around the inner surface of the
cross section at a magnification of %)00. FI G 18 shows an el ectron



10 m croscope inmage of the inner surface at a magnification of 5000. FIG 19
shows an el ectron m croscope i mage of the cross section at a magnification
of 60. FIG 20 shows an el ectron m croscope i mage of the cross section at a
magni fi cation of 300. As is clear fromthe el ectron m croscope i nmages shown
in FIGS. 13 to 20, the outer |ayer having a small pore dianeter and the

i nner layer having a |l arge pore dianeter were 15 forned in the porous

t wo- | ay @uteh Slrifaveif Ft@r5(njemases(mzﬁs(sygﬁva@&pn@mﬁhhgﬂ@frerahendm;yer (B) was
30% [0096] The resulting porous two-layer hollow fiber nenbrane did
not shobeiwdes ticthivkness-aud itlieopore Uiantpd alung the briogdsectivinoieash hoksw dibeesul t  of
cross-sectional observation 20 using an electron m croscope, it was

conf i r magkntbirae. t e eldhogrkpln ghd wartical arid ihdieatasuthp eatio dfalyepork dibnaster s ot r opi

t hr ee- di nensi onal nmesh structure w thout nacro-voids. The property

eval uat iea¢h eressaiectonfo théerosesedtiphalgentenporadianaater, sitbthe horizofddllagis2. The
porous two-layer hollow fiber nmenbrane had a high pure water perneation

rat e | &ndisatési the distagce fom the putenswiasaite a positioringhe thickngsdirestions t he
measurenment _results for the 25 cross-sectional pore diameter when equally

di vi di ngrevidedthaidhe tsalithigkness isane. pdiris preferale thay the layeri(dland Bedaygsnbr ane

into 100 _sections. The_ porgus two-|ayer hollow fiber menbrane had a
struct u(® anéﬁqﬁquﬂw-cilﬁ@mg%\mPSh gtrpgtses sigpe thejbipckmepesiosmangee

measur e results fo par a Q Exanple 3 A porous two-|ayer
hol | ow gﬁ ooy asm w&b?‘éﬁnﬁgeﬂ“?%eﬁ"f?ér%%- manner as in Exanple 1
_except {L&%\ZISI ng an outer-|layer nolten mxture (a) having a conposition 5
in whic yIidene fl uori de honopol yner: (2- et hyl hexyl) phthalate'dibutyl

oo non s lasif () S st By e 3 T8 bumpedtarencame & Mgy, Do ong

Qﬂde?eﬂlﬁ%‘ e g i S P N

support hi%yagr Gledn isotropic three-dimensi onal rresh st ruct ure w thout

macr o- vol T e property evaluation results of the resulting nenbrane are
shown ilp()&g |l e 2. The porous two-|ayer hollow fiber nenbrane had a high
pure water perneation rate, |atex blocking rate, and nechanical strength.

15 Exanpl e 4 The layer fAPRIs@inSsdtitpid YR diRRh4ioNM] I diR stri®@Gier ame Y@m obt ai ned in
t he sane manner as in Exanple except that the conpositions of inner-I|ayer
and 19ut Efsotrapie? usdchetois hvagethat 4 hidge anpdrd dRimdtér)esmalb(ilegalmbstt ure having a
conposition in which vinylidene fluoride honopol yner bi s(2-ethyl hexyl)

pht hal ahemdgénepys stpittire) intthe thi¢kness direstiomaheleircumf2féntifl diredfiorg afid fhe23. 0
(mass ratio) and an outer-layer nolten m xture having a conposition in

whi ch vilongitudiaakdifdction bﬂélehmmhuamy meFhe iboteqpie stuepirt ésa/stiucpive frawhick: di but yl
phthal ate: silica fine powder = 40.0:35.1:1.9:23.0 (nass ratio) were

ext r ude@ pogianaving relopritrsagssch as & acrpayad raraly@cc\irﬁnei"hﬂaiﬂw)t ¢vas 90: 10.
As a result of cross-sectional observation of the resultin or ous
t wo- | ay 8rcchynical airengtla fe. grepissaine withstard perfasmanee) of ﬂwowtsrr@gle it was

confir d th t he Iockin Iayer t he, suppor er had otropic
t hr 3@ % Eﬁ‘i‘eé’ﬁ? #Wﬂ%%{naﬁﬁ%‘%@ Y!é er Wféleﬁ @ﬁé?ff

eval uat i on result ﬁw ﬁg t| ng nmenbrane are shown in Table 2. The
porous the por ‘I"':‘NBP i fre had a high pure water perneation

rate, bI ocking rate, and nmechanical strength in the same nanner as in
Exanpl e kxarrpl e 5 A porous two- Iayer hol | ow fi ber nmenbrane was obt ai ned
in the sarre n r Iayer nol t en
m xture (a) @\Q/?%n gﬁrcegr%ognsflnggn}eﬁhs eﬁheeﬁrélr ersm?g&? y ene resin

R Gt il SE‘%%‘%W‘Q{&@ E@érﬁ* §fg@5%%§§a?%?.wo§j)(3b: e
ah9 LR Rl PhreafSo faf Gt arC KR0S oFic, SNBbwORA AL BF Of L he

~resulting porous two ber ane using an e ron
m Cr 0SC@Rficroscope image of the isotropic three-dimensional mesh structure of a porous

two-layer hollow fiber membrane obtained in Example 1. The thickness of the

25



10 it was confirnmed that the bl ocking |layer and the support |ayer had an

i sotropic three-dinensional nesh structure w thout macro-voids. The
property evaluation results of the resulting nenbrane are shown in Table 2.
[ 0098] The porous two-|ayer hollow fiber nmenbrane was wetted by the nethod
(2), and 15 imersed in a 4 mass% sodi um hydr oxi de aqueous sol ution

cont ai ni ng sodi um hypochlorite (free chlorine concentration: 0.5 mass% at
room t erpemeplastic resin whikhofoyras thEhreshlipalgaist constant. briaadlkis dGired-dengqnoionals

two-| ayer hollow fi ber nmenbrane was neasured before and after inmersion.
The el ongsh stouctate, dresialbladkt lmvirignaspherudite staxstuee Séhematitalyesdhowgan F&@G at br eak
before imrersion. It was confirned that the porous two-layer 20 holl ow

fi ber ménbrasely ohswiveslx c dlhe@peniog efithe dhree-dinetsamobmegixgimetuze & englosedhds of t he
porous two-layer hollow fiber nenbrane (effective length: 10 cnm) from which
t he or ghithe thempaplastin desith end pashggetion dfitheoprpirieonpuricatesyp\aaceposxt r act i on
obtai ned in Exanple 2 were held w thboth hands and stretched to a fiber 25
| eng? h 6f thedhermoplestic remia usedh Eymgeathrepdimensionsl mgsh strictyre prvich @agt h
decreased to 13 ¢cm The property eval uation results of the resulting

menbr an&OBFiBUS R the straneth of thehollpw fher membrane, a supperijayshavingd Mgl er "hol | ow
fib b bt ai d i t . i | t f
Lerti noSErieth Gan b6 PaREh, MVgreteroriemcH Set RHIEAarastn | (b TrorihE (o) at
270C and, the i nner-|l ayer nolten e (b),durij ing at 250C. The

2 oot Shetigl RS e G RosR intot clfat b oML A TOH R s post o Tab) e 2.

. - | hol L.ow fi bt ai ned i
By, iR E: LS e R TR A B o 2l e
hmo)r(rt[l)gz)leérr@%i B@Fé%%@%&éﬁ{f% ‘?’;{1\1@{(@:5 %S' Bﬁl 3‘?4 { %)%%E% %eggséag‘le%féh ¥ine powder
= 40: 19 plest} i iRred bngB&%'Jaf’st.' %%@Eﬁwﬁ%@%ﬁ%&u{%ﬂw%&% shOwh Gspic s of the
resul ting menbrane are shown in Table 2. Exanple 9 A porous two-|ayer

hol I ow #4i §Rée B FRIPSRNAE S BIBLA R Anidint HEtheMBPIFRE A&in WhichRomrdIRse 1

except for using an inner-layer nolten m xture (b) having a conposition in
Whi ch Vigathdn@ @i s rélhti@ly SiRalll ONDIRGEMAE Tt sdrdidRidithivany stengtl bthaksirdi but yl
15pht hal ate:silica fine powder = 40:49.9:2.6:7.5 (mass ratio). The

resul ti hgyehisldasity dffdeasd wiksipast o themesH Blaffected byehanicelst BIG 4dsd not

mai ntai n roundness within a practical range. The property eval uation

resub t s scifentahie viewssHowing)a splrdpulita stracteresb aweferencd.a bineF16. 4,Epherplites €0 20A
porous two-layer hollow fiber nmenbrane was obtained in the same nanner as
i n Exanptepattiadhyomsitionedidenshly. nantopenimg xtis farmed detyaen dlkespheruditeszc. hol | ow
fiber nolding nozzle (outer dianeter: 1.75 mm inner dianeter: 0.92 mm at
a di sch&l@e3|shawa an gxdmple of a oficrescope imagnof 8 spheruliépstrsiurg obtginedén di schar ge
parameter R was 814/sec). The property evaluation results of the resulting
menbr an&efrencsfaamplel dessribedlateps Exanpl e 11 A porous two-|ayer hol | ow
fiber rrf(g(‘}%ri'ne was obtained in the same manner as in Exanple 1 except that
t he nol Shi xture was extruded froma hollow fiber nol di ng nozzle (outer

di ter: 1. [ di ter: .0.9 L. isch | i | oci t

of "BB. ¢ v m i hpigace BOER ARG EBeIeAlALT A GimBs B s 407) secy.

th truded hol | fib t r.ud t | ed 0 inth [

and was e PetRRTeRis Bo% GRREH DR o b SHBer P et SBdiict | and.

th 1 | ; . ] _ | uat i

e P o AR LU, 7L BB 4R 55 el Rl TSRy v on
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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A porous two-layer hollow fiber nmenbrane was obtained in the same manner as
in Exanple 1 except that the nolten m xture was extruded froma hol | ow

fi ber nolding 10 nozzle (outer dianeter: 1.75 mm inner dianeter: 0.92 m
at a discharge linear velocity of 0.20 mimn (i.e., spinning nozzle

di scharge parameter R was 8/sec), the extruded hollow fiber extruded
product traveled over 0.6 cmin the air and was introduced into a water

bat h at 140@néoths etdsshiséatiohhlecepted gonetdiameter drtiessphigh medchavdeal wiremgth earound a

reel at 0.4 mimn. A change in fiber dianeter was observed during travel in
15 the denchibvdd. wvas within a practical range. The property eval uation
results of the resulting nenbrane are shown in Table 2. Exanple 13 A
porous {0@6]ayer holl ow fiber nmenbrane was obtained in the same nanner as
in Exanple 1 except that the nolten m xture was extruded froma hol | ow

fi ber nol di ng\ Bdlovofibérangmobrane mustexbibit strengthshahendures a filtmtiomaressureo. 92 )
at a discharge linear velocity of 25.3 nininggi.e., spi nni ng nozzl e

di schar giffesingLram e flaRmgmbrang Wik is)generally placed o a SHRACKGHCR 2HRr  ext r uded
product traveled over 75 cmin_the air and was introduced into a water bath

at 40C teeshoharedmyetelns aplataget Therstore. fampmpbrne sryRiyr F@".!\li“ﬁ]& P a reel at
Shown | TerASH SRRt e ArpBioBLe BSHAE SRR S OTIES P by ane. was
obtained in the.sa manner as., i n Ex le 1.except that th lten m xture
wer eI ext“"F"I lébr?‘P L ‘%Wﬁsg‘l?#e@gcﬁiﬁn?? g’“( giﬁ(aﬁf’gﬁf%%cf ﬁﬂ‘gP&?‘ayer) vv)a(tsu >

5:95, the extruded hallow fib truded . pr oduct inth
v ana SEENEHYF et e A bR 85 Eeatd BB ERPRE % oLt

and lbhe.tﬁ)er \%gllﬁ(ft lo\tf'ﬁfe téggf @fe%g(?}g .s@ctfo'ﬁ% tinﬁ& s{ﬁfgéz f tﬁ@ﬁolR{FgEPéﬁ 32/ 5

eval'uation res S O e res I'ng nenbrane are snown 1 n

Conpar atg . gg;pd t MR- : gﬁ)%% J dBSKRAZNE was

obt ai neéj 1%(%:11'{:% Sé‘ﬁleaﬁ%%r\yﬁéc}r’%ggﬂ%aﬁﬂé}?aa‘fnfglng%%gg%g& ofrChIgE?%g an i%gner-l ayer
mol ten i wdiihAaddell @RSy Bus %H%Rﬁliﬁ% 08 poft diineter ¥f Ay ncdeiend inuiRe | de

honmopol yner bi s(2- et hyl heXyl') phthal ate: di butyl 10 phthal ate =

40. 0: 42.shBe@iondPdifectidh.] OThe siitficé porel didmétePoNthe Rayb\Qy) igprfertislyloowv f i ber
menbrane did not becone stably round (i.e., the nmenbrane becanme oval or

sur f ace tigesite g. 30008, adinordiprefepatiln0.8f tires tohe2 fimkothe crovs-skatiomal demtdrow fi ber
menbr anes obtained in the exanples. The property evaluation results of the
resubt i porediainene are shown in Table 2. 15[ 0099] The porous two-| ayer
hol | ow fi ber nenbrane was wetted by the nethod (2), and inmersed in a 4
mass% sq@04ith hydr oxi de aqueous sol uti on contai ni ng sodi um hypochlorite
(free chlorine concentration: 0.5 mass% at roomtenperature for 10 days.
The el ongat i drhedermnbfsuufaceporeidiamriernfdhe layen @2 psedhareinrefersde theenbr ane was
measured 20 before and after i mersion. The elongation_ at break after :

i mer si diverdee pargshiameter of$he peres plsesyediig e Sposd 5%0%‘3? Lver rsion.

[ 0100] A smal | amount of graphite was m xed info the nolten. m xture
(a) (outfeam thequtside. 5 Therayerses po -IW&%WSH%‘T*‘ISBW?PF W(sorggﬁf't‘,p‘?sieﬁui d was

R MG Y N R b S
R S T
T N T R S S
D1 ack | ABE ol U of ind B ITRI T Bt iy Rkt ebnd Bt dhceyer e ¢ e

outer surtace uni f'orm see FIG 12). The

I Nt er aca‘?xgtﬂtﬁ‘%]éé@ﬁ&ltdﬂ@cq&%’ﬁglr%ltt IE'ERE&QB,e %&&ng‘r‘mﬁﬂﬁt dfethe fiR @ichl ayer; outer

| ayer) an ayer o n m xtur e layer; inner |ayer)

Was HMavierostld the ipB &%@foh&tbgéaph Remesufdd. | aeariBhdticihédn Vaneksr th® that the
inner layer was exposed on The outer surface. Conparative Exanple 2 A '
porous  hatdsed MakRs isEAMRIARFaniRak&isahe Setrage pore dRaEer Bl ¢rdedt | N

increase the pore diameter measurement accuracy, it is preferable that the number of
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10 Exanple 1 having the sane thickness as that of Exanple 1 except that the
outer-layer nolten mxture (a) was not extruded, and only an inner-I|ayer
nolten m xture (b) having a conmposition in which vinylidene fluoride
honopol ymert hi s(2- et hyl hexyl) phthal at e: di butyl phthal ate:silica fine
powder = 40.0:30.8:6.2:23.0 (mass ratio) was extruded fromthe inner-|ayer
slit. As a result of cross-sectional observation using an 15 el ectron

m cr oscepees over which tentn tineddrawatin hérézoned ahd verticgd aireutsorsah kaat gasdies
menbrane had an isotropic three-dinensional nesh structure w thout

macr o- v@Das mothe Whenp thetporediametetr isoabont@.uité ¢ pof, antebectros mitioscppeenbr ane are
shown in Table 2. The porous hol | ow fiber nenbrane had a hi gh | atex

bl ocki ngmpge at azmapnificatiomo€ hlamit 5800 istsuisah)y msedout showed a significantly | ow
pure water perneation rate. 20[0101] FI G 22 shows an el ectron

m croscOM8lmage of the outer surface of the porous hollow fiber menbrane
at a_magnification of 5000, FIG 23 shows an el ectron m croscope i nage of a
portfon ar ouddetHm wressrsectipnphesatesporediametss sused hesedmresers to #¥@JHe f i cati on of
5000. Flg 24 %&O\i}g an electron m cr,oscggle i mge aof the center of 25 the
cross s@Btainsd byphgt 18 tae crosh sestion gbthe nerqysmultikygrhollovefilert ¢ on

% mgfmhr@”imf ﬁp@%&%&gﬁf Sfe @&;@Iﬂﬁh@%&?ﬁ@&a&%&g&%?ﬁ:gzezﬁ o
the inn hoSHh . nification 5Q00. 102] . The porous

ol 1 ow APHETY e Thiseass BOM oo 6y Wi Bionat b ol cBess g et
Angssoo/owsglj' em H-M&[)?&Si ggt queaus sol ?frﬁl n._con aglni ng s di ulm hy.pochl Iopi ?e4
(free 5 l(:"III‘_(’)Ih ne coﬁcen%lr aEIWmG.gIg ﬁ%éoéjﬁ/fni\f ?"%ﬂ}gc ﬁﬁ‘é N8 10 days.
The gl OSQI%EP?&e%r@ﬁ%?{étg?%ih%e%gﬂﬂﬁ%{%&g i %fqtﬁg ls&ﬂ%"n{)ah}?&rkasgﬁe?g rane was

measur ed before “and rsion. atron at brea r
I MYer si g Y letdNeTh AL d Iag‘{ng i bR'D. Eﬂl[rpar ative
Exanpl e 3 r?%ip porouse roI I Oé\/@#@ﬁgﬁéércﬁg%%regﬂﬁgﬂgrgs 0 éttgﬁ‘ﬁggﬁi&ﬁ I?Irpel ane manner

as in ExafptCand RXEART 14521 Walkh pefnlabiltP 8hd hR¥EidPsd &R ey © (D) was
extruded w thout extruding the outer-layer nolten mxture (a). As a result
of crosweHanldmes@ivhe eRIcYesisedtional Stedpofd diameRPisWENiA O PRige! t TH&S
confirmed that the resulting porous hollow fiber nenbrane had an isotropic
t hr ee- dcrossiseatioahl oeateh porerdidhetecis Mdrb priferdbliyds3 umhsr nidreahd 8qirh br R¥gl uat i on
results of the resulting nenbrane are shown in Table 2. The porous hol | ow
fibéF mnetilhmone prefatably Bitglmpn neoreand6 ppeontess andstilbmerepreferdbdyn0.8gahani cal
strength, but showed a significantly |ow blocking rate. [0103] FIG 27 shows
an el ecor sergansrbpmopdessnage of the outer surface of the porous 20 hol | ow
fi ber nmenbrane at a magnification of 5000. FIG 28 shows an el ectron
n‘icrosc&ﬂ-ﬁ‘gﬂ mage of a portion around the outer surface of the cross section

at a magnification of 5000. FIG 29 shows an el ectron m croscope_ i mge of
the center ofl bfRerogity ekthe susfacs pfihe layer(dmaychea appronsrtekpdeterntipes 30 shows an
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resul ting nmenbrane are shown in Table
transparent sheet onto white paper to clearly distinguish the pores (black) from the
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Ref erence Exanpl e A porous hollow fiber nenbrane was obtained in the sane
manner as in 15 Exanple 1 except that the outer-layer nolten mxture (a)
was not extruded, and only an inner-layer nolten m xture (b) having a
conposition in which vinylidene fluoride honopol yrnery-butyrol actone =
40.0:60.0 (rmass ratio) (volune ratio: 29.4:70.6) was extruded referring to
Journal of Menbrane Science, 52 (1990), pp. 239 to 261 (D. Lloyd) and ACS
Synp. Sebn-podSired (Widte), andralcARfing theXsbioditfvusing ddimahérciatly availablefinmg? 0
property evaluation results of the resulting nenbrane are shown in Table 2.
The memanayss baftivare) swliglosed waWed 0pSBR2ERBAIL dior exangple.bl ocki ng rate, and
nmechani cal strength. [0104] The holl ow fi ber nenbrane did not have a
t hr ee- di(@@59i onal nesh structure, 25 but had a structure in which
spherulites were connected. FI G 32 shows an el ectron m crograph
(magni fi cati die laeo(B) isfa biorkinglayer dhe bloskingdayer seavents a foreignaatissr ous
hol | ow fi ber nmenbrane. The wet porous hollow fiber nenbrane was i mersed in
a 4 fassontained inarimgtaenkiamet Hgwiddtom wsmgtbwugbmeénﬁnb@n%é‘éﬁ etheypochl orite
(free chlorine concentration: 0.5 nmass% roomte ratu for 10 days.
The el onBallisBrfacepase digretsr.  Fhe fsemo a'srfthﬁmorea‘}lémemp 2¥Y'3E) #br ane was
measur e efore and after imersion. The elo atl e ggrf[
i mrer si OfreiREeters i theayerpge peye dﬂ%etg%fl %B%F?B i\ B’t‘ PB R rer SI on.
| apw?ldf the %%eg?ﬁ}%rom the outs1c£e %’he surface pore dlametel(':oir theW))/er fésfmé}?’ be pi
measured using a scanning electron microscope image in the same manner as in the case
10  of measuring the surface pore diameter of the layer (A). The surface pore diameter of
.the layer (B) is preferably 0.01 pm or more and less than 5 pm. If the surface pore
diameter of the layer (B) is 0.01 um or more, the filtration resistance of the dense
surface is low, whereby water permeability sufficient for practical use is easily obtained.
If the surface pore diameter of the layer (B) is 5 um or less, cleaning performance
15  important for the filter membrane can be achieved. The surface pore diameter of the
layer (B) is more preferably 0.05 um or more and 2 pm or more, still more preferably
0.05 pum or more and 0.5 pm or less, and most preferably 0.1 um or more and 0.5 pm or
less.
[0051]
20 The surface pore diameter of the layer (B) is less than half of the cross-sectional
center pore diameter. This allows the layer (B) to function as a desired blocking layer.
The lower limit of the surface pore diameter may be appropriately selected 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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[0052]

It is preferable that the thickness of the layer (B) be 1/100 or more and less than
40/100 of the thickness of the membrane. Even if insoluble matters such as sand and
aggregates are contained in a treatment target liquid, the membrane can be used by
relatively increasing the thickness of the layer (B) in this manner as described above.
Specifically, the surface pore diameter does not change even if the layer (B) is worn to
some extent. Desirable blocking performance and high water permeability can be
well-balanced when the thickness of the layer (B) is within this range. The thickness
of the layer (B) is more preferably 3/100 or more and 20/100 or less, and still more
preferably 5/100 or more and 15/100 or less of the thickness of the membrane.

[0053]

The layer (B) may have an anisotropic structure in which the diameter of each
pore gradually increases from the surface toward the inside of the membrane, differing
from the layer (A). Alternatively, the layer (B) may have an isotropic structure in
which the diameter of each pore is constant irrespective of the distance from the surface
in the same manner as in the layer (A). The layer (B) preferably has an isotropic
three-dimensional mesh structure similar to that of the layer (A). This enables the
mechanical strength of the entire hollow fiber membrane to be improved while
maintaining a desirable blocking performance.

[0054]

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
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 moi'e, 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) is very small as compared with the total thickness
of the membrane, the above measurement is‘ conducted while increasing the number of
5 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,
10  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 still more preferably 95% or
more.
15 [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
20  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.
25 The outer surface pore diameter is referred to as Dy, the cross-sectional pore
diameters are referred to as D;, D,, 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

The parameter Q for the outer surface pore diameter is calculated as follows.

Q=(D1-Dg)/D;

The parameter Q for the inner surface pore diameter is calculated as follows.

Q=(Di-Dn)/D;

[0063]

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
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]

It is preferable that the number of parameters Q 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
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.

[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.

[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
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
mm or less. If the 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%/hr/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.

[0072]

Inner diameter (mm) = (inner major axis diameter (mm) + inner minor axis diameter
(mm)) /2

[0073]

Outer diameter (mm) = (outer major axis diameter (mm) + outer minor axis diameter
(mm)) /2

[0074]

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/m”/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
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.

[0075]

Pure water permeation rate (I/m>/hr) = (60 (min/hr) X amount'of water permeated (1)) /
(n % inner diameter (m) x effective length (m) X measurement time (min))

[0076]

The effective membrane length used herein refers to the net membrane length
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
5  Corporation), chuck distance: 5 cm

Tensile rate: 20 cm/minute

The breaking strength and the elongation at break were determined by the

following expressions.
[0078]
10  Breaking strength (kgf/cm®) = load at break (kgf) / cross-sectional area (cm?)
[0079]
Elongation at break (%) = (displacement at break (cm) / 5 (cm)) * 100
[0080]
" The cross-sectional area of the membrane is determined by the following
15  expression.
[0081]
Cross-sectional area (cm?) = & 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: 1 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]

) 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 aresult, 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) perpendicularly 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 inner 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 pm, 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
5  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 um, 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
10  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
15  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
20  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.
25 [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]
(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
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.
[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 (um) (bubble point method)

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.
(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)
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]

Raw materials used in the examples are given below.
<Raw material>
Thermoplastic resin
(R-1) Vinylidene fluoride homopolymer (KF#1000 manufactured by Kureha
Corporation) _
(R-2) High-density polyethyleng resin (SH800 manufactured by Asahi Kasei
Chemicals Corporation)
Organic liquid
(L-1) Bis(2-ethylhexyl) phthalate (manufactured by CG Ester Corporation)
(L-2) Dibutyl phthalate (manufactured by CG Ester Corporation)
(L-3) y-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)

The mixing ratio and the production conditions in each example are shown in
Table 1.

Example 1
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A vinylidene ﬂuoridevhomopolymer 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 QMch 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). An inner-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 molten 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, immersed
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

5 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

10  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,

15 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.

20  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. It was confirmed that the porous two-layer
hollow fiber membrane had excellent chemical resistance.

[0093]

25 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 micrescope 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
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
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
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
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
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-ethylhexyl) phthalate:dibutyl phthalate =
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 fiuoride
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-ethylhexyl) 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 1 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 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.

[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.

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
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-ethy1hexy1) phthalate:dibutyl |
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

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
velocity 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.

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 mm, 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 cm 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 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 20 m/min. The property

5  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

10 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.

15 [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

20  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-layer hollow fiber (organic liquid was not removed) in the same manner

25 asin 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
5  (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

10  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

15  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.

20 [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

25  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
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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 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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(%9 (ediA) (uni) (uni) (uni) (uirl) (tm) . o s Layer (A) Layer (B) Qut er
dianeter Inner dianmeter 141/(S/C) opal toadsy Interface non-uniformty
Pure water pernmeation rate Latex blocking rate Breaking strength

El ongation at break Wthstand pressure Maxi mum pore di aneter Average pore
di aneter Quter surface pore diameter Cross-sectional pore dianeter |nner
surface pore dianeter

INDUSTRIAL APPLICABILITY
[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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Qut er surface/cross-section pore dianeter ratio |Inner surface/cross-section
pore dianeter ratio Thiclatesses ratio of |ayer (B) Degree of isotropy

| NDUSTRI AL APPLI CABI LI TY [0107] According to the present invention, a
porous hol |l ow fi ber nmenbrane which has m nute pores and hi gh water
perneability suitable for filtration and exhibits excellent 5 strength can
be provided. According to the present invention, the porous nmultilayer

hol | ow fi ber nenbrane can be stabl gLame®uced. CLAIMS 1. A process for
produci ng a porous nultilayer hollow fiber nmenbrane by a hollow fi ber

nol di ng nozzle with a circular discharge port, the process conprising

di scharging 5 a nolten m xture including a thernoplastic resin and an

or gani ¢ 1.i quiAipfocessifar produdihgis poioss hailtileygrdbilowffiber membeaelbiyetiollost di ng
nozzle to obtain a multilayer hollow fiber, and renoving the organic liquid
f r om t hdibstmolding eozziowitiwcircider disghaeget poat; theqrotess oirhpriisingidischianging

mul tilayer hollow fiber nenbrane, the hollow fiber nolding nozzl e having
two 6r reoneltes mixtyraincidingathgempplastic resin ehd an erganisdsmidifromrrcarutarcal |y,

mol ten m xtures 10 which differ in conposition being discharged fromthe
adj acentdisghargn apgef pbelew fibpemeldingrozzieto obtainia sultileyesdollowfiter, andast one
of the circul ar, discharge ports further including an inorganic fine powder,
and t he THOYHE thecorgamie ligwddeom theimytitaysihallonpiiear byrextraetinn toobtain a ng

mul tilayer hollow fiber by extraction. 15 2. The process for producing a
por ous mmswail%‘raywa}q? W ﬁ/l?% aiss Ehechoblowdhiber mpldigg apzglehaving e ei n t he

thernmopl astic resin. the organic.liqyd, gnd further the inprganic fine
powder QFE‘W%@WI angg pefts ll’fftblqr%alsm W%c%ﬂ@ﬁy’i@&m §2d in a

| ar ggst u anong th | t en.m xt ures dischar .fromth i rcul ar

di sgﬁar g‘fg{{%}f?}ﬁg ! g@”f"?ﬁ@%?%@é@?&?‘ﬁ P%%SF&J&C%%HF@%{ eﬁﬂ‘%’i SQyer hol | ow
fiber memh G t | a4 r wher ei,n & he i nor ic fine powder
is a sili C%ﬂ I %@%gm&a?gedﬁofﬁg?%%gogggf Sr }l{gﬁgglc}haég%p%%r Tul til ayer
hol | ow i B&di ggmﬂ' [ @ﬁ?}& ' R FT%’ ' . ein the
nol t en nl?xt uur1 di so(?:%ﬁ}gl% ge dri)eédrqﬁg’aa&lgi rcu g ?ngﬁgghdggén glrS§T| nc tﬂldes t he

| nor ganifen tHeGeRRNMPEhulktilyRPhABRY Bberd: émiggé Yoor nore and 40 mass% or | ess.
5. The processefor prgdlugieﬂg a porousy mul tilayer hollow fiber nenbrane
according to any one of clains 1 to 4, wherein a mass ratio D of the
organic liquid and a mass ratio S of the inorganic fine powder with respect
to the 2ol t eheipidoessionpebdacifip i povdisHatilayeHolloefiBirdidihbrahé sitoellimpsor bed

by the inorganic fine powder per unit nmass
to claim 1, wherein the thermoplastic resin, the organic liquid, and further the inorganic

fine powder are mixed in at least a molten mixture which is discharged in a largest

amount among the molten mixtures discharged from the circular discharge ports.

20 3. The process for producing a porous multilayer hollow fiber membrane according

to claim 1 or 2, wherein the inorganic fine powder is a silica fine powder.

4. The process for producing a porous multilayer hollow fiber membrane according
to any one of claims 1 to 3, wherein the molten mixture discharged from a circular
25  discharge port includes the inorganic fine powder in an amount of 5 mass% or more and

40 mass% or less.
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5satisfy 0.25 (DS)/M6_2. 6. The process for producing a porous nmultilayer
hol | ow fi ber nmenbrane according to any one of clains 1 to 5, wherein the
nolten m xtures discharged fromthe adjacent circular discharge ports

i nclude at | east one common organic liquid. 10 7. The process for producing
a porous nultilayer hollow fiber nmenbrane according to any one of clains 1
to 5, whereinorganic liquids contained in the nolten m xtures di scharged

from theg, adj Q%[Firoééisé’ o pASduling 8% RelilaeAhAIdWEbSRENbAn&hdtdrdihg di ffer
inratio. 15 8.The process for producing a porous nultilayer hollow fiber

menbr ango aeESielbMdaiid 120, Mheredf a fladd B0 D bOthé orgMRIRfulY Arfdiea A4t €N mi xture
is discharged so that at [ east one spi nni ng nozzl e di'scharge paraneter R
(1/ sec) ratio 30f tHe iiBHEnia fite pORAerOWith BSPect td theTROIRAI nidtROddd £nAkEslAr ge
paranmeter R being a value obtained by dividing a |inear velocity V (in/sec)
when di sizdsaM)ofithetohganioliguid absoxtiedrtsy thy irbrgdniid fiké piwdefl peidnidiaéshe 20
di scharge port. 9. The process for producing a porous nultilayer holl ow
fibef neatiefpO2<@(HMILhg to any one of clains 1 to 8, wherein the
multilayer hollow fiber is stretched in a |ongitudinal direction of the
hol | ow i ber The process for produgtnga mirous. ultilayephellown ib& membrassadrding or e or
after renoving the organic liquid and/or the inorganic fine powder by
ext r act teany ongofplaimsrldeds whersin the sahiteh moixturesodisnberged fioim tgadjacentl ow fi ber
menbrane_according to any one of clains 1 to 9, wherein the thernoplastic
resin i §irgdpedischarse portsdnglude aledst oneepmipon prganigiligidhe 1 uori de. 511. A
porous nultilayer hollow fiber nenbrane conprising at | east two | ayers

.e., an inner layer and an outer |layer, the porous multilayer hollow fiber

i.e

menmr ane bei f or med_ of t her nopl asti c_resj at., | east, one | ayer (A
armnﬁé t Fe tmﬁ%wés fon pradycing a rospysgppitilayer elloyt HorraPRURRS ReSHGRS ot ur o
and a syrface .di ter.0.6 to 1.4 tines, a cross-sectiongl center pore
di amet of 20X 0ne ofeTaits 6 5, hpremorsai figuids eontaiped in Jic molfen fikfines "2 surf ace
pore di h hal f. of, the.cross-sectional cent di amet er.
o The OFhiTeed PR ha Aa0 Hirdlim i bred iR Beuhd s frRbE Pl i o1
wherein the layer (B) has an isotropic three-dimensional mesh structure.
1513. The porous nultilayer hollow fi ber menbrane according to claimi11 or
12, wherein the layer (B) has a surface pore dianmeter of 0.01 gmor nore
and less than 5 gm 14.The porous nultilayer hollow fiber nenbrane

acc@sdi 189 t O TRRYréuess f podabiig alpbraild thdltilader NIRIVEHiBerthEnbrafs ccofdihgs onal
center pore diameter is 0.1 gmor nore andf 10 gmor |ess. 15. The porous

nul ti | ayeanyerd efildime @ rto ITe wheriifthe atoMetl nfignir@isalischared 86 that ai16@st dde t 0 14,
wherein the |ayer (B) has a surface porosity of 20% or nore and 80% or

| ess. 2Spihfiinghezzie discRarge piramaiee R (1¢8et)oiw/ 10i0p eforérrmd 1 @00cordesspthedi ng t o any
one of clainms 11 to 15, wherein the layer (B) has a thickness of 1/100 or
nmor e andpiafing(ozzie dissbargeparnimeter R being a value obtained by dividing a linear

velocity V (m/sec) when discharging the molten mixture by a slit width d (m) of the

20  discharge port.

9. The process for producing a porous multilayer hollow fiber membrane according
to any one of claims 1 to 8, wherein the multilayer hollow fiber is stretched in a
longitudinal direction of the hollow fiber at a stretch ratio of 1.1 or more and 3 or less

25  before or after removing the organic liquid and/or the inorganic fine powder by

extraction.
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t hi ckness of the porous nultilayer hollow fiber nenbrane. 17. The porous
mul tilayer hollow fiber menbrane according to any one of clains 11 to
16, wherein the layer (A) and the layer (B) both have a degree of isotropy
of 80%or 5 nore. 18. The porous nultilayer hollow fiber nenbrane according
to any one of clainms 11 to 17, wherein the nunber of paraneters Q which
satisfy -0.2<Q<0.2 is 80%or nore of the total nunber of average pore

di anmet enomeasthegioctsd 8 produbgRIorsRimiltiRyBEhdIDvA B nYabiandWiceRling di cat es
an average pore dianeter change rate at each position froman outer surface

to an i noefy ony dfatimefl tbi9ewherefiithe MdrinbplaMey reiflis electdddesm ARyODyoRet i N i tS
t hi ckness direction. 19. The porous nultilayer hollow fiber nenbrane

accor di agd polyainylidere fiorigdeai N8 11 15 to 18, wherein the thernoplastic resin
is selected froma polyolefin and pol yvinylidene fluoride. 20. The porous

mul tilayer hollow fiber nmenbrane according to any one of clains 11 to
19, wherein the porous nmultilayer hollow fiber nmenbrane has an inner

di anét elllof 20p@rous muitdayerbokow fideSmembrane cemprising atleadtitwé teyss igf, 0. 2 nm or
more and 1 nmor |ess. 21. A porous nultilayer hollow fiber nmenbrane

pr oduc e@nigner fgyepansbasenterdayerctha gorous smwjtilayer hoflow| flienmembranei@ing25 22. The
porous nultila hol | ow fi ber menbrane according to any one of clains 11

er
to 20, teraednfathermaplastiagesin, polepsiane layer (Ajeantangrthe Bed layershavioged by t he

process according o any one of clains_ 1 tq 10. . .
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 5

pm.

14.  The porous multilayer hollow fiber membrane according to any one of claims 11
20  to 13, wherein the cross-sectional center pore diameter is 0.1 um or more and 10 um 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
16.  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 -0.2<Q<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 hollow 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.  Aporous 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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