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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

hol | ow fi ber nmenbrane fornmed 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 j t her eof . BACKGROUND
ART [0002] As a net hoﬁ%ﬁﬁ@&. ng river water for
use as service water and the like, a 15 filtration

met hod utilizing a porous hollow fiber nenbrane which

i mpr %ﬁﬁ)ﬁ@fMULTPLAYERg@i ﬁ@LWWfFIBET{ t@%@l&@ﬁﬁﬁﬂ*ﬁm

installation space 1's being wdely use A porous

hol I ow fi befPﬁ@@ﬁS@%R?RCﬁﬂUCﬂ@éT}@E%AME' t high
bl ocki ng performance which can reliably renove

bacteria (e.g., cryptosporidium and components maki ng
wat er turbid, hi gh water perneability for treating a

TECHNIC AJURIBIIDY of water, and high strength which 20
enabl es | ong-termuse under a w de range of operating
[00Gonditions (e.g., chem cal washing and operation
under hi gh operating pressure). [0003] A concept of
obt5hmpn§maimnmdusnﬁuhshiaymnuhbﬁknmﬁbﬁbaﬂHMBnbﬁansdofa
whi ch exhi bits high bl ocking performnce and hig
thepmoplastivarsin athii¢h has miputeqedesandaigh weter pgmeasllttyayletable for
having a small pore dianmeter and a strength su port
filtragipa ané gxhihiys exdelenjstrpegth, andansable proguetic:there
Pat ent Docunent 1, for exanple. Specifically, Patent
Docunent 1 discloses a nethod in which a crystalline

BATKGROLMRALT Wt hout adding a Sol vent . and a por ous
[OOr(Ei tilayer holl ow

As a method of purifying river water for use as service water and the like, a
filtration method utilizing a porous hollow fiber membrane which improves safety of
treated water and reduces the installation space is being widely used. A porous hollow
fiber membrane is required to exhibit high blocking performance which can reliably
remove bacteria (e.g., cryptosporidium) and components making water turbid, high
water permeability for treating a large quantity of water, and high strength which
enables long-term use under a wide range of operating conditions (e.g., chemical
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
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
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fiber menbrane is produced fromthe resulting holl ow
fiber extruded product using a stretch pore-formng
nmet hod. The term "stretch pore-form ng nmethod" refers
to a nethod in which a hollow fiber extruded product
Is stretched in the longitudinal 5 direction at a high
stretch ratio to cleave the lanellar crystal stack to

po]&gt%%lae g ?%IB%O Qng it §d 1I$i§ ﬁismgﬁ n%oxro)gg m%gyephollow

cunen crys plrasti

ﬁbén@ﬁérﬂﬁra}q@ usgﬂ}gﬁit;léeﬁ %[onjl ﬁlerfgél{lti . é;ﬂtﬁﬁ)v& M)%r &Ergded rodgct using a

t-extr romtwo circu nozz

str@ODE&RLGInTiAk nYethdd)i sl"Heste & [?1(;119 f&‘?ﬁlﬁ ﬂ'teq{o?le’l ORR4d0 a

I n Pat ent cument utilizes the prope ty t hat

meftRAIAWHEH £Rolfhvi fiBér éx'&uM:d prodBetis StirdtEIRI ih BhdohSGuHiRd]
10 wei ght) have different pore diameters upon Stretch

dir@®iofaf @ h{%{ NGretofiSafo sl ve. th@l AR IAH Erystal@adkets bt b pdidus
fiber rane in which the outer |ayer and the inner

mehfbysie (b K6r-patént IDEOF@neit A)TetIarPateht Dotaneed., chowdiuey , a
porous nultilayer hollow fiber nenbrane exhibit | ng

thelmgplasicrresind Whivhnlifiér ih endbindéen@dl)hye tneh-axeuiedlfromeawoaircular
the followng problens. 15 (1) The strength of the

nozzbesalisposed ¢ankentsicallyol IThis it bbeauserthehmethed disclobel inthatsing h
axis direction is increased by stretching at a high

Dogwmentdutilizes the propestychat resinswhiel défferdnd(iea dd’fer in molecular
conpreSS|ve strength (i.e., strength in the directjon

weight)dane diffsrent pore lw@e@ﬁlamwtrgschsfpre-fma arfts 4 msult, a porous
filtratjon tend to decrease. principle, th

twoslayer hlloyefiberraembrang pywhich é%‘?“tﬁﬁ}éi’efcﬁnfiﬁ'&‘? minﬁr layer differ in
mol, ecul ar

ight 20 or poI mer t
POfFé‘&P&ﬁ"ft%fo‘s B)ﬁe ti é@“geaerhagg %ﬁm@@ lowy é““é?h?ane
al st er ndi t.h ecul ar
BRI saErraRiglppeblad LR et e S IE A
ro wnglowstrength the strength of the entire
P et%sr‘ ane decreases. Therefore, a nenbrane exhibiting

w3 ot %tén%%@; PRa Hﬁtﬁ'ﬂ%&'%ﬁﬁwﬁ%s f8pne BT ith axie
dlraé%ﬁ@s PfaRO) Q‘L ki a'lﬁélé Ll Q! U bRk, BitsRRL LRheth

t he hoI S | ar Ran the pore di anet

and 6bn§ﬁi‘€ssﬁe@t&ﬁélﬁ?§e détf %{H fhe Hﬁ&tﬁﬁrﬁ@ﬁﬁﬂﬁtcﬁmvﬁthk Q¥etch axis)

bursting strength and ow conpressive
important for filtration tend to decrease.

() In principle, the outer layer and the inner layer must differ in molecular weight
or polymer type. However, required properties such as chemical resistance and
mechanical strength differ depending on the molecular weight or polymer type.
Therefore, when using a resin having low strength, the strength of the entire membrane
decreases.

Therefore, a membrane exhibiting high strength cannot be obtained. Moreover,
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
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strength. [0004] Therefore, a porous nultilayer
hol | ow fi ber nenbrane which exhibits high bl ocking
per formance, high water perneation rate, and high
strength and a process for 5 stably producing such a
porous nultilayer hollow fiber menbrane have not yet
been obtained. [0005] A thermally induced phase
rati on nethod has been known as a nethod for
produci ng a porous nenbrane. This nmethod utilizes a
Uxmmgrnnplastic resin and an 10 organic liquid. The
organic liquid serves as a |latent solvent which does
Ot THERERE VLporbEmAL R RbASY ibef FshiBradk WHIGMxhibits hi
tenperature, but dissolves the thernoplastic resin a
blcRkinif@fobBARE! WigH Waiter | pRrth&iioh e NBid Mgh SteuhGBar cess for
separation nethod, the thernoplastic resin and the
staBlygaodcing $iich@ pdréusthieithyet halldw GherlBembiané Hiv: 9 ybttden
the thernoplastic resin is dissolved in the organic
obfairgdi d. The mixture is then cooled to room 15
tenperature to i nduce phase separation. The organic
{0Q05quid is then renoved fromthe mxture to obtain a
porous body. This nmethod has the foll ow ng advant ages.
(a) Athemddlysinducsd phhse separatign methwd dhas been imgwa 3@l metbed for
such as pol yethylene for which _an appropriate sol vent
progiriag agerousimerobsaae.t hEhip sejhasrutidizes o Siermeplpaticaesinand an
does., not exist. 20 (b) Since the thernoplastic resin
orgagicdiggidy| v erganic Hugid sewepay alaens selent vk dogsgot dissolve
solidify and forma nenbrane. Therefore, particu]arl,
th%ﬁ@ﬁlqpﬂ?@tls FSih P o tPapeTalire, lﬂiugdls%ﬁ‘éwg? thermeplagticdesin at a

R e SR i A g
resiU RS ol B IR e r nBlat T Bk SemdorSmin e piffplastc
res%i% lﬁ%ﬁl}\éifﬁ @%oﬁgaggcolrlﬁéig?ﬁee&ixmllqu 91%11 cggl%& ?cp}oom

cumne
temperature to induce phase separation. The organic liquid is then removed from the

mixture to obtain a porous body. This method has the following advantages.

(a) A membrane can be easily produced using a polymer such as polyethylene for
which an appropriate solvent which can dissolve the polymer at room temperature does
not exist.

(b) Since the thermoplastic resin is dissolved at a high temperature and cooled to
solidify and form a membrane. Therefore, particularly when the thermoplastic resin is
a crystalline resin crystallization is promoted so that a high-strength membrane is easily
obtained.

Therefore, the thermally induced phase separation method is widely used as a
porous membrane production method (see Non-patent Documents 1 to 4, for example).
[0006]

[Patent Document 1] JP-A-60-139815
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3 [Patent Docunent 2] JP-A-3-215535 [Patent Docunent
3] JP-A-2002-56979 [ Patent Docunent 4] JP-A-4-065505
[ Non- pat ent Docunent 1] "Plastic and Functi onal

Pol yner Dictionary", pp. 672 to 679 5 (Industri al
Research Center of Japan, February, 2004) [ Non-patent
Docunent 2] Hideto Matsuyama, "Production of Polyner

P Ne T Iy Induced Phase S ti
P e S R es | Engi oot ng. oo 45 Lo 86
i 998) [Non-patent Do t 3
(PRI REY R0 80874 7°0) Lo To 406 (e
1 tent Do t 4 D. R Lloyd,
[Paé?lmgﬁﬁfneg‘gﬂr%imé?&%e@ﬁg?aﬁg Sci gg::n:n 64] (1991), 8%. 1
[Ngg-ﬂa&t%n%&%@y Wﬁ“ﬁﬁstﬂé’ﬁd'#}h{@%@dy&% BiRinarp féﬁ &2 to 679

ved by the Invention [0007] An-object of th

(NG QAEINR eseAER WehRP of Faph®, I¥bAMHQ0B40r ous hol | ow fi ber
menbrane formed of a thernoplastic resin which has

[NGh-pefetit DO Rent 2 Hid i Madfu§imB e PABERtbh bY PolSttier RBtcusf or
filtration and exhibits excellent strength, and a
Ménmiaasby Thernsillglthduced Ptz Separation (TIPS atethis]” hOhdrmisal
fi ber nmenbrane. Means for Solving the Problem [0008]
Engineerisie ppt 45 @cit @agalthE ogho¥ha,diopet®98)t he i nventors of
the present invention conducted extensive studies
[Nai-pentlDoccunpant 3114 kivai Takizayas ‘Mesibrane fripo 404 tretflfr @RE, January
whi ch 25 advant ageously has both m nute pores and
19%)gh water perneability by the thermally induced phase
separati on nethod (Non-patent Docunents 1

to 4) which
[Npu-paigncP oaumesnt ¢bD- Be Lisadasit edlgdowmakofMembeang Seignge, 64 (1991),

high-strength menbrane and at stably production of the
pp- 1 fo 11

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0007]

An object of the present invention is to provide a porous hollow fiber membrane
formed of a thermoplastic resin which has minute pores and high water permeability
suitable for filtration and exhibits excellent strength, and a process for stably producing
the porous hollow fiber membrane.

Means for Solving the Problem
[0008]

In order to achieve the above object, the inventors of the present invention
conducted extensive studies aimed at a porous multilayer hollow fiber membrane which
advantageously has both minute pores and high water permeability by the thermally
induced phase separation method (Non-patent Documents 1 to 4) which is considered to

be advantageous for obtaining a high-strength membrane and at stably production of the
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4 porous multilayer hollow fiber nenbrane. As a
result, the inventors found that it is very inportant
to discharge nolten mxtures which differ in
conposition from adjacent discharge ports and to

i ncorporate an inorganic fine powder in the nolten

m xture discharged fromat |east one di scharge port

pors Bt Talb R ontr PRbrir oA eslt R Y R, e e it i

the.resultin

very oS itht Q%@Fscﬁ%ﬁ%m%ﬂ B B SR8 Wi from adjacent
B o0 O S Bl PRI 90 s,
d1sPﬂH:% dd R Rald O%Wdflécﬁ ngﬁﬂ*ﬁ? Sver ﬂ?é’cémg sﬁﬂl ﬁ)ﬂﬁfzegi?g?)’rous

rs conprising an | and

muﬁtﬂ@y&ﬁ@bﬁ B4} I'de ﬁﬁ’lalfllﬂﬂ\ér i ?Jve'Tﬁ@M@i SahPgesulting

forned 10 a t stic resin, at st one | ayer

porodd nﬁinlw@ h@ﬂ@MQiHeY\ﬂlehﬂ:‘x‘ﬁ{es &Y if&nfts b.l%@fdtﬁhﬂ'tﬁat blocking
t hr ee-di nensi onal nesh structure and a surface pore

perfirafiBteE fwdleretrfieability! dntRtreAgthGr®effectivly vadiRbalague@king a
pore dianmeter, and the other |ayer (B) of the above

porbﬂ@mulltﬂm&bﬂuwﬁﬂ)eﬁn&uﬂfrmwﬁfg&t tkas®iodaydre sempiising an inner
hal f of the cross-sectional center pore dianmeter. 15

laypO6%Hn dhperdayeratht byrous el tilapesrdollowvnfiben membranechaingeformed of
the followi ng process and porous nmultilayer holl ow

a thieinpeplastrresiana. legst pnolaper(d9 s thieoabope b biyery havingramuisotropic
mul tilayer hollow fiber menbrane by a hollow fiber

thregodisnengionalanesh siuetyreand  sufage pqtescgmetgfs&éé@ d.4timesa

process conpri sing dISChar3@ %ﬁzzo a nolten m xture
crow&w&anﬂgeatet pEesbpReten pred thesiher Javer 6 itheshaveltwgui d

m.a circul ar dlschar rt hol | ow fi b
IaYﬁ’iﬁ Ainga RyFsedorodigneist Sgﬁmﬂxafff %@&crﬂﬁrffeam% eater pore
di renoving the organic liquid fromthe nultilayer
lqﬂ9qmom1fiber by extraction to obtain a porous
[Ooﬁgj tilayer hollow fiber nenbrane, the holl ow fi ber

di ng nozzl e having two nore circul ar di scharge

or
por ?ﬁr A 3;'% Wﬁiir%e%e?? ({iloﬁ &‘g@és thg ?Alioxv%gﬁllotc%g and porous
muﬁgﬁﬁg%g&q f{brepm H%ﬁﬁﬁ,dj acent d| scharge ports, the

0 Ao xture aisc arged fromat |east one of the
(1)C1 T AYradess ot PR PPHdrdud MuitiiSfer hollow fiber membrane by a hollow

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

fine powder being also renoved 5 fromthe resulting

mul til ayer hollow fiber by extraction. (2) The process

for producing a porous mnultilayer hollow fiber

menbrane according to (1), wherein the thernoplastic

resin, the organic liquid, and further the inorganic

[ ' ' g nolten m xture

fro 8 resRME RS EAIR EBeh Bl ' 5 among ¢ e

ol ] LSGhar f ' ol di
)0y e Pt e Brol ST AR Ao Al b methiahEk Hnding

to {%\Lﬁﬁi}i%e ekh aJﬂcqgé'in,rEE@JBfg%Hﬁ 1Rfukd laflil Btthel helihdre@hic fine

erein the inorganic fine powder is a silica

powH Qe MERN in af Fehst ENBoIRPB B8 SrelvwHiclPIsQHsthhrped 3 B RirSess amount
mul tilayer hollow fiber nenbrane according to any one

amBhg {hb)méleen(Bixtured @islangdd Forithd ifculdrdischargdipsahar ged
froma circular 10 discharge port includes the

(3)i noThapideess foepduciag aipordud naultlayer ladllow fibasfiemnbran®according
and 40 mass% or |less. (5) The process for producing a

to {ip (), wherkinl thy arorgamid Hie povodear isve pibicafiee powderdi ng to
any one of (1) to (4), wherein a nmass ratio D of the

(4or g&he pracespUuotpaducing apewusaniltlager kyfllowhbérmoembrane according
fine powder with respect to the nolten m xture and a

to grxaneeh( Dete €31 Svhiredd thetmaoltangnixitere [disghirged oy helrcubir

_the inorganic fine powder per unjit mass satisfy

disghapgy pyreinchules thegnorgaric fing pewder igrangnanng phe masye ob grore and
mul til ayer hollow fiber nenbrane according to any one

40 grasyppr{ess.(5) , wherein the nolten m xtures di scharged

5)] eadhe BrsSe A arBr BaAPErIH FIBYSUR I e gagg actording
to iR L E) SR H Bneih g o E epifgaedifiqiid ha g masp potio s
of Bl SRt KK PSR aGnR Rk il TR A d W bR iomum mass
M 8f e bhfnRAid Boobltd 1 the flokeditc il poier Ber il mbSFuqtisty

0.2 AR according 25 to any one of (1) to (7),
wneréin the nolten mxture is discharged so that at

(6)! eaghe BRRess for producing a porous multilayer hollow fiber membrane according

to any one of (1} to (5), wherein the molten mixtures discharged from the adjacent
circular discharge ports include at least one common organic liquid.

(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
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
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spi nni ng nozzl e discharge parameter R (1/sec) is 10 or
nmore and 1000 or less, the spinning nozzle discharge
paranmeter R being a val ue obtained by dividing a
linear 6 velocity V (msec) when discharging the
nmolten m xture by a slit width d (m of the discharge
port. (9) The process for producing a porous
L.
velﬁ’# G Rt Bt (ERRLANGAGEN I il S 6
d1s§ﬁa&§é (;}@d in a longitudi naI 5 d| rection of the hollow
at a stretch ratio of 1.1 or nore and 3 or |ess
(9)bef ghe pﬁfce@fﬁ)??mdﬁ@iﬁg mg@@oﬁshﬁulﬁl’a@@ﬂh&ldv& AbdrGn@ABkaRE according
the inorganic Tine po by extfaction. (10) The
to AyQERST ()b (BY, Siefdin thedn BBl S hoTltv fibenis ktré&tehdddw afllbigtudinal
menbrane according to any one of (1) to (9), wherein
dirédtidntof g ilodstib@ at 8 Sirbtch sathedfEiCl 8fmbfeoimdad @dessdetdre or after
and pol yvinylidene fluoride. 10 (11) A porous
renmoMitg thaeganiolidquddvahd/betheinorpird o éine powderbynextattibreast
two layers i.e., an inner |ayer and an outer |ayer,
(10 he Tho pmesssrot prokdagiag alpordusuniliikger ndlviw fiber npembrgne according
fornmed of a thernoplastic resin, at |east one |ayer
to qnx)ongraf i) tol{e), wherdim therthermoplastic sasin isseleetepifiom a polyolefin
t hr ee-di nensi onal nesh structure and a surface pore
andipelirgingkidapedluogide. 4 times a cross-sectional center
ore dianeter, and the other |ayer (B) anong the two
(11) ay Arroraus mulilaygr hollay filerempmbrang coamprisng F‘Q§§Stlt‘f‘fﬁ gayers i.e.,

an (i I GG e e iU BRIy G b Pigbrane being
forfieq OF § iFGmoRlabic ebine ket Bné e (D itnnteipe BT %ywﬁgng an
isoffGhi tref m@ﬂﬁﬂﬁl%@&%ﬁ%’ﬂ a5 sP“F%e%ﬁie SEAE PR times
2 oS SeoREeRler BhrcidieiBl! fir Htbr (BP Anbiliofhe bl Byers
haﬂﬁ%gﬁlgjfa{bg thona e&??esgtha(lﬁif f%e ér&é’t‘s)—secﬁ@xﬁﬁ %érReII e diameter.

SS-SecC ent er pore dianeter 1s 0.1 gm nore

(IZ?UdTEQp&%thultlllﬁfé ‘hol1d®) fibkp ﬁleaﬁ{r&iésaceyﬂd igt@xﬂ) Gfﬁlaxleﬁi’\the
ber menbrane according to any one of

layed\ @) @iad ah ROtrbpMahret Rimb@forl fiesH AenRer 03' t y of 20% or
nore and 80% or | ess.

(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.

(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.

(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.
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25 (16) The porous nultilayer hollow fiber nmenbrane
according to any one of (11) to (15), wherein the

| ayer (B) has a thickness of 1/100 or nore and 40/ 100
or less of the thickness of the porous nultilayer

hol | ow fi ber menbrane. 7 (17) The porous nultil ayer
hol | ow fi ber nenbrane according to any one of (11) to

(1 'ﬂl G)Phe\flgﬁfug 'nﬂﬂﬁ@?mj W tﬁlﬁaé)r {[?%lg%l‘ aéceycﬁlgg &%Qﬂ?'&f (11) to

ree of “rsotrop

O. o

“@#&%*ﬁﬂ% WY ElRdhy %3’61“ (ReuRe taﬁ‘%%fn%%%‘é%ﬂow ot 0% or
mdpar aneters Q whi ch satlsfy -0.2<(x0.2 is 80%or nore
of the total nunber of paranmeters Q neasured val ues,

a fgh e THS Btk Hulahai illod s WRrnWthkdacchRERDS oA RO H ) to

i ameter change rate at each position froman outer
(I'Biwhére the nambeéfarantéters LRhith shlidy POLOQS0.2ub BOJsay Giore of
hol |l ow fi ber nmenbrane in its thickness direction. (19)
theltbtal pomnbersofipatdmdteary € mbadukadwadludsgthe pariareere) beiagadiahg which
to any one of (11) to 10 (18), wherein the
indi¢atesraypire diarmeterahamgel ratesat kadt peditiondroma ap oliteo hatice taanl inner
pol yvi nyl i dene fluoride. (20) The porous nultilayer
suttfiagielof thef pdyeus melibayen bollave fibei mgmbrana my ity thicknesy didection
19), wherein the porous nultilayer hollow fiber
(1 n%!ihg irerays smutilayerhollow e membsanencgording toransone 0§hld) to
mmor |ess and a_ thickness of 0.2 mmor_nore an
(1 fi}nwbwemetb% theymoplagtic 1asip d selected frem appdyolefin m/@qlmsyhdene
nmenbr ane produced by the process according to any one
ﬂuB?dil) to (10). (22) The porous nultllayer hol | ow

(e The PEEs R EF el loRaT oG et 5EHe aFGHol a0 B on of 1) to
1L RS o e B oS e ek gﬁa%@?gg}a&%%omf;
)3 biofe RIS Bl o N Lok R ¥ 8 S iplfr el ol B o fess

(2199t i $6:0 ulkPdyRP h@iﬂcﬂv ﬁb%@f%x%e BRIATEEPDY tHeYprodisd ARbRing
to any one of (1) to (10).

m

H

(22)  The porous multilayer hollow fiber membrane according to any one of (11) to
(20), the porous multilayer hollow fiber membrane being produced by the process
according to any one of (1) to (10).

Effect of the Invention

[0010]

According to the present invention, a porous hollow fiber membrane formed of a
thermoplastic resin which has both minute pores and high water permeability suitable
for filtration and exhibits excellent strength can be stably produced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a view showing an example of a two-layer hollow fiber molding
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for filtration and exhibits excellent strength can be
stably produced. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0011] FIG 1 is a view showi ng an exanple of a
two-1ayer hollow fiber nolding 8 nozzle; FIG 1(a) is
a cross-sectional view along a plane horizontal to a
di scharge direction, FIG 1(b) is a view opposite to
C . . -
0B G346, RaPls ARl vicBlofd Fpkbf hotifufltp a disphyree

dir€tdnUgRs 1?63%%5@\;@51955%1@}0&& Afle a%h@geagé&ebﬁd FiQ 188 isa

extrusion direction. Is a show ng

crRfQé iR halo &N RBhGwRE adwb\1RydralbBbw Tk eXiridea®rodRt HloRg a plane
nozzle. FIG 3 is a schenmatic view show ng an isotropic

perpBfidienleh ©RMSIx@Asgibn ARSHionSt ructure. FIG 4 is a
schemati c view showi ng a spherulite structure. 10 FIG

5 i ¥1G i haiaw skowing\WnstheméxaghpioLxarplagediiolbwe fildiggolding

in pore dianeter in the thickness direction of a
nopad¢.ous two-| ayer hollow fiber nmenbrane. FIG 6 shows an

el ectron m crograph (magnification: 5000) of the outer

sur FHGE is efschematicodew showingyaarisdimipiothrder-disrensiend maasb

obtained in Exanple 1. FIG 7 shows an el ectron
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FIG. 7 shows an electron micrograph (magnification: 5000) of a cross section
around the outer surface of a porous two-layer hollow fiber membrane obtained in
Example 1.

FIG. 8 shows an electron micrograph (magnification: 1000) of a cross section
around the outer surface of a porous two-layer hollow fiber membrane obtained in
Example 1.

FIG. 9 shows an electron micrograph (magnification: 5000) of the center of a
cross section of a porous two-layer hollow fiber membrane obtained in Example 1.

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

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

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

FIG. 12 shows a microscope image of the circular cross section of a hollow fiber
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around the inner surface of a porous two-|ayer holl ow
fi ber nmenbrane obtained in Exanple 1. 25 FIG 11 shows
an el ectron m crograph (magnification: 5000) of the

i nner surface of a porous two-layer hollow fiber
menbrane obtained in Exanple 1. FIG 12 shows a

m croscope i nage of the circular cross section of a

extp&iehﬁ)\%édcp SI{;tam%d ﬁgﬁlyﬂl@%r% ifs ex‘ft% g)qg% r{]rglﬁmﬁ% ;@r (;6'11{339 Hy&r).

13 FIAVS ABwE af 6lee@bn gﬁgﬁ%gér?agﬁ dnt g@(ﬁ(p%ﬂlestgﬁg‘)surface

of the outer sur%ace ayer

of § bBiRts FRSRRARoIRRY ﬁb&qﬂahﬁraﬁéeﬁﬁhﬁdln ERhpiel4 shows an

ectron m'crograph (rmagnification: 5000) of a cross

SeCFI@N 4 shoRk O BRchbE nRttb Sfaph %Egﬁﬁc&fon%@(w) Q@S9 cross section
two-1 ayer hollow fiber nenbrane obtained in Exanple

arotind He@utdTushey st BporobLiio-RReridtlofdfiBgnembrane obtained in
(rmagni fication: 1000) of a cross section around the

Examplerl.surface of a porous two-1ayer hollow fiber
menbrane obtained in Exanple 2. 10 FIG 16 shows an
el e€1G.d shbws egekeptrot magmgfaph &nagnificARR0 ) 0&F) of beross section
center of a cross section of a porous two-|ayer
aropnd thevwutériserfacmoin poreusivtoalapercholiowHiberphembrane ¢ht@ngd in
shows an el ectron mcrograph (magnification: 5000) of
Exgmpledss section around the inner surface of a porous
two-] ayer holl ow fiber menbrane obtained_ in anpl e
2. E@ﬂﬁ@hqgsgnswgtr%n@wes&apbﬂnm @@j}o&pﬁOOO) of the center of a
ni ficgation: ) of i nner_ surf
mé%ﬁ fignp PP%W%FW% l%q%gberrmﬁﬁhréﬁeo m@ﬂﬁ%ﬁxmplez
an e m cr

( CraBRai7snoms fo %ﬁ?gﬁmlﬁrﬂgaehfmt iBedhonr SPGB g sross section
f | fib
awof i e o spPradog S Borbt biar ey ety bk e QiiAtREd in

Ex%ﬁ %graph (magni fication: 300) of the circular cross
Séction of a porous two-layer hollow fiber nenbrane

Obt pi@ q@ shgw%%bﬁ?rlgglﬁcg F&aﬁﬂ‘ g'nggrﬁﬁ&a[tﬁ)ﬁ% Wrig lﬁner surface

change i n cross-sec nmeter o porous
of a porous two-layer hollow fiber membrane obtained in Example 2.

FIG. 19 shows an electron micrograph (magnification: 60) of the entire circular
cross section of a porous two-layer hollow fiber membrane obtained in Example 2.

FIG. 20 shows an electron micrograph (magnification: 300) of the circular cross
section of a porous two-layer hollow fiber membrane obtained in Example 2.

FIG. 21 is a graph showing a change in cross-sectional pore diameter of a porous
two-layer hollow fiber membrane obtained in Example 2.

FIG. 22 shows an electron micrograph (magnification: 5000) of the outer surface
of a porous two-layer hollow fiber membrane obtained in Comparative Example 2.

FIG. 23 shows an electron micrograph {magnification: 5000) of a cross section
around the outer surface of a porous two-layer hollow fiber membrane obtained in

Comparative Exampie 2.

10
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two-1ayer hollow fiber nmenbrane obtained in Exanple 2.
FIG 22 shows an el ectron m crograph (magnification:
5000) of the outer surface of a porous two-I|ayer

hol | ow fi ber menbrane obtai ned in Conparative Exanpl e
2. 25 FIG 23 shows an el ectron m crograph

(magni fication: 5000) of a cross section around the

gghgig‘?g‘r%gf%gﬁﬁf&“ T 35%31‘3%%3 tdn%él? Ex%ﬁ%\ gﬁg(;) o?gl[lq:(fe&ter ofa
4s§:ﬁ8%f g 01%1113?\% P hEIAE ﬁﬁ%% %fo't)i:a"i}]iédqﬂ ‘Conffiftive

e cen Cross sec a poro

Ex .:PIeJ yer holl ow fi ber nenbrane obtained in

Co aratlve Exanple 2. FI G 25 shows an el ectron

M CRegr3RoHIBl @léc’trﬁﬁ‘hh%gra%ﬁ?ﬁﬂagﬂﬁcé’u&f 8660)TTaldréa seélon

around the inner surface a porous two-layer hollo
arduh 8 Bie HREMUAREe P FdrB8Fivid laySONN R etibd SndrilsvaRe 6btdined h{s
26 shows an el ectron m crograph (magnification: 5000)
Costfpatdtice Bxa@pleszir f ace  of a porous two-layer hollow
fi ber menbrane obtained in Conparative Exanple 2. FIG
27 FDO\EH showelaf @lec@on miiciogaph fimagmiigatidn: 6600)awf théinaer)surface
of the outer surface 10 of a porous hollow fiber
of arpodous tveo-teyerholbuely fiherGoambraat iobmirtedamflomparative Exa@le 2.
shows an el ectron m crograph (magnification: 5000) of
a cFie27shows an elegtron ndcropmpb (megnifioaticac §0¢) of thropwerssurface
hol | ow fi ber menbrane obtained in Conparative Exanple
of @pomus;holi@w Sihexnmembrask obtaingd iniGomnaraipte Example 3.
gnlflcatlon 5000) of the center. of a_ 15 cross
sec J@#Sﬁwa’saeneb&@hmwr@waphlﬁ@ﬁgtﬁﬁﬁﬁr%é Ofbrodiaseepsispetion
aratlv Ie3 g sho an eIectroE:
%ﬁrﬁ“ﬁ%@ 3 perdi bllows b@)mﬁp 1gng pRi@ined dn (pgparative
ound the inner surface of a porous hollow fiber
EX?FE‘H% ne obtained in Conparative Exanple 3. FIG 31

PO S B AR RGO o
crodE BREBA G BE)I%IUQ B AERr RRkBtdnt %b%@é@ﬁ%o@nparaﬁve Example 3.

FIG. 30 shows an electron micrograph (magnification: 5000) of a cross section

around the inner surface of a porous hollow fiber membrane obtained in Comparative
Exampie 3.

FIG 31 shows an electron micrograph (magnification: 5000) of the inner surface
of a porous hollow fiber membrane obtained in Comparative Example 3.

FIG. 32 shows an electron micrograph (magnification: 1000) of the center of a
cross section of a porous hollow fiber membrane having a spherulite structure obtained
in a reference example.

FIG 33 shows a change in parameter Q of a porous two-layer hollow fiber
membrane obtained in Example 2 depending on the thickness position. The horizontal
axis a position in the thickness direction when the total thickness is one, and the vertical

axis indicates the parameter Q.
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FI G 32 shows an el ectron m crograph (magnification:
1000) of the center of a cross section of a porous
hol | ow fi ber nenbrane having a spherulite structure
obtained in a reference exanple. FIG 33 shows a
change in paraneter Q of a porous two-Ilayer holl ow
fiber 25 nenbrane obtained in Exanple 2 dependi ng on
i jtion. The horizontal axis a
EX%@ggigggﬁﬁﬁﬁf%gﬁﬁ%?% ness direction when the total
[mﬁaickness Is one, and the vertical axis indicates the
paraneter Q 11 EXPLANATI ON OF SYMBOLS [0012] 1: End
. ( r layer) 2: End of extruder B
i %&%ﬂ%ﬁg?‘?@éff’?{“%‘s Hol I ow fi ber mol di ng nozzl e 4:

2: ERYEF ex@RdeOB (RNl 13Rrwal | between outer-layer nolten

m xt ure di scharge port "“and inner-layer nolten m xture

3: HbB&h HbELmBRIikg fozzRPace in which outer-layer nolten
m xture flows 6: Space in which inner-layer nolten

4: awérnd off lbamBion WhlbetWagsader-thpér molten mixture discharge port and
hol | owportion-formng fluid 8. Lower end of partition

innesladyebbliteemixtareatisdhasgerporol t en mi xt ure di scharge port
and hollow portion-formng fluid discharge port 9:

5: Syoze irewhmhentegdayea owltetixRretfloesi on device 15 11:
Circul ar discharge port for outer-layer nolten m xture

6: Spuce @i whichannetilaysh majien poixtur¢ 8ows nner - | ayer nol ten
mxture 13: Hollowportion-formng fluid discharge

7: Raspagedor hallovwr-pesigndpoaingdluidr oss section) 21: CQuter

| ayer
&: Lowyer end of partition wall between inner-layer molten mixture discharge port and

hollow-portion-forming fluid discharge port

9: Nozzle lower surface

10: Production device

11: Circular discharge port for outer-layer molten mixture

12: Circular discharge port for inner-layer molten mixture

13: Hollow-portion-forming fluid discharge port

20: Extruded product (cross section)

21: Outer layer

22; Inner layer

23: Hollow portion

30: Production device

31: Lower end of partition wall between outer-layer molten mixture discharge port and
inner-layer molten mixture discharge port

32: Lower end of partition wall between inner-layer molten mixture discharge port and

hollow-portion-forming fluid discharge port

12
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20 22: Inner layer 23: Hollow portion 30: Production
device 31: Lower end of partition wall between
outer-layer nolten m xture di scharge port and

i nner-layer nolten m xture discharge port 25 32: Lower
end of partition wall between inner-layer nolten

m xture di scharge port and hol !l ow portion-form ng

BRIE CARRYI NG OQUT THE
Bémﬂ%%méé esernt mveﬁ on is described

[0 nidetai |l below [0014] 5 A thernoplastic resin
exI]Ii bits elasticity, but not plasticity at room

t e"ﬁ(ﬁg%}éé@ﬁt invei®0R Y€ lesclibediUeiifthigb.ast i ci ty when

heated 'to an appropriate tenperature to allow
[0 ding. The thernoplastic resin again exhibits
el asticity when cool ed, and does not undergo a

chem getmEangeedin eﬂﬁbi@éiélbﬂi’mt%aﬁdﬂ abiplgstRitg at fdnl tekfperature.
during this process (Kagaku ijiten (Conprehensive

Hdvhesi, tadxhibits iplasticity whersheditdil t8dintappioptiademperagire &) allold
. 860 and 867 (Kyoritsu Shuppan Co., Ltd., 1963).
mdidiag5] Th thepheslagic redin apdin exbibltaslasticityeshen dootddyatel does not
t hernmopl astic resins described in 12695 Chem cal
unéergoacheticabghang@ih molegdar (tiicturChrdrthedikedaring thds process
Ltd., 1995), resins described in Kagaku Bi nran, CQuyou
(Krgekal2aijitop (Comprehausi 1 Chemighk Rigtipyaryh e1X115ect1hetm{r@é¢ced size),
Soci ety of Japan, Maruzen, 1980) and the |ike.
ppShffband; 86 7¢Kaapise Shppanteo., Mderl®6B). ast i ¢ resin i ncl ude

lyol efins such as pol yet hyl ene and pol ypropyl ene,
mﬁéﬂyvinylidene fluoride, an ethylene vinyI al coho

oot Jahmelsial heihopiapasprslioets %ﬁgﬁwéwé%éﬁﬁs&ﬁbed in
| B UG PRAOTHESF k 601?%%% Tl Lidy 1999)

resins described in Kagaku Binran, Ouyou Kagaku, pp. 809 and 810 (edited by The
Chemical Society of Japan, Maruzen, 1980), and the like. Specific examples of the
thermoplastic resin include polyolefins such as polyethylene and polypropylene,
polyvinylidene fluoride, an ethylene-vinyl alcohol copolymer, polyamide,
polyetherimide, polystyrene, polysulfone, polyvinyl alcohol, polyphenylene ether,
polyphenylene sulfide, cellulose acetate, polyacrylonitrile, and the like. In particular, a
crystalline thermoplastic resin such as polyethylene, polypropylene, polyvinylidene
fluoride, an ethylene-vinyl alcohol copolymer, or polyvinyl alcohol may be suitably
used from the viewpoint of strength, It is preferable to use a polyolefin,
polyvinylidene fluoride, or the like which exhibits excellent water resistance due to
hydrophobicity and is expected to exhibit durability when filtering a normal aqueous
liquid. 1t is particularly preferable to use polyvinylidene fluoride due to excellent
chemical durability (e.g., chemical resistance). Examples of polyvinylidene fluoride

include a vinylidene fluoride homopolymer and a vinylidene fluoride copolymer having

13



20 crystalline thernoplastic resin such as

pol yet hyl ene, pol ypropyl ene, polyvinylidene fluoride,
an et hyl ene-vi nyl al cohol copol yner, or polyvinyl

al cohol may be suitably used fromthe viewpoint of
strength. It is preferable to use a polyol efin,

pol yvi nyl i dene fluoride, or the |like which exhibits

a vEiRkhERtoiR Shntdnf a'gléq ﬂ@f% og I&iﬁr%; %&gﬁg@%@@% ?inrgyﬁdé&d

I's expected to exhibit durabil _ a
fluBRATBApAAHEAHS udPa bbilfer dfvihylidens Fusd@dddone or more

preferable to use pol yvinylidene fluoride due to
mdaRk RMcteddh@Rt@aifludtbedfidiel NexaBubroprapyRifeC@ifluoroethylene

resi stance). Exanpl es of "pol yvinylidené fluoride
chliofidé,usd ethylény | iAdERgiddne Slubtlée howopslyyieEis nfevtl pieferable as

vi nyl i dene fluoride copolyner having 13 a vinylidene
polvingtlitlele: fhamident of 50 nol % or nore. Exanpl es of the

vinylidene fluoride copolyner include a copol ynmer of
[00diohyl | dene fluoride and one or nore nononers sel ected

fromtetrafl uoroethyl ene, hexafl uoropropyl ene,

t ri Asibe oxganigilignil, adatentrsobient fon thectherphaphastic esin used in the

vinylidene fluoride honopol yner is nost preferable as
presefg gpphicatipniitiesed. f The tamue lateptcohent”Assed incthe persemtapplication

liquid, a latent solvent faor the thernoplastic resin
refers 49 2 splvemevhigh garelyidissplyes thertheymoplastic gin atgaomderpperature

wlatent sql vent” used in the present appl.icatjon
C576h e dissphuesdh theipomtastarera Pm%%fmp ghegfan room

t her nopl asti.c resin at raomt rature. 10 (25C), but
tergpeRattie ot yticss i o praenic Mapigdle liond o he sl e,

hi gher than.room, tenperature. |t. suffices that the
ten e RS e e R T i granig i 5 b Roctsdfiy be
. 1 he thernoplastic resin. The organic
hqlﬁggﬁg%%gégmﬁ%w%hecessariIy be Iliquid at room

[ogigfperature. [0017] 15 Wen the thernoplastic resin
I s” pol yethyl ene, exanples of the organic |iquid
I nC . - . .
R T T
incAldephtial fes fich 898Maw pRikhhad, AllRptyd ?Htlheiatec deRe) Iphthalate,
y

pht hal at e; sebacates such as dibu sebacat e;
bise@ethglhesyly U phttasatel iddissdecyloshitipdite; andrditilecyliphtittatssebacates
suc?lsastdrit:uct);:lts)e/:ll)acate; adipates such as dioctyl adipate; trimellitates such as trioctyl
trimellitate; phosphates such as tributyl phosphate and trioctyl phosphate; glycerol
esters such as propylene glycol dicaprate and propylene glycol dioleate; paraffins such
as liquid paraffins; a mixture of these; and the like.

[0018]

When the thermoplastic resin is polyvinylidene fluoride, examples of the organic
liquid include phthalates such as dimethyl phthalate, diethyl phthalate, dibutyl phthalate,
dicyclohexyl phthalate, diheptyl phthalate, dioctyl phthalate, and bis(2-ethylhexyl)

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

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

14
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trinmellitate; phosphates such as tributyl phosphate
and trioctyl phosphate; glycerol 20 esters such as
propyl ene gl ycol dicaprate and propyl ene glyco

di ol eate; paraffins such as liquid paraffins; a

m xture of these; and the like. [0018] Wen the
thernopl astic resin is polyvinylidene fluoride,

v-b?i(}gﬁmn%ﬁe Qth lﬁlfﬁ &Elﬂ?ﬁgel? g{dg&&gb @aljbﬂfiétH d&c%ﬁei‘eﬁloﬁ%ﬁ%etophenone,

as di net I et hyl pht'hal ate, ut yl
an®¥bPRdrBAS a mikhurd bfWeb& AR Yle 1R hal ate, di heptyl .
phthal ate, dioctyl phthalate, and bis(2-ethyl hexyl)
[0y hal ate; benzoates such as nmethyl benzoate and et hyl
benzoat e; phosphates such as triphenyl phosphate,
t ri Bbthybled lb® giasgania fae poivdeemyludp bidisp iRinakétati@soxide,
such as 14 y-butyrol actone, ethylene carbonate,
zirgomg chienan cabbratatand thylike hdxBpoeferabbctotusp haeilivadine pander
i sophorone; a mxture of these; and the |ike. [0019]
ha¥ing ap hesragd pritheryi padidediametdr o€ 3 powoemoraand O en bi kesg.  The
alum na, titaniumoxide, 5 zirconia, calcium
averageopimany, pagtiale diametdr iemore preferghly f armot motendd@®O0am or less.
silica fine powder having an average primary particle
It igmere preefergrle 3o psern krdrophobicsilicesiine pawdes whiksis harde aggregate

average primary particle dianeter is nore preferably 5

ang,gxabitsgxcellen dispersibality o r Hydeophobipsilic haying agpethaol piegability
o) 5 S LR S S
L P oA By AL Bk
weflbE" RSy V8 i femib i 3elFwss T HORHRENT, hides flsded r pure
vl FTRURELS UE LIRS o ESpIAIBUAS: 8 S PELDEdiSiring

ecCl cals
TV T A S 1 SO e

pre‘éfpitﬁ?eﬁh@ﬂ@clenﬁiﬁe&Hﬁbealﬁk!%@ﬁﬁva?@.mi on when 50 mass% of
silica has 15 precipitated is determned to be the MV

[0o29f ue. [0020] The inorganic fine powder is preferably
added so that the content of the
The inorganic fine powder is preferably added so that the content of the

inorganic fine powder in the molten mixture is 5 mass% or more and 40 mass% or less.
If the content of the inorganic fine powder is 5 mass% or more, an effect of mixing the
inorganic fine powder can be sufficiently achieved. If the content of the inorganic fine
powder is 40 mass% or less, a stable spinning operation can be ensured.

[0021]

The mixing ratio during melt-mixing is preferably determined so that the content
of the thermoplastic resin is 15 to 50 vol% and the total content of the organic liquid
and the inorganic fine powder is 50 to 85 vol% from the viewpoint of the balance
between the water permeability and the strength of the resulting hollow fibers and

stability of the spinning operation (i.e., melt-extrusion operation) (the mixing ratio is
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inorganic fine powder in the nolten mxture is 5 mass%
or nore and 40 mass% or less. |If the content of the
inorganic fine powder is 5 mass% or nore, an effect of
m xi ng the 20 inorganic fine powder can be
sufficiently achieved. If the content of the inorganic
fine powder is 40 mass% or | ess, a stable spinning

. ' ad. | i Xi r ab

SIS PUEER0RRAT U Sng OREHL U9, | Hefapentor e

the'hﬁ@gl‘i&ftt 28h is ?fefér?lﬁgtlg%f% Rl fitrl FrofBBE Ridwhoim o_tfﬁlcgsgrength of

vol% and the tota ontent of the organic |i1quid

theaBelEAEpdrBaS BRRIISyd hBRoR AN Melbrafé 4ha sPanM@l SWbili9M The
t he viewpoi nt of the balance between the water

coentoF @R thednyorddidictrbin sl prefeedbly 86 voI0e of RS HrbnBe ielvpBitit of

fibers and stability of the spinning operation (i.e.,
thendtbr otinealsilinnofahefeatlitiag pofdud enuidaly&itholldi fiber snehibrane and
i ndi cated by a val ue obtained by dividing nmass by
spiapiagisfabditgr avity) . The content of the thernoplastic
resinis preferably 15 vol % or nore fromthe vi ewpoi nt
[0@R]t he strength of the resulting porous nultilayer
hol | ow fi ber menbrane and spinning stability. The
confTéa thephoplastia tesinnihgloaganicliquad, anditke imorgagicelineposgier may
vol % or less fromthe viewoint of 5 the water
be meltrimixst uping agformplemels-aikingeans sethsas A tmin-sergerexhigerowA
fiber menprane and spinning stability. [0022] The
holiqye fibgimgldingnqzgly having{wogy gagie supliﬂam){la?hw%éhsposed

COIiH:g](l) x ?lrlgzﬂ% a[tti_agl:i? ptg m@er @%gﬁr@};%ﬁgpd@gw arae respectively
e
MRRAGR Dipiied BoB pEEHERen SuyRrEls siiradd i Th it Blchange
poffbf il e P et Rl B BT SR I b n i
L B o B Ry R e sl o e
obtRined By lexFadih B th el hikiuréYBhichk UIRE iy E&ngés'i‘ti&d"ﬁém M adjacent

case, a mul trlayer menbrane in which the adjacent
cirbuldtlischdigeipRits] NTROEEr&dstm “Enfferlf codpbatinETreRys to the case

extruding nolten mxtures which differ in conposition
whereahe b@te@ djitaestdiffer in constituent substance or the case where the molten
mixtures contain the same constituent substances but differ in the ratio thereof. When
the molten mixtures contain the same type of thermoplastic resing which differ in
molecular weight or molecular weight distribution, the molten mixtures are considered
to differ in constituent substance. FIGS. 1 and 2 are schematic views showing a
multilayer hollow fiber extruded product production process by multilayer
melt-extrusion when the number of layers is two. The merging point of the molten
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). It is preferable to use the nozzle shown in FIG. 2 which
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circul ar discharge ports. The expression "differ in
conposition" refers to the case where the nolten

m xtures differ in constituent substance or the case
where the nolten mxtures contain the sane
constituent substances but differ in the ratio

t hereof. When 20 the nolten m xtures contain the sane

AP AGERRL 5yt G2 PR B o e 1
o850 A V8 0 SAVBL Rt e S g o e siewpin

of Mh&VByAakisigh.a nul tilayer hol | ow fiber extruded
product production process by multil ayer

[0078] t - ext rusion when the number of layers is two. The
mergi ng point of the nolten 25 m xtures which differ

I N SPROSidd the hoBdyw B®et moldifyeizzRI Khvinpaerodr nidie cliohleow
fiber nolding nozzle (FIG 1) or a position differing

disthage pdres diopssed entbehipicallfas shvavhiol FIGS. 1fahder a moltén agxture in
nozzle (FIG2). It is preferable to use the nozzle
whidhathe thenmbpl@st: nebincthe bfganaigpsd, tand thinbmyanivi ftepossiet are
mer ge before passing through the |ower end face of the
mirakeande(axtreded fiemhat éeabtainegirculat didchange portier 4o negulshaperous
separation) fromthe viewoint of inter-|ayer
mukdinyesihofow[ g2 Bjemimangnehich sxhibits bleckiog peemaser, water
nmol di ng nozzl e having_two or nore circular, discharge
rergnebiity jagg skengtl e wellbalaared manper sppbmeasy pbtagiedy and
2,.a nolten mxture in which the thernoplastic resin,
(0G24 organic liquid, and the inorganic fine powder are
om at . | east, one cir

i xed be, . d f I
di s e wultieyepbolfivy Bbapembrags st e feaf pprformance
g fi whi ch i bits, bl ' .
can 5 1 ohlFated R B fehats T B0 den dUE 3 B lovripe goree
sooled | cpajanced manner can be easily obtained. [0024] A
pporous nul til ayer hollow fiber menbrane exhibiting

exc : : ' duct
(092 b SRl LOHTRNGRnn SRR 1 S DRSS Bt procuc
ha¥ifg § foulfR$& drunupd i‘s%i%ﬁﬁca}iﬁ%f (thprolBe erdis wheBuse the viscosity

stability  (spinning stability)” of the hollow fiber
of @i dIERAGniRERE Uicheases 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
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
gasily 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
blocking performance, water permeability, and strength in a well-balanced manner can

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

aggregate of the inorganic fine powder absorbs the organic liquid, a situation in which
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having a nultilayer structure is significantly

i nproved. This is because the viscosity of the nolten
m xture increases to a large extent by adding the
inorganic fine powder. Miltilayer extrusion tends to
becone unstable as conpared with single-I|ayer

extrusion. In the present invention, since at |east
. t f
theg({}g%{lrlgﬁ iid é%?teps thd 2 ﬁ@%‘t 'f%éer gscﬂpgiés%ds gg@(ﬁ:&:ﬁ'ﬁ%’m@ 8T%§Rl lﬁﬁﬁﬁ

ent@d! fiddh ?¥ 42:911{ IQ%% : lg-ng %For it flg ngfvﬂér%g&hos tHe (Wgéuﬁg gqmd (i.e.,

non-un ty a I nt ace | s suppresse

ﬁnféﬁﬂné% a lﬁﬁﬁa‘ri y 'ﬂfétrﬂbxfb?&m‘f\’ﬂf 18 oFBnit bl s gfé@%@ﬁr%-to high

I's inmportant for multilayer extr I on suppress

wsB&ﬁ'tyUcFF 4 & atﬂ%é i the nfbmbri@VdtidiuréHud 108nix@YEsS the bAahRARids

(2) Since e pore size distribution becones sharp, a
betmeﬁ)ﬂﬁr]@ydﬁbisq-hd@g‘éhl bits 25 bl ocki ng performance, water

perneability, and strength in a well-bal anced manner
(3)canWins thoimirgadit filgpeoider ¢vadded t6 aviesst bhelayer, tiemechanical

m xture has a high viscosity or the aggregate of the
stréngtr gahthe chémiealsirergth (alswichlsesibtena) géitieanémbpaneltend to

situation in which 17 the organic liquid enters the
incemisabefnte drafter exteactiopfeeeet df thelveganihbqwd gad the ihorgenid fine

enters fromthe adjacent |ayer, the |norgan| c fine
povsdendalthaagh dhexeasands spleneiva) i quid (i.e., functions as

a _buffer). The novenment of the organi c liquidis
[0028ppr essed due to high vi scosity, or a change in the

menprane structure due to mxing of the organic

|i qdihgad @eﬁé‘teﬁégﬁaﬁ RE lF"anV%‘ff@ W}émrtgﬂ frokign HPS‘?’IWEWhtlﬁe

ed to at_.|east, on

nor ne a e
dispeR i astie: SERE feRna A mﬂgaeweﬁﬂe&aﬂwdgf It istifclerable

caI SI.S ance t end
thaf O BEEBrolfe bR e lischaeed 0o e HOTRIICfing ppyvder
[0 ?am c I |qU| d and the inorganic fine powder
O?a t hough the reason is not known). 10 [0025] The

aboyg,dy V\ﬁﬁloﬁg rg:eaz! taluﬁﬂ ‘Eﬁ’e%ﬂﬁ’éﬂﬁ#&ar g oWRIct Rl such a

m xture I SCnar ge t anount

cmﬁ tit?drﬂﬁatt J‘@alﬁé"@ﬁtglﬁgﬂ by Eiﬂ?&in? QUERE rat ldDiot t}i%r g%ﬁ@ Rh&id by a

at all of the molten" m xtures to be di schar
ma%ﬁlé'srbﬂtﬁ@lnbfgbhgsaﬁﬂecpJWd%? aR®@Wiffer dividiRg Ble resulting value by a

maximum mass M of the organic liquid absorbed by the inorganic fine powder per unit
mass is 0.2 or more and 2 or less, the effect of suppressing the movement of the organic
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
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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15 When the nolten m xture containing the inorganic

fine powder has such a conposition that a val ue

obtai ned by dividing a mass ratio D of the organic

liquid by a mass ratio S of the inorganic fine powder

and further dividing the resulting value by a maxi num

mass M of the organic |iquid absorbed by the inorganic
f i . i i - .

o AR e BB o ol T RAREEN ity sl

TheYeS538) the &dvbinghil ¢ tRESMRRIR 1iqhR1 iiThd GRinfly O it Aide BEcurs to
further inproved. The term™organic |iquid" used

onlyef $hdll &6 SThRR rédices §ednzelin théi HeiBh Siridi@reSRREreby
conposition as that of the organic |iquid contained

bldcRinklperfomhiree isindintdiged. | ."Fhe,abdve odlgais oreipiiefiethbly 0.3 or more
aonprising sole conponent or plural conponents at the

and dfwr hesy) ang stilltrherepsefetably @4 ot heroaghhD or ldss.quThis effect is also
contained in the nolten mxture. If the above value is

preferablyrimporved witve tRSmotteremixttireofhich & discharged ih thedaggest amount:
fromthe adjacent layer in the vicinity of the |ayer

contping thedvergasicingpovsised Ibis mmmrcfemb}eggatl ablyadrthe motten
forned, whereby a high pure water perneation rate is

mixgresita badischarged entain sheaingrganis fing ppwler. | e ternp gmaximum
ampunt of the 18 organic liquid which is not absaqrbed

mags, M ¢fethe prgapicdiquid shserbed hydhe ingraanic fing Rayrdey psrpnit mass™ may

herefore, the novenent of. the organic.liquid.in th .
be PWF?EW‘E‘PHQ A AN thg,igcreani fing powder while

.extent. Thi d i.n th nb .
mlgi(l.g :et ﬂpﬁgal \Sﬂfg]%é%&edseb%ag ??vhn %g!gl?eflafle fe ér%gli?ic liquid when the
.maint ai ned. e ve.val ue.is re prefer . [,
mif§R: BrB g reddlo 7094 S e tRinkiim Hfie Bl HehpS of o Agpic

ﬁnQPo e and 1.0 or less. This effect is also

pretrerably inproved when the nolten mxture which is

[00%‘7 charged in the |argest amount contains the
Inorganic fine powder. It is nore preferable that all

of e praséheie tha{fiaf(feﬂﬁt%etcgm%ncgréﬁﬁ@_[iqﬁg beRRikad thitd AR two
i norgani c fine powder. The term "naxi nrum nass M of

adjbdeit SHolSA nfixtukGUtiHcARP SR Of Dihdnde it HAIEAD whehitRemovement
powder per unit mass" may 10 be determ ned by addi ng
of the@r@ungelivhbd bielrs Betdeapiietolted rhixeureBrgduted. fItiemore
powder while mxing the inorganic fine powder, and
predirabld ithey thehwanreetgpe of orphdc tiggidrtieanixied intd thdeljadehiemolten
m xi ng torque has reached 70% of the maxi mum torque by
mixthees imditeodnt rateosi nS¥hparthe sani¢ type pborpanic liquid is mixed into the

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

‘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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[0027] 15 1t is preferable that at | east one conmobn
organic liquid be mxed into the two adjacent nolten
m xtures, since an effect of a change in structure
when the novenent of the organic liquid occurs
between the nolten m xtures is reduced. It is nore
preferable that the sane type of organic liquid be
' oAt 0 the adjacent nolten mxtures in different
pﬁ?%%?@é!then the sane type of organic liquid is m xed
[0&&@0 the 20 adjacent nolten m xtures, the extracted
ofganic liquid can be easily recovered. [0028] The
01 T REREIGEriihg! 1S W31 A TRERAL HOR HOBRAHRIRBE B, i i
adj acent Mol t&n m Xt ures o merge Is preferably 20C

pre?érabl 3§ disbharkd eIl BRGGe 5O tHae 8 sPinh BERRZAE WiRhrge 20C
or less, densification or void formation rarely

pai@fifettr R @Vsebhial)iidt Gbf Mo RRAY OO 1RS, siMletadfierdBrane having high
,mxtures. Asa result, a nmenbrane exhibiting excellent

strévipilecaries strgibed while actdeving hRMGirbhiRaiRit) and highi spieling Stbility.
difference in resin tenperature when causing the
Tha thrac' Bpinning dozplerdischarpe patameterRitrefess tooa ealpe ebtainath by
10C or less, and still nore 19 preferably 0C. [0029]
diwdieg adischarge higearhvelovitly fVefm/sec) byrasslit madihtdn(en)aif theadiseharge port.
di scharge port, it is preferable to discharge the
Thertarmeidisehanga ligearoveldeity Va(msfseaii refgrsiio 2 ¥alwe gbtaedryedigiding the
paramgter R (1/second) is 10 or nore and 1000 or |ess,
ameppidEn” Geersdd phihe meltanrgixtirg dischargedperimidimoby Bist ai ned
whi | e achi evi Qg hi_.gh  producti vi }'[%tband_ hi gh spi nni ng
cross-ggsitiongharea (mmé of Bieidischaigs Mo ¢ pRINAINg MNZ¢lg discharge
ar anet e

perBReER O\ AP ARIPBIET P05 RBBISE (Biouiedy it i dgoRPly of he
ol B SRS B o o G S S 6
o R IR BEHARPAgloALTB el
01 185208 A 0B RS, 6 B e "

mu%t%l@{ré%iﬁ'oﬁﬂ%v%? nftbRarfe ARSR i AhafAl 2P bufilichl§ hdhABRIET 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
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
of the circular discharge ports 11 and 12 at the lower end face 9 shown in FIG. 1. In
this case, it is preferable that at least one spinning nozzle discharge parameter R be 10

or more and 1000 or less. It is more preferable that the spinning nozzle discharge
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hol | ow extruded product does not occur so that the
spi nni ng operation can be stably perfornmed with high
productivity. If the spinning nozzle discharge
paraneter R is 15 1000 or less, the elongation at
break (inportant strength) of the resulting porous
mul tilayer hollow fiber nenbrane can be maintai ned at

o
PSR LB ko T BV SOSBARR R o s
It 1@ G0 R plefRFBIB that R spittlihd Ackzid BB RN dtes R all of the

[ ongi tudi nal direction. V\hen the nol ten m xtures

c1r&ﬁﬁlg(ﬁsélﬁf%ﬁﬁ)r@ ¥eN9 R inSdrb ahd 00U $E88ssS PITAB sPigniM@ 46k Ae dlscharge
shown in a val ue obtained 20 by dividing the

pahRERR Bendre @@éférabﬂ%ﬂ Sicoritiord a@fl 800 er Ives, aad st hicﬁ‘é\greferably
m xtures at a lower end face 9 shown in FIG 2 by the
108 bit tnové sHd B0 @flegshe di scharge port is enployed as the
spi nni ng nozzl e di scharge paranmeter R Wen the nolten
[0030%t ures nmerge when or after being discharged (see
spi nni ng nozzle shown in FIG 1), the spinning nozzle
di sdhamymbpeefdapireand e rativiofRhe pore sizeswdios fhiakingss of the layers
calculated for the slit wdths dl and d2 25 of the
madihe@mp@@natehcmdgmensmgt@ the objeetiviy  dior tem;nplgmherefwmng a
face 9 shown in In this case, IS
twenlasres filign I@emh%@pe,a(ﬂ) :] %%bm@m of g this m@erdm ﬂi@wag @@ﬁﬁlﬂlg:@re
par anmet er R be 1? or nor e, and 1000 or |ess,
diofste aﬁfl@fﬂé\%w YSE DIARE & [ATEHPOTE waﬁ%oro(il%ereamawaﬂen ofa

ar ame R of |ch t he, ampunt , of, .di,sch e
i B oy Biegh [ Apas oo ameE §h Uil daner Tayer payag ¢ pall pore

N
ol %%%al?fé%-fﬁ‘?’sﬁﬁﬁm%éﬁgf%nﬁéﬂh%ﬁ%m&?%iigﬁﬁ%ﬁ%ﬁ%u%?%{fhmga
g 3in 508 154 b S LB 108 S

: erl
intrfAfl lafehayilie ARaRL AfipRion i3 b ERTion; ﬁm“k outer
lay@bhzﬁﬁﬁg y ﬁrn% j Pire AeATECa HEERNER R Havig ol e pBYEdiameter, and

filter ane, (i) a conbination of a thin outer
a thif Yeterrhetvte thyer ﬁmﬁg a PR pdR dHarmset 8leffodtivedfof Ploviding minute
i nner layer having a large pore dianeter, or (ii) a

poee aid highivetergfermeatiilifyck out er | ayer having a large
pore dianmeter and a thin inner |ayer having a small

[0Q3d1 e

The hollow fiber molten mixtures extruded from the discharge ports to have a
multilayer structure are cooled and solidified through the air or a refrigerant such as
water, and are wound around a reel, as required. Thermally induced phase separation
occurs during cooling. Polymer rich-phases and organic liquid rich-phases are
minutely distributed in the hollow fiber after cooling and solidification. When the
inorganic fine powder is a silica fine powder, the silica fine powder is unevenly
distributed in the organic liquid rich phase. The organic liquid rich-phases form pores

by removing the organic liquid and the inorganic fine powder by extraction from the
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di aneter is effective for providing m nute pores and
hi gh water perneability. When formng a three-|ayer
filter menbrane, (iii) a conmbination of a thin outer
| ayer having a small pore dianmeter, a thin inner

| ayer having a small pore dianmeter) , and a thick 15
internmedi ate | ayer having a | arge pore dianeter, or

ho{lw)ﬁber %HEH élfaée?fboefed E'@g &ifeyt €A pohfh\é%:@1 ulfid él%n%w fiber

ar ge pore I amet er, I nner Fayer havi
menHriR &grb%tﬁhsad’ﬁglﬁéd and athin internediate I ayer
having a small pore dianmeter is effective for
O(BQSVI ding minute pores and high water permeability.
31] 20 The hollow fiber nolten m xtures extruded
f I OTh BeadicSladuad el hefitdigdmc Ray fowderTidy bé AyiR¥ved by extraction
structure are cooled and solidified through the air or
at the smhe tigervelidn theloipanis liquil a1d, thalbrganic finepeivder@ambe axtracted
reel, as required. Thermally induced phase separation
withdhe sanalsolveng cTlod onganic Hgbidnand the morganastie powlieo arpanuirmally
liquid rich-phases are mnutely distributed in the
rethoiedepdrateky aft er cool i ng and solidification. Wen
the 25 inorganic fine powder is a silica fine powder,
[0G33& silica fine powder is unevenly distributed in the

organi c I|qU| d_rich phase. The organic_|iqui
ri cHhpREgsgis ¥%‘F4ﬂ5§6ﬁﬂ@§ed by exteagon RYng nélqs\%g@ammateqf@r d

exi3RPAB Mkl GIo8 8Pt GAOLYE M ISOB B Hasimont C{;'%r%g,&{ s tut gbich is
I I 1. f

m%%f {'—ﬁﬁlfd ST iy, SReci Sely e 8E§5'6‘1 man Imavh E&FE&MEY

coth ol e FlndRp ot Baterbif thof iy 1854 gff?amg Sy be

vol?hféesoﬁﬂé{é‘?ﬁé hﬁlﬁ cB?beeéat ﬁ?g&ﬁc‘i’ved‘%rﬁ tﬁ olﬁ)%JTEbe\?\'ghéﬁl;}tane after

e organi c e rtnorgantc 11 ne po

extFé% HH' | Exantl F%l %%@@%ﬁf 1?11‘,1}6{16 L.IQ Ql%gﬂlolTHE h‘}[&@ghﬁmde, and the

urdrs r traction using
lik@P PWRRE tlfétd% mr, hégd %&5@9&61991&@5&%&9 B3 usQd asqhé §>@dryc%on

or m)dlfyt e thernmoplastic resin used, but which
liquid.

[0034]

The inorganic fine powder is normally removed by extraction using an aqueous
liquid. For example, when the inorganic fine powder is silica, silica may be converted
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
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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m xed with the organic liquid. Specifically, the

organic liquid may be extracted by contact such as

imrersion. It is preferable that the liquid used for

extraction be volatile so that the liquid can be

easily renmoved fromthe hollow fiber nmenbrane after

extraction. Exanples of such a liquid include an

oride, and the 15 |ike. Wen the

be%%g%ﬁﬁb?l|q5@§§%g§a%?%?-soluble, wat er may be used as
[og3g¢ extraction liquid. [0034] The inorganic fine

powder is normally renpved by extraction using an

aquaoistoud thkilfer FOMow $BBPMEmbIHAG Rah BE ot BYirémbling the

powder is silica, silica my be converted 207 into a
orgghicl 1Rl Earid the usthg SR HAE bowlidribyadk trablic freva thomuttil®yer hollow

and the silicate is then renoved by extraction
fibtihwhidh hasbsthaoblediaht suladified. [ 0035] The organic liquid

and the inorganic fine powler may be renoved by
[00841raction in an arbitrary order. Wen the organic

liquidis immscible with water, it is preferable 25

t o Theoudtilaper hotlgarfiter whigh lthstbpereseaied sndsolidified rhinebe

renove the inorganic fine powder by extraction. Since
stretpheddn denlioo gitudied] dirgetibn #a sinetshgatio ef 3 pnigspllkrieregemoving

normal |y present in the organic liquid rich-phase in
theprganieHquid ané therinerganisiipgmiotvder heexrstion, (Eiapfterromygying the

snpqQt hly renoved hy extraction. _[Q036] . A_porou
orgapiciljquid &y exircheny bt beforsasmovineshe &?9%@%@?%?‘?1‘@‘3“6?’

r enovi the organic.liquid_and the inorganic, finhe
extERsigR: (E\ATleR fempying thedperganin @nFrBPWHFfaR/‘/e‘?X"%ﬁF‘be\}&“* fetore

el R B P AT
o PR TRl AT B L i
v SRS 8O B L R o i

membrane in the longitudinal direction. On the other hand, since the pressure

withstand performance (bursting strength and compressive strength) decreases, the
stretched membrane may not have a practical strength. However, the porous
mutltilayer hollow fiber membrane obtained by the production process according to the
present invention has a high mechanical strength. Therefore, the multilayer hollow
fiber may be stretched at a stretch ratio of 1.1 or more and 3 or less. The water
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
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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10 organic liquid by extraction, but before renoving
the inorganic fine powler by extraction, (iii) after
renmovi ng the inorganic fine powder by extraction, but
before renoving the organic liquid by extraction, or
(i) after renoving the organic liquid and the

i norgani c fine powder by extraction. The water
perggggllhﬁx of ,the nmultilayer hollow fiber nmenbrane
is generally i nproved by stretching the nultilayer

hol | ow fi ber 15 nenbrane in the |ongitudina
direction. On the other hand, since the pressure

wi t heE @9&8&'@&{'95 of fhe 'hﬁﬁﬁlﬂ&lé{%lag be gﬁtﬁﬁﬁﬁ increased by

conpressive streng decr eases, ret ched

su LIREstPRMhA HherIiBe R PEAE irkftRlenb ! BRI ré&deNSEmperature
he porous nultilayer hollow fiber nenbrane obtained

is AY¥mhall¢ e €361 IOy thRY Heah&tiAs point blhe terinBplastid RSNt
i nvention has a high nechanical strength. Therefore,

[0038% nultilayer hollow 20 fiber maybe stretched at a
stretch ratio of 1.1 or nore and 3 or less. The water
per Maapolouk ynubtilaydrehofplowaliteer menbrhme/scotdig fowthé piesent invention
menbrane is inproved by stretching the porous
whinhl exhitatg dlodkolg merfoimbece, watep pamecabillty and stretigth ired ch
rati 0" used herein refers to a value obtained by
wellibalagicedymanaer|iea gruitileyertembrané wihidhiingndesfat dgast two layers and
. stretching by the length of the hollow fiber before
is formed eftha dhermeplagticiepine, when stretching a 25
mul tilayer hollow fiber having a length of 10 cmto a
“Kpghgth of 20 cm the stretch ratio is two according

to e followng e essi.on. 23 20 cne 10cnm=2 The .

corrblﬂsggwg ng%ﬁ'ﬁgﬁa‘ﬁﬁﬁlew e R A A tﬁﬁ?fﬁéﬁﬁmﬁmm
._jncreased by. subjectin he stretched .nenbrane.to.a
is deRcribe bt it TS s Bual i TR Ao0iRDS ruGer

orpml |y equal to ess than the nelting point of

h°$%%%$ﬁ8¥ﬁﬁgﬁﬂﬁﬁ?%Iﬁé%#%. [ 0038] The porous nultilayer
[ | ow fi ber nenbrane according to the present

I'nvention which exhibits bl ocking performance, water

e Ry SR i e o
hatifY 8 sHhaB&bord Biahetdr ¢ G 01288 14 R (PR P BRt1hFer (RS isveferred to
as an inner layer, and the layer (B) is referred to as an outer layer. Note that the
present invention is not limited thereto. For example, another layer may be provided
between the layer (A) and the layer {B), or another layer may be stacked on the layer
(A) or the layer (B).

[0041]

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

pore diameter when a layer (skin layer) having a small pore diameter is formed on the
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[0039] The porous nultilayer hollow fiber nenbrane
according to the present invention is described bel ow
with reference to a schematic view showi ng a porous
two-1ayer hollow fiber nenbrane (see FIG5). 15

[0040] A layer having a larger pore dianeter is
referred to as a layer (A), and a layer having a

%ﬂmrka%'é i ?{(%)Sﬂ)amﬁger r@?‘jf @5 g‘%@ ?&h@%h&#gw re(a%)ogshlp

ayer I's re nner

bemgn ltlféytﬁfckﬁ@s ahd it Hﬁiﬂletté} |g’lﬂe %tsﬂec 18 Sf eachkﬂoﬁow fiber

t he present 1'nvention IS t hereto.

meﬁﬁfra&xa'mleﬁch ﬁﬁﬂ{ hEL vdrava raxﬁ‘%ﬂd@&e@ﬂ@‘fﬁtﬁﬁ&f 80 pHRIdBRSer at
the layer (A)”and the layer (B), or anot her Iayer may

cadherddsaek@sh @Nhé B@ss-83tBonal(cBhteP porehiRarh@¥e hind Bk hoki@6td]] axis

FIG 5(1) is a view show ng a change in pore dianeter
indidhtdsiBe GRtaakO 86 tHe bEGE b@fhce W & Podifin rde thitidjesadidectib
| ayer (B) have an isotropic three-dinmensional nesh
prosidedahatrtBe totd Fhikkkess (e, | $t ia piiferablehlmsitinglagerqdd nge therlayer
pore di aneter when the |ayer (B) has an anisotropic
(B} Imve endsotmpii threldimeasiosd] muesh stractufes @ncs (li)blocking pérfommance
showi ng a change in pore dianmeter when a | ayer (skin
chinggeto) ofipe ismgll @xtentibveng bsustage arvat egcurs formed on the
24 outer surface in FIG5(1). FIGS. 5(1) to 5(3) give
[02Aphs showi ng the relationship between the thickness
and the pore dianeter along_the cross section_ of each
hol TBalaventd) is gsupparhiayen ngf@séﬁp@rbhﬁer qngerey 8 highagechanical
axis indicates the ratio of the pare di aneter
strengty @CQ@@ Presaue gthytand pgdfemaance; Wanale@msafatﬂdwgmﬁ’ahty as
hlggil aneter, and the horizontal axis 5 indicates the
@Pﬁ?ﬁi “fromthe outer surface to a position in the
[Oqt4§]ckness direction provided that the total thickness
one is preferable that the layer (A) and the

| a C [

st ?/3?:1 r’E) (wceﬁgﬁ gEée'dl}n%S oa?ﬁn%%%@é &ﬁllanggzlgtt%m
“ 18%%91(2'] BuseliBletei HeGhY thEY e?ala!nge ﬁyfiér@ﬁfan){@& is Sh&l (i%., almost
homogeneous structure) in the thickness direction, the circumferential direction, and the

longitudinal direction of the membrane. The isotropic structure is a structure in which

a portion having a low strength such as a macro-void rarely occurs. Therefore, the

mechanical strength (e.g., pressure withstand performance) of the porous multilayer

hollow fiber membrane can be increased while maintaining the water permeability of
the porous multilayer hollow fiber membrane.
[0044]

The term “three-dimensional mesh structure” used herein refers to a structure
schematically shown in FIG. 3. As shown in FIG 3, thermoplastic resins a are
connected to form a mesh so that openings b are formed. FIG. 9 shows an example of
a microscope image of the isotropic three-dimensional mesh structure of a porous

two-layer hollow fiber membrane obtained in Example 1. The thickness of the
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10 The layer (A) is a support layer. The support | ayer

ensures a high nmechanical strength such as pressure

wi t hst and performance, and mai ntai ns water

perneability as high as possible. [0043] The | ayer

(A) has an isotropic three-dinmensional nmesh structure.

The term 15 "isotropic" used herein neans that a
thEOpARIC SRich KRER (R mlsh S Thost b, SR} thrccdimensional

mésh SEHEHR! £ RsirPblobl h&GhE £ pheilifle Etli‘@cmﬂe%ﬂérﬁ&é%ﬂf khown in FIG

direction of the nenbrane. The iIsotropic structure is

4 i@ravélly/oBEHvEd. | MBI peRing®f BRY thicRHiMANIi Dkl PndsR Wr8dthiRN8 Aclosed
such™as a nmacro-void rarely occurs. Therefore, the

by iRCihafhdhstiS réRM N chéh @ctioPHLHE bpening thaindfftates. Since most
performance) of the porous nultilayer 20 holl ow fiber

of thertheratopl S HO rddd used feaserthvdel digefi®ibindl amesh BGudthe wiitk tan
perneability of the porous multilayer hollow fiber

comeibbican éhe giebgih]of Tiechdllomnfidrmesbrdnerarsapporalayaelsdving a high
structure"” used herein refers to a structure

strengtle natt hecfalingd. s Welareoiver, Bhdmigal résistahemincieaser GIBg reason that
thernopl astic resins a are 25 connected to forma nmesh

chempicaligsistepesinprgases ismat clear, butlis congdered énbmas fatlowganypl e
of a m.croscope inmage of the isotropic )

Speditiealygsipemas lasgeamenss gt thermenlastic revin formsragnesh which can
two-| ayer haollow fiber nenbrane obtainedq in Exanple 1,

Coqfﬁvgu*@ﬁg Stsietly thy strem, @%@}%Eﬁysstwt plegted mlgﬁpart ot the

e TN SRR e REl i uctare seierafgljohown in FIG
o TR B RS TG G IR S
-di 1S . i | .
to RS BT R PR E Y Sl o R Sl e entie
o PTRALE SR DGR T el S RS 105 5.
scHefAtic SR EHoRHAE a ?ﬂ fe SHE AR aqrefeté?l%ﬁ.h Ofy] PV, & %%Erulites c
menb or t I g t

rane, a supp ayer avi ng a streng can
ar a@[y']ﬁﬁitioﬂ@d 861461, %Qiﬁeﬁﬁh_dﬁ@%x%eﬁ%ﬁvédﬁ%@?ﬁﬁﬁﬂites C.
he réason that chem cal resSistance i ncreases is not
FIG.|28ahowb Ui ckdmsle 0 b dat@ecdpe iag@st £ §hlefiMe structure obtained in

Reference Example 1 described later.
[0045]

The surface pore diameter of the layer (A) is 0.6 times to 1.4 times the
cross-sectional center pore diameter. The fact that the surface pore diameter of the
layer (A) is 0.6 times to 1.4 times the cross-sectional center pore diameter is consistent
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
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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Specifically, since a | arge anobunt of thernoplastic
resin forns a nesh which can 10 contribute to
strength, the strength of the entire |layer is not
affected even if part of the nesh is affected by
chemcals. In the spherulite structure schematically
shown in FIG 4, since the resin gathers in blocks,
t + har e i [ Lt
14 ReREUBbs, SletbRZIERRY B Euh it St iUl B SARALOH ingth can
be HiSJedered that the strength of the entire layer is
easi |y affected when part of the nesh is affected by
jooggem cals. FIG 4 is a 15 schematic view show ng a
spherulite structure as a reference. In FIG 4,
s pharkdliotveSbet menitgaRamubtalxhibits®®hthahaEndes & lfiftratdM pressure
opening d is forned between the spherulites c. FIG 23
diffehiagsroana dxempnbrat which Breeaaalie placeden abupgpostiBuek as it e
structure obtained in Reference Exanple 1 descri bed
meblaslmped 0l B a p2BtidheTherefoas @ membrade stmethemnl ddsignhwehich can
layer (A) is 0.6 tines to 1.4 tinmes the
proyidssstrengtbtin drecfiltration direqtion i.¢lj bursting strefigih and comphessive
the surface pore dianeter of the |ayer (A) is 0.6
streniglp ds naportant. ¢ j lrispossiblede aehicerlom Blivation rasistance epdhigh
dianmeter is _consistent wth the fact that the | ayer
compipssivesstegreihslp coBbination by SUpRraIsifg Ay ArreasedR Pots djamngtes from

R L LA TR

NN T R A
that .t h ti nb Lbit hi gh t .

o sl e PR iR PO e ad fapfeof B Flempgane in he

cro?%géefcﬁ&?al %?Jegti(?{.a atees'[lrfg%e eé‘ﬂg dia?tyegéro t el'a?cgr?@ﬂ) éss é‘reﬂﬁiméﬁ 0.7

Cross-secti on cen pore dianeter

tim P inds ﬂdrrﬁ&g??e%%ﬁlly 68 tigliférggﬁ ‘é?ﬂmﬁ%ﬂé @ogé-s&‘?ioh&"\lsenter

I ber” menbtane nu bit t endures a
porkidideh@ld on pressure 5 differing froma flat menbrane

which is generally placed on a support such as a
[00gpph- shaped netal or a plastic. Therefore, a nenbrane

structural design which can provide strength in the

fi | Thaterman'seifiRGor®diafrete? of tHRUARri(AY Gdel dRHihreletd to the

conpr essi ve
average pore diameter of the pores observed in the exposed surface of the layer (A)
from the outside. The average pore diameter is measured as follows. The exposed
surface of the layer (A) of the porous multilayer hollow fiber membrane is
photographed using a scanning electron microscope at a magnification at which the
shape of a large number of pores can be clearly checked as much as possible. Five
lines are drawn on the photograph perpendicularly to each of the horizontal direction
and the vertical direction at almost equal intervals, and the length of the line which
crosses the pore on the photograph is measured. The arithmetic mean value of the

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

increase the pore diameter measurement accuracy, it is preferable that the number of
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strength) is inportant. It is possible to achieve |ow
filtration resistance and high conpressive strength
in conmbinati on by suppressing an increase in pore
diameter from 10 the vicinity of the center of the
cross section to the inner surface of the holl ow
fiber Blocking performance, water perneability, and

pm%? S Dye ]i%anc e I?H%J]dr&ﬁﬂ \?ﬁoﬁfolﬁ'ta‘i\éﬁ@ v{errt‘lcal%lﬁctmns in total pass be

manne us controlling t

209t ﬁfﬁ?é erwin Hﬁ%o?@&‘fgfréfé? id dbobP6.1 151958, a?lee%dtx%ﬁ%lcro(s%pe

direction. The 'surface pore diameter of the |ayer

imége ﬁﬁ@ﬁ%rﬁﬂaﬁo@o?abdﬂt 8BS0 fsQuikably bkdges, and nore
preferably 0.8 tines to 1.2 tinbs the cross-sectiona

[ooagnter 15 pore dianeter. [0047] The term "surface
pore diameter of the layer (A" used herein refers to

t he ThavemaGeoseatidhiabeahte hofd dihinetePOiised helberofad té B value
t he exposed surface of the layer (A) fromthe
obtained bgt@hoibeaphirgyrthe eroposeetidn afitieqiorés miakyeekblhev fiber
follows. The exposed 20 surface of the layer (A) of
mentieanzorlsmscutperpehdiyearli ti the dorigitodinahdindstion evithén the range of
hot ographed using a scanning el ectron mcroscope at a
10 rﬂnef fotad thickneas fraimi the ceriter poshiopef dlie thidkaesgarsingreossanaing
pores can be clearly checked as nuch as possible. Five
clectrepemicpicone atwn ashittaremageifisetions And e gptéing: e arifhynetis mean
each of the horizaontal direction and the vertica
valye petheinsre dlamgierdaing &w&wlm Bhafagraph yhihe sppe n@ﬁa?rrﬁsdhe

the |ine, which Crosses, t ore on.the phot gp
averageRoLe Ewngter The & Fiof% FF’é‘f‘PB {5t W@éﬂﬂa‘? f'”‘JtO {ore y 0.1 pm
or BT Rt “WB Bl RS Ra PE
wel[ AR5 ET K Rn BE RISkt { bR iRt i s U e
crog%Eécflgﬁr%%e @Wer\é%ﬁ%ﬁ&@ljolrs gxlnor & gl‘elf%fg I(1’.]3 g%ou tmgl.%‘;ai{i %e)?'n or less,

stilF@g@é‘px%fé?%l? ' \ith Ok ngd}Q Bid 6 004§% Tﬁﬂél'ofééﬁr?hférﬁﬂy 88 um

5000 1s suitably used

orn@ﬁgﬁggﬁﬁ&thagl center pore dlaneter used herein
refers to a value obtained by photographing the cross

[ooagptlon of the porous nultilayer hollow fiber

The porosity of the surface of the layer (B) may be appropriately determined
depending on the objective without specific limitations. The porosity of the surface of
the layer (B) is preferably 20% or more, more preferably 23% or more, and still more
preferably 25% or more from viewpoint of filtration stability of a treatment target liquid
containing a suspended substance or the like. The porosity is preferably 80% or less
from the viewpoint of increasing the mechanical strength of the surface portion. The
porosity is more preferably 60% or less, and still more preferably 50% or less. The
porosity may be determined by placing a transparent sheet on a copy of an electron
microscope image, painting out the pores using a black pen or the like, copying the

transparent sheet onto white paper to clearly distinguish the pores (black) from the
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menbr ane when cut perpendicularly to the |ongitudina
direction within the range of 10% of the total

thi ckness fromthe center position of the thickness
using a scanning electron mcroscope at an arbitrary
magni fication, and calculating the arithmetic nean 10
val ue of the pore dianeter using the resulting

o PRSP Y SRR ROIE o A3 bR ooV G P ol moge
: 1 . Water
o SR helpoed n 00 BLASTIRL R bR,
[0048] | - bal anced when the cross-sectional center pore
dianeter is within this range. The cross-sectional
CentrRe 1aef ﬁal)qs almﬁicﬁfnglt 18y¢f0T ThHbRERNEMADLr Breverits @Fordinematter

and 8 mor less, 15 still nore preferably 0.6 m or

conltBingd fwhtréntiet talgeSKquid fidnspiskingMboegp il mémblayke Qudtorthe
or nore and 4 mor |less. [0049] The porosity of the

small siréie pofe dibmeleny €The( B)m Ay faee parendiapetieadthy layer (B)” used
determ ned depending on the objective wthout

hersinarefets o thé avdragd pore diafiterpditiospdrys afsetved is thefexpesedfsurface
20 the layer (B) is preferably 20% or nore, nore

of the ddyer 6B) fyorn3hé outsider eThasutfase pbte dimnetepofthe dayst (B)xBay be
or nore fromviewpoint of filtration stability of a

mepsused waing a seanging dléciiohanictnsennsi injagg irathe garpe muager as in the case
substance or the like. The ﬁorosit is preferably 80%

of easuping the susface perediampren ofit @ia%(z%e adihg §utfpgee pore diameter of

tion

S 1t N L -

o RIS B 0 S PR B P Bt
suie L 55 e SRR T G R, B Sk Rt b AR Bt
e BB PRE L AR P B 0 B e
imfrfafit fdf‘?ﬁﬁf ﬁl)}/er é@%ﬁ?@@{: CAH 64 ARG PRE ﬁﬁfa%% PHx%' difneter of the

commercl a e | mage anal YSI'S S ware, as

lay?x'é@}é) Li@l?l%?e ﬂ)x‘éfe\‘@l? dB3% 3r More bR 2 B¥PERLSre, §t1PRBIe Prbferably

I's a bl ocking layer. The blocking |ayer
0.081.8Y 8PfndreParld. $ L lorMRés] 8hid mestGRBefbld. 11in 8r ilofR4THEMS um or

target liquid from passing through the nenbrane due to
lesé.he
[0051]

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. Tt 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
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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smal | surface pore dianeter. The term "surface pore

di aneter of the layer (B)" used herein refers to the

average pore di aneter of the pores observed in the

exposed surface of the layer (B) fromthe outside.

The surface pore dianmeter of the |layer (B) may be

nmeasured using a scanning el ectron m croscope inmage in
HN}ET same manner as in the case 10 of neasuring the

é face pore dianeter of the |ayer (A). The surface

por ‘ft 19 éﬁ - ¢t s{]@l?ckg@é%r ItlﬁeBl%iKérs(BE ‘)? i A8 ¥ndle Akd R than

ess ace pore

40/1‘3 b? gﬁe.rthﬁinésg of P@X‘ﬁémlgr?ﬁ? Ih V%DQ%m'gbl%BlerHﬁt?ers L Fi as sand and

Ion resistance O ense surface Is

g%@%lt@sbéf‘e \e@ﬁt e@‘ﬁ{ TRakideht Mrg%v fifdif] BB ndnHraky @filHeGRbd by

'S eaS| obt al ned. surface pore di aneter
remtvelmcfeayiﬁg ﬂ(ealndkﬁes'é dﬂmayéﬁg% ittheAnhitir BEAésefib&N g ve.

15 i'mportant for the filter rane can be achieved.
SpddificAly fhaGarfRe porél iRRRE doed ndthBandeadven if(th ldyer (BYi€worn to
preferably 0.05 mor nore and 2 mor nore, still nore

sorpé extentabDesirbl blotking pepfommaie afd highnwater peemeabilitydcan be
nost preferably 0.1 mor nore and 0.5 mor |ess.

we[ldRfhked Bemthe thickfiase of therlayed (Bistvathinthis tenge.ayEne thgkness
is less than half of the cross-sectional center pore

of thiedapeer €B8) is Tinors padferably ¥/ 0 drapere apB)20f 190foy hess, and stid naore
desired blocking layer. The lower Iimt of the

preferabladél qs)cnren@neanétl é/rl Oty lase obiihe tlaipkness ef the seqnelraeg
deﬁ)endl ng on the size of the target to be bl ocked. It

preferabl e that the surface pore dianeter of the

Iayer 1/ 1000 or pore of the cross onal

c entT@P 3;}’8’5 EBe)gP?hﬁvérmLWf’l?’é %cmree%gﬁpﬂiq S’Gfdl@’ﬁ%?ﬁrr?frf‘ﬁ"h
T
poweg%ciuaﬁ%r@?@%s{fapé ths mfcg Ecr@é:rﬁﬁﬁf’ iside ol Hemem ﬁfeﬁf%’?ﬂng
i 1 100

frofy RIE (1 P ebe B Fiman) mak Paft wREamRBpd
o R B e DO 04 B i
in thBSarh B hEKAGSR iRind lg Zbr'f‘ﬁ‘@}a @2 kdfedaBRUBh Ssotropic

matters such as san a gr ga g are cont al neérP

thrée-HinFRAITRAL méN @it Qﬂhﬁr to- th&t dﬁH@fa@&e(}’S.an THE dha6Kds e

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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5 relatively increasing the thickness of the |ayer (B)
in this manner as descri bed above. Specifically, the
surface pore dianeter does not change even if the
layer (B) is worn to sone extent. Desirable bl ocking
performance and hi gh water perneability can be

wel | - bal anced mhen the thickness of the layer (B) is

o, S RS P 0t s
thesltagér (BY’ tﬁm@{?hl A € H%PA erkyeé&ﬁesot'he 'ER)rs@st"t‘@Q vﬁ-lﬁé @OIOtuﬁEs the

ness the menbr ane.

crds@)é&ftloﬁ@ celRY pBéVa‘%alﬁ&eﬁal asl%faﬁgi &f}ﬁ:ﬁﬁth' Qhél Hﬁtdn@e B&bfeBn the
e dianeter of each pore gradually increases from

suﬁfi& o lid RG& (A0\WRd thel it dlssestao te (!ehﬁar € EHR RO, section is
differing fromthe layer (A). Alternatively, the

cohsidered foBje thejayeaisg). an i sotropic structure in 15 which
the di anmeter of each pore is constant irrespective of

[0G33¢ di stance fromthe surface in the sanme nmanner as
in the layer (A). The layer (B) preferably has an
i soflhedegree phisetropli ofths layen{Anis phefetablyc8036 er siond. | aFhis means
that of the layer (A). This enables the nechanical

tha thedaypri{ Ad hag dieexdremiel pishwopiowirtioess  bthd dagrse pbisptropy is 80%
i mproved while nmaintainj nﬁ; a desirabl e bl ocking

Or BISFY, éwsbaw@égthz@n P@@shu]equmé igmaintainios fugh W@tﬁépméblhty
(A and_ the la S}”r are determ ned as foll ows

ThSGéE“’P PﬁﬁPWEY @iﬁée Y65 63 )sis dnqre Resferably S0%s anmprs apd still more
eg_ glr?t%t |on in the thickness direction is determ ned

pr Yret'h8u™88scribed in (7) in the exanples. A point

O(gtﬁ whi ch the pore dianeter is the closest to a val ue

[ 7 times the cross-sectional center pore dianeter

sur 10E Xy B oL s Ropl P e 1857 G o YRS (S pbtained

by SRR Mfer 0P bUEIs ifing BRISS sectlifialpeté et ?A%Aﬁ‘ﬁ‘gs to
1.2 @:ﬂh@%ro%g@ étllah‘&ll@%ﬁt%ﬁ 88{) gl‘getL:@B' fhe(t6thl lﬁ?ﬂeg s ions

tance et ween t ary I ne an ace

1ncq)lfldeH ke tﬂe"’li(fé V\vgﬂ\?}nehﬁué@!fse&s@l%éd%obg i ckness of t h e

| ayer en the pore dianmeter becones the cl osest
[00591 @ vaI ue 0.7 times the «cross-sectional center pore

di aneter at a plurality of points, the distance

bet Whe degree of isotropy of the layer (B) is preferably 80% or more. This means

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

times the cross-sectional center pore diameter (B) by the total number of portions
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surface of the layer (A) and the point closest to the

center of the cross section is 5 considered to be the

| ayer (A). [0055] The degree of isotropy of the |ayer
(A) is preferably 80%or nore. This nmeans that the

| ayer (A) has an extrenely isotropic structure. If the
degree of isotropy is 80% or nore, high strength can

incfIiR IR erB) nfeafELT AU RLEG U OTRE 4SSt the
layef e ek %Qir% 8%2564]’;391%]9‘@5% &r mBRasd &t mgRy ]grg{‘e?%bg{} gg‘%t}%rﬁlé&%/"

nor e. e term"degree o

WHAERE tHiMnesd 6 tBE PaybP (B iV FbtySridlitds| BinpaRiial ethe thh¥l thickness

di vi di ng the nunbér of porfions having a

of HeGREmMBRAAS, RO MovRM R siieAFRE Bcofditdd WEiSe fnlreading theZnumber of
times the cross-sectional center pore dianeter by the

5  mdairain & offheR@dsiseftioranpore demndtdr dffke lagye(B)( Alt is
measured as descri bed above. [0057] The degree of

approptiate iy mehsuré thel cysrsettiRnal porprdednestadiit 20§0%toor moree.
This neans that the layer (B) has an extrenely
[0058dt ropi c structure. If the degree of isotropy of the
20 layer (B) is 80%or nore, the layer (B) exhibits
hi glit is sk preferahde that therdegree/of isotrepy ofithd dayer 6A)xaridrthe layer
bl ocki ng performance can be suppressed even when the
(Bkha 3®e et aiore.helf thedasress B isotropw phthe othilgrers o are 8¢Yosimeore,
.mtters (e.g., sand or. aggregates) contained in a
10 singg therpembrang pigegtunejigeffigientty dormed iy the bloskingfayes gpd Bisy
of the |a " refers to. a valye (ratio) obtained

strepigth srmﬁﬁ%%éf%sh ﬁﬂ@eeﬁh sti@éﬂ??l%?gaperwr@nm At permgability,
o) e | !

m&ﬁe&aﬁ%@?g@@a@i@w@eéﬁ s RaBed: ofhe dRbes o Dhsatgpy of

ettt Lev@lse 4tk et R A Soad br Bfeh w HuLRBH KeBratly 950% or

nK%ge cross-sectional center pore dianeter (B) by the
otal nunber of portions 31 included in the |ayer (B)

15 [mﬁﬁ sured as described above. The degree of isotropy of
t | ayer (B) is nore preferably 90% or nore, and

Sti Ithe BRAE1RIRIPG" AR PAN Ny B8 xBressed 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 Dy, Ds, and D, in order from the outer surface, and the inner

surface pore diameter is referred to as D;.
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When the thickness of the layer (B) is very small as
conpared with the total thickness of the nenbrane,
t he above neasurenent is conducted while increasing
t he nunber of 5 measurenment points of the
cross-sectional pore dianeter of the layer (B). It is
appropriate to neasure the cross-sectional pore

[Og; neter at 20 points or nore. [0058] It is nost
préeferable that the degrees of isotropy of the |ayer
(A) ‘BRDatdFetéry & givé@%ﬁﬁ- 1803 gRERI edpredsiom, degr ees
of isotropy of the both |ayers are 80% or nore, 10
since the nenbrane structure is efficiently forned by
the bl ocking | ayer and the strength support |ayer, a
memM@=gDg-IExHOAi ti ng bl ocki ng performance, water
perneability, and strength in a well-bal anced manner
can be obtai ned. The degrees of isotropy of the both
| ayers are nore preferably 90% or nore, and still nore
pr efhegbtam@&oR dor therounter sukfack Pofedliaribter tseatonlatabdsrfofgws.
used herein nmay be expressed by a paraneter Q
descri bed below [0060] The term "paranmeter Q' refers
to a val ue which indicates the pore di anmeter 20 change
r at &AP1rd¥P1posi tion fromthe outer surface to the
inner surface in the thickness direction. The
paraneter Qis calculated as follows. [0061] The

Cross-section ofe. di aneters at_. each posjtjon, in. the
t hi @gganmt?rgﬁfﬁ € igngr s saa@odl?lﬂetsfﬁé@iwla&ﬂ ssrfatlows.

outer surface to the inner surface. 25 The outer
surface pore dianeter is referred to as Do, the

cross-sectianal pore dianeters are referred to as Dl
DQ,%%ﬁé‘Eéyﬁh order fromthe outer surface, and the

inner surface pore dianeter is referred to as D. 32
[ 0062]

[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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The paraneter Qis given by the follow ng general
expression. Q=(D.-Dn-1)/Da 5 The paraneter Q for the
outer surface pore dianeter is calculated as foll ows.
Q=(Di -Do)/ D1 10 The paraneter Q for the inner surface
pore diameter is calculated as follows. Q=(D Dn)/D
[0063] 15 In the porous nultilayer hollow fiber

éf&'zpf BFAREAb e thtal B e %sﬁﬁ}ed.” I's

p‘rpre ﬁl@/f)e ﬁ%’a?b{kﬁg dr% er&gﬁ g%?%ﬁ%%ke‘?sé whi ch

[oG@fi sfy -0.2<®0.2 be 80%or nore of the total nunber
of "paraneters Q neasured. The nunber of paraneters Q

whi chp&fibh $0whibh A Farametts R sehaleeitah a®h or B236rhan 0.2
nore, and still nore preferably 90% or nore of the

shéwé largdieig e 6f pdia dRmRi@ depLAdiBsn R Position ¢ tH¥ahick s
20 the nenbrane has a uniform pore dianeter when the

5 diectidger of paraneters Q which satisfy -0.2<Q<0.2 is
within the above range, a nenbrane exhibiting bl ocking
[0 f or mance, water perneability, and strength in a
wel | - bal anced nmanner can be obtained. [0064] 25 It
i s Jdhefostealshfaderyare diameten mhé thedhngrandaee pore d@mekdr ahe
satisfy -0.1 <@0.1 be 50%or nore of the total
magsirpé by de ahavendesaribed @ethunls U Thg croBrsestipnplypore fliameter is
paraneters Q which sat| sfy.-O._1<?<_O. 1is nore
megpured by themepysing megied deseribedtin (7) intheexamplasef er abl y
70% or nore of the total nunber of paraneters Q
10 [0Gffdsured. [0065] A portion for which the parameters Q
er than 0.2 shows

'cﬁaf@gll%% & v 0D %%Egﬁm%orﬁﬂ onrike QyEs 340 i Hotlow
ﬁbterhl%e}n {'a%lé %f?gndinsg (()jrll 20 }e% 1ve. 'When using the hollow fiber membrane
for service water filtration, it is preferable to dispose the blocking layer on the outer side
of the hollow fiber membrane from the viewpoint of long-term stable operation.

15 [0068]

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

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

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

25  mmorless. 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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[ 0066] The outer surface pore dianeter and the inner
surface pore dianeter are neasured by the
above-descri bed nethod. The cross-sectional pore
diameter is neasured by the neasuring nethod
described in (7) in the exanples. 10 [0067] The | ayer
(A) or the layer (B) nmay be positioned on the outer

cod Rl TREh sy b R E AR PR S BrdiiRbly 0.15

mrii BF Y€ atpd. gnmﬁlok {ds@ldng ill 'n'iorb ?:ra%rgf)@r@‘?hﬁn Bpmgféms mm

t he bl ocking l'ayer on the oute of the hol
or fdsher menbrane from the viewpoint of |ong-term st abI e
operation. 15 [0068] The inner dianeter of the hollow
Uxﬁg@er menbrane is preferably 0.4 mmor nore and 5 mMm
|l ess. If the inner dianeter of the hollow fiber

rre M kdiw fbé&.remfand ha Vﬁﬁ%ﬁlchtzﬂ]ﬁeﬁfzﬁﬁémtdr@ gghibits Blocking
l'iquid which flows through the hollow fiber nenbrane

pedormsanceobateret@astdlityparal hacigaicakdtenith ihfa wdibbalamed manner,
di aneter of the hollow fiber nenbrane is 5 20 nm or
and extgbitsahighpedntmancepndersi wide sargerndopemtiog bonditionsg
strength are easily achieved by a hollow fiber
Moreetsr.the holdow fiermembrane de¢snat ehangetrplatifg testhe bifieking
i nner dianeter of the hollow fiber menbrane is nore
reifpraanee ey ibexhibith high alyedon rrsistanes) eyen ibigsolublganattery such as
nmore preferably 0.6 mmor nore and 1 nmor |ess. The
mﬁﬁragﬁ@ggteéﬁretq@etaﬁimduameamt rEggdighd. i s preferably
(% mmor nore and 1 25 mmor less. |If the thickness
[0 P the hollow fiber nmembrane is 0.1 mm or nore,

ar“feff’{ar%'sl?lﬁ 2 BAPEan Brm e Rr 07880 BlooEa B PR SNe o
gt g e%?%%ﬁ%ﬁﬂ%@{? AR LR Rl 1 Shampgessive
e, BP0 S R e T B Pl BB oPk Bo Ehe pfen

m‘;gngm;_rm or more and 0.6 nmm or Iess. [ 0069]

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.
() 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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5 A hollow fiber nmenbrane having such a preferable
structure exhibits bl ocking performance, water
perneability, and nechanical strength in a

wel | - bal anced manner, and exhibits a high performance
under a w de range of operating conditions. Mboreover,
the hollow fiber nenbrane does not change relating to

il s 88 P VBRER ot ot B o

d or aggregates are contained in a treatnent
e"‘%’g?%‘%[g' liquid. [0070] A nenbrane having a uniform
[Odﬁﬁex sphere (0.2 n) blocking rate of 95% or nore, a

pure water perneability of 5000 |/ nR2/hr/0.1 MPa or

I8P o o0 (TR G344 b fosE onft) OinBer(BhoP xiFRineter

is particularly preférable for the objective of the
(mpnpsent 15 invention. EXAMPLES [0071] The present
invention is described in detail bel ow by way of
[oozsanpl es. 20 Property neasurenent nethods are as
foll ows. The neasurenent was conducted at 25C unl ess
Outdr higarmetse(mm+ ¢aitednajod axikidineneteh (ameX e outenincradis diameter
aspect ratio The hollow fiber nmenbrane was cut to a
(mepi2 thickness using a razor or the like
perpendicularly to the | ongitudinal direction of the
[0G¥8ibr ane. The cross section of 25 the nmenbrane was
observed using a mcroscope. The nmjor axis dianeter
and Tha aspegt 1atp vwepsidsteaminedtbyrdivingibe mainsaxisi of tles ispergigmeter
the major, axi s diangter and the mnor axis dianeter
by e miner axis of theigpgsdameer. t he hol | ow fi ber were

() 8PP GRS T A BB VRS 1ot he T o | ow ng

gl TR A N
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 need!le 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 (/m*/hr) = (60 (minv/hr) x amount of water permeated (1)) /
(7 > 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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5 (m) / 2 [0073] OQuter dianeter (nm = (outer ngjor
axis dianeter (mn) + outer mnor axis dianmeter (nmm)
/ 2 [0074] 10 The aspect ratio was determn ned by
dividing the major axis of the inner dianmeter by the
m nor axis of the inner dianeter. (2) Pure water
permeation rate (L/n2/hr/0.1 MPa) The hollow fiber

38 %ngvg.rﬁp gg‘ﬁérﬁ% efsl @en% g‘%ﬁ%}?mnﬁeg% ea@%ﬁ%ﬁer the

soIU|on m nu rsed in wate
folg]‘:wmggo i _s to wet the hoI low 15 fiber nenbr ane.
e wet hollow fiber nenbrane having a

Sa}n%[lgtufét Hf)llé@ fibE? I\H@ﬁbﬁﬁ@'p%ﬁucé&‘gy theiithb@eyneedl e was
inserted into the other "end. Pure water was injected

Méa@ﬁﬁ’né ﬂﬁtrtﬂﬁkﬁtomsﬁeﬁ tdrlile tefeP YAGSLIT® mnMi fab@ifed 1L Shithadiu

a pressure of 0.1 MPa. The anount of pure water which

Co@pt&&@@h)l&lﬁi@ldgm&ﬁe_ grefbr ane was nmeasured. The pure
wat er perneation rate was determ ned by the foll ow ng

Tensilrra®es?®om/mhufe0075] Pure wat er perneation rate
(1/ 2/ hr) = (60 (mn/hr) x anpbunt of water perneated
( 1) )The braking strength alidaine¢lengatioh 2k behk acre detednened by the)
X measurenment time (mn)) [0076] The effective

folkoovibg axpressiorgt h used herein refers to the net nenbrane
| ength 25 excluding a portion in which the syringe

[OWé?édI e is inserted. [0077] (3) Breaking strength

(MPa) and el ongation at break é}(@ 36 Load and

Brepkdng secagitvikatigon T loadiabbreals thal) cursgiectienad arsRAS)ed

@ger the follow ng conditions. Sanple: wet hollow
[0 Ber nenbr ane produced by the nethod (2)

Elongation at break (%) = (displacement at break (cm)/ 5 (cm)) x 100
[0080]

The cross-sectional area of the membrane is determined by the following

expression.

[0081]

Cross-sectional area (cm?) =7 x ((outer diameter (cm) / 2)2 - ((inner diameter (cm) /
2)

[0082]

(4) Latex blocking rate (%)

A monodisperse latex having a particle diameter of 0.208 um (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
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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Measuring instrument: Instron tensile tester (AGS-5D
manuf act ured by Shimadzu 5 Corporation), chuck

di stance: 5 cm Tensile rate: 20 cnim nute The breaking
strength and the elongation at break were determ ned
by the follow ng expressions. [0078] 10 Breaking
strength (kgf/cnR) = | oad at break (kgf) /

froz:lg &%}hﬁ%&)&)‘eﬁ g(g{ehﬁ% S&)?‘l%%% %Z)?{l})wl“:f’ibsep %ﬁ%@%eﬁ% dﬁ&? ﬂ'l% latex
sudpefi0a. T’ﬁgr: @ft&éﬁ Ilﬁ?igltv}r%\%?t!#g%%é R bdal&: Mﬁf’rﬁ%g’ﬁﬁ a liquid in

etermn expr essi on
" >
PRIl A ATty o QA Sy e
ménﬂir% Bbaakd Blis'FRe Klow iPRNRLhBRAE &1 haliRid RyhRd fom the

particle dianeter of 0.208 m (STADEX manufactured by

beak@Rwead PRiadd, aRd nkakired €R3heBEcrbdndeR$ 860 nwakidl dnlibestbance
with a O. nass% sodi um dodecyl sul fonate (SDS)

det@0tof O UPheslaten thl sukirigOraf wpdetertnifedsipemhe ifellowinh i Bxprasdia@t. ex
concentration of 0.01 mass% 100 m of the |atex
{0GR3%pensi on was placed in a 25 beaker, and supplied to
a wet hollow fiber nmenbrane having an effective | ength
Lawk bl@ikblg rated( %6y (I ofabsdrbarmetod liquidrfenneated i atgorbancref liquid
a pressure of 0.03 MPa at a Ilinear velocity
sumﬂled))r Hlsec so that the liquid which pernmeated the
menbrane was let off 37 fromthe ends (open to the
Q§t4ﬂmsphere) of the hollow fiber nmenbrane to filter the
| atex suspension, The filtered |iquid was returned to
(5} he CommeessivestrgngthiMEadd with a liquid in

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

compressive strength of the hollow fiber membrane.
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a closed system After 10 mnutes of filtration, the
['iquid which perneated the nenbrane fromthe ends of
the holl ow fi ber nenbrane and the liquid supplied from
the 5 beaker were sanpl ed, and neasured for an

absor bance at 600 mm usi ng an absorbance detector.
The | atex bl ocking rate was determ ned by the

(60 an LB AR BIOR aigr st S YoRd R A o s o
the?s%ﬁ% b&a@%%gﬁgf?(ég [ 0084] (5) Conpressive strength

t holl ow fi ber nenbrane having a

| engB iiffer AROIE ngggﬁdgrh[‘ef’@éb tﬁ@&lt&%uﬁa&@pi@%ﬁ?ﬁ&&[ ax‘?ci‘filg

open to the at ure water at was cause

crds@sediiBhARRh&r bHR dithéteVbf thd BorolB HOAR Eibbr 1REMbASe WLET

surface under pressure, and water 15 which perneated

meafifedBIRE A8 dlQMYeRicEIgPiphtih SviRREIhe SREbe df20tdRnSore pores

case, the total ~anpbunt of water suppliedto the

coutg b varifledasFiv lih&y wéte drdviDon theiphotdgidphqAd) berpenditlbhay to
anount filtration nmethod). The pressure was increased

eadhrafith©hdriddial direq@ivingmd blye Gerfidal divBetionTdalmost squal éntemvals so
mai nt ai ned for 15 seconds, and water renoved fromthe
thad ferphotogtaphi wisi divitled sde sindectivars its thegloeidontbdirectine and the
hol | ow portion of the hollow fiber 20 nermbrane is not
verticalghirgdtion. h eThkebisugth o€ thedingaressingtibe ponswntth¢ pleasegraplh was
wat er which perneates the nenbrane increases as the
megyuseds ur Ehd arthmedemean\kagthrwas qalcalated to determinedbe inmer surface
conpressive strength of the hollow fiber nenbrane, the
porsaliaraetes tha quist syrface ppse Hismedsn andgbe crassricaiaal; cgnter pore
. crush so that cl ogging occurs. result, the
diagietesio 3@ RAEPYhiow Her amsgabrancy ¢ W(Qs%ﬁiemr%waw@wﬁgaqb@gt 0.1
he menbrane decreases even if 25 the pressure. . .
to | i B8 SLrEI0N ARGFGPE Thpgat BB D Al SRR s suitably used.
absol ute val ue, of th nmount _of t.er, whi ch e
f R el Bt e ey e g Pl o A B2 ot
thi?%{épﬁrzﬁgﬁﬂélﬁe%%ﬁtgpﬂttﬂe ﬁ]fi(a&llg& c[lPéc{i v fiDber menbrane. 38
nner surrace por e di aneter, outer surface pore

(D91 2RE R secttRdl PSHE Qi AGBhH Rhctfortion 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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the center of cross section (gn) The inner surface
pore dianmeter, the outer surface pore dianeter, and
the cross-sectional center pore dianmeter of the
porous hol |l ow fi ber nmenbrane were 5 nmeasured using a
scanni ng el ectron mcrograph in which the shape of 20
or nore pores could be verified. Five lines were

diaf{eM RR1ds08G 15 PPRmES e RRSREAEHGH e%'iéﬁf)o} diafBel from
off A SpRAIPE b Sthe RSB Slcrbol?

of the horizon I'on an verti cal I rection

theftenfet BPEE RN fkctiol &% ¥ the §L9'fa}c% E@Hloetrl? RBPWAY B ERIMINBS to lie

ivided 1nto sI x sections In ontal direction

on 8Buldify HEbGEN ilIERELT OTho EREndRM Lenthe bbiindayBac and

crossing the pore on the photograph was 10 nmeasured.
the Baefadd bt thEBlye£( APMY thedOishh¥BiclarbLofl the Bfet QL) 8dEMBIdiNeance

the inner surface pore dianeter, the outer surface

betRRER tHdl LdBAAY lingAfd tHeauehOs6f the tiyep(BY waaaker asihé thickness of
di aneter of the porous hollow fiber nenbrane. Wen the

theflayee (B).arWher thepoaddiatneter 1s dtwut Orhto drum) amodl¢atvon microscope
m croscope i nage at a magni fication of about 5000 is
imagei dt almhagnifimtion ol ateout 608Gisseitsblp nsdd. ¢ dntlerprpmnéinvention, the
di aneter was neasured in the range of 10% of the total
total3hickinesk mas divideslint tdsecdens: eSpeeifically, thei abknemsasurement was
direction. (7) Cross-sectional pore dianmeter in each
conslyeted gigingfownteentalgctien azigrographe {magniBertiont HPQN 9 trecsossf
yer (A) and_layer (B) The cross sectiagn of

| a t he
secign pbtherhiobey fherBieatsangas When bgelgshen mighoggph was taken at a

S oo SBocho SBec oBRLERE 0D B e o
the e Sy o APREGACC Gyt Fhe T nos Conmect i ng
e T e

tne A GHED B g PR e Bk ot e i’

cro?%%eécﬂgﬁﬁl?%rm%et& lﬁ.risgﬁrﬁesvlgisl 2 A R RO sl Bt P E Qore

Cross-sectiona ore aneter 1 n each portion I'n

diafidr B e VR F By e 186 hiberMIPRriAA iHAANA Hthelgai(Ag"

m crograph i aken at a sufficiently hig

meARPA inl (GRivaOtikeRad ih@@le%&@b?%trbﬁ?opmie%y%r (Ag at an
equal distance from the outer surface mybe

(9yappDeiicenf adtrbyy 203 bf Rv@NB)| i ne. A point at which the
P! iineg ?Vere drawn concentrically with circles indicated by the cross section of
the hollow fiber at intervals at which the thickness of the layer (B) measured in (7) was
equally divided into 20 sections. The length of the line crossing the pore on the
photograph was measured. The arithmetic mean length was calculated to determine
the cross-sectional pore diameter in each portion of the layer (B) in the thickness
direction.
[0085]

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

is referred to as the cross-sectional center pore diameter (B). A value (ratio) obtained
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di ameter was closest to a value 0.7 tines the
cross-sectional center pore dianeter from the center
of the cross section toward the surface of the |ayer
(B) was determined to lie on a boundary |ine between
the layers. The distance between the boundary |ine and
t he surface of the | ayer (A) was taken as the

by ?{y“ﬁgg ar y gg ?{‘I‘ﬁ% a%: é&o gjiﬂﬁ)t ?{l ayer t% gt g,\ﬁﬁgs to
1.2%%@&3@51‘05? Secttlghgll%%ﬁt%? pgxre dmrﬂ&fil] %ﬁ)g r%:ﬁ%?otal\ﬁh%e} m) of

pore di ane I's about ectron

porfibfié RRARLE in HTBHR: A) FadBREH 4d tha4b2Re BT isBREHY 015@9 @ay'e?(B)
suitably used. I'n the present Invention, the to

[008B] ckness was divided into 14 sections. SpeC|f|caIIy,
t he above neasurenent was conducted using fourteen

(103! eMax@fumirhase 31 apdvsbdd MGibidaR! ik povaleP0) of the
cross 10 section of the hollow fiber menbrane. Wen
t heTh¢ oil absviptidrcwagmaasursthssingaesil aisogptiohuthéasatiegievice
hi gh magnification, a |line whereof the points lie at

(S440 reaudiictutied ba FRONTBX) irt dveoabe wishi ITTSIC62 Was. 5 g of the silica
approxi mated by a straight line. (8) Degree of

fing powderpyas(slycedfin h agrople(chympery alTihe ofganid lojuid was addad dygpwise
di viding the nunber of portions having a 15

to the sdisa §ime ppwden atgonkmén while eatatingn roterddadet 125 rpmne E'he
the cross-sectional center pore _dianmeter in thggﬁg

€ torque

torque inpggases as thesilic arﬂnmawctsf abyorhs the §raam9| Lispishy

layer (A)., neasured in l)hwgstaken theollwg e, of
reaFl%R?t %}5’5"}‘"’6‘1‘“‘{1 Kaluge @F"r@‘ﬁﬁ SR 9FCIRRSSP-c 0 m%%‘% Bﬁ ak‘%‘ptmn

B
Mar%ynﬁ&rae?sea s ot Tof poudSaE iuiited by e dilowing
t I t whi.ch,t t k

exl}rﬁs‘glqn %rp?l%egt)o?%q g}l @n e %oﬁga?uf) I I§Wh81a§}ﬁ éﬂ%&nﬁ?glggieached
O¢Q&%u%%a§ﬁﬁ%59ﬂﬁ The | ength of the |ine crossing the

(] gm g FO ; .

re-on ot'ograph was neasured. The arithnetic
[O0FFRN l ength was cal culated to determ ne the
cross-sectional pore diameter in each portion of the

Mdx @& thidb abé'brﬁé}?b MoFIARSEhe pHWRE béQthit ﬁéss[%%ﬁ]ma-gg' 8f

Cross-secti onal pore di aneter at a position half the

orghhicHRRBWh& tohf\.% reAHes 70‘ﬁ)ofnha§mhﬁﬁ13fa!1®g§)t/‘5 @ the

cross-sectional center pore dianeter A val ue
[00BBRt i 0) obtai ned

(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 {pm) (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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40 by dividing the nunber of portions having a
cross-sectional pore dianeter 0.8 tines to 1.2 tines
the cross-sectional center pore dianeter (B) by the
total nunber (20) of portions included in the |ayer
(B) was taken as the degree of isotropy of the |ayer
(B). [0086] 5 (10) Maximum mass M absorbed by

wal; Bﬁ’{e%r&' v91tl§ Pi%%ag&y\%g H]gasg l»\!heiaebﬁg eVI e%l' %ﬁ@ﬂﬁ&‘ﬁﬁ& did

I’ ng an Ol I on neasuri ng

T8 RENIFRR L FASAEREE ]S
roudS&TRaS e@ﬁlﬁﬁf@@ bs “HRRUESHBANACabd QY 'vﬁwi@iﬁte@ﬁggﬂon umformzty
dropwise to the silica fine powder at 4 m/mn while

did' % BEaRInA tRRMovwPliBétdadta pbéPrdubthess i sokide ERERIIEY a case (b)
increases as the silica fine powder absor bs t he

wherfedaRifacd hétitiuel fordifyalid hbeodctf, Gutthe TdRE diametdn eharipet 1 some
val ue, the torque then decreases. The maxi mum oi l

extamSwitiphotdmpairigprddyrtion wak evalaaed af “Gbed’l. nox gaambefd the
powder was cal cul ated by the foll ow ng expression
hollave fibétshotvet atterfaenonfurtifoemity gadihad b ipor mundresss whasevaluated
torque initially reached 70% of the maxi num val ue. 15
as {B@IB7] Maxi num nmass absorbed by inorganic fine powder
per unit nmass = total mass of organic |iquid when
(0088t que reaches 70% of maxi mum value(g) / 5 (g) [0088]
(11 Maxi mum pore di aneter (m (bubble point nethod)
W melanas #seondheiemmplesarg giveRbelo¥br ane was
measured i n accordance with ASTM F316-03. (12)
Rayapagaalsor e di ameter (m (hal f-dry nethod) The
aver? e ore di aneter of the m ninmum pore di aneter
’F"tsme menbrane was neasured in accordance with

G‘?? b YisgRs dher %d@%ﬁfﬁw@ﬁ??‘ﬁé@%hwﬁm&ed&%k%“h? N

CofpobdtRG5SS ' "
(R-2) High-density polycthylene_ 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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which the nolten m xture was extruded and cooled to
forma nultilayer hollow fiber 41 was observed with
the naked eye. A case where the dianeter of the holl ow
fiber did not change and the hollow fiber did not
show interface non-uniformty and had roundness was
eval uated as "Excellent". A case (a) where interface

nod %uﬁggl%épetf%o 4k go ?%olg&%%as {%&1 2 0% ﬁl@n‘nll ‘fésfu% géfsﬁ% a

I‘OUﬂ ness one extent, or

mz}ﬂéﬁga[e al ane?ﬁ’l‘éfyl J e{?ﬁ%ﬁlﬁyﬂﬂﬁhzﬂﬁ’& w%@ ‘ﬁﬁéd’ astHé ofcific

tO sone” ‘extent wt

11qh1'31P§M 4 ﬁﬁc@ﬁﬁgpﬁﬂ&%é’ﬁ%e&é@d}l@%& L3S finéPOFder. AAQ%elayer
where t he ow fiber showed interface

hol&Rfibet mefibtdné vadidnlRextPudea Akink WO EREEderyBBliANERh HBNIGW fiber
as "Bad". [0089] 10 Raw materials used in the

mdddiagpbede sHEviginEG. el Aw.outerRaxr FRvlteh indkeare (a) had a composition
Thernopl astic resin (R 1) Vinylidene fluoride

in whivhpahytidene {lbridiimaspriytherc bis(Bethbhekyl) elphthalate: dibutyl
Corporation) 15 (R-2) H gh-density pol yethylene resin

phth&ld80 Giliwa finf potvdercd 40.0:30s5h6.2: 28 -@nass Gt cdlme ratio:
Corporation) Oganic liquid (L-1) Bis(2-ethylhexyl)

32 3rtdirbiB 4t 15)( mAnuinreritapree thobien @oxtEse ) h apomao$lb¢nt) 1n which
(L-2) Dibutyl phthal ate é@ manuf actured by CG Este

vnmbdmféuqrbi@)hoz@pebm@f bgﬁ( thythsxabt cnhéha(laﬁgéthuaﬁ p@ﬂw&éﬂ silica

manuf act ur ed Pure Chem cal | ndust ries d.)

fing ReWgerT 40 S HREOR bB\Réé} (opges iaﬁ%ﬂqlwae Fatios 33 9itle:2.6: 14%)) A
wa pae'ﬁ?%ai P PRP O e GPhe T ARG s 2ty Trom a
hoflk e s and nd, e, product Qﬂo%dﬁ&]&mﬂa@r S Ium) at o
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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Table 1. Exanple 1 42 A vinylidene fluoride
honmopol ynmer was used as the thernoplastic resin, a
m xture of di(2-ethyl hexyl) phthal ate and di butyl
pht hal ate was used as the organic |liquid, and a
silica fine powder was used as the inorganic fine
powder. A two-layer hollow fiber nenbrane was
[oG@Rht - extruded using two extruders utilizing a hollow
fiber 5 nolding nozzle shown in FIG 2. An outer-|ayer
ol tigg r@uﬁir%' Iﬁ)r&f&)twlaqu& HoflBR ek hi¥nbrite B inéhshow interface
vi nyl i dene uor 1 de honopol yner: bis(2-ethyl hexyl)
noRthiTeiniteandihdaul Mikh ratiidhadsat A's aSbdulCar drb3BeRWMABEbSErvation
40.0:30.8:6.2:23.0 (mass ratio) (volume rati o:
usidg ag cledirdn thidroddope, ifivak BoYETrmed Rt tHObloekinglasketia®l the support
had a conposition in which vinylidene fluoride
layeo hmpar soropibilaé2didhdngionabaibsh sutukctuad avithodtihadrytvoids. Table 2
phthal ate: silica 10 fine powder= 40.0:35.1:1.9:23.0
sh¢wmths outer dametarptha imner diameter3the st Bitid, the paredyatepermeation
was used as a hollowportion-formng fluid. The nolten
ratgy the unidomplatexyspherd bibckingrate, thediréaking sttesgthnthedilongation at
nozzle (outer diameter: 2.00 mm inner dianeter: 0.92

bragk) thg compressize pirengtp thepuiersusiconge diamacter (@pmeipandiag to the
linear velocity of 14.2 mimn (i.e., spinnin nozzl e

surfaceorg Gamsier ghthedryer(Bhisthe dmres senfacgporgidiametes (corresponding
o SSERSRe: ot e 60, IR b e g
AL B S St s T PO B8 PShl Prbmrr
LY T e
onfhspeeOft nRRoRAhEREL 4 b Hoft @R NRAS BBk fpepnorane.
T R FRo PR P Epbeplobfiafic hpd BRfEn R wall POANERGh ot
lat@{ﬂ@é!ﬁhg%éanﬂ%%iialﬁﬁég:éﬁgn reel at 40 mimn. The

resultihg two-|ayer i ber was imersed in
[oovel hyl ene chl oride to renove bis(2-ethylhexyl)

pht hal ate and di butyl phthal ate by extraction, and

was The @broilk kesllayEhRolibv G8einOdbtine Was waited b§ &k mbthad $9), and

0

imrrlrlgrsssed/c;n 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. It was confirmed that the porous two-layer
hollow fiber membrane had excellent chemical resistance.
[0093]

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

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

microscope image of a portion around the outer surface of the cross section at a
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25 et hanol aqueous solution for 30 m nutes, imersed
in water for 30 mnutes, imersed in a 20 mass%

sodi um hydr oxi de aqueous solution at 70C for one hour,
and then washed with water to renove the silica fine
powder by extraction. 43 [0091] The resulting porous
two-1 ayer hollow fiber nenbrane did not show interface

md}RTRd4RbA 8F Sddoy a}ﬂlé % g v di &&tfoﬁ%ﬂﬁég%e ig?gé of sgymon

Of cross-sectiona ervati on using ctro

ardlin@ RS 6@ BEsurfabe BPGe CRNE sERH at B alaghtTRaRbIPSKI 010, | FY&M9 shows
and the support 5 layer had an isotropic

anfelc@6n eliE&pe MdhgdBBthe SEMtHCIUhE cidbd fRtibn MBLagyifitstfon of
Table 2 shows the outer dianmeter, the inner dianeter,
500te Bishe0 shoved aroeledthd Mitkescupd Riiagedf apatticarovfl e idee
uni form | atex sphere bl ocking rate, the breaking
sufacead ghdicrosdreciboatganagrifiedtionlnf S8R0, t Fi€ ¢bsipvesai slectron
strength, the outer surface pore dianeter
mi¢rostapesmegelonihe imer Marfacsut i avenifmatonof500er Asfis tlear from the
| ayer (B)), the inner surface pore dianeter )
clecron miepenept iyaged shown lie FEGS.fGetod 1 ptheuttir apst baving a smell pore
.layer (A)), the cross-sectional center pore dianeter,
digmgieraqdite wper lpgerdyving aslargepoee diometes wergfosmed frjthe perous
cross-sectional center pore dianeter, _the ratio of
twokayer hallow Eber membrmee %P%\ﬁ‘#’f"éf: paresity péthe layer (B) was 25%.
ross-sectional center pore dianmeter, and the degrees
{0 isotropy of the layer (A) and the layer (B) of the

s P e RSP AR 8
' 1 ' ) 0092
R R T R T
Su&?&lcgtol? ﬂlmohﬁgel(}?c)llbwaﬂ%r walDrcRE d Thid iﬂdiéatg;?ﬁﬁg/ Phe %ﬂﬁféreuter
ydroxi de aquéous sol ution containing sodi Um

surPYRQFY B Lre® wifl (RE nfdMeR nliRGrERHC eﬂtvﬂﬂfglzi aﬁ’&i which ifSR that the
at . 20 e e

roomtenperature for 10 day T ongat i on at

moleR MixRire {H)wal Qk?&s%d oA9he GUMEF subfabé s hotbservedBh BBwo-layer

was measuréd before and after immersion. The
holkd 0 fi@at dvan 100 nivt@alkr bter FIGEY SHoWs MR Er&RIPOimgedf the
el ongation at break before immersion. It was confirned
cirtulat crosssepiorosfihé woo-la¢eholldwlibaw fAsthowienBI@ne, thedlack
excel |l ent cheni cal resistance.
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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[0093] 25 FIG 6 shows an el ectron m croscope inmage of
the outer surface of the porous two-layer holl ow
fi ber nmenbrane at a magnification of 5000. FIG 7
shows an el ectron m croscope inmage of a portion
around the outer surface of the cross section at a 44
magni fication of 5000. FIG 8 shows an el ectron

[Odﬂ roscope i nage of a portion around the outer
surface of the cross section at a nagnification of

100@3GHI3GHhEws A WMectr8h nfbBSddpe ImIbE6 ORE BRfr SIFRAR o?fthet fHtous

center of the cross section at a magni fication of

tw& s hbildw EBeShomBraal afh BEHITRaldLHOTHOPE FIGBIUShevs an
portion around the inner 5 surface of the cross

ele8@64 drofdopd irlBE b fd gortib®Aroahd HelhterlhifadelofthOvsasection at a
el ectron mcroscope inage of the inner surface at a

magaiivafibrcaf $000. 0FIG0GshoAs ah %leetrof mibtostopeitagebReporeion
m croscope i mages shown in FIGS. 6 to 11, the outer
arduay ¢re daesti sngfaee sithe krgse sextiod iatumatagnifreaiiord &l (00Ne FIG 16 shows
| ayer having a | arge pore dianmeter were forned in the
an plectvors mi¢roscopa yroagehaf] tho venfiérod thevenoby seatton attremagnification of
osity of the |ayer (B) was 25% 10 [0094] A small
50&?10 UAG bT sy electioagnieroseepd image ofia pagionatounddhe fraer
| ayer) to obtain a two-layer hollow fiber

“rif g)%o ”%§5$sqeemaow§ mw@aﬁa@x)@éﬁmﬁrh éylsm phovianeglectron
mlgrﬁraéo;gt?@géq '}»fgﬁe et @H%( 3ce éP glz}{ag}vlvl fclgw?;r; a%“’ioswgls %gé\/l@:sgé%fs an
cleflitn A OACOPR HRAEa RS e et RO TGRSR B p ELG 20
o AP BE SRoe IR SR RS S iP5, s
i %ﬁa‘frﬁ%zé BRI 'f‘rl%%%u?%séib w@gésns% A IS, £ERIE heubilfyer
hav:ﬁ%’ grsmglil ?J dlgt]}lettef' tlﬁﬂar'ﬂ %Hﬁﬁné Q)%ggggr%rd?ﬂn%tprewere

ace In Cr oss- S I Ona ction

forH‘H:Hfu‘Pﬂ{@ﬁo% W%Slﬁ angﬁtﬁl%?ﬁfeﬁ{b? 20 1TRa Eor@sl of r%:he

por ous two- ayer ow fi rane was obtaln
laybH@3)SAdESs 09BN Ner as in Exanple | except for using an
out er-I ayer nmolten m xture (a) having a conposition

[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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in which vinylidene fluoride honopol yner:

bi s(2- et hyl hexyl) phthal ate: dibutyl phthal ate:

silica fine powder = 34:33.8:6.8:25.4 (mass ratio) and

an inner-layer nolten 25 mixture (b) having a

conposition in which vinylidene fluoride

honmopol yner : bi s(2- et hyl hexyl ) pht hal.at e: di but yl

b Sty d ' r= 36:35.3:5.0:23.7 (nass

the?ﬁ%&%tﬂé}%r%&%%@?t%%ﬁ&éﬁ ws an el ectron nicroscope
Ex&gﬁgﬁ;of_the outer surface of the porous two-Iayer

hol I ow fi ber nenbrane at a nmagnification of 5000. FIG
14

uPvo-Ry8HIIRY b mAsHIRge WiRStaREd th (heshih® hanner as
around the outer surface of the cross section at a 5

in BRghplk ilCe&EéIitTfoﬁﬁsi@ﬂ@@ut&@éﬁn&l'f@ﬂﬁiﬂﬁte%ﬁﬁbf@h composition
m croscope i nage of a portion around the outer
in whichadsylkné feoridedssngRijman2aithdhapgphthatatidibutdfphthalate =
1000. FIG 16 shows an electron mcroscope i nage of
40086.C2hDémasdratibe cross section at a magnification of
5000. FI G 17 shows an el ectron m croscope i nage of a
[0g9%Gtti on around the inner surface of the cross section
at a magni fication of 5000. FIG 18 shows an el ectron
10 Hhe resylingeoronsgeodayarthellpwrfther menbsans did net show interface
magni fi cation of 5000. FIG 19 shows an electron )
nowgyf@tg@gb@ldi lﬁaégaehlgh rqupdness o s As agesultpf csessgectional observation
.M ni&%cation of 60. FIG 20 shows an eLec}ron
LISlﬁg 8

g%mquaﬁ(@pg,flt Pag contymed dhat the blogking layer and the support
B0 0 g P b e
TG AN T
T e T Y T
B B A e BT {0 ity and had a high

Exglﬁﬁﬁd;ness. As a result of cross-sectional observation
20 using an electron mcroscope, it was confirmed that

t he AR PG tRG-1a Pt ol 1IBRNIBER et R Wad SDISihed Rth@Bame manner as

I sotropic three-di nensional nesh structure w thout
in PRdiple | @ixeépt tHa €he compositions of inner-layer and outer-layer are exchanged,
thus, an inner-layer molten mixture having a composition in which vinylidene fluoride
homopolymer:bis(2-ethylhexyl) phthalate:dibutyl phthalate:silica fine powder =
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
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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property evaluation results of the resulting nmenbrane
are shown in Table 2. The porous two-1|ayer hol |l ow

fi ber nmenbrane had a high pure water perneation rate,
| atex bl ocking rate, and nechanical strength. FIG 21
shows the neasurenent results for the 25
cross-sectional pore dianeter when equally dividing

, N . .
oo D TEEL o )8 8RR VR NSNS e pocin
hi i - imlar t
kSRR RN Sl il gyt o m e O
ExdB@hiy ement results for the paraneter Q Exanple 3 A
porous two-l|ayer hollow fiber nmenbrane was obtained in

t he sSpdtBudBAIRK e llowfiber aahistade RUESHhink@n B8 ishfie Athnner as
outer-layer nolften m xture (a) having a conposition 5

in ERapleqhexeemtyfbt semeard butorlagér molten mixture (a) having a composition
honopol ymer: (2- et hyl hexyl ) pht hal ate: di butyl phthal ate

in whichMhigh-3énsity pélyethylenssesim{thepmopl 4360 Tésinhlbes(R-eshilhéxyd)
porous two-layer hollow fiber nenbrane did not show
phthataés foagamic Inquid usili¢aofime powden finhemina fineglowder)rre2@056.0434.0
a result of cross-sectional observation 10 using an
(magsgetie)Nolinmerretic:d}de]:64.2: 1% cAnkireswdichftchess-se¢tional observation
bl ocki ng | ayer and the support |ayer had an isotropic
of thereauliingrorensive-lagerdiollowt fiker mambrandiening smelegraromipsoscope,
. The roperty eval uation results of the resulting.
it ‘ﬁ%SrPé’PEH’éerﬂ@ the Mlarking laygsiad she sppport fayephad anjsotrepier
hol.] ow fi ber nbrane had a hi gh pure ter perneation
thrpefgmeriipnabmesh %wrlﬁwfgw,m%%‘fﬁ@éha & RTOPEYLY ghgfipfion

1 |l e, 4 A poyous two-|aye ol.| ow fi ber nenbrane
resifs S AF R ithe ETREHE raO A IS ot 2 |1 Exanpl o 1
[O@@ept that the conpositions of inner-|layer and

er-l ayer are exchanged, thus, an inner-I|ayer

o 150 B 5 5 RSTRSR 0 BB s o 2,
e T R
hypothidifle [freel dHlGideR6hBehtALERTO Hakdod 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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in which vinylidene fluoride honopol yner:

bi s(2- et hyl hexyl) phthal ate: dibutyl phthal ate:
silica fine powder = 40.0:35.1:1.9:23.0 (nass rati o)
were extruded so that the thickness ratio (outer -

| ayer: inner layer) was 90:10. Asa result of

cross sectional observation of the resulting porous

o PR pseml 8L B U B nd Sy beRe LB SRl haner s
in Eﬁzﬂnﬁl@ %It se}t%ﬁﬁ peg?lr %{gllpu raéﬂ&é ?ﬁt’hg outer-layer moltgn mixture

ree- |ona ut nmacro-vol as.

(a)Ehwcom&ha/m%m&a%bﬁéh FBAHCI(6) Blridd Behfiidl] b 10°C. The

menbrane are shown I n Tab e porous

propdfty et giti bW Jfi 'tl*i@fesﬁ[ﬁﬂ? fn%ﬁfbréi%ré sitivetinPTbe: Mat er
perneation rate, |latex blocking rate, and nechani cal

ExsipRgth in the same manner as in Exanple 1. Exanple 5
A porous two-Ilayer hollow fiber nmenbrane was obtai ned

I N Ahsresmvortapeadiollosy fitker ntentbeampives dbteixed jif the eame sianger as
an outer-layer nolten mxture (a) having a conposition
in Exaragie d rexbepy ferdesivgg dryinper-lppérnpéleamemixdisiefb) having a composition
(thernopl astic resin):bis(2-ethyl hexyl) phthalate
in whichaimdidene finetjdedidmapelymerdisi2vettadhexiybor phthdlatefdibusyl
powder) = 20.0:56.0:24.0 (nmmss ratio) (volune ratio:
phtiagla@ capfineppagyder Ast0al % bid B 39.B{massaatio)s e dhe praperty evaluation
observation of the resulting porous two-|ayer holl ow
respitpef thesenltmganembage aie sePwB iR &#blAccr oscope, 10 it was
conf i rmsd that the bl ocking | ayer and the support
Exppler® had an isotropic three-di rrenS| onal nesh

LR R ool B4
in Exarhilg, e o R b rm%eﬂeal iRk (e e g pogiton
in JRER HARHCATH I e%ﬁ%ﬁ@%%ﬁ%n WS, cth ity
phtﬂ?ﬁﬁe@ih&tﬁr{ &e?ﬂ%f@.é%g%i@ mad ThE'?ésﬁﬂtmg honow fiber

ongat i on reak e po 0US TWo: | ayer

mehibP&fe WRTMH: @@%ﬁ’l‘@&t@iﬁ%ﬂ li&fnotdR]ifiath ﬁ)ﬂﬁdJ?JSE @ithin a practical

i mersion. The el ongation at break after inmersion was
ran@6.% Phe %ﬂa ert b1k QBsuits 0P fiRAKsIBAOMemibIR a8 &Hdwnl ih Table

was confirmed that the porous two-layer

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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20 hol l ow fi ber nmenbrane had excell ent chem ca

resi stance. Exanple 6 The ends of the porous

two-| ayer hollow fiber nmenbrane (effective | ength: 10

cm) fromwhich the organic liquid and the inorganic

fine powder were renoved by extraction obtained in
nple 2 were held wi thboth hands and stretched to a

h
v e R M
ve%ﬁ?%ﬂm%ﬂﬁhh‘ﬁté cg@u ﬁcszaeqils 'a%gerp%ﬁﬁkétem m&‘em&s the

are” shown in Tab arrp e A porous two-| ayeéer

extred ddawsl loindBer 'Eﬁﬁbdeﬂr}ﬁ-o&w t@bd18d 56 30t DEthe aifRnawRer

as in Exanple 1 except for setting the resin

inttRiPEd Bkdls datedbathe 40 &Y sollidify themblied, ddthe podubewasiound
270C and the inner-layer nolten mxture (b) during

arcund @irng aaR0 2AbMGh. Thige propapeevaluativa resatts oftheessulting: ®émbrane
the resulting nmenbrane are shown in Table 2. 5 Exanple
areshawpdndubletwo- | ayer hol | ow fi ber menbrane was
obtained in the sane manner as in Exanple 1 except
Exppleu ng an inner-layer nolten nmixture (b) having a
conposition in which vinylidene fluoride
ho nu?pmrywirwoblas'elzh@lonyﬁb@mbrpm Was obtaingd buthﬁlsame manner as
. phthal ate: silica fine powder = 40:19. 1:1.0:
in &%mal)‘: I'emqent shas teq mplten, aixiute was extruded fipms bﬁllq‘mﬁber moldmg
menbrane are shown in Table 2.
ﬂ%ﬁ?@{}% t‘ﬂﬂws&ér B Ber figmctereshds awe) sdlwgﬁr&e @aar. n
nner, as .in Exa except for_ usi n
velorfy 57 @95?%(%&%@&&}?0@“@@8%&&% PSR Hes Bioge the
in i ch v, i de
xRt e ‘pr GaroRRE LYoo Rror 6 m nh i amd s
Lifs ¢ 40; ' 2uq0s
intdhR) ﬁ*%ifareéﬁu gj"k BT &rﬁgﬁéﬁﬁg pgub g wound
n
erchiBd S0 4P O i, ERL Bl PR R B0 Mkl BBt in

thel 43 bhes Y Withig a@ﬁ&[&ﬂ&a@&e 'Pﬂpﬂi’ﬁpérﬂ/ J\«%Na?ion fesults 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
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
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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Exanpl e 10 20 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 nozzle (outer dianeter: 1.75 mm
i nner dianeter: 0.92 m) at a discharge |inear
velocity of 20.2 mimn (i.e., spinning nozzle

in BkAAPRNIG BR fiat eel'im]?m){‘ﬁﬁxtﬁgeé \\%;‘{Jec extruddf so B0 B thi ess & ratio

eva uatlon re e resu nenbrane are 's

(odt& IZ?QII e%rl g%@ s og Ghd dxtfhdRE rh%ﬁ%tﬁ%r Ea¥Rled ?)%du‘a“(raveled

menb talned 1 n the sane manne

ov@@mh t the @ CRBLwdshAkoddeed IRb bt baiH At A0"@ %o SotiditydRd
froma hollow fiber nmolding 49 nozzle (outer

prédiudiyeh®ihc prodifet M8 wolRd afoudlll aFB31QF 20 B/, mﬁheqiroperty
di scharge linear velocity of 10.1 mmn (i.
eval pativni regnlis oF MeereSlil G AH AlcfbrAR ROBHEIM 3 Tbke 2407/ s ec),
the extruded hollow fiber extruded product travel ed
Comparati3® Example Y he air and was introduced into a water
bath at 40C to solidify the product, and the product
was Avymrons tsoalapentmllawr flsdr neemli@nenvas obtaifiké irpthe seme ynanner as
eval uation results of the resulting nenbrane are
in Exwuple Brextetifer wingaminperelagdr molparmixsureb) haa}n@a mnlbqswlon
fiber nmenbrane was obtained in the same manner [
mEh’&hp’llléf iflersx Bugpride hammopohanerdhis(@rethnthexyle plﬁbalétﬁtdlbmﬁld

om a hoIIowflber nol di n 10 nozzle (oute

Ph@?]&FF’eT 89.0:42.0: B3 . ffanassake). d| ta%llltmaptygumo-lavefahollow fiber
megiﬁ%{]ﬁafﬁgn b‘%e;g%%&r@bﬁ 2 t tg rgrw%ga@ﬁ gxahor sprface

extrud vel ed over

walitg el qitzelng BaR g ool Ro REGE o FRLSmETbne!

40C t dify the duct nd .t he product
°bk%ﬁ’§5v\saﬂﬁqmgp $3na The pioberd Pvusf B8R ol S RE féimbrane
arefshlp@,;mqhtrgﬂgtzer was observed during travel in 15 the
arr, was Wi thin a practical range. The property
[069?2' uation results of the resulting nenbrane are
wn in Table 2. Exanple 13

The porous two-layer hollow fiber membrane was wetted by the method (2), and

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

[0100]

A small amount of graphite was mixed into the molten mixture (a) (outer layer)
to obtain a two-layer hollow fiber (organic liquid was not removed) in the same manner
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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A porous two-Ilayer hollow fiber nmenbrane was obtai ned
in the sane nanner as in Exanple 1 except that the
nolten mixture was extruded froma holl ow fiber

nol ding 20 nozzle (outer dianeter: 1.75 mm inner

di aneter: 0.92 n'rr) at a discharge linear velocity of
25.3 mMmn (i.e., spinning nozzle discharge paraneter

mi%iuyo%& @%‘?‘ggﬁ?ﬁ;ga{% %os%&% {rfﬁ%?)glt%ﬂ %{ulfﬁ)élg at akﬁgfnbg?%lr g4 Asa
reshff tof 91%% ?&tlgﬂgl%bgeﬂ}@ﬁ ofdR¢ Boltdw ﬁgg‘ R b?&g lgﬁé‘rglaﬁr&eof the

pro uct he product was woun aroun

moREn mlﬂuf'b (a?ltﬁd Bbptﬂ’iﬁ{lg ¥orréd 1Ll shrdidltd 8 uﬁffofntﬂ ﬁuckness
resul ting nbr ane 5 are shown in Table Exanpl e

withGutAlcBiPUee FIR-1DRY erhdiatekawe bétheén e e@BFtHé@ﬁolten mixture
obtained in the sane manner as 50 in anpl e 1 except

(a)i(blatk falyer; Bhtet Riyefyiant m@lﬁrdﬁf%@mbftéiﬂﬁl@ctﬁ& (bﬁ@ffhliehﬁyer inner

thickness ratio (outer layer:inner |layer) was 5:95,
laytt) v b aviyd e Thizdhdioated ihatthe exter Liedpatisithusioke kathat &@ inner
over 30 cmin the air and was introduced into a water
laybatwhs etpod&idn theoater durffycet he product, and the product
was wound around a reel at 20 mimn. The property 5
Compatatize Esampleslil t s of the resulting nmenbrane are shown
in Table 2. Conparative Exanple 1 A porous two-|ayer
hol Aawrousthwllopeitter arentware ws ehtaiged inthe h@ngmmmman@r
in Exanple 3 except for using an inner-|aye
Ex‘i‘fﬁplteérha{ﬁ ¢ same thickngssas thatof #&a@plq b@?ﬂceptrihwrth@ puter-layer
i nyl.i dene_fl uoride Honnpoly bIS(2 et hyl hexyl )
mopER HUKHFCaNPBERY) exiydeh aRd palyan-inngylayer majtengnigtire Ry having

RENCO MBS e%%ﬁé%%}vwops{m@ B

ot P B RSP 50 VS PR HBRr N Prbrati) was
t[é}\:;‘ig? %ﬁ llglgesra%l)%g glég'f tshaeregﬁg?{;'férﬁg‘s sr?gﬂggnai HB&?‘éa&]én using an

R R T Y at—

hacﬁél{jisotropic three-dimensional mesh structure without macro-voids. The property
evaluation results of the resulting membrane are shown in Table 2. The porous hollow
fiber membrane had a high latex blocking rate and high mechanical strength, but
showed a significantly low pure water permeation rate.

[0101]

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

5000. FIG. 26 shows an electron microscope image of the inner surface at a
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imrersed in a 4 mass% sodi um hydr oxi de aqueous

sol ution containing sodium hypochlorite (free

chl orine concentration: 0.5 mass% at roomtenperature

for 10 days. The elongation at break of the porous

two-| ayer hollow fi ber menbrane was neasured 20 before

and after imrersion. The elongation at break after

[ ' reased to 20% of the elongation at break
nlgego%%hﬁﬁﬁgﬁgion. [0100] A small anount of graphite
[o148 m xed into the nolten mxture (a) (outer |ayer)

to obtain a two-1layer hollow fiber (organic |Iiquid was

not Th@F@MﬁQ holl &ty 1BEr HEMBraARINR vettd® by Shd Mefrba®), Sndimmersed
The outer surface of the two-layer hollow fiber was

in D9m8% isb@ldn Bldeskidé hqRous SHITEEI®ntMhingkodigmSHypodiksrite (free
and spots were observed). This indicates that the
chlotih€corutittale: WBnixets) atidohtlehpernae €t W ddyst hTheelohgation
m xture (a) so that the nolten 51 m xture (b) (inner
at breglesf)thevpsroax pos-tayenholidve fibertraembrané aae neasured hefoer aralf after
points. As a result of cross-sectional observation of
immkmsicno| [Tdreveldnigetion dttheedkd afiek irhergmsion Was/¥1% of thelddongation at
nolten mixture (a)) did not thinly covered the outer
bregk betereimmensionni f or m t hi ckness W t hout defects (see
FIG 12). The interface between the |ayer of the nolten
Coppasative Example 3 bl ack | ayer; outer layer) and the |ayer
of the nolten nixture (b) (white layer; inner |ayer)
was ARevgus bpllpw fikegmembrane Wag ohtpiged (it tBp sagg @janner 4 in

e Sl S BB ) 5B
T RN o
o R b e P g
AT e M SRR BB e
R R L ST

poro§RG1tdvAFiBEr iérhbranéadia Yhite Rhtef pOBRaA6E Ft@RRd high
observation using an 15 €electron m croscope, it was

me6i@Midal SRchgth) Bt $HI ol ASHifiBm1P IO blodkig raw. T i ber

menbr ane
[0103]

FIG. 27 shows an electron microscope image of the outer surface of the porous
hollow fiber membrane at 2 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
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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had an isotropic three-di nensional nesh structure

W t hout nmacro-voids. The property evaluation results
of the resulting nmenbrane are shown in Table 2. The
porous hollow fiber nmenbrane had a high | atex

bl ocki ng rate and hi gh nechani cal strength, but
showed a significantly | ow pure water perneation rate.

e e O
chl%n@cm%gﬂo‘ﬁaﬁ 'SQ’H sg%) %pl%%m febrf ?r Ollj'urgl?%\g) %{L}'t :r ‘?’g% [F:@H%atlon

m Croscope 1 nma a‘portion

at B?EalJ iﬁh& bGrous &idp@f‘h&ﬁov@ﬁb&‘%ﬂ@rhﬁfaﬁé%&a@?né&ﬁ ured ngoré:éxﬁ after

oOws an e ect on m Ccroscope I nmge o e center of

1m1¥15rskﬁe qhe %fon?ﬁt%ﬂ &brédk et RERetsiGAkhON0%bf BRA9ondatibn at

5 shows an ectron mcroscope inmage of a portion

brealtaélﬂaﬁbﬁ-lhﬁeﬂsﬁﬁer surface of the cross section at a

magni fication of 5000. FIG 26 shows an el ectron
Coftiparatise BR@nplege of the inner surface at a 52

magni fi cation of 5000. [0102] The porous hol |l ow fi ber

me mArpoeusiadl owefiiee ehdnybradeew aedtiaided &) the amde hrmmerssdn

in a 4 mass% sodi um hydroxi de aqueous sol ution
Exaopiedi axcey thai dhaiontérylaperttholten reixtine é&) wis ot lentruded, and only an

concentration: 0.5 nass% at roomtenperature for 10
inngmlpyer Mbkersmoigest(bbhaving beepposition inovioh polyethylsog ayer

hol | ow fi ber nmenbrane was neasured before and after

resinghigPsitlodhexphle Biitbelgtetsilins fine novedek =20656.9; ﬁﬂé’r@laéﬁram%

90% of  the el ongation at break before i nmers
(volgngEatigt 73,8:08:2 ﬁzp;-’)eW@ eﬁ@uﬂefbo BhpmpsosyAyagieR results of the
nbr an vvas ob ai ne he sane nmanner as in
TeSEIRRHIE B o‘i'fhg’t the inner-layer nolten

R xtu egé} vvas extruded w thout extruding the
e%%ﬁ“@? FEYBE nolten mixture (a). As a result of

o1 QAT SR OB ke BB s (iRARSY Rnf 5B} bifner asin
nlkqvgégéé ?l'iat tﬁ@{ﬁ%&ﬂ'&ﬁ 111'? nmix%xﬂ’% | mvzgs not extruded,l_%ned only an

nsi ona ure WI hout vol ds
inner-layer molten mixture (b) having a composition in which vinylidene fluoride

)

Ex

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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15 property evaluation results of the resulting
menbrane are shown in Table 2. The porous hol | ow

fi ber nmenbrane had a high pure water perneation rate
and hi gh nechanical strength, but showed a
significantly | ow bl ocking rate. [0103] FIG 27 shows
an el ectron mcroscope i mage of the outer surface of

sodlfs RFA3e kBl bl oo HinyE SR A yBbotorite (fec chlorine
coflehlr Rt B InRID & oo R HoP O ol Tol gt figieak

of the @P&Mw@ﬂaﬁér%%tlﬁﬁrﬁli& fleRitrevasBERuR Hehste 68N BREr Of
thée cross section at a magnification of 5000. FIG 30

imMRANSH. AITH efsiigaBon Bl KreAE S8R mmi FRGe dreBed@ R 10%9Bf the
around the inner surface of the cross section at a

eloipgHun dt Gadak befdt immebdd). FI G 31 shows an el ectron
m croscope i mage of the inner surface at a
magni fi cati on of 5000. The porous hollow fi ber
menbrane was wetted by the nethod (2), and i mersed
53 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 roomtenperature for 10
days. The elongation at break of the porous two-I|ayer
hol | ow fi ber nmenbrane was neasured before and after
i mersion. The el ongation at break after inmersion was
90% of the elongation at 5 break before i mrersion.
Conparative Exanple 4 A porous holl ow fi ber nenbrane
was obtained in the sane manner as in Exanple 1
except that the outer-layer nolten m xture (a) was not
extruded, and only an inner-layer nolten m xture (Db)
havi ng a conposition in which polyethylene 10
resin: bi s(2-ethyl hexyl) phthalate:silica fine powder =
20.0:56.0:24.0 (mass ratio) (volune ratio:
23.5:64.2:12.3) was extruded. The property eval uation
results of the resulting nmenbrane are shown in Table
2. Reference Exanpl e
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A porous hollow fiber nenbrane was obtained in the
sane manner as in 15 Exanple | 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

honmopolyper: y-butyrolactone = 4 60 (mass ratio)
(vol urig ratjof. 2934;7,56) was| - Xt lgded geferring to
Jour ngi¥| pf | Menbr ade 1Sci®enice] * B2| (1900)| |pp. 239 to 261
(D. [Toyd)Tapg ACS ;ynp. Serl, [ Z2p9[ (IPBD), pp. 229 to
244 (WI-C: |H att | etfs@l )3 | &Fhe| 2D pf ppestay eval uati on
resul t sFpfithetresyhltingtepbrahetarel shown in Tabl e
2. The:| pepbrape had:@_lgrépyr§ wa§e§3;§ meation rate,
blockiig rate| | ahd |nBchighj clal |~ st Fengt hlé [0104] The
hollomgf ber penprang [di d not; hiave a {hfge-di mensi ona
nmesh [siructurel §5'§@t higll| B} Bf rpEL Y n whi ch
spher ul H-esrweferconrAeete H-G—B2-shews an el ectron
m crographi ( gRoN gicégLon:glp D)z P | 4 helsgenter of the
cross| sect| bn| pf | t g |por ous| hpl | ow Ti ber nenbrane.
The wet| pof bupl hpL I dv [fii Der| nenbrane k| i nmersed in a
4 mas|s% b4 | 5B 8nF hyldEond (el Botiebus| SF|5E i on
cont ai nHRgTSetHH-yRaeRHor e H-pri ne
concent [x@$ | .bat Ol 9 nggs%% Ht;r§om'geyp§§ ture for 10
days.| The gl oppati ¢ [at| brejak| ot} the| pof ous two-1 ayer
hol | ow f bef . heopr arg was ansur;d beﬁqkb and after
i mer|si Bn® | ThE & ngat]iloh Ht® bt edk” ¥ FE[E | mer si on
decr elase oY oftitre 5 Iomg%fkon e reak before
i mrer|silens | -b5|ps bz a.|zls |SB §4§.$rgsg'g.aa§ set aass
ss~ {sL@a a 5 g"IR| 5 "l a s| a &
R R HE BB
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hollow fiber membrane can be stably produced.
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| NDUSTRI AL APPLI CABI LI TY [0107] According to the
present invention, a porous hollow fiber nmenbrane
whi ch has mnute pores and high water perneability
suitable for filtration arfspyi bits excellent 5
strength can be provided. According to the present

i nvention, the porous multilayer hollow fiber
menbrane can be stably produced. 58 CLAIMS 1. A

1. Pr o@8sscdse Eorﬁfr@diiéﬁié‘;ﬂp&oﬁ@ﬁﬁl{ﬁai@ﬂ hbilb@Yier Hl@h‘lb%efﬂybaeﬁollow
menbrane by a hollow fiber nolding nozzle with a

fibéd My nd2zRGYig & 6ir@ 04t disdhifzeHofS Aepré@RPEdifipiidng discharging
di scharging 5 a nolten m xture including a

a nid}en iNiRhes inchudigsd thefichladticat @R ahd ah bepahid Hguddhfrém a circular
circular discharge port of a hollow fiber nolding

displogé port of @holiow fibermbidingryerieholobmim & nwtilayamdllow fiber, and
renmoving the organic liquid fromthe nultilayer holl ow
renfidviiag thiswreanie igtid dront the otltlayerchollper ey byextradtionao obtain a
hol | ow fi ber menbrane, the hollow fiber nolding nozzle
poteuy fodfilayes hOBoerdwemmbMeaﬂledloﬁow&itge mpdding ngdle havingtwo
di sposed concentrically, nolten m xtures 10 which
or lamer félfculaai disgh@ree p@nt%whwbuar@dm@@ﬁ ae@c@atrrqaam ntwiéen mixtures
%ent di scharge ports, the nolten mx
elrigeamppgition being dischaged épmt the a@lﬁ?% Flbﬁﬁhfﬁg% BOS: &@
orts fur Iudln an i gani omder
mo tﬁ%ﬂ}lﬁ&f@%ﬁ%&f&eﬂ naaawe OBeP %ea?rr%la’f parfs
uIt|n nth Ia hoII w .fi ber. extracti.on
inchifEtt e BB ine bt an T inbreBii Hhsimondat bR g 5w1°ved
fr01fnI tgg Fesuﬁfﬁgrn%ﬂgla%grcl?olgl NEber by extraction.

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

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
discharge port includes the inorganic fine powder in an amount of 5 mass% or more and

40 mass% or less.
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to claim1, wherein the thernoplastic resin, the
organic liquid, and further the inorganic fine powder
are mxed in at least a nolten mxture which is

di scharged in a | argest anount anong the nolten

m xtures di scharged fromthe circular discharge ports.
20 3. The process for producing a porous nultilayer

5. hol hﬂ@’gﬁdc@g foFEfH%éﬁg a}ﬁfo?&fsg%@glea h&li(ﬂ'éf IH}Jélr l‘Hél‘PﬁI’r‘%llele according

wher el n the 1 nOrgani I ne IS a silica

to ARVEIRIof chim{ 190 BY RRE%H { AasPAF ¥ bitle %{ﬁ%ﬂfcq}i{%id and a mass
ng

mil ti11ayer hollow fiber nenbrane accor 0 any one

ratff S 6F e iRordari® fide p¥hEESKith ﬁéggedmk iR Mndltentriixfire and a maximum
di scharged froma circul ar 25 di scharge port includes

mabI®¥1 ofaE gadahic liquitatiieysédibyi the Aorgiiiifite fiwder pBSSH Mass
nmore and 40 mass% or |less. 59 5. The process for
satipfpolas{vg)y/aigmr ous nmul tilayer hollow fiber nenbrane
according to any one of clains 1 to 4, wherein a nmass
6. r at iThe prazksst foe praxlgeing @ gorapsi muléhayephotoss fibatmemiiané according
the inorganic fine powler with respect to the nolten
to ariyxangrod chamus d tordxwhenein tira swltvh afixtunes disdharged flonythieckdjacent
_absorbed by the inorganic fine powder per unit nmass 5
cirgdu disghagepofipigiudeat leagt onEwonpnor exgeniicdiquisk oduci ng a
porous nultilayer hollow fiber nenbrane according to
any one of claims 1 to 5 wherein the nolten m xtures
di scharged fromthe adjacent cjrcular discharge ports _
7- i nciThearogess fenpiodusias aperns repltiayeichlloyyfiber membranerpgeording

o BT DR B B s e
i BT SR Bl o

ratl‘ai scharge ports are the sane in kind but differ in
ratio. 15 8. The process for producing a porous

mul til ayer hollow fiber nmenbrane according to any one
of clains 1 to 7, wherein the nolten mxture is

8. di sghanae ik al ! Wb%ﬂgfﬁ i
di sgﬁa gegsg::\fregér%_ta {é?l_ﬁéea F %ﬁ%&% ﬁ?y%gidgf& m)ré(;:l an %%%ccordmg
to 4y dnRF claiM€ 1 t& P WHérBH: thO A% ten oHiRGeReds WescRABAES Bt &R least one
bei ng a val ue obtained by dividing a linear velocity
spithiffhe24¢ disbteRedihAahated RNY/skdes 10 bt fidrdtand 1000 dRYess, the
slit wwdth d (n) of the
spinning nozzle discharge parameter 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

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

extraction.
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20 di scharge port. 9. The process for producing a

porous nultilayer hollow fiber nenbrane according to

any one of clainms 1 to 8, wherein the nultilayer

holl ow fiber is stretched in a |longitudinal direction

of the hollow fiber at a stretch ratio of 1.1 or nore

and 3 or less 25 before or after renoving the organic

i qu , Cnar . . '
10, B PR lop bREIEARAYRE iy BORSIRRY Bber membrane according

to %%9 drlel PERmI Q! th g%h&*éﬁ{ thER{ERBPRSRCEONR TS SlectdPfraia Riboletin

clains 1 to 9, wherein the thernoplastic resin iI's

an@Fbgwﬁ@gd&kangmgplyolefin and pol yvi nyl i dene

fluoride. 5 11. A porous multilayer hollow fiber

menbrane conprising at least two layers i.e., an

i nner |ayer and an outer |ayer, the porous nultilayer
11.hol lAoperbusagnltiteyeb haliey fibengembahaecdmefisiag bhieastowb d&ster<i.c.,

resin, at |east one |ayer (A) anong the two | ayers
an rmer fayenand dnsmtterdpyer, thé pewus naitilayearhallowdiher stembcanerbeing

and a surface pore dianeter 0.6 to 1.4 tines a
forgred of adkarmioplaatic tesint atrlegst one Hivenit)emongrthie twelayetsdaving an
~ layer (B) anong the two |ayers 10 having a surface )
isopopis theandimensionat meshstmaohie anda setfecemossdiameter Odnigl 1.4 times

center_ pore diameter. 12. The porous nultilayer
a cRRspseRtionalenterpaisdipmaetst apd élerfégftféal@lf £B hamang &aﬁéwe ilgyers

t.he | ayer (B) .has an isotropjc three-dinensional nesh
havipg g spiiace porsdipgieterigss H@P&@Ef Fhifne ‘FTP%?;/@F“%? CERIFT ROBE flameter.

menbrane according to claiml1 | or 12, wherein the
| ayer (B) has a surface pore dianmeter of 0.01 mor
orous,. mul t |

12700 Fn8BrosS ARyAR iU R itsf mefibFeds defd o istaif ] wherein
i o S %
thelayer{8) b ol BL-LiknGbRATa AR AN, cenier pore

porous nultilayer hollow fiber menbrane according to
any one of clainms 11 to 14, wherein the |ayer (B) has

132 SthE 36RuR AT 1110 0P e ineiodRNE 18cl ifiS - 0rd2,
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
to 13, wherein the cross-sectional center pore diameter is 0.1 pm 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.

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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16. The porous multilayer hollow fiber nmenbrane

according to any one of clains 11 to 15, wherein the

| ayer (B) has a thickness of 1/100 or nore and 40/ 100

or less of the 61 thickness of the porous nmultilayer

hol | ow fi ber menbrane. 17. The porous nultilayer

hol | ow fi ber nenbrane according to any one of clains
thididnes$ 9f the podi§ nillfalihol BWSiber Meppdhd Ne 1 ayer (B)

bot h have a degree of isotropy of 80%or 5 nore. 18.

The porous multilayer hollow fiber nmenbrane according

to any one of clains 11 to 17, wherein the nunber of
17par ametperous @uMilagdr odlobstiber ntbnsraidactotding3Q%ngTon8BF €laims 11

of the total nunber of average pore di aneter neasured
to V@ lwiesein tilapar(ayahé theQuie i(Bybath Havy aldugredbf Bbtropy of 80% or

i ndi cates an average pore di aneter change rate at each
mgeasition froman outer surface to an inner surface of

the porous nmultilayer hollow fiber nmenbrane in its

t hi ckness direction. 19. The porous nultilayer holl ow

fi ber nmenbrane according to any one of clains 11 15
18t 0 The parowss snuitilayer holewnityer membransaricording toainy one @f claims 11

froma polyol efin and pol yvinylidene fluoride. 20.
to ¥hevhserin the namber phperamisters Quvitirh satisfierPd Q0. 2 iscke phore of

to any one of clains 11 to 19, wherein the porous, .
thetptal ppmberof gyeagarereiamsiermeasHEedalucsthe pammetRr Ly heiag a

mm or nore angd. 5 nnkgr | ess and _a thickness

of .20 0.4
valge Wé'.m% ipflicaties AR Peeragrpore ercBange roie at gachjpqsifion from an
mul ti.l ayer hollow.fib nmenbr ane .produced t he ..
oulSY siebasB VS, B Sitace BF aspors coiitpy s Hatow er pembymne in it
ﬂﬁé&mﬁﬁgﬁmBSrous mul tilayer hollow fiber menbrane
according %o any one of clainms 11 to 20, the porous

mul tilayer hollow fiber nmenbrane bei ng produced by the
process according to any one of clains 1 to 10. 62

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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