DESCRI PTION Title of Invention POROUS MEMBRANE, PROCESS:- FOR PRODUCI NG
POROUS MEMBRANE, PROCESS FOR PRODUCI NG CLARI FI ED LI QUI D, 5AND

POROUS- MEMBRANE MODULE Techni cal Field [0001] The present invention rel ates
to a porous nenbrane, a process for producing a porous nmenbrane, a process
for producing a clarified liquid and a porous nenbrane nodul e. 10Background
Art [0002] Conventional processes enployed for renoving mcrobial particles
such as yeast or bacterial cells g pONO! utions include gel
filtration processes, centrifugal separation processes, adsorptive
separation p'![‘i’ﬂ@%i"ﬁveﬁﬁ?iﬂi pitation processes and nenbrane filtration 15
processes. However, gel filtration processes are difficult to apply for

i ndustrial PROROES WEMBRANE! FROCESS SFOR CPROBUCINGEPOROUS

solvents used for gel filtrati on, renderi ng such processes unsuitable for

bul k treat MEMBRANEUPROEESS RORPRODEGRIGCEL ARIFIER BIQUIBY f or

m crobi al particles with sizes of several pm or greater, and for 20 agueous

sol ut fons of AN ROROYSLIMEMBRANEWOIBPALEt i on processes can be utilized
for renoval of certain trace mcrobial particles, but the processes cannot

be applied fPechnicadRiekb! uti ons in which many different m croorgani sns are
dispersed in large quantities. Precipitation processes can be utilized for

treat nent of [00019t Thelpresentomvantionurestes ftoaa s¢mbraire;, a pudcesscr obi al
particles cannot be conpletely renoved by such processes alone. [0003] On
t he other hafat, proehivimge potrdusatriemnbranes esprecesh dor grpduying araléfifiedat i on
menbranes or ultrafiltration nmenbranes can renove various types of

m cr oor gani shquihandiagoroiis ammbtane inodude.r i al use as they permit
continuous bulk treatnent. 5[0004] Exanpl es of nenbranes used in such
menbi@ne filBaekgpoupdaketsses i ncl ude pol ysul fone hol | ow fi ber menbranes
having | arge pore sizes on the inner surface and having small|l pore sizes on
t he outer su[r(ﬁliﬁd,Caan@tstalbqamcnsmremnpln}(ﬁdrmﬁn Ireorovinge rmictobialent 2.
Ctation List 10Patent Literature [0005] [Patent docunent 1] International
Pat ent Publ i paiticles such ey yeastosr paeterial cells dfrem: aqeansolutienvinende
Publication No. 3585175 Sunmary of Invention 15Techni cal Probl em [0006]

Wt h conventgendiltrgtionu proesssesinsentrifpgel cvepazation eprasessase adsaptive

m croorgani sns or ,their disrupted cells is forned on the nenbrane surface
causi ng pl ugiPREEION (PrOCASESs Precipitetiope progesses angr membmng filiratieanoved
mattfg are adsorbed inside the meirﬁ)rane

processes. However, gel filtration processes are difficult to apply for
industrial purposes because the target substances are diluted by the
solvents used for gel filtration, rendering such processes unsuitable for
bulk treatment. Centrifugal separation processes can only be applied
for microbial particles with sizes of several pm or greater, and for
20 aqueous solutions of low viscosity. Adsorptive separation processes
can be utilized for removal of certain trace microbial particles, but the
processes cannot be applied for aqueous solutions in which many
different microorganisms are dispersed in large quantities.
Precipitation processes can be utilized for treatment of relatively large

25 amounts of aqueous solutions, but microbial particles cannot be

completely removed by such processes alone.



20 causing plugging of the nenbrane pores, and these phenonena |ead to
probl enms such as increased filtration pressure and gradual decrease in
filtration rate with tinme. [0007] Back washi ng has been used as a net hod
for washing material that has accunul ated on the nenbrane surface and

i nside the 25menbrane, but w th conventional porous nenbranes it has been
necessary to circulate a | arge anmount of backwash fluid to wash off the

renmoved matt OOUQﬁfDOH 3he b(ftgg IHE %é&nﬁﬁﬁﬁ m&aﬁaﬁogmgsgggr@faaﬁegﬁf ace

and inside tle menbrane. _ I's a Ject of the present tionto
provi de a porgiso S emehfirahss '@ hittrafiltratfore Cebrahe® e repimresd

matter on the 5 nenbrane surface and 1 nside the nenbrane, that is

resistant to i f}S)leoft R crovFRARRM 8 & Sre Sidtablé TofBhdustiial aisbi 45

filtration rate for “prol onged periods and that can be easily washed, as

vel | as a prQqRey petit ortiifousbulk trddtmentanot her obj ect of the invention
to provide a process for producing a clarified |iquid using the porous
menbr ane.  10$0004] Exdnaples 0 bif emenbiaPks Sneed finc aucl, nidrabrancee rilteatin ovi des
a porous menbrane whose nenbrane wall is constructed of a hydrophobic

pol ymer and grbyelser hinclwde Potyaulfond dictlow vfiber tthembeahesahaviveg |large
divided into 3 sections in the filmthickness direction to formregion "a"
containing Yorenizesadn tiseidrisresubfate ritk haviny smeallvpore, sizegyonrthe outer
containing the other wall surface C and region "b" between region "a" and
region "c", tshefdoegaodbidritedonl Ratent dootmrent ladr Patéat documgntd. "a" i s
greater than the hydrophilic polynmer content ratio Cc in region "c", and

t he nean por CitatiendListhe wal |l surface Cis larger than the nmean pore size
-of the wall 20surface A. [0010] Such a porous nenbrane has hi gher strength
t o wil(hst and Ratepédziterratuctange or pressure change than conventi onal porous
menbranes, allows both an excellent filtration rate and _fractionation
property to J6006] dPatesit idocumenst drit International aPatemtofPublicatien Mot er -
250n the nenbrane surface and inside the nenbrane, is resistant to pluggi ng
of the menmbr 8¥2P40%s, can maintain a high filtration rate for prol onged
periods and is easy to wash. For exanple, a liquid_to be treated that is
transported t{Batans desmment 2] Jepaaess Batest PublicgipaNomdd®r bl passes in
through the porous nenbrane interior where matter is renoved, being
clarified befarmamannofi§nvention the wal | surface A side. 5[0011] The porous

menbr ane of the invention preferably satisfies the
Technical Problem

[0006] With- conventional porous membranes, however, a layer of the
removed microorganisms or their disrupted cells is formed on the
membrane surface causing plugging of the membrane surface, or fine
particles of the removed matter are adsorbed inside the membrane
20 causing plugging of the membrane pores, and these phenomena lead to
problems such as increased filtration pressure and gradual decrease in
filtration rate with time.
[0007] Back washing has been used as a method for washing material
that has accumulated on the membrane surface and inside the
25 membrane, but with conventional porous membranes it has been

necessary to circulate a large amount of backwash fluid to wash off the



followi ng inequality (I). Ca > Cb > Cc (I) [In inequality (I), Ca
represents the hydrophilic polynmer content ratio in region "a", Cb
represents the hydrophilic polyner content ratio in region 10"b" and Cc
represents the hydrophilic polyner content ratio in region "c".] [0012] The
porous nenbrane has a relatively | ow hydrophilic polyner content ratio in
region "c" through which the liquid to be treated passes first, and

t her ef i ' ' '
o e MBI i B koRP ) pbrise e nfbin |

performance 1s t he hydrophilic polyner

content in rg@#@@eaﬁaiﬁgﬁﬁgl{%ﬂ%ﬁ%@e liquid to be treated passes last is
gn,

relatively hi so that deposition of the renoved natter and its

associ at ed "g(iﬂ(!g@nﬁ RO Rbjsd 80 tﬁen%x@éeﬁf M PStE6n tBegir@ﬂdéba peiowusen

these two re has a satfsfactory bal ance between the 20 two features.

Consequent | ymdiBrAiy thit 1¥erelistaet fucosmulistion oforemhoved inpattex bhbihies

superior filtration performance while being nore resistant to nenbrane pore

pl uggisng andpighbididsutfface Mmdindidé themamnbraties thatris pesistang ¢o pheggings .
[ 0013] The porous nenbrane of the invention also preferably satisties 25t he

fol I owi ng i nefuhki inerhbtane Pores, Ahat dam @haintaihl 8 highn ddtratipn( l'&tebRir

represents the nean pore size of a cross-section in region "a", P
represents t peolongedpseréods and dhatican dweseasily washed, asgivelh dsbd prodessc
represents the nmean pore size of a cross-section in region .] 5[0014] Such
a porous nenfisrpeodacingejtectlt st arothen objectoof"the irventions toqirovide a
rejected at the wall surface C, can remove matter in region "b" that has
not been rej processdoeproducingisciatified laguidassing ¢he porows membraneegi on " a"
that has not been rejected even in region "b". That is, the porous nenbrane
exhi Hik s nor Sodutiehl terPrdéblemi i onati on performance by
[0009] Specifically, the invention provides a porous membrane whose
membrane wall is constructed of a hydrophobic polymer and a
hydrophilic polymer, wherein when the membrane wall is divided into 3
sections in the film thickness direction to form region "a" containing
15 one wall surface A of the membrane wall, region "c" containing the
other wall surface C and region "b" between region "a" and region "c",
the hydrophilic polymer content ratio C, in region "a" is greater than the
hydrophilic polymer content ratio C, in region "c", and the mean pore
size of the wall surface C is larger than the mean pore size of the wall
20 surface A.
[0010] Such a porous membrane has higher strength to withstand
temperature change or pressure change than conventional porous
membranes, allows both an excellent filtration rate and fractionation
property to be obtained, is resistant to accumulation of removed matter
25 on the membrane surface and inside the membrane, is resistant to

plugging of the membrane pores, can maintain a high filtration rate for



10rejecting matter that is to be renoved in stages. [0015] The porous
menbrane of the invention preferably has its mninmmpore size |ayer, with
m ni mum pore sizes in the cross-section of the nenbrane wall, present in
region "a". If the mnimumpore size layer is present in region "a" which
has a high hydrophilic polynmer 15 content ratio, it will be possible to
nore reliably prevent pluggi ng of nmenbrane pores by adsorption of

ticles. T - SEet | f : - ) t
e e cu aP S ERE AERACRRUCEEARH ML K ERRRIEEA TP R
por ous menbr gRgtf thieid WARPoARIPIF tRE MRl Eﬁﬁ‘?é‘e Sérﬁﬂb\‘;\gflthggwfbdéh' ch

t he pore si zes decrease in a‘continuous manner romthe ace Cto

the m ni mum ﬁ%ﬁbﬁ&@dﬁwm ﬂﬁ%ggggpegfg%ﬁgﬁséﬁsra@hﬂéﬁdy%e@em nmor e

satisfactory dept tration e renmoved matter i1nside the

membr ane, _whid Rl e, Beihpelarified before lowin ot o walr Mirfnge side.i 0ds.
25[ 0017] The porous nmenbrdane of the invention preferably has a nean pore
size gf 1 gm0l gnThe }?bmusaiden%mha@f fthe ivetithit iphefepably Sdtisfierf theat

|l east 0.1 pmandless than 1 pmin region "a", and a nenbrane wall film

t hi ckness of fi (g,lch a porous nenbrane is suitable for
clarification of beer fernentates, and allows efficient renoval of

m cr oor gani s%x@%ﬁ@gi_r(ﬁ)i srupted cells that are present in 5Sbeer
fermentates. [0018] The porous nenbrane of the invention also preferably
has a hydr opfid inequalisy¢l), Cyreprésents thezhydrivphilit Yobymsed contdriteratiotial

wei ght of the porous nenbrane. Such a porous nenbrane will have nore

excel | ent cl eggiohi'a'"; Ebaepresentsrmmwmghiliﬁnpblymembmmeaﬂio imzegienlOeven
with repeated filtration and washing. [0019] The porous nenbrane of the

i nved0i on al $b" mnef €, alepyeseats thé dydrophilicl polymer icoatpm| fatip {d regionSuch a
porous nenbrane can nore reliably exhibit both excellent filtration
performance 'a".Jegion "c" and an effect of preventing pluggi ng of nenbrane
pores by deposited 1l5renoved matter in region "a". Ca/Cc ? 2(111) [In

i nequal ity ([00)2] Therporousemembrane inas raorslativelyploivy hydrephidienpolymeéro i n
region "a" and Cc represents the hydrophilic polf{me.r content ratio in

regi on "c".] coofemd2atio ihaegiomiie” ﬂmugﬁrwhmh thecliguidcta berireated passsser abl y
has a hydrophilic polyner content in region "a" of 0.3 W% 3.5 wt% based
on the total fixet, gmd thenefoteoremaved Sustten ipaeadiynadinrhed and iexgellenteven
nore excellent cleanability. QO.Zlé I n_addition, the hydrophobj c

pol ydér of tiﬁétrpt;ommrfmmmlsm[iﬂbtta . i AeHe ethershandsithe dydyophilic

pol ysul fone. Such a porous, menbrane w Il exhihit Rre,ex,cel I %nt strength
agai nst t enpPPLmEr contenfein segion "a" through which the liquid to be treated

passes last is relatively- high, so that deposition of the removed matter

and its associated membrane pore plugging can be prevented. Region

"b" between these two regions has a satisfactory balance between the
20 two features. Consequently, the porous membrane having such a

construction exhibits superior filtration performance while being more

resistant to membrane pore plugging and maintaining a high filtration

rate for prolonged periods.

[0013] The porous membrane of the invention also preferably satisfies
25 the following inequality (II).

P, <P, <P, (1)



pressure changes, and wll be able to maintain high filtration performance
for prolonged periods. [0022] The porous nenbrane of the invention may be a
porous hollow fi ber nenbrane wherein the wall surface Ais the outer
surface and the 5 wall surface Cis the inner surface. A hollow fiber
menbrane is a nenbrane having a hollow circular form and by having such a
shape it can increase the nenbrane surface area per unit volune of the

oref er bl y hok meddafio) (80, FofeRe R nRRGrs S O B FRIAH 5003

The | nvent | oRegih!"ae! ppsepdessh RS horolid¥ ofTriis-batih 3 sembh oned

porous nenbra whi € rrses a so ying step 1n which an imternal

sol i di fying sgh Whidop, irgpfiseRfiafHEe thdanOpbid! SideNbfa8tosk sechofh fedion! t he
doubl e-t ube nozzl e while a nenbrane-fof mng sol ution, conprising a

hydr ophobi ¢ mg[yner, a hydrophilic polymer, a 15 good solvent for both of
t hese pol ynmers and a non-sol vent for the hydrophobic polyner, is discharged

from she ext g304] Such@ ReheRibrafe can tbjeet mdteerinzeton 'e" that has

solidification in the exXxternal solidifying solution. Thi's production

process can fA8fben Péjedtrkatethieowall suirfiver @) eak eiRotengatter irheegione'i on as
descri bed above. 20[ 0024] The external solidifying solution in the
production ptletesss Adt been irg}waed evensinpregien de!'y aad soani eijéyt ngttep!int i on
conposed mai nly of water and having higher solidifying power for the

menbr ane- f or régigns'®d"uthad thas heot béen rejectedaéveanlin degiombsol Thaois, thech a
production process can reliably produce a porous nenbrane according to the
i nvention. 2ppfaiisSinenhisramerdxtdbits nore excellent fravtidmationhperformance by
process of the invention is preferably a nenbrane-formng solution with a
sol uflilon vi sejesfihg mdttércthat sntosbe Remeved andta3@8. Pa- sec at the tenperature
at which it is discharged fromthe doubl e-tube nozzle Such a

menbr ane- f or PGS Jsdhet porousirmembranb| pfethe udwentionmpaefevablye-hasbatsnozzl e
at a constant flowrate, and thus allows production of a porous Snenbrane
wi th nore unifinimune poresizedayenrwithavinifoopajoresizes i thhictoss-gestipner i n

t he production process of the invention is preferably polyvinylpyrrolidone
with a wei ghof the mepbraneswallapresent;in regioneiaie e Af t¢ oTioimben pood6ize00.
Usi ng such a_hydrophilic polynmer will facilitate preparation of a

membr ane- f or layieg isOprasent dn 1egiomd'al’ hwhich thas a lyghuﬁydﬁoplubewlb’mer

descri bed above. [0027] _Al so, the ngn-solvent in the productjon process of
t he ilAvent i opontengratie; abmillgbe assible Jocmaze wehiably psevent plugging 1oft at e
preparation of the nmenbrane-fQrmng solution, prevent changes in_the
conposi ti on HQMBANS PRLe§dYaAdserpHen, of particlesos| ﬁ&ﬁO%S%Cgme@f@me. 15 -
[ 0028] The intsénaL solidifyin%,solution g@fd for the production process of
the inventi ofP hereisthe £Epss-saction eut pemandicwlar o thei wemprane waklofgo we o
and | ess thap 100 wt % of .a good sol vent for the hydrophobic polyner. Such a
production p B§§“§dﬁqn9ﬁikﬂy'produce a porous nenbrane according to the

e SR WU R G R R e N

20 in which the pore sizes decrease in a continuous manner from the wall

surface C to the minimum pore size layer. Such a construction can
produce an even more satisfactory depth filtration effect to hold
removed matter inside the membrane, while maintaining a high
filtration rate for prolonged periods.

25 [0017] The porous membrane of the invention preferably has a mean

pore size of 1 um-50 um on the wall surface C, a rejecting pore size of



hydrophilic polyner is preferably renoved using an oxidizing
agent - cont ai ni ng aqueous solution either during or after the solidifying
step. Such a production process will allow the hydrophilic pol yner content
of the porous nenbrane to be easily adjusted, to facilitate 25producti on of
a porous nmenbrane with excellent filtration performance and cleanability.

[ 0030] According to the invention, the process for producing a porous

hol | ow fi ber gfrpsf @ |4 hrawhi L tion
surrounded by a tubﬂfé?ﬁgﬁgﬁgﬁ$gn%¥&v egyggﬁageﬁ'fhgagﬁgrﬂggro hg[C
doubl e- t ube Fagy RicRHREs VEF 00! I Jlrafogr . ST oy oﬁ@lmhﬂﬁ' afifdis ©
menbr ane-formng so ut?on f|OWI$€? an ?ﬁ% liquid sgg?ace o% t he ex?%rna

sol i di fying s@jtable0Tor aelariftationt '0foWes Mirinentstet Narnd Al eflcdidhd Yi ng

sol ution and menmbrane-formng solution is direct ed through the air-gap
section and rQaelgp of'i’ﬁic'rbéh?aﬁis‘iﬂé fandethetr Hf&?u?@éﬁeéélﬁi ﬂfa@'dr@!ﬁrﬁséfﬁ gpl ution
for the aforenentioned solidifying step, with the 10 follow™ng inequality
(1'V) Being sbeésfarfibntifegre St is the base area of the tubular piece on the
liquid surface side of the external solidifying solution, So is the outer

surface area[@018h&heupdtouy mhbrarsef ther erehtioneakior pasferalsigt haa and Ha
is the absolute humdity at the center of the air-gap section surrounded by

the tubul ar hiydesphilic6poBafer< dofitériiopfx0.Ba wt%640 ,vi94e ( basedSwah the poegluct i on
process will allow the pore size of the porous nenbrane to be easily

adj ust ed andwaight b€ithé pozousmernbyane.odSach & ﬁormmtmbrmemndmvéi ng to
the invention. [0031] The invention still further provides a process for
produci ng a nRf¥reaxwellenhtdldangbilitytamal caromzintaés hagh filtration gerforemarice whi ch
a suspended solid-containing liquidis filtered wth the porous nmenbrane
descdiObed abeven witlnrepdated fidtration iandawashippi shed with the porous nenbrane
descri bed above in this production process, it is possible to continuously
obtain a |iql0Q@l9% Thetperosis spembeane alfithe imventionedlyo rpraferably saidisde] The
suspended sol id-containing liquid used for the production process of the

i nvention mathedoHomdngeineguality dlIldxarfuich aTherous membsnare raap beore beer
fermentate, for example, [0033] The filtration in the production process of
t he i nvent i oreliablpraxhibitthothi excellent fiteation pexformance dn.repien Echiangd t he
internal pressure filtration in the production process of the_ invention is
carried out 89 eHeet ofspreventing plugging ofhoembrane parepehyledeposited
solid-.containing liquidis conveyed along the nmenbrane wall of the porous
menbAane whi I@nﬁﬁﬁ‘ﬂu@lﬁtﬂﬂ@rr@@lm 2he nenbrane wall, and the clarified
liquid is di mged fromithe pores, with the suspended solid-containing

| i quid conce by td&Xiltration bei ng extracted, and the liquid
conveyance 0 speed_.of e suspended solid-gcontaining liquid is between
0.2 nlsec anﬂlnzl.r@qu (ﬁ),téem’ﬁfﬁé%msstgéel&’dcmﬁ 1D I pnEeIiiigliget i on
process it is possih|e to reduce the pos i&i | {ty of suspended sol.id,
fragnent at i ot 881080 ARt Geirepresents-iher hy 16 polyyaer COpfRIF1atioNs | e
also resulting.i n,,a,,rjore satisfactory filtration rate and filtration

per f or mance. F€g1on "c-.

20 [0020] The porous membrane of the invention also preferably has a
hydrophilic polymer content in region "a" of 0.3 wt%-3.5 wt%, based
on the total weight of region "a". Such a porous membrane will have
even more excellent cleanability.

[0021] In addition, the hydrophobic polymer of the porous membrane

25 of the invention is preferably polysulfone. Such a porous membrane

will exhibit more excellent strength against temperature changes and



15 [ 0034] The production process of the invention also preferably conprises
a step in which the filtrate obtained in the filtration step is used for
back washi ng of the porous nenbrane. Back washi ng can renove sedi ment on

t he porous nenbrane surface or inside the nenbrane to allow the filtration
performance of the porous nenbrane 20to be maintained for prolonged
periods. [0035] The invention further provides a filtrate obtained by

11ty ate w s, Soubes, TRAR R0t BOCable | Id' Malhtalil® high CHafiohs @
d h fil h
conpared to ﬁgllsfbfj@%ﬁée?&tgféﬂﬁﬂgggﬂg%.ﬂignaceous eart iltration or t e

i ke, which een us rati on of beer and the like in the

prior art. ﬁgsﬁg dﬁSﬁE‘&h ébfil%hi‘@ént&ﬁpﬁi Be & poYorisSholksRr ane

'-|

nodul e conp por ous nenbrane. Usi ng rous nbrane of the
| nvention I ”ﬁﬁeﬂﬁ%ﬁlﬁ d Wferéi 'ﬂl%%hﬂ%lﬁﬁéé%ﬁ%%%ﬂtéﬁ@&faee angd' thet i cal
manner. Advant ageous ects of Invention 5[0037] According to the

i nvensi on i twia§l BAEMCE!E fsOtHY Pvhale sdrfReE.0UA WBlleka fibérhaierhbramesishant to
accunul ati on of renpved matter on the nenbrane surface and inside the

menbrane, t hajephBrameshAfiapta hellowidstular Forrhhandbyiariagruchsa shisd jtcan

maintain a high filtration rate for prol onged peri ods and that can be

easi |y washegan &scréese s nferiabRarRssurfdde aeh proshic ivodurne. ofheomdidnde,t o t he

invention it is also possible to provide a process for producing a

clarified |igompaved 1o 4hfRapanembramsbr The. péroust hoHew iffisromembranaw ngs
[0038] Fig. 1 iS a cross-sectional view shovm ng a preferred doubl e-tube

15no0zzl e forg feehibdyihes aof inmep diamstervfietweend000dimoand2006 pmesent
enbodi nment ig. 2 1s a photom crograph showi ng a cross-section of the
por od® menbr f0023)f Theaimlention further pigvides3 d4 pracessotfoni prodycamg theowi ng a
cross-section of the nenbrane 20wall of the porous nenbrane of Exanple 1.
Fig. 4 is a aforenmntiongdaptroaisomiengbrne; wesichecamprises arsxduhfﬁym step t he
porous menbrane of Exanple 1. Fig. 5 is a photom crograph show ng
cross- sect i oin whithenointemat solidefyiggmblution isadischarged toe @ut@mdnbr ane
of Exanple 1.

w fluid channel of the double-tube nozzle while a membrane-forming

solution, comprising a hydrophobic polymer, a hydrophilic polymer, a

15 good solvent for both of these polymers and a non-solvent for the
hydrophobic polymer, is discharged from the external fluid channel of
the double-tube nozzle, for solidification in the external solidifying
solution. This production process can easily produce a porous
membrane according to the invention as described above.

20 [0024] The external solidifying solution in the production process of the
invention is preferably a solidifying solution composed mainly of water
and having higher solidifying power for the membrane-forming solution
than the internal solidifying solution. Such a production process can
reliably produce a porous membrane according to the invention.

25 [0025] The membrane-forming solution for the production process of

the invention is preferably a membrane-forming solution with a solution



25Fig. 6 is a photom crograph showi ng a cross-section of the inner surface
(wall surface C) of the porous nenbrane of Exanple 1. Description of
Enbodi ments [0039] A preferred enbodi ment of the invention will now be
described in detail. [0040] The porous nenbrane according to this
enbodi ment is a porous 5 nenbrane with a nenbrane wall constructed of a
hydr ophobi ¢ pol yner and a hydrophilic polyner, wherein when the nenbrane
wal | is divi i.nt.o | pL.dhe fal j_ ckne L restd orm
region "a" cgﬁgﬁsﬁ&nﬁéyﬁg&\%@mst%%elcaemiao%nq hrijea érge&n%fatﬂgée Wik e1 regi%tn "c"
containing t :0f h | k- e n e ~wbe r ege "a' 10
and region " ?ﬁ,ugbhg{ h%r%lsgyﬁgapo%%e&h%o%%lelr%%??oh I'n re%ﬁ%lrll %a" S
greater than i Ll C : C r Qi oW ACY. T "t and
nhdlfib I ﬁﬁﬂﬁeﬁ%ﬁcﬁﬁhﬁﬁ%an Bégs’f"dﬂly &&Lﬂlﬁﬁb& @b whle-tube

t he nean poré size surface I's {arger an the mean pore size

of the wall C . RYARY nalfq rgﬂﬂ b ctions
in the film ?ﬁ%@ngsécﬁgﬁi&%n%gﬁs t zgl?&?tan‘ﬁ?s& sgc?'?llo(k)lngﬂ\t/dmp‘[)% 15t he

t hi ckress of GBrarYRithi PemeintaAe Werforhfaprect to 100 as the

t ot al rzf’fei | mt hicl Eess.ﬁf%lo@ffé]gﬂjc? a porous ﬁ?r?‘gfrbane has hi gher strength to
wi t hstand tewsz ific RoPpmer Cirf hRI Profactice NpRivesonal fhier ous
menbr anes, allo gglftéh(h n cgilcl g\t filtrati on%rrate andn?ract I onation 20
property to hevéftic N8dpréferdly pbRRiinyIbyreslidbreatwith af weighuadermpiet er on
t he menbrane surface ang I nsi d_z ?hgmnesr;%rane, is resistant to plugging of
the menbr ane ppsleelar CovRighti BF Betweehi 90,0000 khdt 100,006 sti@%OélwaQ%d
periods, and is easy to wash. [0042] In order to divide the nenbrane
wal | into 3 fgdrdphitici poliyheer! will fabilitatekprsparaticre ofiomdmbrape-formian ng
into 3 regionS, a portion of the nenbrane wall may be cut out to obtain a
fil mylg ke megghaivh M@sl’ihgathé suitableesblution Ascesity deseribed dbove. | m t hi ckness
direction. Here, the 1/3 region with a thickness including one wall surface
A of the menppeRE] Wdso, thiel homgolveintinate tprodactior girocessaof thet imvehtidnr egi on
with a thickness including the other wall surface Cwll be referred to as
"region 'c", iaprefefabiipglyesrier Sechisnohablvent wibfamilitase paephrationof " c”
will be referred to as "region '"b'". [0043] A hydrophobic polyner is a

pol yner havi tige anembranefosmif@selution, prevent changes in the composition

-

O]

during storage and render the composition more manageable.

15 [0028] The internal solidifying solution used for the production process
of the invention is preferably an aqueous solution comprising at least 80
wt% and less than 100 wt% of a good solvent for the hydrophobic
polymer. Such a production process can reliably produce a porous
membrane according to the invention.

20 [0029] In the production process of the invention, a portion of the
hydrophilic polymer is preferably removed using an oxidizing
agent-containing aqueous solution either during or after the solidifying
step. Such a production process will allow the hydrophilic polymer
content of the porous membrane to be easily adjusted, to facilitate

25 production of a porous membrane with excellent filtration performance

and cleanability.



tension (yc) of less than 50 mMNVm at 20C, and a hydrophilic polyner is a
pol ymer having a critical surface tension (ye) of at least 50 MV mat 10
20C. The nean pore size can be cal cul ated by observing the wal b surface A
or wall surface C using an electron mi croscope at a magnification that
al | ows observation of ten or nore holes in a single visual field, and
treating the pores in the photom crograph as near circles to determne the

o aret o 1o, AGeEE o A0 R pRbelso B8 BONERE g RopkS,
Eegn?; “’a"g%o%g 3%?513%% aSQ*SE’?%é?**E%% %&%ﬂ;@ﬁﬁfﬁ%&

conpl etely Z%ECOWpamﬁl@qéyspgrﬁswé&%% %n ?ﬁg\:lpp‘rioqs nmenbr ane: at ﬁe f _
hr gor than TRGGEBIeCAEzA e WhichH@intdnal SElidft B $Bltiod BOALG: ng °

wal [ gur f aceriom Balel fniTRANs RtforS iy Cbut'dlnd The AGHCshifabar gprenghan the

mean pore size 0O ace uch a construction, the porous

menbrane wi | gxtaays E&l@d&%@; 56RAidh, LhdVthd haflew %gﬂ@;\slmﬁ%iﬁgeﬂféﬂﬁﬁeﬂmr

pressure change than co t1 onal "porous nenbrane exhi bit an even

mor e excel | egdlidiifyingddlatioh il AlRdnbradelforfihp ¥olRiGRSS directdd thrbagh

resi stant to accunulati on of renoved natter on the nenbrane surfacé and

i nside the nmbra@lﬂgaywsédtidiﬁ diftbirehéds tthe Pligaid ndirfice of dRerbeasendior es

and 5 wll be able to maintain a high filtration rate for prolonged
periods, whiddlidifgingdsohdicafor the afobahentioned nolidi retep, weishithe
processes. The washing process nmay be, for exanple, back washi ng wherein

the p@shing fdlw\dhighwqgautﬁ(ﬁﬂ) beingheatisiietl] athiepe SYiis ties base aved dfither ever se

direction, or air scrubbing whereinthe menbrane is oscillated 10 by

i ntroduct i ontublulad rpibed Wrethe nliquid surfade! sideo ofethey extéraab solidifydhgd
matter. [0046] For exanple, a liquid to be treated that is transported to
the wal | surdalatiofi, Sodis the duter sarfave arearbfdhe ouwtflewsthat passesithrough por ous
menbrane interior where natter is renoved, being clarified before 15

f1owi ng out the airegapaséction, famdeHa isithie.absohtedummiditypattiee bemfen@fstheh a
construction can adequately exhibit an effect of depth filtration whereby
particl es snairtgap séution surrowndedby the telsular pi¢eel. d | nsi de the nenbrane at
region "c", for their renpoval. On the other hand, since the hydrophilic

pol ybhBr cont@d000a<i(8t/Se) ki o 6405000 adsdIW)i ve power 20 between the
particles and nenbrane is lowin region "a", it is possible to prevent

pl uggi ng of Sueh nanprodustionr proessspavilli allovadber pore rsizayoihthe eporomng
pl uggi ng of the menbrane pores by_adsorption of particles in region "a"
whi ch has a meanbraperto bezeasily adjusted sned ean dhereforaireliablyi groduce eat i on
rate for prol onged periods. Mreover, since a depth filtration 25effect can
be adequat el poxOUs miemhrang acegrding'tothesmvention a | arge pore size, the
filtration performance, includi n? the fractionation property, .is.
[0031] The invention still further provides a process for producing a
20 clarified liquid that comprises a filtration step in which a suspended
solid-containing liquid is filtered with the porous membrane described
above. Since filtration is accomplished with the porous membrane
described above in this production process, it is possible to continuously
obtain a liquid with the suspended solids adequately removed.
25 [0032] The suspended solid-containing liquid used for the production

process of the invention may be a fermentate, for example. The



excellent. [0047] The porous nenbrane preferably satisfies the foll ow ng
inequality (1). Ca > Cb > Cc (I) 5[In inequality (1), Ca represents the
hydrophilic polymer content ratio in region "a", Cb represents the
hydrophilic polymer content ratio in region "b" and Cc represents the
hydrophilic polymer content ratio in region [0048] The porous menbrane has
a relatively | ow hydrophilic polyner 10 content ratio in region "c"

L&; ggghlgh;gge el s Bl AR IR Babb R 2 o mance 16
teEr:)uéLevvm (C:IPQ%@ ?hqw éﬁ}?ﬁ@% ﬁ{]ﬁgg%/gf pass?tlgg Hqgé%@??f(r:e at | vel?ﬁlmasgkonsoa
bl uggi ng canPRactibly dARAPRESTR Fifraridn, Thtefcrbhe HC Ieftal TreRie] Por e
sat | ST act or y IgLAGA SbH BRIt Wobea! bf The OBARGN S bfrieHh6uPBOUS

menbr ane having such a co structlo brts superitor filtration

per f ogmance &fq t

mai nt gl ning a 3%8?‘" ?trrg??%n ?i‘%’ﬁ %rSQ‘S 0 onggghgg{(?lods 08%}9] The
porous nembr aggveyeP efhRPhemBdnt vedll (oTethed lpoRBus dmefifbiidae | While! | ) - Pa
< Pb < Pc (I) [In| equality (I11), Pa represents the nean pore size of

a cross-sect hgihg nﬁﬁéﬂe@g't%n thé mdRbEARS ewall! saddetheedlardfied | Hgaidi & of a

cross-section imregion "b" Pc represents the nean particle size of a

O T o g el s ol meing
renove natt egohertedtedrby the filtration being extracted, and the liquid conveyance

10 speed of the suspended solid-containing liquid is between 0.2 m/sec and
2.5 m/sec as the linear speed. According to this production process it
is possible to reduce the possibility of suspended solid fragmentation
and contamination of the filtrate by the fragments, while also resulting
in a more satisfactory filtration rate and filtration performance.

15 [0034] The production process of the invention also preferably
comprises a step in which the filtrate obtained in the filtration step is
used for back washing of the porous membrane. Back washing can
remove sediment on the porous membrane surface or inside the
membrane to allow the filtration performance of the porous membrane

20 to be maintained for prolonged periods.

[0035] The invention further provides a filtrate obtained by filtration
with the porous membrane. The filtrate of the iﬁvention is a filtrate
with a low suspended solid concentration and low turbidity compared to
filtrates obtained by diatomaceous earth filtration or the like, which has
25 been used for filtration of beer and the like in the prior art.

[0036] The invention still further provides a porous membrane module

10



that has not been rejected even in region "c", and can reject matter in 5
region "a" that has not been rejected even in region "b". That is, the
porous nenbrane exhibits nore excellent fractionation perfornmance by
rejecting renoved nmatter in stages. The cross-section of region "a" is the
surface cut perpendicular to the nmenbrane wall of the porous nenbrane. The
nmean pore size can be cal cul ated by observing each 10 cross-section using

11", BRSSP e '
oot o 9" RS AR s L PO SER .5  SRRTRA b O el o

ment i oned 1&58&'%Vi nyl pyrrol i done, polyethylene glycol, polyvinyl alcohol,
cellul ose, a ]

stances derived fromthe foregoing. Preferred anong these
Chei 1 dor i vati DRHEAEED s KRR ot tp¥RBO,c e "boi ng mor e pr ef orrod. Any one
mmy be used OV nfS5eBRETE (B AoRentiof it 35 BiesiBle td\BrBlided, pidus' ner of
hombaeneous. Hied R A BB G R O g 1 o
et de. ¢ he. rEERorARSRBice U Ind TME horRblabl, B Ju Sy THERL A pLMggre and

hydr ophobi ¢ gpl theBhferh bR BBYesD thd® Man® ResintAA m&llg}hgmuaﬁéﬁdrazelwfers

such as pol ysul fone or exanpl & a 20C critical su ce tension (ye) of 45

m\/ M) and popbyslbhged Perisths an@thatasmibe e@siép%shba,i 68 lwell a3 Hro€axsi on
(ye) of 41 m, —or ‘polyvinylidene fluoridé (for exanple, a 20C critical

surfage tensggn p?oﬂﬁ@ihgoit. 25A gdérding PO Yivé nveRB6R thisohlsée possiblyitoy !
chloride, polyacrylonitrile (for exanple, a 20C critical surface tension
(yc) of 44 npfdlideandprideesd ifee. prodeiceig ed ckarfiedt ligerl asidy dheppolius
pol ynmers are pol ysul f'one-based pol ynmers and pol yvi nylidene fluoride, with
pol ysul f one- hgsabrai®). yners being nore preferred when using 10

pol yvi nyl pyrrolidone as the hydrophilic polynmer. Any one of these

hydr ophobi c mﬁympegcﬂpﬁoheoppedvﬁhgge, or two or nore thereof nay be used
in adm xture. Wth these hydrophobi ¢ pol yners, the porous hollow fiber
nmenbrane wi | [0@381 Big. kvea crossseotivnidl ariéwsshowinigha pyeferssd deuble-taiber e
changes or pressure changes, and high filtration 15performance can be

achi dfed. [ 0A62%leTfor proatuctioneof iazpordust hembranesacdordmngCto sherpesemtbl y
between 1 pm and 50 pm nore preferably between 5 pmand 40 pm and even
mor e pref er abmbdddmenén 10 pm and 30 pm Such a porous nenbrane is suitable
for clarification of beer fernentates, and allows efficient 20 renoval of
m cr oor gani skig.a@dig laeiphotorsiarpgeaplc sshiowingas erossisectiont of rtheeporous
fernmentates. If the nean pore size of the wall surface Cis at least 1 gm
it will be powembraneef Exaiple lan adequate depth filtration effect to hold
renoved matter inside the nenbrane, and plugging of the nmenbrane pores due
to accunul at Figr 3fis reephotamiezographshowing snerasssestionrofathe membrane
mnimzed. Alsg, if the nean pore size of the wall surface Cis 50 pm or
smal 28r, t hewslbpbthe perays membsane of Hxamaplenbnbr ane surface will not be
too great and it will be possible to maintain satisfactory, porous_ nenbrane
strengt h. | nFig.dkis aphotemicrograph shoying agiress-sectior ofigegion rg sekthe t o

wi thin the range specified above, the good solvent concentration of the
sol i di fyi ng Perens membrangoiExample surface C side may be set to 85 wt % or
greater, for_exanple, .in the production processes descrjped bel ow, [ 0054]
The mean por E1&i% & aﬂ)homgtmmgr@%ﬂ sﬁewmg ACTPpESection pitke quisr surface

(wall surface A) of the porous membrane of Example 1.
25 Fig. 6 is a photomicrograph showing a cross-section of the inner surface

(wall surface C) of the porous membrane of Example 1.

11



0.1 pmand 20 gm nore preferably between 0.2 pmand 15 gm and even nore
preferably between 0.3 pmand 10 pm In order to limt the 10 nean pore
size of the wall surface Ato within the range specified above, the
tenperature of the solidifying solution on the wall surface A side nay be
set to between 50C and 90C, for exanple, in the production processes
descri bed bel ow. [0055] Region "a" preferably has a rejecting pore size of

at | east 0.0% 15 and ss than gm it nore preferably has a rejecting
pore size of ﬁcrﬂ’?& nﬂféﬁﬂihom s than 1 pm and it even nore

et ect i ng. pofdv S & Betetediahbodinighs R HERRAIn WHTHENE P doblibel o

| ar ge pernea;ﬂag,&arulesi stance and can prevent increase in the pressure
required 20 Tor filtration, and when filtration of a solution containing

equi red 20 For iTtration, ration of a sol ution containi

avoi 0 menty ane> A nLePPle sk Biing SRR M cmbidimdR BAHRG, °
erbr i . S e

ot 18 ont 1 PaDRWRRCs bRl PRl SonsiRCR BER BT Sy han

suf 11 i ent o yw i e srze 1S T ess |

the T ange spoay fy SEEC pefynBh ekl R Bl Aetibrall JAL IS R o

the wall  supftacs Redtiles TRY tIRE f bg?g@v%s%ggggfﬁgﬂaw Rt rfe%or?md"’p' e in

the production processes describe _ e "rejectifg pore size"
referred to Bgamj ore SvalRr flrFace SAZ8f e FndAblae SwRR! riié%idxf’”’c"

rejecting rate of 90% when a particle 5 dispersion contalning dispersed
particles of céhﬁéﬁ(ﬁn@ fRe otter Wall &iefhcesCehd P@gi@ﬁr'wsbéW@P@ion_ "a"
Specifically, the particle dispersion is filtered and the change in
partilgl e conggdtregidmrc", Shebgars li@?%ﬁl@r&rﬁéﬁﬁfaﬁd Ciakregion 19" is
exanpl e. The neasurenent is Conducte ile varying the particle size from
0.1 1.tmat arautécthal tidhydrophili® Polymer zohedrtatationC, 1 regione"d"s aadawn for
the particles. The 90% rejectable particle size is read fromthe rejection
curve, and tthesnsdazepory size of dte swall Barfaee «Ctik rlargeerthani the. me@ApdreThe
porous nenbrane preferably conprises a m ninum pore size |layer in region
"a". |f the sizeiofithepwal surfaeel Ay erHeére, divwision of the fdembginenwaH intdBch has
a high hydrophilic polynmer content ratio, it will be possible to nore
reliably presections ingthenfilmfthivkness déreetioasmegns disatriptias 3 séctipmstwithes. The
m ni mum pore size layer is the layer containing the snmallest pore size as
det el fii ned wthehthibkressaof eaclvlayercinotie- rempei ofi 3845t Withnespect toeb@0ase wi t h
an electron mcroscope. 20 The pore size of the mninmumpore size layer is
appr oxi rratel';heethllallﬁﬁ'nthhﬂmee‘,;.ecti ng pore size, and therefore the pore size
of the m ninum pore size |ayer can be obtained by neasuring the rejecting
pore size. TEQQ‘&dr Sughze porause memibrame phase higher |sdxength stoprwithstanidy at
| east 0.05 gmand less than 1 gm nore preferably at |east 0.1 pmand |ess
than 1 pm 2tunperatare rahangsr orepasssurdechange othankeanventiogapnporausor der
to include the mni rrumai)ore size layer in region "a", the good sol vent
membranes, allows both an excellent filtration rate and Iractionation

20 property to be obtained, is resistant to accumulation of removed matter
on the membrane surface and inside the membrane, is resistant to
plugging of the membrane pores, can maintain a high filtration rate for
profonged periods, and is easy to wash.

[0042] In order to divide the membrane wall into 3 sections in the film

25 thickness direction for partitioning into 3 regions, a portion of the

membrane wall may be cut out to obtain a film-like membrane wall and

12



concentration of the solidifying solution may be 85 w % or greater on the
wal | surface C side and the good sol vent concentration of the solidifying
solution may be up to 50 wt% on the wall surface A side in the production
process descri bed bel ow. 5[ 0058] The porous nenbrane has a fil mthickness
of preferably between 300 pm and 1000 gm and nore preferably between 350 pm
and 800 gm |f the porous menmbrane has a filmthickness of at [east 300 pm

;_Qﬁ{ i ted Qafs‘c“%‘f%hﬂ@”%%&b%@éiﬁltegfféh@b@f‘@eés fircfionc, FRESL e s
| over od | esegaer g EneRuBet kil g, D wvall sakRg KR e "
to 1000 gm Waﬂ["‘w&h Be rBRIRDIS b MrBftaMa ip%%t/?*}kg%&?%mwgl ckfgRved

matter accumnul | I’ISI msrrbr and ion performance
after washin b i ness to
be within ![ hlﬂls(mrﬂzgmgﬂ.l esﬁfh'effv?ﬁl ?ﬁ#{ﬁée gt%}élr}n T ghégnﬁ'géh%ﬂr?ct ﬁlaﬁh
doubl t ube e b2 "e 4000

?or exaﬂ&lzééﬁtewgﬁ‘S e p?%g‘g%te?ﬁggig?loc%sgﬂ%g%mb% W 005 9]t The

por ous rrenbrggle e%gﬁqg'a.bl y has its pore size reducing 20 cont i nuous| y from
the wall surface to the m ni mum pore size layer. Such a construction can
produce an e U 3Y At mdlyﬁf&l @naﬁidlgﬁiert&m b rcpftRad uriceer

i nside the nbr ane, |Ie mali ning a filtratron rate for prol onged

periods. In wrﬁﬁsn(fb)ft@ffl%sﬁﬂ?arPSOQnN/ﬁﬁaﬁE@ﬂ@'étﬂiﬁQg}deEilﬁi polyiraer ishe wal |

surface Cto the mni'mum pore 25size |ayer, the goo vent  concentration

of the solidafp6lpe @Qiaﬁmgra cHtiches@Favé terivion(§6) of adeddres 0vaN/au4tl ace C

side and the good solvenl concentration may be up to 50 wt % on the wal l
surfdge A sig80°Cf orTiexanwdre; F?ow dixe dahobe adalenlapsd bgs ebsasing thd wallow.

[ 0060] The porous nenbrane has a hydrophilic polynmer content of preferably
bet ween 0.2 stifacerdA3 ont Wyalioswerfacef €r aising ba veleotron3 rhicsoSéaped &. 2 Wt %
and even nore preferably between 0.5 wt% and 2 Wt % based on the total

wei ght of thmapmificatiorrthattalowd pbservation!dfotenf ob enorechblesnin asmgle a
hydr ophilic polynmer content of at least 0.2 wt%w Il be resistant to

adsor ption ovisuairofield, nand dreating lihe npoesaire ther photonaicdographdes t hear
menbrane and al so to plugging of the 10 nenbrane pores, thus allow ng

st abl e washi oiycles tpatetermhm thevdifivieter frenbﬂmm‘emmbanviainm ophilic polyner
content of no greater than 3 W% w || be resistant to gl ng of t he
menbdéne por [B04HuTbdt the membiang whlltieonypiosadhof ad ymﬁ bic pal

increase in permneation resistance can be prevented and h| gh f||trat| on

per f or mance aad dhydrophdinpolymer 16eansi¢hatt the imgmbrane wall eemprisespol yner
content to within this range, the ratlo of the_ hydrophobic pol yper and
hydr ophi | i ¢ beﬂyaehydmphwlmmm hwdm@mﬁtpmmﬁp;r@aﬁglqsaeof

hydr ophobi c | yner and hydr oph| lic polyrrer may be forner:latter =
(1):(0.1-1. 5ﬁie( pphase aglryctuse méfon saxasaple, ( 1Y : mays-be 33) comapatdgnte, in
t he production process 20descri bed _bel ow., [0061] Th(i por ous menb{ane al so
preferabl y sphass-separated rsystes raéthque@atwp‘yp(qfﬁra)b ycapta scampletgly  [in
i nequal i ty (rrery, repre ents the hydrophilic polyner content ratio 25in
regi 88 "a" afempat &%ﬁﬁ%’f@ M)s the hydrophilic polyner content ratio in

[0045] In the porous membrane, the hydrophilic polymer content ratio

of region "a" including wall surface A is larger than the hydrophilic

polymer content ratio of region "c¢" including wall surface C, and the
mean pore size of wall surface C is larger than the mean pore size of
25 wall surface A. With such a construction, the porous membrane will

have higher strength to withstand temperature change or pressure
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region "c".] [0062] Such a porous nenbrane can nore reliably exhibit both
excellent filtration performance in region "c" and an effect of preventing
pl uggi ng of nmenbrane pores by deposited renpbved matter in region "a". The
porous nenbrane with the hydrophilic polynmer in such a 5 distribution wll
exhibit a nore excellent depth filtration effect in region "c" and a nore
excel l ent effect of preventing plugging of the nenbrane pores due to

i?ZgLQLI 'ty chBFEE fin TBhv i Hﬂ?@bﬁ%ﬁ%k%&ﬁﬁ@béﬁ%mﬁc?

bref o1 SBF%“ AR RAR %@iﬁb%@%@%@%%ﬂeﬁﬁe SRR K : B
111

oty v SR L SRR oo 1
?ﬁ)f?(r)ng;l Zﬁghegpﬁéﬁgﬁgyﬁfﬁe%y%@hﬁtﬁﬁﬁégn{#oﬁgﬂ’g ocess éme r(l)rgtsac?nbel (ﬁw
0063 T

[EB mﬁbfgﬁge%r%%?@r %?ﬁﬁgnt%%%%ﬁoﬁk*%f T4 ol BrbffHded, périofs, | a§| y

0.4 v

Z?tSW?Vte‘% A hydr op%?cggiﬁ% éyrg%gg\rgggm’&rggslﬂgé]ﬁzgﬁéﬁh;ttﬁﬁﬁlast 0.3 wtn@ ol

ot 'n soheste e e, thopmnet g,

The porous ”WHHréﬁ?tHEiWaQBu@ ﬂﬁid iZ@dcilatal P fiftrdtiGR difeetion TR tHe zat i on

by autocl ave treatnent wl | ow t he porous nenbrane to 25be suitably used

for filtrati egvetbe %ﬁé&ﬂixﬁlorpa&ts&hssmgv%iérew 1 einbrart i¥eoicillated
perfornmed, the hydrophobi ¢ polyner is preferably one with |ow variation in

wat erjgper meabiyorinheldactioandfaldier babbles! i ttheatmBdile Joeciemewd | the t he
change in watér perneation before and after autoclave treatnent (FAc/FO0),
as det er m nedcéuirpfildted mattéd | ed wat er perneati on before autocl ave treat nent
(FO) and the purified water perneation after 5 treatnment (FAc), is
preferably af0046Fop eXagiple) &iRjuidao bl treated|that/is wanspotadito they wails may
be nmentioned as exanpl es of such hydr ophobi ¢ pol yners. [0065] The porous
menbrane of thifacer@axiderstt theapotsusanpembrenenphbsey in thoughntheaperoumose
nmenbrane wal | is conposed of a 10 hydrophobic pol yner and a hydrophlllc

pol yner, whemnsembrdren ihteriorewhereematter iss reinovedd being Clasdfd deforen t he
filmthickness direction for separation into three regions, the hydrophilic
pol ytér cont €lowingt but ¢6 theewallt surf@w iAptsedey rAgpomummambraJlet having er
surface (wall surface A) (region "a") is greater than the hydrophilic

pol ymer cont such maconstoicticn cae adnquatqiyre)dhbrtyan efffech af rdapibi falgration i nner
surface (wall surface C (region "c"), and the nean pore size of the inner
surface i s gwéerebytpaticlasesmeller thancths membranesporesearesheltaingidesthte | ow
fi ber menbrane is a nenbrane haV| ng a holl ow tubul ar form and by having
such a shapemembrand atregion Ydle fortherreensevalacOnrtbe ¢fder hand, sincere of

t he nodul e, 20conpared_to a flat nenbrane.
the hydrophilic polymer content ratio is high and the adsorptive power

20 between the particles and membrane is low in region "a", it is possible

to prevent plugging of the membrane pores by particle adsorption. By

preventing plugging of the membrane pores by adsorption of particles in

n.n

region "a" which has a small pore size, it is possible to maintain a high

filtration rate for prolonged periods. Moreover, since a depth filtration

" "

25 effect can be adequately exhibited in region "c¢" which has a large pore

size, the filtration performance, including the fractionation property, is
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[ 0066] The porous holl ow fiber nenbrane preferably has an inner dianeter of
bet ween 1000 pm and 2000 pm |If the inner dianeter is at |east 1000 gm it
will be possible to carry out continuous filtration even when filtering
easi |y aggregating suspended solids such as mcrobial 25particles, wthout
the hollow fiber inlet openings being obstructed by the aggregated
suspended solids. Also, if the inner dianmeter is no greater than 2000 gm
t he thlckness of singl e porous hollow fiber nmenbrane will not be too

| ar ge, thus ?}ﬂﬁ to ensure a Iarge ef fective nenbrane surface area per

nodul e and p reductiqn filtr er C F nner

di aneter to L@ﬁlm tHﬂrguﬁaﬁﬁg mﬁ%epg‘%ﬁfﬁ@?l %ﬁfsﬁg ﬁm}?}%
channel in tg}ﬁ%%? t ube nozzle may be set to 500 pm 2500 pm (preferably
600 gm 2200 xarrpl e, in the production process described bel ow.

[0067] A proef cing a porous nenbrane according to this
enbodi nent | ained in detail using as an exanple a 10 process

2o P 33322”9‘5‘?"‘%?10"8”@ E@' 5 pob%%éﬁwr‘?ﬁﬁ%g%?ﬁ%@n@?ﬁﬁﬁ Cofticit afigsh’ ¢
"product i on pAGRISHOE, LB TErobhill QRS Rmd ComeRf Rty ot Vﬁ{bﬁduc' ng

a porous hol rané conp ylng step In t he

following dis vh 6 1 @f oM recio

Si rrultaneouslg or sangﬁ?&%{éﬁl{f%ﬁ? (?1%1 g? 159111?{ ﬁ&?illfylﬁng so?%t Fon. (1)
Di scharge of ninternal solidifying solution fromthe internal fluid channel
of the doubl e-tube nozzI e, and (2) Discharge of a nenbrane-form ng solution

conprising a G’@l uS rHeémbiEfhe his nylﬁﬂi’{ﬂél?' l%v@hh'ﬂﬁﬁﬁhﬂl% S619theo! vent

for both of poI mers and a non-solvent fof the hydrophobic”pol yner,

f rompghe EXtééﬂ@ntfrhﬁbCin% fHielc 'Dﬂmrbﬁghﬁl%iﬂlﬁtﬁdm §uitbtr be treatéd passes

producti on process can convenl ently produce a porous hollow fiber nenbrane.

G Scher o BEP ey amptyg i s aesalpindpred s skt
external sol filliratibAPerfiruidree. iskxkiibited.as Oasthe other hand, the hydrophilic
polymer content in region "a" through which the liquid to be treated
passes last is relatively high, so that deposition of the removed matter
- 15 and its associated membrane pore plugging can be prevented. Region
"b" between these two regions has a satisfactory balance between the
two features. Consequently, the porous membrane having such a
construction exhibits superior filtration performance while being more
resistant to membrane pore plugging and maintaining a high filtration
20 rate for prolonged periods.
[0049] The porous membrane also preferably satisfies the following
inequality (II).
P,<P,<P. (II)
[In inequality (II), P, represents the mean pore size of a cross-section in

25 region "a", P, represents the mean particle size of a cross-section in

region "b" and P, represents the mean particle size of a cross-section in

15



through the air-gap section"” neans that nenbrane-form ng sol ution

di scharged fromthe doubl e-tube nozzle first passes through the air (or

t hrough a gas such as an inert gas) w thout imediately contacting the
external solidifying solution. 5[0069] Fig. 1 is a cross-sectional view
showi ng a preferred doubl e-tube nozzle for production of a porous nenbrane
according to the present enbodi nent. Here, the doubl e-tube nozzle 10 is a
nozzl e having an i,nt,ernal fluid channel 11 forned at the center section of
the nozzle aﬂ%‘gﬂ &tlernal fluid channel 12 forned surrounding it, with a

112 colobSSeh ISR e IS el MASERL ML,
PR il B LA RS b Byt fubi
ST TR BAARIAAd ARHL R S5 O B Uil )
0070l T i ' i di i j i @l i
Loorok, e LA d/p 00058 i By 5 ot B 20501, o 1
and Lese, {haplot, MORBRSRCAICRSOR! Blolf Hadlotig ARbREFEty

hydrophi l'i ¢ Pﬁ[‘gégljg nrghg\n&\{éh&)iﬁétfé?-in':ﬁsggs} neTid %‘PB&"—&cﬁﬂr} 82? 'Ri'rf‘@a'aisgor ous

hol | ow fi ber an 1 nner ace pore size o east 5 pm the

aqueous sol ugy ]R)?%Tee I cll' ﬂ;%s (! r and
| ess t han 98“3\?&; e ?gﬁpgﬁrgteﬂ?{a 0 g?%ﬁ%ﬁ?f%ﬁ@%?gﬁ%ggémfl on is
preferably i g - 3Kfe I :

nmenbr ane- f or %énﬂgﬁéﬁt iegl_zég{l_é%ll?gﬁgr ge F?%rﬁ{%e ougfﬁeftoﬁ)gg%%gg?a_e?h in

or dengl o m NRbskesecHion? sl | 4h RAELLOAPHfiErdkeBpE Oaf A TEAENIfTLatioh tha! d
tenperature. [0071] The go sol vent for the hgdrophobl c polymer nay be
N-met hyl - 2- pyllolsi §Bsarviatidh) of deAmirhiidrernaiekda 4 Rifple Yislialefishd, agrr ani de
(DMAC), dinmethyl sulfoxide (DMSO) or the like, any of which may be used

al one or in aaEtingUhe pblis R EHE bRotdnitibpidpt? aPtieael difslee tordetermine

di net hyl acetam deis preferred en pol ysul fone is used as the hydrophobic
pol yner, andthé driniter Frani'thelaréwffednsvalaee preferred when

pol yvi nyl pyrrol i done is 10used as the hydrophilic polyner. [0072] The
external sol [005V] Ag éﬂdlmpﬂémoffhyldﬁ'@ﬁbﬁlﬁbpwlﬁnéﬁ i#ré \thag o meritivhetonposed
mai nly of water and havi ng hi gher solidifying power for the

menbidne- f or pobgviaglpyrrelidemepolyettiyiens pdycolp polivinyhalcoholf teliulossj ng
such an external solidifying solution, it I1s possible to 15 obtain a porous
hol I ow fi ber andrsubstendes\derived fronythe iforegoings f Rreferced aniorg these dshe
outer surface pore size, with the pore size decreasing continuously from

t he inner subfydoephilidepdlymerd aré pobyvinylpyrpolidomse, zsolyethsrdend gbycodland f yi ng
power can be neasured by thinly casting a transparent nenbrane-form ng

sol uti on ont thejt aderinativest avith npolyvihglarclpdete abeingi ahoteir pedetrgdi s
produced when the solidifying solution runs downward, and a solidifying

sol ution wi t iAny longhof thésedhydrophtbic palymessimaly bei nsed aloné,cor twohorst r ong
solidi fying power. The tenperature of the external solidifying solution is

pref @0abl y banavecthepedt may bemseddimadmiyturecr diliege thatdvephilio golymiessC,
have excellent compatibility with hydrophobic polymers and their

porous membranes are homogeneous and have excellent mechanical
strength. Furthermore, washing is facilitated since adsorption of
removed matter on the membrane surface and inside the membrane can

25 be further prevented. _
[0052] As examples of hydrophobic polymers there may be mentioned
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25[ 0073] A good solvent for both the hydrophobic pol yner and hydrophilic
polynmer is a solvent that produces no insoluble conponents when 30 g of

t he hydrophobi c pol ymer or hydrophilic polyner is dissolved in 100 g of ’
solvent. As good sol vents that dissolve both polyners there are preferred,
fromthe viewpoint of stability of the menbrane-form ng solution, solvents
conprising at |east 80% and nore 5Spreferably at |east 90% of a m xed

PO e ) ! BRI Bisd AL, b R BTER R s pfhe o
v CUPOLIT O cARRAPL il TAMGE T o, 450 ROh8] A R o (o

the hydr ophoBtaBBiy der et Ribab PR, SFhsith (0 FRE rafomSab ot ng
et neen 50 wPUSNTATIN? HoGiEdk, o kbt 207G ROCR! Surthes BbB0H: o, i g
Losol st on RT3l SoSSARYe oo W LR £ ARG, LhIgagl e
G0l ved | nodRACRBRIBTLEN oxdiploh AP Sl i gIBH GepoL e
pref er red TR AR1 tH AR "EréFEIRbiiond! (1238 o8 hyREARGBIC AElyBferse

menbr ane-f orm ng I on, formation o ophi I'r'c pol ymer stribution,

resistance ¢ e ARsIfbAC HHRCAOPBABNERO il peSVERdER, Mdofase Bith

handl i ng. [ The conten e non I n the nenbrane-forning

2550l ut'on | BoRysAlRrRbbakddet PER/indre> BeHpANthdr® VbiéfaRedTOWRCH! ChsingD! v

between 1 wt d 10 wm % bas on the toflal weight of the menbrane-form ng

sol ugpon. [Oﬁalblviﬁﬁ%ythd{beahoﬂi@' hggﬁgitﬁliboﬁo}r?gﬂé@r akhy 6A& ¢f Hadseli on

viscosity of bétween“30 Pa.sec and 2 a.sec a nore preferably between

40 Pa.sec anBydfdpHobié polymiers heay BENRed! Albfeabr WivoChr hioresthefedt! magar ged
fromthe doubl e-tube nozzle. If tthe solution viscosity is at |east 30

Pa. sec, the berdyedniir bdiikngres ol Withothede sieytiophdbic polymers;xther patous! ui d
channel of the doubl e-tube nozzle when form ng the porous holl ow fiber
nmenbrane w | hollotv diibér daembeine t wildwexhibilg dvenalthoré rexcelleangstierigthni ng
.time to be taken, and therefore this is 10 preferred for production of a
porous hol | om%eiinbertenmbatare chiahpes di Emssh'r@ keheasgesf aBA0high diltratieat er and
a pore size of 0.1 gmor greater. If the solution viscosity is no greater

t han1800 Pa. pedformhace shatbecachiévedii on will be possible at a constant flow
rate fromthe doubl e-tube nozzle, and variations in nmenbrane performnce

can thus be [053JnThd.mean pore size of the wall surface C is preferably between

1 pm and 50 um, more preferably between 5 um and 40 pm and even
more preferably between 10 um and 30 pm. Such a porous membrane
is suitable for clarification of beer fermentates, and allows efficient
20 removal of microorganisms and their disrupted cells that are present in
beer fermentates. If the mean pore size of the wall surface C is at least
1 pum, it will be possible to exhibit an adequate depth filtration effect to
hold removed matter inside the membrane, and plugging of the
membrane pores due to accumulation of removed matter on the
25 membrane surface will be minimized. Also, if the mean pore size of

the wall surface C is 50 pm or smaller, the proportion of the pores on
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15[ 0078] In the production process of this enbodinment, the hydrophilic
polymer is preferably polyvinylpyrrolidone with a wei ght-average nol ecul ar
wei ght of between 20,000 and 1, 000,000 and nore preferably

pol yvi nyl pyrrol i done of between 200,000 and 900, 000, and from the vi ewpoi nt
of suitable distribution and content of the hydrophilic 20 polyner it is
even nore preferably polyvinyl pyrrolidone of between 400,000 and 800, 000.

i ng Such o P O f ORI e g
a5 BRI s B B Lo SR
i S T Y
e memr aneql g1 46 ARhAL Rk SoRCEARRBL b OB GG AESHIARGR 3 7S
rentr e of SulBsSELL (8o iyl 08 (598 GRS oPbrdhey TP QB CBY T

easi ly adj usgréd{&t%%éggéso&égb&ﬂ)eao&vﬂb{@n to have a solution viscosity in

the preferred rang I ed above, e it will also be possible to

Che- 10p1 cf or [P Tonus caTHor il SO L SprNEe 2R3 prereh B BBl ce 1 or
usi ng an oxi o1 21y -0 Rk mOR pRECEERH, beufel WF ikt AT R e ousl v
xanpl a5 of o L o P B be

ment jgned Sogidam poreaint of thewallaadics Al tat wRRirptlb %@ﬁgiﬁ@d a8bye

aqueous solution.” According to this production proc hydrophi’lic

pol yner cont iy térapemtasd of the Wolidiflihgi soladby e thenwatsurfackaahsidegi on
are within the ranges specified above, "all owi ng a porous hollow 20 fiber
nenbrane w t hayobe sexeebetweehi 309 andnI0C [ fur@saaph) dnctheaprduction to be
obt ai ned. When a sodi um hypochl orite aqueous solution is used as the
oxi di zi ng agprdcesses desvritiedioelosws sol ution, an aqueous solution with a
concentration of between 100 ppm and 50,000 ppm can be used, and the
deconposi ti of0055teRegibri ¢ab prefarablychas hereiéctiag poed size ofeattlenst 0108
content of the hydrophilic polyner used, to adjust the hydrophilic polyner
cont &6t and pisandldess than Foum et anptecprefetabiy habrejedting porokiversf ai t h a
nol ecul ar wei ght of 25,000 is used, wth 2000 ppm of sodi um hypochlorite,
it is possibleast @. hdimsandHess ¢haert pang addsitreven imoreoprefeeablydhaplai | i c
polymer by limting the deconposition tinme to within 3 hours and washi ng
with hot watrgjeetinggincefsize dihbetveeen 008 uim End 0:& gmet | Ao regjeotingsperecor di ng
to this enbodinment is preferably a process for producing a porous nenbrane
conpri si ng asigel iofi ayi &gS’St@.ﬁSi mmhivall thedpi to eprestent oekdessyvely dadget i on
and the nenbrane-form ng solution are sinultaneously discharged fromthe
permeation resistance and can prevent increase in the pressure required

20 for filtration, and when filtration of a solution containing microbial
particles is carried out, for example, it will be possible to avoid
membrane surface plugging and reduction in filtration efficiency caused
by destruction and deformation of the microbial particles. A sufficient
fractionation property will be obtained if the size is less than 1 ym. In

25 order to limit the rejecting pore size of region "a" to within the range

specified above, the temperature of the solidifying solution on the wall

18



10 doubl e-tube nozzle to the air-gap section formed by a tubul ar piece
surroundi ng the area between the nozzle surface and the solidifying
solution surface, and after passing through the air-gap section, are
solidified in the external solidifying solution, with the follow ng
inequality (1V) being satisfied, where St is the base area of the tubul ar
15 piece surrounding the air-gap section, So is the outer surface area of

Eagei i ﬁgzaggﬁﬁ‘é&%@ﬁ?%&b E?}%ﬂig t iggﬁé"?@ﬁ];@?‘c’xf%&%ﬁﬁ ol Ebuﬁggd
T . |

pgréug merbr G Prefitioniue i) sl RRIEE, "0 therotore reliably

' hg g . . _ "
S T R W b B et 1
L L BB iR AL IR S
W th o var i disshsion Shrbs e RRSHSd BERICIER o TELRE 48 AltFiod RHET,' "
(St/S0) X Hagse Rafodd anrﬁtégﬁeggt‘}g@%cfiﬁk%ﬁ #ﬁeeg?iggbrlé?ﬂoi@&%ﬁﬁl T8ilfged! rcul ar

cylindrical or gggggona Imt varration in
er f or rance, i e: i C he
bt er ourt acabQiinf; AARECHPPASS (diicentrafitn I ilcitfted befimtad a1
hol | ow fi ber n o] f ' : | lRee.
10083] vhen CREAROR B ERUBIEC Bhe AbMitelithf if condlohd WHICTaBiRgS | |
may be obt ai ﬂf‘éjgafst(;&fle%ﬁ%”ﬁbﬁl oby uie e tdfﬁ@f\'lﬂbﬁﬁi 0adpm] Gridoa gefectibhe

menbr ane-formn ution onto a i such as a nonwoven fabric

se teria

| mpr ggnat ed ng%‘?lééﬂh?fd}aihesghﬂfﬁlééﬂi NThe 9% fejectble Pastickeokizdifkyi ng it

In the exter ITying soltution. [0084] The porous fmenbrane of this

enbodi ment My, Pfiden ke H@@@lﬁbﬁ die, andEHis ubzeBIAY b aseddp the rdfebfAgs] A
r

preferred node of the process for producing a clarified liquid according to
the inventi Ogoﬂi kjzenow be explained in detail. [0086] The process for
producing a clarified liquid according to this node conprises a filtration

; E) reguisn m\fhni)?g%?$eg@grggfflfasgglee@bﬁﬁeapféfemulymmpmes id tneinéthush trorehe

size layer in region "a". If the minimum pore size layer is present in

15 region "a" which has a high hydrophilic polymer content ratio, it will be
possible to more reliably prevent plugging of membrane pores by
adsorption of particles. The minimum pore size layer is the layer
containing the smallest pore size as determined with observation of a
cross-section of the porous membrane with an electron microscope.

20 The pore size of the minimum pore size layer is approximately equal to
the rejecting pore size, and therefore the pore size of the minimum pore

“size layer can be obtained by measuring the rejecting pore size. The

pore size of the minimum pore size layer is preferably at least 0.05 pm

and less than 1 um, more preferably at least 0.1 pm and less than 1 pm,

25 and even more preferably between 0.2 pm and 0.8 um. In order to

include the minimum pore size layer in region "a", the good solvent
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20 According to this production process, it ié possi ble to continuously and
rapidly obtain a liquid with the suspended solids adequately renoved.
Clarification neans that at |east a portion of the suspended solids in the

liquid before filtration are renoved. [ 0087] The suspended
solid-containing liquid may be a |iquid 25contai ni ng suspended sol ids that
conprise fine organic material, inorganic material and an organi c/inorganic

e e S e 8.5
bt ained' by SEwel SrfefE S8 eRE the0aHRH: sV ir ord e aARC T s s
been T emovey S0 HOHFE soflict il b RpdRES wEARH e WA Bt ot ea
convent | ona! b U bRYAUHHIFRcIRyer! 2 3, and, al o0 | ncludes
it i IEETIE e ?’f“%ﬁ;’é‘?ﬁﬁf BT ORI
'ltiheu:‘ijl :(r)a’;)ieon s%?@iﬁﬁ g@l onis pr?%rg%?{/% éarr!%l%?ou%&%f con(c)i cti Ing t he
su?f ace C of a{lﬁﬁ%%@ ?}gﬁﬁjgﬁgdgohﬁ%ﬁv%ﬁ%l H%ﬂ?f%%%ﬁ%%??ﬁa#i%@ when
the porous ”Egbir%?grirl]% %ﬁ?%ﬁ%«#ﬁeﬁﬁ%ﬂa teﬁicﬁrf ¥e! RBId $ndidef feab! ¥

carried out sure tration. tratiton in this

manner, the ghahBedf Wil Obe L himiteer el TR iaki 'b%%ﬁ]'c orily
exhibited, a hi g_ﬁ fil tvglglt ﬁ%ﬁ l;)%tt_gﬁléa_n be I’Yglp_l’lt a?%dﬁdgélbyoﬁ?ge preari ods,
cel I gpar di ssuffidient aéépthdﬁftf%{tiﬁﬂ eff8ct, Swhil® inad@iicH) the T trA6oR @ie wiltshi ng
can be acconplished easily wth high'treatnent efficiency. [0089]

Filtration i terd & Bedbweréd tsiddsiyed WithCd pofold Mknbrdnedidvingid fitdhe

filtration step. Cross-flow filtration is afiltration process”in which, in
the case of thipkhedss ofialp ew TO0UmE MOWAllEbe fussibientdl ccamplidhi table

25cont ai ni ng suspended solids is introduced into the tube fromone end of

the porous heldshing ofeenioredr maetep adcagiiaddnidenthe htemnbrineanad thel |

while clarified liquid that has been filtered at the nmenbrane wall is

di scharged f filtratioe peefornaimdetdfiersnasiendetil be isdtisfacterily rgtdredui EFor

concentrated by filtration is renoved fromthe other end of the porous

hol I &fv fi ber thee filbmatidckhé30@0be Wthin this dangeytheapas ofthedesiternal dbsidf | ow

filtration is preferably a |inear speed of between 0.2 nisec and 2.5 nisec.
A liquid conchyameleirs theddodblettubeanbzle?nmays de set ko 82Q0 duhel@00 ngmof t he

filtration rate, while a speed of no greater than 2.5 msec will help avoid
di srupti on ofprefierabiy 300d prh-d 600dsmyy ¢or exaygds,t in the ipeoduction probess
described below.

[0059] The porous membrane preferably has its pore size reducing
20 continuously from the wall surface C to the minimum pore size layer.
Such a construction can produce an even greater depth filtration effect
to hold removed matter inside the membrane, while maintaining a high
filtration rate for prolonged periods. In order to have the pore size
reducing continuously from the wall surface C to the minimum pore
25 size layer, the good solvent concentration of the solidifying solution

may be 85 wt% or greater on the wall surface C side and the good

20



10 preventing contam nation of the filtrate by disrupted matter. Wen the
suspended solids are highly susceptible to deformati on and di sruption by
external force, the speed is preferably between 0.2 msec and 2.0 nfsec and
nore preferably between 0.2 nmisec and 0.9 nisec. [0091] The production
process according to this node al so preferably 15 conprises a step in which
the filtrate obtained in the filtration step is used for back washing of
t he porous C i I .edi I eqi t on
”%ggfe?ﬁ%on%%;ﬁaﬁ@ﬁ %IQg 1 1@9;9@ ﬁewt ¢ oh dht%”& s at(%eﬂf %ng

t he porous nenbrane Surface or sid rane to all ow Yation

per fornmance ¢ %Eg%ngg%gﬁgpgﬁgga@n@mé g{%&gg?;?s{:ﬁbg&@eiw] prol onged peri ods.

It will also I'crent tration rate for
prol onged per¢ I |, O LbitClr s C SO
Phat d o upt 10066} Tihe, BOOEE URBAARE 1s' 2 ydphilie YRR ColREE bl 2
further prev 2 i ty il f now be
expl ai ned i nﬁgégg?gﬁ%eﬁﬁggb%%%gﬁ %xﬁ%f gésgﬁg%%%%ya?mé@gxgﬁpl es,
Wi th the undeysh aifli D% W8k 4t evey %bt@%réferb@lgnBeﬁWé’eﬂ 018 tedotahd e
exanpl es. [0093] The follow ng nethods“were uSed for neasurenent of the

i nner surfacqytPp! BaSed Oh A toHal Skei tfcﬁcﬁldo%?oﬁé BSmbPRRS Ur ANBBtowy t he
Cross-section pore sizes, neasurenent of the pore sizes of the ni mum por e

si ze | ayers, hutiaw e Membrdntehaving a Bydrspifilic polyfier Gont@itesf afeabt fil m

thi ckness of the porous hollow fiber nmenbrane, neasurenent of the _
pol yvi nyl pyr 02 i we¥e wilh bentedisian®  tomadsorption ofoternbeed olmatierybaytheo! i done

di stribution, neasurenent of the solution viscosity of the nenbrane-formng

sol ution, neasetmbraid swifa¢dandenside-the shembrane aadldso tephiggial éfthe

pol yvi nyl pyrrol i done and neasurenent of the 10 filtration pertormance, for

the d@ ous nemmbrase potes| thak allowirg stabie weshingl caAnperaisivsllewafiberes

descri bed bel ow. [0094] (1) Measurenent of pore sizes of outer surface

(wal | surf acenéhbeart withea hydrépludic(pallymerwdirert 6§ nOprester tthare 3ofvt¥he

freeze-dried porous nenbrane was observed using 15 an el ectron m croscope

at a magni f i wdll be redistant tg phiggingaof the nferdlfrane pores cansed bynsweHingg! e

visual field. The pores in the obtained photom crograph were treated as

near ci rcl esofithe hydrophiltetpolytheresorthat dnérease iih peameationarsistince caas

recorded as the nean pore size. 20[0095] (2) Measurenent of cross-section

pore size Thbecpresentet aindnhigh tfitrafioneperfarmence wanube mpaintainediasin

conti nuously observed in the filmthickness direction using an electron

ni cr ddcope aordemteylintit ¢he hydrophilici polymeeryeenteat to hwithiny flos aangeetife | m

thickness fit in a single visual field, and at |east 10 of these

25phot oni cr ogati@hef vibee hydrephohie polyaner ansbrhydrophsliep eelymerphini the he

cross-sectional filmthickness direction, A line was drawn perpendicular to

the film t hi Brgrabrang-fe@ningnsolutione compaisieg throaydiophebia pelymer 1andyt hs at

which the lipe longitudipally crossed pores was neasured. The section with
il Tatéororel)-t Lt hs) rhpwe

the short est hydrephilier pelymer tnay o dormgslatéero the ablyor e
i | . E th nb 50f th l.es, | fi d
that the por BREEIAtECT . 5-1.3)), for example, In the production process
20 described below.

[0061] The porous membrane also preferably satisfies the following
inequality (IIT).

CJ/C.=>2 (I

[In inequality (IIT), C, represents the hydrophilic polymer content ratio

25 in region "a" and C, represents the hydrophilic polymer content ratio in

region "c".]
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continuously fromthe inner surface (wall surface C) to the m nimum pore
size layer. On the other hand, no such pore size distribution could be
observed in the hollow fiber menbrane of Conparative Exanple 1. [0096] (3)
Met hod for determ ning pore size of mninumpore size 10l ayer Pol ystyrene
| atex particles were dispersed in a 0.5 wt % sodi um dodecyl sul f at e agueous
solution to a particle concentration of 0.01 wt%to prepare a | atex

o115 5 SPnepnycln, RS, R AR, W URE6 [pI b Loy s e

| atex particle per si on at ex 5 particle

concent r at i opxpefieneiRAficH péifofhhhéein PELIBAS MR effedi6f g{@?ﬁgi nt was

conducted while varying the [atex particl® size fromO0.1 gm ch of

about 0.1 gmphgsking dfaneaibirafe wset&y@gésm ré@bvelanhRéen RpidnChes. The
90% rejecting particle size waS read fromthe rejection curve,” and the size
was used as g [Rsorous! #Redbrate Withi rehen ﬁhﬁicz%&?ﬁﬁ’!r- ih0@@éh @)
Measur enent of porous nenbrane inner dianefer,” outer dianeter and nean film

thickifess. Tidestibution willexhibit #anoréxdelleat depth filehtion/leffect iheegivape and
observed under a neasuring m croscope, and the inner dianmeter (p 25and

outer di amet &¢" apdia plore kxcplientisffeet df preventing ptaggm%Edf tH edmbta ng
formula (1V) was used to calculate the Tfilmthickness tromthe obtained

i nner di anet poresdue ubeddsdrptioh &of removed matkerens régioh "a"( ot evillalseet er -
i nner dianeter)/2 (1V) [0098] (5) Measurenent of polyvinylpyrrolidone
content rati havé@xcetleps nléanabilh?n‘andrwill behaeblpatoonmintaib higle filaatiomdj ect ed
to 1H NMR neasurenent under the follow ng conditions, and cal cul ati on was
per fornmed by petferfimncoveven fwithutepeatdd filtratione andt w@ishing. | p¥p) furthérhe
signal for polyvinyl pyrrolidone (4H) appearing near 1.85-2.5 E m and t he

i ntedi0al (I puidrease thesessfipcts, prefenably €l Cone2.24dd aupegprefera gaaCa/COB ppm
in the 10obtai ned spectrum [Measuring conditions] Apparatus: JNM LA400
(JEOL Corp.)=2.4. For inequality (IIT) to be satisfied, the ratio of the hydrophobic

~ polymer and hydrophilic polymer in the blend of the hydrophobic
polymer and hydrophilic polymer may be former:latter = (1):(0.1-1.5)
(preferably former:latter = (1):(0.3-1.2)), for example, in the production
15 process described below.
[0063] The concentration of the hydrophilic polymer in region "a" of
the porous membrane is preferably between 0.3 wt% and 3.5 wt%, more
preferably between 0.4 wt% and 3.0 wt% and even more preferably
between 0.5 wt% and 2.5 wt%. A hydrophilic polymer concentration
20 of at least 0.3 wt% will result in satisfactory restoration by washing,
while a content of no greater than 3.5 wt% can minimize elution by the
filtering fluid.
[0064] The porous membrane may be sterilized by autoclave treatment.
Sterilization by autoclave treatment will allow the porous membrane to
25 be suitably used for filtration of microbial particles. When autoclave
treatment is performed, the hydrophobic polymer is preferably one with
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Resonance frequency: 400.05 MHz Sol vent: Deuterated DVF 15Sanpl e
concentration: 5 wt% Nunber of scans: 256 [Fornula (V)]

Pol yvi nyl pyrrolidone content ratio (w% = 111 (1lpvp/4)/442 (lpsf/4) + 111
(I'pvp/4)} x 100 20[0099] (6) Measurenent of polyvinyl pyrrolidone

di stribution When the nmenbrane wall of the porous nenbrane was divided into
3 sections in the filmthickness direction for separation into 3 regions,

sanpl es wer eldvahfaﬁaafo@ixﬁ%&%xgpeﬂﬁeétﬁm gefc;ra" i ahEf iaEfbcﬂQ@e %h&h@w face

(wal |l surface A), a section region "c" i1ncluding the inner surface

25(wal | surf s?_éci@caﬂ'y?tﬁée@hﬁgé' i v@ﬁéﬁ‘?@ﬁn&ﬂﬁoﬁ WeforROaRd Riftef Matoclave |

pol yvi nyl pynol i done Content ratio in each obtai ned region was determ ned

by NMVR measutresenént (F LB, 4t deReithe @ Srés thd bosifridovatel PeRkafidh

Measurenent of solution vi'scosity of nmenbrane-form ng solution 5A

wi de-mout h bbéfdre dinotlaveitietineat r(FE))aﬁthé gfuﬁﬁ&i Salter permb@ion/afieed in a
e

thernostatic bath and set so that t liquid tenperature was the

t enpebat ur e aeaﬂhemﬂwag%),f r3m preferablyp| at t It n@z3| andTHesyi deasi 1yl.was
measured using a Brookfield visconeter. [0101] (8) Measurenent of

pol yvi nyl pyrPolystubfomevbasgdt pelyanage mdymbeememionsd gbtexamples! 6f satht i on
cont ai ni ng pol yvi nyl pyrrolidone dissolved in DV at a concentration of 1.0
ng/ M was prhkydrophobic pobyadefsor GPC measur ement under the fol | owi ng
conditions to determ ne the wei ght-average nol ecul ar wei ght (based on
PVMMVR) . 15AppHI6S]sThel o2k omemiransobf Ghis embtndiment Miaydbe Ki-Estoub/|
KF- 601 Oven: 40C
hollow fiber membrane - whose membrane wall is composed of a
10 hydrophobic polymer and a hydrophilic polymer, wherein when the
membrane wall is divided into 3 sections in the film thickness direction
for separation into three regions, the hydrophilic polymer content ratio
of the outer periphery region including the outer surface (wall surface
A) (region "a") is greater than the hydrophilic polymer content ratio of
15 the inner periphery region including the inner surface (wall surface C)
(region "c"), and the mean pore size of the inner surface is greater than
the mean pore size of the outer surface. A hollow fiber membrane is a
membrane having a hollow tubular form, and by having such a shape it
can increase the membrane surface area per unit volume of the module,
20 compared to a flat membrane.
[0066] The porous hollow fiber membrane preferably has an inner
diameter of between 1000 um and 2000 um. If the inner diameter is at
least 1000 um, it will be possible to carry out continuous filtration even
when filtering easily aggregating suspended solids such as microbial
25 particles, without the hollow fiber inlet openings being obstructed by

the aggregated suspended solids. Also, if the inner diameter is no
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Mobi |l e phase: 0.6 nil/mn DVF Detector: Differential refractonmeter 20PMVA
standard nol ecul ar wei ghts: 1,944,000, 790,000, 281, 700, 144,000, 79, 250,
28,900, 13,300, 5720, 1960. [0102] (9) Measurenent of filtration

per formance The porous nenbranes obtained in the exanples and conparative
exanpl es were used to prepare m ni-nodul es with nmenbrane surface 25areas of
100 cnR2, and the initial purified water perneation was neasured with

i nternal preggsdter fthhﬁrga()(j(pgjflﬁ; iﬂF?fﬂﬁ ﬁﬁ‘ H[J%ﬁ%gng’géléé%ﬂw'ﬁ%}e

ert §
purified watéer used was wat ered wmth a havi ng a

ol ecul ar cuigéhbRind 3 ntBetorRirps] fRls RipiiPteiiBsiela sabuldfRdw

filtration testing of the suspensioh there s prepared a 0.01 wm % aqueous

sol ution of ehdmbfamo! sefadeenedNipbp’ MddileX andhréveming eraditbtiol Uinl on

were used for a filtration test at a filtration pressure of 30 KPa and an
i n-nodul e ci fidttheibheerformearices PeRsk tHe threrrdiafirter fnBetwithid tHs rafigey ed for

filtration of 1 L of solution and the |atex rejecting rate were neasured.

Next, Soack wdshdiegneier ofitheiihtezdaliltiikt chasneglanrthedicubleftabe nozzlwiesy at a
backwash pressure of 30 kPa, and the 10 purified water perneation was again

neasured. Thbéeetitdi 500 pei-2500qume@referablyc608 um#2200 pmy, tfor eaaknplashi ng
was determined fromthe initial purified water perneation and the purified
wat er per neain tre pfaductiod provesodesoribdthbélowashi ng. [0103] (Exanple 1)
15There were dissolved 18 wt % of pol ysul fone (Udel P3500, product of Solvay
Advanced Pol J0@62) Aapdodessviors mroducing ianporous niendbrane( acoarding k8ahispr oduct
of BASF) in 62 wt% of N-nethyl-2-pyrrolidone at 70C while stirring, and
then 5 w % oemplodinrent wild mostebe saxplainedr imgletzid usingi asiad exampépar e a
menbr ane-formng solution. The 20 nenbrane-form ng sol ution was extruded
froml& doubl precassg fopipreducinger poroyschokowdiibermembiane (ereinaftar also
dianeter: 1.2 nm inner dianeter: 0.6 nm sanme used in _the fol|ow ng
exanpl es) at refegeaddgeashprogesshior poducing\npozoushalowvofiber membraneeor
internal solidifying solution, and it was then passed through a 50 nm
ai r-gap 25se8imply pr@duetioniproeess of this embadis®ot")ouring this tine, the
region fromthe spinneret to the coagul ati ng bath was surrounded, by a
[0068]0The process for producing a porous hollow fiber membrane

comprises a solidifying step in which the following discharges
15 (extrusions) (1) and (2) are carried out simultaneously for solidification

in the external solidifying solution.

(1) Discharge of internal solidifying solution from the internal fluid

channel of the double-tube nozzle, and

(2) Discharge of a membrane-forming solution comprising a
20 hydrophobic polymer, a hydrophilic polymer, a good solvent for both of

these polymers and a non-solvent for the hydrophobic polymer, from the

external fluid channel of the double-tube nozzle.

Such a produétion process can conveniently produce a porous hollow

fiber membrane. The solution preferably passes through the air-gap
25 section after the discharges (extrusions) (1) and (2) and before

solidification in the external solidifying solution. Here, "passes
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t enper at ur e- adj ust abl e tubul ar piece with a base area of 38 cn2, and the
air-gap section was kept at a tenperature of 75C and a relative humdity of
100% (absol ute hum dity: 240 g/nB). After renoving the solvent in water,

t he pol yvi nyl pyn-ol i done was deconposed for 15 hours 5 in a 2000 ppm sodi um
hypochl orite aqueous sol ution and washed at 90C for 3 hours to obtain a
porous hol |l ow fi ber nmenbrane. The properties of the obtained nenbrane are

h in Tab . i i
Shonn | Toblohenl S04 45y i) ARG DSSMLREAS Uil
of pol yvi nyl gigchald i BRnt tHY i dRb1&Rbe &b%ﬂl@ﬁr&t‘;%&ﬁéf )thtdhtﬁf‘th{é or

di net hyl acetam de at 70C while stirring, and th 5 wt % of” gl ycerih was

added and st {f{rblBf d\%ﬁs%ﬁﬁhidﬁuﬁﬂiﬁ&t?aﬁ?%&@t!ﬁ%’éﬁi&ef}ﬂé@ﬁﬂ&gﬁﬁg'thbi on.
The nenbrane-form ng solution was uséd to obtain a porouds hollowfiber 15

menbrane by eXeraginglidifyiag satutfs@pl e 1. The properties of the obtained
menbrane are shown in Tdble 1. [0105] (Exanple 3) There were dissolved 18

w % of5 pol ys[0(069jeFigdels £2p0k-seutivhal tview showinyg f\prefeersd dodblesiube and 15
wt % of pol yvi nyl pyrrolidone 20 (Luvitec k80, product of BASF) in 67 wt % of
N- et hyl - 2- pyozzlel fiangroductiof vhial portius mentbrane svoepding to tkeetpragentf or ni ng
sol ution. The nenbrane-form ng solution was used to obtain a porous holl ow
fiber nmenbrasmboditieat.sabfereptiodoadbl&=tibephezile T0espa opezid haviig the

obt ai ned nmenbrane are shown in Table 1. 25[0106] (Exanple 4) There were

di ssol ved 18intefhadfflypidl olearirfedrid f{dodedd BBHEOcemendactionfof thel narzléddndnced

Pol ymers) and 25 wt % of pol yvi nyl pyrrolidone (Luvitec k30, product of BASF)
in 52 wt % of ahtextemmndl- Aupd rohahingbri@ formied srrowndingy it with aapartiions wt %
of glycerin was added and stilling was continued to prepare a

mermbd8ne- f or formed detween.therfiuid chatnels.e- fiderintgrnad| flwidochawrselekt rofded
froma doubl e-ring spinning nozzle at 70C together with a 90 wt % NWP
aqueous sol uthedoabledebé mozzben| 105 68 ipteferably wiramlanmin thedcrassviestiohen
passed through a 50 nm air-gap section and solidified in water at 80C
During this perpgndi¢idar e ageflemgthmespim afo theenazgzdguvhilerthsat h was
surrounded by a 10 tenperature-adjustable tubular piece with a base area of
38 cne, and exeraaklgihcaamnel d? obthadpiblertubeinnmsle i prajersbly sansler o
relative humdity of 100%,(absolute hum dity: 240 g/ nB). After renpving the
sol vent in wit dhe engssisertionnpempendisulan te lq@gm&éhrwns ofdbes in a
2000 gpm sodi um hypochl orite aqueoqus_sol uti on and washed at ngO,C for 3
hour 43t o obt BPAZlE, pnd prefesablywbothy dluide ebranels 316 conepatric dbaving pe

obt ai ned nmenbrane are shown in Table 1. [0107] (Exanple 5) There were

di ssol ved 1809m%1f1°ﬁ8t3}”§-ul fone (Udel P3500, product of Solvay Advanced

. ; .
Polyners) an[iO(}’?O]\MTﬂonfin%?rllglwsrcl))ﬁd%yrirrlgl Isgf)ur’]cfon is preferably an aqueous
solution comprising a good solvent for the hydrophobic polymer at 80
wt% or greater and less than 100 wt% based on the total weight of the

20 internal solidifying solution, from the viewpoint of suitably adjusting
the hydrophilic polymer distribution. From the viewpoint of obtaining
a porous hollow fiber membrane with an inner surface pore size of at
least 5 pm, the aqueous solution preferably comprises the solvent at 85
wt% or greater and less than 98 wt%. The temperature of the internal
25  solidifying solution is preferably in the range of -30 to +30°C, as the

temperature of the membrane-forming solution at discharge from the
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20 (Luvitec k90, product of BASF) in 62 wt% of N nethyl-2-pyrrolidone at
70C while stirring, and then 5 wt % of glycerin was added and stirring was
continued to prepare a nenbrane-form ng solution. The nenbrane-form ng
solution was used to obtain a porous hollow fiber nmenbrane by the sane
met hod as Exanple 1, except that the tubul ar 25pi ece surrounding the
air-gap section had a base area of 10 cnR. The properties of the obtained

menbr ane ar e dohbleitite hdRER, in ordel 88 IminhiAzP ariatioh geﬂ%h%aﬁ'bé tleved 18
wt % of pol ysul fone (Udel P3500, product of Solvay Advanted Pol yners) and 15

wt % of pol yvighansedin then ﬁilait@ﬁqggraﬁ&@, product of Dai-ichi Kogyo Seiyaku
Co., Ltd.) in 62 % of 5 nmet hyl - 2- pynol i done at 70C while stirring, and

then 5 wt % of007VEdhen g@sd agsleentnforstther iy@raphobint polyatert amayey e a

menbr ane-form ng sol ution. The nenbrane-formng solution was used to obtain

a porous hol Numéthpb2-pprrotidogeby (NMVPye rdibteitdyHbripaadidee 1(DMBP),

properties of the obtal ned nenbrane are shown in 10Table 1. [0109]
( Conpdr at i ve diatipflacéthmide (DMAG), dimethyl sutfoxide (@EMS@)ronttheckke, bed
above was carried out for a PVDF hollow fiber menbrane having a honobgeneous
structure wi ahyaofowhicli anapf be. dseginalase aothah | admixture. ndider erandple,
15Conparative Exanple 1. The neasurenent results are shown in Table 1.
[0110] ( ConpN-meéthyl-2xpymblidape Troar edimpethylacesarnidsl 20 \préfesfedooigtrem f one
(Udel P3500, product of Solvay Advanced Pol yners) and 18 wt % of
pol yvi nyl pyr polystdfone 20is( Luusedc &S0, theodlytdroph@iisr) palyeremt Yoamkd
N-met hyl - 2-pyrrol i done at 60C while stirring, to pre{)ar.e a menbrane-form ng
sol uti on. Th&N-methyh2epywolidone 3o moneqprefersed swhenipalyvinypyrodidone isi ng
spi nni ng nozzle (outer diameter: 1.3 nm niddle dianmeter: 0.7 nm inner
di amdOer: 0. Bsedps dhe bydrophjlicipolymierh a 95 wt % NMP aqueous
[0072] The external solidifying solution is preferably a solidifying
solution composed mainly of water and having higher solidifying power
for the membrane-forming solution than the internal solidifying
solution. Using such an external solidifying solution, it is possible to
15 obtain a porous hollow fiber membrane having a larger inner surface
pore size than the outer surface pore size, with the pore size decreasing
continuously from the inner surface side toward the minimum pore size
layer. The solidifying power can be measured -by thinly casting a
transparent membrane-forming solution onto glass and determining the
20 speed at which turbidity is produced when the solidifying solution runs
downward, and a solidifying solution with a high turbidity speed is a
solidifying solution with strong solidifying power. The temperature of
the external solidifying solution is preferably between 30°C and 90°C
and more preferably between 50°C and 85°C.
25 [0073] A good solvent for both the hydrophobic polymer and

hydrophilic polymer is a solvent that produces no insoluble components
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25solution as the internal solidifying solution, and it was then passed
through a 60 mm air-gap section and solidified in water at 70C. During
this time, the region fromthe spinneret to the coagul ati ng bath was
surrounded by a tenperature-adjustable tubular piece with a base area of 10
cn2, and the air-gap section was kept at a tenperature of 45C and a
relative humdity of 100% After renoving the solvent in 5 water, the

jative ! | |
ypochl or 1 e et oftE &t HE URBGEHOLR! pOIIALE of ByAdehincopRRE i |
porous hol | Oﬁ(iags??@e%c}] efiﬁ;i(m{ger?yfrélﬂveﬁ .Pg)éﬁié‘@o&fsol%tgtﬂlﬁf ResgreaiBaihe are

shown in Tab pyrrolidone content of the nenbrane was

bel ow t he debatiefs khéfel ahd phdferrel§] 84 né CHERRIO W Sabilae of thEher

wer e di ssolv parts b of polysul fone (Udel P3500, “product of

Sol vay Adva”ﬁ’i‘éinBPiﬁéIFdl?ﬂingls%lﬂﬁbﬁ,sdeeﬂ\@.i @hpAbingoatehst80% amd intlsree
(Luvitec k90, product of BASF) and 3 parts by weight of water in 70 parts

by weigght of %Péﬁﬁéﬁ%a‘?-leagtr 9095l sTeaainikad 6bviehi ligclaiding iois dronfurepare a

menbrane-form ng solfution. The nenbrane-form ng solution was cast onto a

glass plate tglegtdd | m tfhdmknes anffngl 80 ABmethyl-H-perrotidonect i nGNMPYyi t h ai r

adjusted to a tenperature of 25C and a relative humdity of 45%for 5

RN, 2 eaySaysasie (M) it dpatplutatis MNP o cus, |
1. [0112] [ Teed evidwpointEwsfiraonyehidntamahagatiitisydmel dbtaining high water
permeability, the good solvent preferably contains
10 N-methyl-2-pyrrolidone.
[0074] The content of the good solvent for both the hydrophobic
polymer and hydrophilic polymer in the membrane-forming solution is
preferably between 40 wt% and 75 wt% and more preferably between
50 wt% and 70 wt% based on the total weight of the membrane-forming
15 solution.
[0075] A non-solvent for the hydrophobic polymer is a solvent that
produces insoluble components when 5 g of the hydrophobic polymer is
dissolved in 100 g of solvent. As non-solvents for hydrophobic
polymers there may be mentioned water and alcohol compounds.
20 Glycerin is preferred among these, from the viewpoint of easier
preparation - of the membrane-forming solution, formation of a
hydrophilic polymer distribution, resistance to changes in the
composition during storage and ease of handling.
[0076] The content of the non-solvent in the membrane-forming

25 solution is preferably between 0.5 wt% and 15 wt% and more
preferably between 1 wt% and 10 wt% based on the total weight of the
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Exanpl e 4 Exanple 5 Exanple 6 Conp. Ex 1 Conp. Ex 2 Conp. Ex. 3 Surface A nean
pore size (gm 3 3 3332

membrane-forming solution.
[0077] The membrane-forming solution preferably has a solution
viscosity of between 30 Pa-sec and 200 Pa'sec and more preferably
between 40 Pasec and 150 Pa'sec, at the temperature at which it is
5 discharged from the double-tube nozzle. If the solution viscosity is at
least 30 Pa‘sec, the membrane-forming solution discharged from the
external fluid channel of the double-tube nozzle when forming the
porous hollow fiber membrane will not drip down of its own weight,
~ allowing a longer running time to be taken, and therefore this is

10 preferred for prodﬁction of a porous hollow fiber membrane with a film
thickness of 300 um or greater and a pore size of 0.1 ym or greater. If
the solution viscosity is no greater than 200 Pa-sec, then stable extrusion
will be possible at a constant flow rate from the double-tube nozzle, and
variations in membrane performance can thus be prevented.

15 [0078] In the production process of this embodiment, the hydrophilic
polymer is preferably polyvinylpyrrolidone with a weight-average
molecular weight of between 20,000 and 1,000,000 and more preferably
polyvinylpyrrolidone of between 200,000 and 900,000, and from the
viewpoint of suitable distribution and content of the hydrophilic

20 polymer it is even more preferably polyvinylpyrrolidone of between
400,000 and 800,000. Using such a hydrophilic polymer will facilitate
adjustment of the membrane-forming solution having a solution

* viscosity in the preferred range specified above.
[0079] The content of the hydrophilic polymer in the

25 membrane-forming solution is preferably between 8 wt% and 30 wt%
and more preferably between 10 wt% and 25 wt% based on the total
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0.4 2 2 Surface C nean pore size (gnm) 30 24 31 25 32 25 0.4 30 22 M ni nrum
pore size | ayer pore size (gn) 0.4 02 0.08 0.08

weight of the membrane-forming solution. Also, the content of the
hydrophobic polymer in the membrane-forming solution is preferably
between 15 wt% and 30 wt% and more preferably between 18 wt% and
25 wt% based on the total weight of the membrane-forming solution.
5 If the contents of the hydrophilic polymer and hydrophobic polymer are
within these ranges, it will be possible to easily adjust the
membrane-forming solution to have a solution viscosity in the preferred
range specified above, while it will also be possible to obtain a porous
hollow fiber membrane with a hydrophilic polymer content in the

10 preferred range specified above.
[0080] In the production process for this embodiment, a portion of the
hydrophilic polymer is preferably removed using an oxidizing
agent-containing aqueous solution either simultaneously or after the
solidifying step (preferably after the solidifying step). As examples of
15 oxidizing agent-containing aqueous solutions there may be mentioned
sodium hypochlorite aqueous solution and hydrogen peroxide aqueous
solution.  According to this production process, the hydrophilic
polymer content ratio and the hydrophilic polymer content in each
region are within the ranges specified above, allowing a porous hollow
20 fiber membrane with more excellent filtration performance and
cleanability to be obtained. When a sodium hypochlorite aqueous
solution is used as the oxidizing agent-containing aqueous solution, an
aqueous solution with a concentration of between 100 ppm and 50,000
ppm can be used, and the decomposition time and temperature can be
25 modified by the type and content of the hydrophilic polymer used, to
adjust the hydrophilic polymer content and distribution. For example,
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0.3 0.20.40.10.2 Polyvinyl pyrrolidone content (wt% 1.2 0.8 1.1 0.2 1.6
2.1 - <0 3.8 Inner dianeter (pm 1410 1380 1420

when a hydrophilic polymer with a molecular weight of 25,000 is used,
with 2000 ppm of sodium hypochlorite, it is possible to adjust the
content and distribution of the hydrophilic polymer by limiting the
decomposition time to within 3 hours and washing with hot water at
5 90°C for 3 hours.
[0081] The production process according to this embodiment is
preferably a process for producing a porous membrane comprising a
solidifying step in which the internal solidifying solution and the
membrane-forming solution are simultaneously discharged from the
10 double-tube nozzle to the air-gap section formed by a tubular piece
surrounding the area between the nozzle surface and the solidifying
solution surface, and after passing through the air-gap section, are
solidified in the external solidifying solution, with the following
inequality (IV) being satisfied, where St is the base area of the tubular
15 piece surrounding the air-gap section, So is the outer surface area of the
porous hollow fiber membrane that inserted in the air-gap section, and
Ha is the absolute humidity at the center of the air-gap section
surrounded by the tubular piece. This production process allows the
pore size of the porous membrane to be easily adjusted and can
20 therefore reliably produce a porous membrane according to the
invention.
60,000 < (St/So) x Ha < 640,000 (IV)
[0082] A (St/So) x Ha value of greater than 60,000 can yield a hollow
fiber porous membrane that can maintain a high filtration rate for
25 prolonged periods, while a value of less than 640,000 will allow stable

production of a hollow fiber porous membrane according to the
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1020 1450 1440 1400 670 - CQuter dianeter (gm 2320 2280 2300 1560 2350 2320
2200 970 - Menbrane thickness (lim 455 450

invention with no variation in performance. The value is more
‘preferably 200,000 < (St/So) x Ha < 500,000. The tubular piece used
in this case may be circular cylindrical or polygonal cylindrical, but in
order to limit variation in performance, the distance between the
5 cylinder wall surface and the outer surface of the hollow fiber
membrane is preferably uniform. Several hollow fiber membranes
may also be formed into a single tubular piece.
[0083] When the porous membrane of this embodiment is a flat
membrane, it may be obtained, for example, by using a known method
10 to cast the membrane-forming solution onto a base material such as a
nonwoven fabric impregnated with the internal solidifying solution, and
then solidifying it in the external solidifying solution.
[0084] The porous membrane of this embodiment may also be used to
make a porous membrane module.
15 [0085] A preferred mode of the process for producing a clarified liquid
according to the invention will now be explained in detail.
[0086] The process for producing a clarified liquid according to this
mode comprises a filtration step in which a suspended solid-containing
liquid is filtered with the porous membrane described above.
20 According to this production process, it is possible to continuously and
rapidly obtain a liquid with the suspended solids adequately removed.
Clarification means that at least a portion of the suspended solids in the
liquid before filtration are removed.
[0087] The suspended solid-containing liquid may be a liquid
25 containing suspended solids that comprise fine organic material,

inorganic material and an organic/inorganic mixture with sizes of no
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440 270 450 440 400 150 160 Region .a hydrophilic polynmer concentration Ca
(%9 1.6 1.2 1.5 0.4 2.1 2.4 - <0 3.6 Region "b" hydrophilic

greater than the um order, and ship ballast water or fermentate is
especially suitable for use. Fermentates include beverages such as
wine and beer, foods such as vinegar, and various suspensions obtained
by enzyme reaction, but the production process of this mode is
5 particularly suitable for obtaining beer fermentate wherein the yeast has
been removed from beer yeast fermentate. "Beer" refers to beer
produced conventionally using barley and hops as materials, and also
includes effervescent beverages produced using materials other than
barley. According to the production process of this mode, it is possible
10 to produce satisfactorily clarified beer fermentate with high production
efficiency and low contamination of disrupted yeast and the like.
[0088] In the filtration step, filtration is preferably carried out by
conducting the liquid to be treated (suspended solid-containing liquid)
from the wall surface C of the porous membrane to the wall surface A.
15 That is, when the porous membrane is a hollow fiber membrane,
filtration is preferably carried out by internal pressure filtration. With
filtration in this manher, the characteristics of the porous membrane will
be satisfactorily exhibited, a high filtration rate can be maintained for
prolonged periods, cellular disruption and deformation is minimized and
20 membrane washing can be accomplished easily with high treatment
efficiency.
[0089] Filtration is preferably accomplished by cross-flow filtration in
the filtration step. Cross-flow filtration is a filtration process in which,
in the case of a porous hollow fiber membrane, for example, a liquid
25 containing suspended solids is introduced into the tube from one end of

the porous hollow fiber membrane and conveyed along the membrane
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wall, while clarified liquid that has been filtered at the membrane wall is
discharged from the hole and the suspended solid-containing liquid
concentrated by filtration is removed from the other end of the porous
hollow fiber membrane.

[0090] The liquid conveyance speed in cross-flow filtration is
preferably a linear speed of between 0.2 m/sec and 2.5 m/sec. A liquid
conveyance speed of at least 0.2 m/sec will avoid lowering of the
filtration rate, while a speed of no greater than 2.5 m/sec will help avoid
disruption of the suspended solids such as yeast in the liquid, thus
preventing contamination of the filtrate by disrupted matter. When the
suspended solids are highly susceptibie to deformation and disruption
by external force, the speed is preferably between 0.2 m/sec and 2.0
m/sec and more preferably between 0.2 m/sec and 0.9 m/sec.

[0091] The production process according to this mode also preferably
comprises a step in which the filtrate obtained in the filtration step is
used for back washing of the porous membrane. Back washing allows
periodic removal of sediment on the porous membrane surface or inside
the membrane to allow the filtration performance of the porous
membrane to be maintained for prolonged periods. It will also be
possible to maintain a sufficient filtration rate for prolonged periods at
low pressure and a low liquid conveyance speed, so that disruption of
suspended solids such as yeast in the liquid can be further prevented.
[Examples]

[0092] The present invention will now be explained in greater detail
based on examples and comparative examples, with the understanding

that the invention is in no way limited to the examples.
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[0093] The following methods were used for measurement of the inner
surface pore sizes and outer surface pore sizes, measurement of the
cross-section pore sizes, measurement of the pore sizes of the minimum
pore size layers, measurement of the inner diameter, outer diameter and
5 film thickness of the porous hollow fiber membrane, measurement of
the polyvinylpyrrolidone content ratio, measurement of the
polyvinylpyrrolidone distribution, measurement of the solution viscosity
of the membrane-forming solution, measurement of the weight-average
molecular weight of the polyvinylpyrrolidone and measurement of the
10 filtration performance, for the porous membranes obtained in the
examples and comparative examples described below.
[0094] (1) Measurement of pore sizes of outer surface (wall surface A)
and inner surface (wall surface C)
One surface of the freeze-dried porous membrane was observed using
15 an electron microscope at a magnification allowing observation of 10 or
more. pores in a single visual field. The pores in the obtained
photomicrograph were treated as near circles and the diameter
determined from the area mean value was recorded as the mean pore
size.
20 [0095] (2) Measurement of cross-section pore size
The cross-section of the freeze-dried porous membrane was
continuously observed in the film thickness direction using an electron
microscope at a magnification in which no greater than 1/10 of the film
thickness fit in a single visual field, and at least 10 of these
25 photomicrographs were linked to obtain a continuous photograph in the

cross-sectional film thickness direction. A line was drawn
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6 50.456 Region "c" nean pore size Pa (pn) 10 9 10 10 10 9 0.4 9 8

Pol yvi nyl

10

15

20

25

pyrrolidone concentration distribution (Ca/Cc) 2.67

perpendicular to the film thickness direction in the obtained photograph,
and the lengths at which the line longitudinally crossed pores was
measured. The section with the shortest length crossing the pores was
recorded as the minimum pore size layer. For the porous membranes
of the examples, it was confirmed that the pore sizes decreased
continuously from the inner surface (wall surface C) to the minimum
pore size layer. On the other hand, no such pore size distribution could
be observed in the hollow fiber membrane of Comparative Example 1.
[0096] (3) Method for determining pore size of minimum pore size
layer

Polystyrene latex particles were dispersed in a 0.5 wt% sodium
dodecylsulfate aqueous solution to a particle concentration of 0.01 wt%
to prepare a latex particle dispersion. The porous membrane was used
for filtration of the latex particle dispersion, and the change in the latex
particle concentration before and after filtration was measured. The
measurement was conducted while varying the latex particle size from
0.1 pm at a pitch of about 0.1 um, and a rejection curve was drawn for
the latex particles. The 90% rejecting particle size was read from the
rejection curve, and the size was used as the pore size of the minimum |
pore size layer.

[0097] (4) Measurement of porous membrane inner diameter, outer
diameter and mean film thickness.

The porous membrane was cut into a thin circular tube shape and
observed under a measuring microscope, and the inner diameter (um)
and outer diameter (um) of the porous membrane were measured. The

following formula (IV) was used to calculate the film thickness from the
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22 2.31 1.54 1.91 1.41 - - 0.95 Menbrane-form ng solution viscosity (Paiec)
80 43 65 27 131 170 - 21 22 ‘

obtained inner diameter and outer diameter.

Film thickness (um) = (outer diameter - inner diameter)/2 av)
[0098] (5) Measurement of polyvinylpyrrolidone content ratio (for
polysulfone membrane)

5 The porous membrane was subjected to "H-NMR measurement under
the following conditions, and calculation was performed by the
following formula (V) from the integral (Ipyp) of the signal for
polyvinylpyrrolidone (4H) appearing near 1.85-2.5 ppm and the integral
(Ipsp) of the signal for polysulfone (4H) appearing near 7.3 ppm, in the

10 obtained spectrum.
[Measuring conditions]
Apparatus: INM-LA400 (JEOL Corp.)
Resonance frequency: 400.05 MHz
Solvent: Deuterated DMF
15 Sample concentration: 5 wt%
| Number of scans: 256
[Formula (V)]
Polyvinylpyrrolidone content ratio (wt%) = 111 (Ipvp/4)/442 (Ipsd4) +
111 (Ipyp/4)} x 100
20 [0099] (6) Measurement of polyvinylpyrrolidone distribution
When the membrane wall of the porous membrane was divided into 3
sections in the film thickness direction for separation into 3 regions,
samples were taken of a section of region "a" including the outer surface
(wall surface A), a section of region "c¢" including the inner surface
25 (wall surface C) and region "b" between the two regions. The

polyvinylpyrrolidone content ratio in each obtained region was
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Pol yvi nyl pyrrolidone wei ght-average nol ecul ar weight 4.4 x 105 4.4 x 105
4.4 x 105 2.5 x 104 6.4x10 8.2 x 105 - 2.5 x 104 2.5 x 104 Initial purified
wat er perneation (L/hr) 79 45 21 25 63 39 '

determined by NMR measurement in the same manner as described
above.

[0100] (7) Measurement of solution viscosity of membrane-forming
solution

A wide-mouth bottle containing the membrane-forming solution was
placed in a thermostatic bath and set so that the liquid temperature was
the temperature at discharge from the double-tube nozzle. The
viscosity was measured using a Brookfield viscometer.

[0101] (8) Measurement of polyvinylpyrrolidone weight-average
molecular weight

A sample solution containing polyvinylpyrrolidone dissolved in DMF at
a concentration of 1.0 mg/ml was prepared and used for GPC
measurement under the following conditions to determine the
weight-average molecular weight (based on PMMA). |
Apparatus: HLC-8220GPC (Tosoh Corp.)

Column: ShodexKF-606 M, KF-601

Oven: 40°C |

Mobile phase: 0.6 ml/min DMF

Detector: Differential refractometer

PMMA standard molecular weights: 1,944,000, 790,000, 281,700,
144,000, 79,250, 28,900, 13,300, 5720, 1960.

[0102] (9) Measurement of filtration performance

The porous membranes obtained in the examples and comparative
examples were used to prepare mini-modules with membrane surface
areas of 100 cm? and the initial purified water permeation was

measured with internal pressure filtration at a filtration pressure of 50
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27 41 9 Tinme required for filtration (mn/L) 25 51 105 90 37 81 230 180 265
Latex rejecting rate (%9 99 99 99 99 99 ‘

kPa. The purified water used was water filtered with a UF membrane
having a molecular cutoff of 6000, after deionization. As a model
solution for filtration testing of the suspension there was prepared a 0.01
wt% aqueous solution of 0.6 pum polystyrene uniform latex. The
module and solution were used for a filtration test at a filtration pressure
of 30 KPa and an in-module circulating linear speed of 0.5 m/sec, and
the time required for filtration of 1 L of solution and the latex rejecting
rate were measured. Next, back washing with purified water was
carried out for 5 minutes at a backwash pfessure of 30 kPa, and the
purified water permeation was again measured. The purified water
permeation recovery factor with back washing was determined from the
initial purified water permeation and the purified water permeation after
filtration and back washing.

[0103] (Example 1)

There were dissolved 18 wt% of polysulfone (Udel P3500, product of
Solvay Advanced Polymers) and 15 wt% of polyvinylpyrrolidone
(Luvitec k80, product of BASF) in 62 wt% of N-methyl-2-pyrrolidone
at 70°C while stirring, and then 5 wt% of glycerin was added and
stirring was continued to prepare a membrane-forming solution. The
membrane-forming solution was extruded from a double-ring spinning
nozzle (outer diameter: 2.4 mm, middle diameter: 1.2 mm, inner
diameter: 0.6 mm; same used in the following examples) at 70°C
together with a 90 wt% NMP aqueous solution as the internal
solidifying solution, and it was then passed through a 50 mm air-gap
section and solidified in water at 80°C. During this time, the region

from the spinneret to the coagulating bath was surrounded by a
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99 99 99 99 Purified water perneation after back washing (L/hr) 70 45 19 20
51 33 20 18 7 Purified water perneation recovery (% 89

temperature-adjustable tubular piece with a base area of 38 cm?, and the
air-gap section was kept at a temperature of 75°C and a relative
humidity of 100% (absolute humidity: 240 g/m’). After removing the
solvent in water, the polyvinylpyrrolidone was decomposed for 15 hours
5 in a 2000 ppm sodium hypochlorite aqueous solution and washed at
90°C for 3 hours to obtain a porous hollow fiber membrane. The
properties of the obtained membrane are shown in Table 1.
[0104] (Example 2)
There were dissolved 18 wt% of polysulfone (Udel P3500, product of
10 Solvay Advanced Polymers) and 13 wt% of polyvinylpyrrolidone
(Luvitec k80, product of BASF) in 64 wt% of dimethylacetamide at
70°C while stirring, and then 5 wt% of glycerin was added and stirring
was continued to prepare a membrane-forming solution. The
membrane-forming solution was used to obtain a porous hollow fiber
15 membrane by the same method as Example 1. The properties of the
obtained membrane are shown in Table 1.
[0105] (Example 3)
There were dissolved 18 wt% of polysulfone (Udel P3500, product of
Solvay Advanced Polymers) and 15 wt% of polyvinylpyrrolidone
20 (Luvitec k80, product of BASF) in 67 wt% of N-methyl-2-pyrrolidone
at 70°C while stirring, to prepare a membrane-forming solution. The
membrane-forming solution was used to obtain a porous hollow fiber
membrane by the same method as Example 1. The properties of the
obtained membrane are shown in Table 1.
25 [0106] (Example 4)
There were dissolved 18 wt% of polysulfone (Udel P3500, product of
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88 90 80 81 85 74 44 78 (St/So) x Ha 216000 223000 220000 477000 55000
216000 - 88000 - [0113] [Beer fenmentate clarification test]

Solvay Advanced Polymers) and 25 wt% of polyvinylpyrrolidone
(Luvitec k30, product of BASF) in 52 wt% of N-methyl-2-pyrrolidone
at 70°C while stirring, and then 5 wt% of glycerin was added and
stirring was continued to prepare a membrane-forming solution. The
5 membrane-forming solution was extruded from a double-ring spinning
nozzle at 70°C together with a 90 wt% NMP aqueous solution as the
internal solidifying solution, and it was then passed through a 50 mm
air-gap section and solidified in water at 80°C. During this time, the
region from the spinneret to the coagulating bath was surrounded by a
10 temperature-adjustable tubular piece with a base area of 38 cm’, and the
air-gap section was kept at a temperature of 75°C and a relative
humidity of 100% (absolute humidity: 240 g/m®). After removing the
solvent in water, the polyvinylpyrrolidone was decomposed for 3 hours
in a 2000 ppm sodium hypochlorite aqueous solution and washed at
15 90°C for 3 hours to obtain a porous hollow fiber membrane. The
properties of the obtained membrane are shown in Table 1.
[0107] (Example 5)
There were dissolved 18 wt% of polysulfone (Udel P3500, product of
Solvay Advanced Polymers) and 15 wt% of polyvinylpyrrolidone
20 (Luvitec k90, product of BASF) in 62 wt% of N-methyl-2-pyrrolidone
at 70°C while stirring, and then 5 wt% of glycerin was added and
stirring was continued to prepare a membrane-forming solution. The
membrane-forming solution was used to obtain a porous hollow fiber
membrane by the same method as Example 1, except that the tubular
25 piece surrounding the air-gap section had a base area of 10 cm®. The

properties of the obtained membrane are shown in Table 1.

40



(Exanpl e 7) The porous hol |l ow fiber nmenbrane obtained in Exanple 1 was

pl aced in a nodule case with an effective length of 20 cmfor a nenbrane 5
surface area of 50 cn2, to forma mni-nodule. An unfiltered pHs beer
fermentate was adjusted to 5C and conveyed t hrough the nodule at a ‘
filtration pressure of 20 IcPa and a |inear speed of 1 nisec, internal
pressure filtration was carried out for 60 m nutes, and the average

perneation rfQg0 @ﬂmgq@g . The neasurenent results are shown in Table 2.
[0114] (Exanple %\? 5A beer fernmentate clarification test was carried out in

the sanme nmanfM@ieraswépeadisb6lved B8 GR1Y% éﬂ‘ﬁbl}fs][ilﬁ(’)dﬁgf (Wdelr P3500) préd@git of

fermentate was conveyed at a |inear speed’o .5 msec. The neasurenent

results are Sobvay i AdVahted ZPolyiiédss) afdansl wid éﬁﬁp@mingzlpymlidﬁr&

clarification test was carried out in the same nmanner as anple 7, except

that back wagBRitagoMed0, protdacteflDaivickiOKoggoBidyakie Co. LDtdy) in62swtPhef
nmeasurenent results are shown in Table 2. [0116] (Conparative Exanple 4) A

beer fSer ment N-enethgit-2fpyadlidontest 708€ oxhile estirinig, i and Nthenafewtbbnef 15as
Exanpl e 7, except that a honpbgeneous nenbrane of polyvinylidene fluoride

with a nean glyceerni zevasf @ddedmatdarstirsingCowpsr afontiuedantd epfigpases aused
I nstead of the porous hollow fiber nmenbrane used in Exanple 7. The

measur ement meembraneafernsimpwisoluticiabl éllee mefibiané-Cormingt solatibBrawsdse 5)
20A beer fermentate clarification test was carried out in the same nmanner
as Exanpl e 7useddembtainaa poneusrhotlosn fiber apemdxiaie bgdtinessame meethiodrgs e 2
was used instead of the porous hollow fiber nmenbrane used in Exanple 7. The
measur enent Fxample hre propertigaofetls obtdined memhranatareeslkxanypine 6)
25A heer fernentate clarification test was carried out in the sanme manner
10 Table 1.

[0109] (Comparative Example 1)

The filtration performance measurement described above was carried

out for a PVDF hollow fiber membrane having a homogeneous
structure with a pore size of 0.4 um, as a hollow fiber membrane for
Comparative Example 1. The measurement results are shown in Table

1.

[0110] (Comparative Example 2)

There were dissolved 20 wt% of polysulfone (Udel P3500, product of
Solvay Advanced Polymers) and 18 wt% of polyvinylpyrrolidone
(Luvitec k30, product of BASF) in 62 wt% of N-methyl-2-pyrrolidone

at 60°C while stirring, to prepare a membrane-forming solution. The
membrane-forming solution was extruded from a double-ring spinning
-nozzle (outer diameter: 1.3 mm, middle diameter: 0.7 mm, inner
diameter: 0.5 mm) at 60°C together with a 95 wt% NMP aqueous
solution as the internal solidifying solution, and it was then passed

through a 60 mm air-gap section and solidified in water at 70°C.
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as Exanple 7, except that the flat nenbrane prepared in Conparative
Exanpl e 3 was used instead of the porous hollow fiber nenbrane used in
Exanple 7, and a flat nenbrane hol der (nenbrane surface area: 28 CM2) -was
[ Tabl e 2]

used. The measurenment results are shown in Table 2. [0119]
Exanpl e 7 Exanple 8 Exanple 9 Conp. Ex 4 Conp. Ex. 5 Conp.
pressure (kPa) 20 20

Ex.

6 Filtration

During this time, the region from the spinneret to the coagulating bath

was surrounded by a temperature-adjustable tubular piece with a base

area of 10 cm’, and the air-gap section was kept at a temperature of

45°C and a relative humidity of 100%. Afier removing the solvent in

5 water, the polyvinylpyrrolidone was decomposed for 4 hours in a 2000

ppm sodium hypochlorite aqueous solution and washed at 80°C for 20

hours to obtain a porous hollow fiber membrane. The properties of the

obtained membrane are shown in Table 1. The polyvinylpyrrolidone

content of the membrane was below the detection limit (0.1%).

10 [0111] (Comparative Example 3)

There were dissolved 15 parts by weight of polysulfone (Udel P3500,

- product of Solvay Advanced Polymers), 15 parts by weight of

polyvinylpyrrolidone (Luvitec k90, product of BASF) and 3 parts by

weight of water in 70 parts by weight of N-methyl-2-pyrrolidone at

15 60°C while stirring, to prepare a membrane-forming solution.

The

membrane-forming solution was cast onto a glass plate to a film

thickness of 180 pm, and after contacting it with air adjusted to a

temperature of 25°C and a relative humidity of 45% for 5 seconds at 2

m/sec, it was solidified in water at 25°C to obtain a porous flat

20 membrane. The properties of the obtained membrane are shown in

Table 1.
[0112] [Table 1]
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20 20 20 20 Linear speed (msec) 1 0.5 1 1 1 1 Back washing No No Yes No No
No Average filtration rate per nenbrane area (1/nR/hr)

Example | Example | Example | Example | Example | Example {Comp.Ex.|Comp.Ex.|Comp.Ex.
1 2 3 4 5 6 1 2 3
Surface Ameanpore | 4 3 3 3 3 2 0.4 2 2
size (pm)
Surface C mean pore
. 24 25 32 25 04 30 22
size (um) 30 31
Minimum pore size
layer pore size (m) 0.4 02 0.08 0.08 03 0.2 04 01 02
Polyvinyl pyrrolidone .
content (wt%) 12 0.8 11 02 16 2.1 <0 38
Inner diameter (um) 1410 1380 1420 1020 1450 1440 1400 670 -
Outer diameter (um) 2320 2280 2300 1560 2350 2320 2200 970 -
Memb’“(“;m‘;mm“ 455 450 440 270 450 440 400 150 160
Region "a" hydrophilic
polymer concentration 1.6 12 15 0.4 21 24 - <0 3.6
Ca (%)
Region "b" hydrophilic
polymer concentration 08 0.7 0.8 02 1.6 2 - <0 42
Cb (%)
Region "c" hydrophilic
polymer concentration 0.6 0.5 0.6 0.1 1.1 1.7 - <0 37
Cc (%)
Region "a" mean pore
size Pa (jum) 0.6 0.4 03 03 0.6 04 04 03 0.5
Region "b" mean pore
size Pa (ium) 7 5 6 6 6 5 04 5 6
Region "c" mean pore
size Pa (m) 10 9 10 10 10 9 04 9 8
Polyvinyl pyrrolidone
concentration 267 22 231 1.54 191 141 - - 0.95
distribution (Ca/Cc)
Membrane-forming
solution viscosity 80 43 65 27 131 170 - 21 22
(Pa-sec)
Polyvinyl pyrrolidone
" weight-average 44x10° | 4.4x10° | 4.4x10° | 2.5%10* | 6.4x10° | 8.2x10° - 2.5x10* | 2.5x10*
molecular weight
Initial purified water
permeation (L/hr) 79 45 21 25 63 39 27 41 9
Time required for
filtration (min/L) 25 51 105 90 37 81 230 180 265
Latex rejecting rate (%) 99 99 99 99 99 99 99 99 99
Purified water
permeation after back 70 45 19 20 51 33 20 18 7
washing (L/hr)
Purified water
permeation recovery 89 88 90 80 81 85 74 44 78
(%) {
(St/So)xHa 216000 | 223000 | 220000 | 477000 | 55000 | 216000 - 88000 -
[0113] [Beer fermentate clarification test]
(Example 7)

The porous hollow fiber membrane obtained in Example 1 was placed
in a module case with an effective length of 20 cm for a membrane
5 surface area of 50 cm?, to form a mini-module. An unfiltered pils beer
fermentate was adjusted to 5°C and conveyed through the module at a

filtration pressure of 20 kPa and a linear speed of 1 m/sec, internal
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150 118 165 41 72 38 5lndustrial Applicability [0120] According to the

I nvention it is possible to provide a porous nenbrane that has higher
strength to withstand tenperature change or pressure change than

conventi onal porous nenbranes, allows both an excellent filtration rate and
fractionation property to be obtained, is 10 resistant to accunulation of
renoved matter on the nenbrane surface and inside the nenbrane,

ate for proPBiga nlioh" Sl PRI AR Ry, o "Bl Fad 8 3@%%&? for "
15Expl anat i Lﬁ&&l@%@?&?‘é%ﬁéiﬂéﬁ%i%ip‘é‘éﬁhffﬁ??su%éﬂ’ﬁéi%?aﬂ“ B, i g

channel , 12: naI fluid channel. CLAIMS 1. A porous nenbrane whose
menbr ane waIFIr 'S construct ed of a hydrophobic polynmer and a hydrophilic

pol ymer, V\n,e 1 nbrane wall is divided into 3 sections in 5
t he fllmthll;(ﬁlnecls dIT et ﬁ to formregl on "a" containing one wall surface

A of t&he ne tang C and
regi o% "b" %%ﬂ%ﬁ%@%l%ﬁc ?féiq?%n I r&nltl thehﬁy roSF?l c polyner
content rati g Gximiple), ngqut tRatd Ot‘ﬁiﬁmean BYEF %ﬁhbhat@owr

content ratio Cc I1n‘reg i’0 and re size of the wall

surface Ciscéfvérid Eihé"lufe'% spB&d of 0.5 m/sec. The measurement results are

shown in Table 2.
[0115] (Example 9)

10 A beer fermentate clarification test was carried out in the same manner
as Example 7, except that back washing was performed for 30 seconds
every 10 minutes. The measurement results are shown in Table 2.
[0116] (Comparative Example 4)
A beer fermentate clarification test was carried out in the same manner

15 as Example 7, except that a homogeneous membrane of polyvinylidene
fluoride with a mean pore size of 0.4 pm (same as Comparative
Example 1) was used instead of the porous hollow fiber membrane used
in Example 7. The measurement results are shown in Table 2.
[0117] (Comparative Example 5)

20 A beer fermentate clarification test was carried out in the same manner
as Example 7, except that the membrane prepared in Comparative
Example 2 was used instead of the porous hollow fiber membrane used
in Example 7. The measurement results are shown in Table 2.
[0118] (Comparative Example 6)

25 A beer fermentate clarification test was carried out in the same manner

as Example 7, except that the flat membrane prepared in Comparative
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pore size of the wall surface A 2. A porous nenbrane according to claiml,
wherein the followng inequality (1) is satisfied. Ca > Cb > Ce (1) 15[1In
inequality (1), Ca represents the hydrophilic polymer content ratio in
region "a", Cb represents the hydrophilic polynmer content ratio in region
"b" and C, represents the hydrophilic polymer content ratio in region
11cl11.1 3. A porous nenbrane according to claiml or 2, wherein the

20f ol | owi ng ihe

20111 o0t GBI 3 Xubd b Bfid BEARE pof o, BBet bl SRS 11,
epr osont o 1 10 eanpRd 7 B3O8} feibRa BEfd ThidoRa Siiate o K, 0.
iz layer ndutng ek EsERY ?@?gﬁé%f@%%}?%%ﬁﬁsn%feé?@?iféf&%?%ni"oP' the

menbr ane waII n region "a". 5. A porous nenbrane according
to any one tog?gfrl;sﬁﬁﬁ{%j

4, which has a structure in Whlih t he pore size
continuousl y decreases 5frQrirfHe \Rﬁg‘l"" &PE’%\‘CWE‘PTE(S t feEe- Ry CPFEgnﬁ"ere si ze
| ayer. 6. A [PUfidihe prltRR @H1Te a3pCON a3y { O 1y | OMgp Of (,|2gu M 12§ 0 p, wherein
the nean porle sinaepeeif(nv&he Walli _suirfescelC 1s hetweerd 1 gm and 150 pm region

"a" has a re S ;&LM%@%@% pm and

the filmthilc °§§§ e P denBr ahe Wal | '€ bet ween (300

5 Industrial Applicability

(

[0120] According to the invention it is possible to provide a porous
membrane that has higher strength to withstand temperature change or
pressure change than conventional porous membranes, allows both an
excellent filtration rate and fractionation property to be obtained, is
10 resistant to accumulation of removed matter on the membrane surface
and inside the membrane, is resistant to plugging of the membrane pores,
can maintain a high filtration rate for prolonged periods and is easy to
wash, as well as a process for its production, and a process for
producing a clarified liquid using it.
15 Explanation of Symbols
[0121] 10: Double-tube nozzle, 11: internal fluid channel, 12: external

fluid channel.
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10pm and 1000 pm 7. A porous nenbrane according to any one of clains 1 to
6, which has a hydrophilic polyner content of 0.2 w% 3 wt % based on the
total weight of the porous nenbrane. 8. A porous nenbrane according to
any one of clainms 1 to 7, 15wherein the followi ng inequality (Ill) is
satisfied. Ca/Cc 2(I1l) [In inequality (H'), Ca represents the hydrophilic
pol ymer content ratio in region "a" and Cc represents the hydrophilic

pol ymer content ratio in region "c".g: por ous nenbrane according to
any one of claims 1 to 8, which has hilic polymer content in region

"a" of 0.3 % 3.5 ) Jo I | ' At

rrgnb?ane ac\(,:\gfdi ng‘A’tV\%(%(ﬁ‘gssa ‘énogﬁai%ﬁglhgﬁééfn%@bg?ﬁ%%arﬁe?%Ic?ﬁgtrﬁg%goggébpgrOus
I [ di t f

e me 1 1o 6 SRHHIE pofpkbr Snl RYS BRI BRRERT! 0 o%holt ow 11 ber

menbrane, the wallyiieiipgmheh it Hdnbtabe wall fsadiidey iiide3 lctiouribace C

I's the inner surface. por ous ne ne according to claim rein

the igner di ﬁi@tfﬂ}nitﬁjrﬁéfae‘é@e(ﬂré&ggi RB' foith 2egforPMa" é‘?nt]a_i}ﬁn%r BaESwaflor

produci ng a porous mne ne according to any-one of clains to 12, which

conprises a §&}f'aeéwidf9m%t§1%x¢§rui diﬁrﬁgaggéi%e“@%oﬁﬁﬁﬁgﬁwaﬂ%ﬂ whilon i s

di scharged fromthe intern h of the doubl e-tube nozzle, while

a menbr ane- f giffhpd Gohd tégion "B BEtWeefitedidly W opiPRédgion "c",
the hydrophilic polymer content ratio C, in region "a" is greater

than the hydrophilic polymer content ratio C; in region "c", and
10 the mean pore size of the wall surface C is larger than the mean
pore size of the wall surface A.
2. A porous membrane according to claim 1, wherein the following
inequality (I) is satisfied.
Ca>Co>Cc (D)
15 [In inequality (I), C, represents the hydrophilic polymer content ratio in
region "a", Cp represents the hydrophilic polymer content ratio in region
"b" and' C. represents the hydrophilic polymer content ratio in region
"c".]
3. A porous membrane according to claim 1 or 2, wherein the
20 following inequality (II) is satisfied.
P, <P, <P, (II)
[In inequality (IT), P, represents the mean pore size of a cross-section in
region "a", P, represents the mean pore size of a cross-section in region
"b" and P, represents the mean pore size of a cross-section in region
25 "c".]

4. A porous membrane according to any one of claims 1 to 3,
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10 polyner, a hydrophilic polyner, a good solvent for both of these

pol ymers and a non-solvent for the hydrophobic polyner, is discharged from
the external fluid channel of the doubl e-tube nozzle, for solidification in
the external solidifying solution. 14. The production process according to
claim 13, wherein the 15 external solidifying solution is a solidifying

sol ution conposed mai nly of water and havi ng higher solidifying power for

L L e

menbr ane-f or @f%@gré:sgl_é%%g SR rﬁ@ﬂ?ﬁfgﬁé’ﬁaﬂf {Eﬁ%f*éﬂ%l‘t‘{e WL, a 20sol ution

vi scosity of between a. SeC and a. Se erat'ure at which

it is discharged fEAPrﬁO&frggf qﬁ@ﬂi@'ﬁﬁ%‘ﬂ&f@? #ePto afy; oHRCoP 4liths | PRoPsOCESS

according to any one ai ns erei n’the hydrophiTic polymer is

pol yvi nyl pyr Bﬁgl(g%s ‘Méé@%iiﬁh%ﬁw?tﬁ@%&@ SEA éént(%ﬁ%&ﬁglyoae&%ﬁ%e”

20, 000 and 1, producti on process acc Ing”to any one of

cl ai 13 to [ i i 18. The production
S fidin thE W4l Suifite @fbﬁgffn@m%ﬁ@ ﬂ%h{ym

process according to any one of c erein the internal

sol i difying ol uti an goroad ﬁ@ﬂﬁﬁ‘ﬂﬁe%&cﬁi‘&ﬁg f6 iy PnedofiiclhiAast]l 8§ 3« % and
| ess than 100 wt % of "a good sol vent for the hydrdphobi c polyner. 519. The

process for RilaseRi the madr pore sigk!sthel wall siRfveaCsisasaNeennD (i Ay one
of claims 13 to 18, wherein a portion of the hydrophilic polyner is renoved
using an oxi di0zjRg regisd 1'5'th§lanregect@qglwé sizd bf iaprleasti 0.0 qimdand N€ssOr
after the solidifying step. 20. The procCess for producing a porous holl ow
fiber nenbragean 1Quasanddhs dilhe titieknescodthe hinibrahé walllif betweehi300 an
ai r-gap section surrounded by a tubul ar piece is provided between the
surfd@e of tinendaddl(00 whe nozzle over which the internal solidifying
sol ution and nenbrane-form ng solution flow out and the liquid surface of
t he external 7sol i diX yorgus ahetribrane aautordimgouo famywonenpficlaimgs theoi 6f er nal
15 solidifying solution and nenbrane-form ng solution is directed through
the air-gap wduchdmsaachydrephilic pbéyher codtentréfi02 wit%-3ewt%s dased on
solidifying solution for the aforenentioned solidifying step, wth
the fol | owi nthe tetaliwieight ¢f e poriong membsdned, where St is the base area of
the tubul ar piece on the liquid surface side of the

A porous membrane according to any one of claims 1 to 7,

15 wherein the following inequality (III) is satisfied.
CJ/C.>2 (Im)
[In inequality (IIT), C, represents the hydrophilic polymer content ratio
in region "a" and C, represents the hydrophilic polymer content ratio in
region "c".]

20 9. A porous membrane according to any one of claims 1 to 8,
which has a hydrophilic polymer content in region "a" of 0.3 wt%-3.5
wt% based on the total weight of region "a".
10. A porous membrane according to any one of claims 1 to 9,
wherein the hydrophobic polymer is polysulfone.

25 11. A porous membrane according to any one of claims 1 to 10,

wherein the porous membrane is a porous hollow fiber membrane, the
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20 external solidifying solution, So is the outer surface area of the
outflow that passes through the air-gap section, and Ha is the absol ute
hum dity at the center of the air-gap section surrounded by the tubul ar

pi ece. 60,000 < (St/So) x Ha < 640,000(1V) 21. A process for producing a
clarified liquid, conprising a filtration 25step in which a suspended
solid-containing liquid is filtered with a porous nenbrane according to any

aheroi nthe Suabsandte /8is S TuReR el bkt A6 RAIPSGRES B ey O

producti on pégfiﬁéﬁ according to claim?22, wherein the fernmentate is a beer
fermentate. 524. The production process according to any one of clains 21 to
23, wherein tjhe fila 5k hSmbRis r Ll gy aty ;

production process a co?ﬁ%%g%f%?%&%lﬁéﬂgrgﬁmt%’ %@%ﬁ@%!ﬁ@%ﬁre

filtration igj ' o f ( tion, whereby the suspended
disnbtergs bgﬁ&eéﬁ/ 1909323 45@82(500

solid-containing liquid is conve ng the 10 menbrane wall of the

por oug nmenbr gge whi Mocl ' i t @,ggn rified
liquid is di gghar gggﬁfe%%bfshgdﬂ olﬁfe(_gf,éug%g %ﬁ%ﬁ%ﬁ?&fl - C%Etsaalﬁ#iang
liqui d concepheasfadaipys 16 172 Miighi npHisés Eéﬁaﬂg' g‘ﬁ‘@:ﬁ in which the

| i qui d conveyance speed of the suspended solid-cohtarning 15liquid is

between 0.2 mhsitenall sbIRJiffingcsalutiote id idiSeHarged efony Ghe TinGerdaP dsid on

process according to any orie of clains 21 to 2 whi ch conprises a step in
whi ch the fithaate oftheidnblétabe hbezld, MHidd i on step is used for back

washi ng of the porous nenbrane. 27. A filtrate obtained by filtering with a

porous menbrane 20acanesibrané-doaningneohition,ai dBmpritidgl2a HydrépRebRYS
menbr ane nodul e conprising a porous nmenbrane according to any one of clains

1 tol@2. polymer, a hydrophilic polymer, a good solvent for both of these

polymers and a non-solvent for the hydrophobic polymer, is discharged
from the external fluid channel of the double-tube nozzle,
for solidification in the external solidifying solution.
14.  The production process according to claim 13, wherein the
15 external solidifying solution is a solidifying solution composed mainly
of water and having higher solidifying power for the membrane-forming
solution than the internal solidifying solution.
15.  The production process according to claim 13 or 14, wherein the
membrane-forming solution is a membrane-forming solution with a
20 solution viscosity of between 30 Pasec and 200 Pa-sec at the
temperature at which it is discharged from the double-tube nozzle.
16.  The production process according to any one of claims 13 to 15,
wherein the hydrophilic polymer is polyvinylpyrrolidone with a
weight-average molecular weight of between 20,000 and 1,000,000.
25 17. The production process according to any one of claims 13 to 16,

wherein the non-solvent is glycerin.
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18. The production process according to any one of claims 13 to 17,
wherein the internal solidifying solution is an aqueous solution
comprising at least 80 wt% and less than 100 wt% of a good solvent for
the hydrophobic polymer.
19. The process for producing a porous hollow fiber membrane
according to any one of claims 13 to 18, wherein a portion of the
hydrophilic polymer is removed using an oxidizing agent-containing
aqueous solution, either during or after the solidifying step.
20.  The process for producing a porous hollow fiber membrane
according to any one of claims 13 to 19, in which an air-gap section
surrounded by a tubular piece is provided between the surface of the
double-tube nozzle over which the internal solidifying solution and
membrane-forming solution flow out and the liquid surface of the
external solidifying solution, and the outflow comprising the internal
solidifying solution and membrane-forming solution is directed through
the air-gap section and reaches the liquid surface of the external
solidifying solution for the aforementioned solidifying step,

with the following inequality (IV) being satisfied, where St is
the base area of the tubular piece on the liquid surface side of the
external solidifying solution, So is the outer surface area of the outflow
that passes through the air-gap section, and Ha is the absolute humidity
at the center of the air-gap section surrounded by the tubular piece.
60,000 < (St/So) x Ha < 640,000 (Iv)
21. A process for producing a clarified liquid, comprising a filtration
step in which a suspended solid-containing liquid is filtered with a

porous membrane according to any one of claims 1 to 12.

49



10

15

20

22.  The production process according to claim 21, wherein the
suspended solid-containing liquid is a fermentate.

23.  The production process according to claim 22, wherein the
fermentate is a beer fermentate.

24.  The production process according to any one of claims 21 to 23,

wherein the filtration is internal pressure filtration.

25.  The production process according to claim 24, wherein

the internal pressure filtration is carried out by cross-flow filtration,
whereby the suspended solid-containing liquid is conveyed along the
membrane wall of the porous membrane while it is filtered by the
membrane wali and the clarified liquid is discharged from the pores, and
the suspended solid-containing liquid concentrated by the filtration is
extracted, and

the liquid conveyance speed of the suspended solid-containing
liquid is between 0.2 m/sec and 2.5 m/sec as the linear speed.

26.  The production process according to any one of claims 21 to 25,

‘which comprises a step in which the filtrate obtained from the filtration

step is used for back washing of the porous membrane.

27. A filtrate obtained by filtering with a porous membrane
according to any one of claims 1 to 12.

28. A porous membrane module comprising a porous membrane

according to any one of claims 1 to 12.
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