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

-. 114FNEBRANE MODULE Technical Field [0001] The present invention relates
to a porou.s nenbrane, a process for producing a porous nmenbrane, a process
for producing a clarified liquid and a porous nmenbrane nodul e. 10Background
Art [0002] Conventional processes enpl oyed for renoving m crobial
particles such as yeast or bacter i RESCERIBTI(MN aqueous sol utions include
gel filtration processes, centrifugal separation processes, adsorptive
separ ation plédeoddavepition pitati on processes and nembrane filtration

processes. v el filtration processes are difficult to apply for

i ndustri al ;ﬁ&%@i&s %&@M&RA{@E; a?ﬁQCESSSMBe?&@EUQIM@dP @%IS

sol vents us 0 el filtration,:rendering_such processes unsuitable for
bul k treat ﬁ@@ﬂ%éﬁi@&ﬁ%ﬁ@&w SCENG £LARIFIBD ddQWHY, f or
m cropi al particl i I f ve n or greater, and for 20
aqueogs sol u@&\yﬁsﬁ@ﬁ%@%'mmmﬁmlie separati on processes can be
utilized for,r ITD.VallXQf ertain trace mcrobial particles, but the
processes cahediinisa 38ld ed for aqueous solutions in which many different
m cr oor gani ispersed. in large quantities. Precipitation processes
can be util is@(ﬁﬂa 3?3@ r&ﬁ%%nmvemlp& %ﬁl‘gt‘ﬁélt@ p hgevseHiyaBe, aquesass

sol uti ons, t mcrobial particles cannot be conpletely renoved, by, such
processes al'GAPTOYIGHEBPR %W’QWeWﬂm%Pr%ﬁrgﬁepqu% ifoflasifrgbsses
t hat enpl oyoln‘i crofiltration nenbranes oy ,ultrafiltrati on menbranes can

1
renove vari oga> 2 POTRNZ NEIREEHICSHOMNG are suitable for industrial use

as they perm,t continuous bul k treatnent, [0004] Exanples of nenbranes used
in such rren’%%ﬁlgg]fqu gh'ton processes include pol ystilfone hollow fiber

pore i zes a5 OPRb COREFREA BBt Shse P IR nltpar GrnOHR e
document 1] TEALSIERATIEng TRttt bAdRTRE QRIS R g obseelitions e liscurmen
2] Japanese Jaat fiftafiiR! bfdttds8%, NeendifiRar SsepAIHRLY p?c;celsrs]gsin%hggrptive
separation processes, precipitation processes and membrane filtration
15 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, réndering such processes unsuitable for
bulk treatment. Centrifugal séparation processes can only be applied
for microbial particles with sizes of several ym 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.



15Techni cal , Problem [0006] Wth conventional porous nenbranes, however, a
| ayer of th.e renoved m croorganisns or their disrupted cells is formed on
t he nenbrane: surface causing plugging of the nmenbrane surface, or fine
particles of the renoved matter are adsorbed inside the nenbrane 20 causing
pl uggi ng of the nenbrane pores, and these phenonena |ead to problens such
as increased filtration pressure and gradual_ decrease in filtration rate
with tine. [[0003] Buclthevasheémbands mrrahrase filastiannpravedsésothatasthiphay
materi al that has_accunul ated on the nenbrane surface and inside the

nenbr ane, bumigrafblixgbione membarngroraulivafiliraties menpbrangecpameslgee y t 0
circulate a. | arge anount of backwash fluid to wash off the renoved matter
that has becHB¥EOHS KPS AdJHIGEATLRNISMISHANGewe rameble 1padadusigial nxsedas t he
menbrane, [0Q08] It js an object of the present invention to provide a

por ous menbr P¢ﬁﬂﬂﬁc9nﬂ§§p§§gﬁﬂkﬂiﬁﬁﬂﬁ§ﬁﬁulation of renoved matter on the

menbr ane surface d inside the nbrane, that is yesistant to_pluggi ng of
t he mranef@‘gg,ﬁxaﬁaﬁe% FRPMRIARCS Wigsh 10 1SUEh mefﬁﬁrqftm()nged

peri ods and that can.be easil hed wel.] as a process for producing
P Pt o anBROesSah iBguasr POHETR IR TIOBW ol wm e baet dayang Jarss

producing a clarified Iiquid using the rous nmenfyrane. .10Sol ution to
B bl em T 000G ESHEES PP et uries dmd BAVIBER AU Gre; BFoL SN BRBIERS. whose

menbrane wal |l i.s constructed.of, a hydrophobj nmer .and a hydrophilic

pol yrer , \Ahe?"gfrf?sf’%?é‘ .QSﬁegﬁaﬂ%lPﬁ%nﬁP?gmsnﬁﬁﬁ ep{]fiec‘én@é‘ééi-ons in the
filmthi cknﬁésté&i rq\?;}.i on to formregion "a" containing 15 one wall surface
A of the menpfEf¥ lft, region "c" containing the other wall surface C and
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Such a por OW ane has hi gher strength to wi thstand tenperature change
or pressure T than conventional porous menbranes, allows both an

Ee ot | PR AR AL SRS IR BbEARSE No B E 2Pl S
:rg;s:qflgi ;héemﬁﬁ}@mﬁﬁiﬁapgrto pl uggi ng of the nenbrane pores, can

15 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



nged periods and is easy to wash. For exanple, a liquid to be treated that
is transported to the wall surface C side of the porous nenbrane passes in
t hrough the porous nenbrane interior where natter is renoved, being
clarified before flowing out to the wall surface A side. 5[0011] ' The
porous nenbrane of the invention preferably sati sfi es the foll ow ng
inequality (1). > Cb Cc (I [In inequality C' represents the
hydrophi | i ¢ pohowed meHeeribat hes obaqwmfegﬁmly adsord;mdr @ptceébmmemane
hydrophilic polynmer caontent ratio_in region. 10"b" and C, represents the
hydr ophilic M’f;ﬁ%ﬁnddnﬁkd@t ﬁanﬁmhrﬁn9e9| on ggel [0012] The porous nenbrane
has a rel ati | ow_hydrophilic polynmer content rat|o in region "e"
fp dad T et of

t hr ough whi c t ddiian e BrGSeEs dEvention, t@ rgrovi ‘?eﬁd?‘é’olﬂém)ved
matter is readily adsqrbed and excellent 15 filtration rformance

exhi bi ted. CRYREPH athlénWSI&tﬂ’ét H?/cﬂCSHmll Fltioﬁo‘l)ﬁl qf PR Pon "a"
t hrough which t |IQUI% as eslai1 [ relat hi SO
t hat deposi t A0 e Ped %isdlfe@bs ﬁ’é gﬂﬁg

pl uggi ng can reve d Re |on If bet ween t hese.two ions ha
sati sfactory® gath nEEeIB El@ t%ﬁf@ﬁ flds a eﬁ}h&g%‘m rai%z‘%or ous

S‘éf?éraxnﬂé‘vm%é”‘é RRgToRy agg@g “q' Eéméﬁbeoﬁr w5t Beiengrossss
mai nt ai ni ng n .rat e The

h,fi.lt 0013].
por ous marr‘orﬁﬂr p ?dlﬂ‘:%‘glr et léna%(l’ éﬁe@“@iﬁéﬁ L0} 1%) BI9YAP o ng

! nequal 'y Igrlolc)ess rprocfucu?é glanﬁed 11qu1d using the porous membrane.

10 Solution to Problem
[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

"..n

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

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



[In inequality (lIl1), Pa represents the mean pore size of a cross-section in
region "a", Pi" represents the nean pore size of a cross-section in region
"b" and Pe represents the nmean pore size of a cross-section in region

5[ 0014] Such a porous nenbrane can reject matter in region "c" that has not
been rejected at the wall surface C, can renove matter in region "b" that
has not been rejected even in region "C, and can reject matter in region.
"a" that haprobingebperejdsched isvensyi to veaghon Foi' exiihgile] 9, litghal porteus
menbrane exhibits nore excellen.t fractionation performance by 10rejecting
matter that treated thatrisntvsdporedttagése Wwalllsirfibe Gosides ofietiier posows t he
invention preferably has its m ni mumpore 'size |ayer, with m nimum pore

si zes i n t henembsane pessaminothrongh theipoames mahbraneideatior wheegimattém” . if
the minim tun pore size |layer is present in region "a" which has a high
hydr ophi | i ¢ lpaemmdlbemcémﬁecbbe&reiﬂowung obetptsswallsurdacmAsidel i abl y
prevent plugging of nmenbrane pores by adsorption of particles, The

cross: sect | gaoﬂg] erhe gporeus snembsang & fcthes mveatitano preferalpar pasiaflesuther to

t he nmenbrane ﬁal I, of, the 1Lgor us nenbrane, [00:1.6] The porous nenbrane of
the i nvent i dhllprengiasaya '%&5- structure 20 in which the pore sizes
decrease in conti nuous_manner fromthe wall surface Cto the m nimum pore
size | ayer. iélba> stuction can produce an even nore satisfactory depth
filtration gect t(i' ho&ld enoved ma&iler i sigﬁééhe menbr ane, whil e

mai nt ai ni ng [ Meprality:da Corenrgsents dhedrwsiren POLYBgE COPBIYURiip he
porous nenbrane of i nventio pilgf erably has a nean pore,size of 1 um 50
um on the WAFBLO%r# ade XEPTESGIES @ﬂlélcsﬁ’(i r ceitent aafio o) reginand

|l ess  than 1 in region "a", and a,nmenhrane wall film thickpess of 300
pm 2000 um "Eumcq@% FUESFRY 3%@%"&&@&9@“@# centgnt fagigr MoaePheer
feimentates,, gnd allows efficient renoval of mcroorganisnms and their

di srupted cefld that are present in beer fernentates. [001.8] The porous

convent o 0312 15hb BBl BT Ll 0SS ane
i o BT e e BT e e e o
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polymer content in region "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, (ID)



15renoved matter in region "a". Ca/c, ?. 2(H) [In inequality (11.11), Ca
represents the hydrophilic polyner content ratio in region "a" and Ce
represents the hydrophilic polyner content ratio in region "c"e] 20[0020]
The porous menbrane of the invention also preferably has a hydrophilic

pol ymer content in region "a" of 0.3 % 3.5 w% based on the total weight
of region "a". Such a porous nenbrane will have even nore excell ent

deni abi | i ty. [In02tjuality &0l Pj oepreséets tiid mpho boge gtdeyofn cpbsd-bectis dus
menbrane of the invention is preferably polysul fone. Such a porous nenbrane
wi |1 exhi bi tregion "exX¢c B}, Ireptesshtsethgt incagaporstsize mier etassesectiangesregich
pressure changes, and will be able to maintain high filtration performance
for prol ongeth’penidoBs repaseats ttwe npear poremite arfea afrosdeedtivreiti regiomy be a
porous holl ow fi ber nmenbrane wherein the wall. surface Ais the outer
surface and t¢e] wal | surface Cis the inner surface. A hollow fiber
menbrane is a nmenbrane having a hollow circular form and by having such a
shapedit canl0Hdle8seh areonprsunagmbrane fcavareigasanpter uniegivol '\ofethef hahe
nmodul e, conpared. to a flat nenbrane. The porous hol | ow fiber nenbrane
preferably Haet been rejeetedh alndreewallfsuréacaeEn canoenmwenwttzodn regjom tb' 0023]
The i nvention tlﬂ ther provides a process faqr producing the aforenentioned
porous nenbrthaé hagnneh beempejested gvenl indragipag'es @ndi panvieisiet anattent ax nal
solidifying solution is %’éschar ged fromthe internal, fI"ui"d channel of the
doubl e-t ube H&29Ne > has otobegie reisetadhgvenlint tegion Coipr iEhatgisathe

hydr ophobi ¢ pol yner, hydrophjJic polynmer, a 1.5 good solvent for both of
t hese pol ynefQORSINEIHIANE & ‘ﬁkts fapre erecalleit dprefivratin pesiormanceibychar ged
fro he external fluid cgannel of the daubl e-tube nozzle, for

sol i W0 i cat i16eGtHE ReattstitBahi toshe remPyrAdN$&I8AS- on. This production

process can iy produce a porqus nenmhrane according tq t ihvention as
descri bed a@jé]égg@o?ﬁfo%e&)@m%ﬁﬁﬁl ggoﬂﬂ%i WW@%IM@?@I@B& 3hdts
production process of the i gventi on is.preferably .a solidifying so|lution

conposed maiRIVIRHI,BOES: SIZR daKek i Wish UoPOE SR AN fBRETOFoPeata

o7 oduct i on. HREE:S CEHH eI AlH ISP BHIR SXE0Bo fous VHBARRITHEEHIPARA o | he

I nventi on. layer is present in region "a" which has a high hydrophilic polymer

15 content ratio, it will be possible to more reliably prevent plugging of
membrane pores by adsorption of particles. The cross-section referred
to here is the cross-section cut perpendicular to the membrane wall of
the porous membrane.
[0016] The porous membrane of the invention preferably has a structure

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 pm-50 pum on the wall surface C, a rejecting pore size of



25[ 0025] The menbrane-forining solution for the production process of the
invention is preferably a nenbrane-form ng solution with a sol ution ,
viscosity of between 30 Pa'sec and 200 Pa'sec at the tenperature at which
it is discharged fromthe doubl e-tube nozzle. Such a nenbrane-tO nm ng
solution can be stably extruded from a doubl e-tube nozzle at a constant
flowrate, and thus allows production of a porous 5Snmenbrane with nore

uni f or m nentatdeestp@slf prmanddess {HRO26]umhia fegdoaphi"| kadrohydmbrdne (el
production process of the invention is preferably . polyvinylpyrrolidone
with a 1, veifgim - thickagss ol 8601 pm-1O0Oh{nef ISeiche en pRBoGOOmenthran80f: 000.
Usi ng such a hydrophilic polymer will facilitate preparation of a

menbr ane- f orsuiltadylel 0l wlaroficataon ngf't beers detrmbhtatss)| wnidoralloves osfificient

descri bed above. [0027] Al'so, the non-solvent in the production process of
the inventi anmcwq[ircdi‘ encivoygghisoer and tBeirhdisrupted swdllsetitat vire Iprésait! irt at e
preparation of the nenbrane-form ng solution, prevent changes in the
conpasi tion hmrifﬁ@nsntat@ﬁge and render the conposition nore nmanageabl e.
[0028] The internal Solidifying solution used for the production process of
t he i nventi ¢A018] prleg @oapuy menmdyenoust e unventionnplisos preferablychat 280 wt %
and | ess than 100 wt % of a good sol vent for the hydrophobic polynmer. Such a
product i on. pysEerkiliapolpmeabrgnisnbdek d.32 po¥eds wﬁ/nbgami acc thelitogalt o t he
invention. 20[0029] In the production process of the invention, a portion
of the hydr ofpbeypetioussmenerangb| Suadnevieerausi menabraogi wilkihaye

agent - cont ai ni ng aqtﬁaous sol utjon either during or after the solidifying
step. Such & e btywwand can maintais high Sikatioe pssfoymanceont ent

of the porous nenpyane to be easily adjusted, to facilitate production of
a. p&ous nﬁwsnmﬁwppﬁat@de‘glmémnm W&ﬁ%ﬂ-‘@ﬁr performance and cl eanability.

[ 0030] Accor dj the invention, the_process for producjng a porous holl ow
fiber menbr gﬁ@ﬁ’i CiBF‘eP@?‘&bﬂ meangva@@egg the, invetionalse prgéﬁa ciatisies
surrounded %;fgtlme ar . ielgqi.iséﬁiovige bet ween the surface of the

doubl e- t ube lovipg, ityh€dDnt ePHER & PGSy HEMBTaNS GeNoMCIRd

menbr ane- f or . sol,utio | ow oyt a the liquid surface of the external
sol i di fyi ngrénlt')‘?qﬁyi S é%go{lhéxﬁﬁﬁ?moﬁf@%ﬁ%igq(}g@qu R Spgan E@l 28t yi ng
sol ution and_nepbranezform ng solution is.directed throu the air-gap
section and*PeSEREE FhdTEVEHS sﬂﬁ%%go?ftrﬁ‘@n@?&agfanﬂpr%‘%mﬂ §POsEegol ut i on

For yshe af of eIt onsHe sl Hibk 9

C/Cc=>2 (I

[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 [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



10 step, with the follow ng 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
t hat passes through the air-gap section, and Ha is the absolute hum dity at
the center of the air-gap section surrounded by the tubular piece. 15 650 <
(St/So) x3724(WV) Such a production process will allowtie pore size of the
porous nenbrgpashee beheasdd,y aadi ustledbandibian thhenghesia riglghablitratiogduce a
porous nenbrane according to the invention. [00311The invention still

further pr Ov%)gﬁsnﬁaﬁbgtfgﬁﬁrd]@hgéa peirslisci ng a clarified liquid that
conprises a filtration step in which a suspended solid-containing liquid is

filtered wtf002%y Phequsoneheateade s thbdtdvabivr.msy heea pordnatiodlow s
acconpl i shed with the porous nenbrane descri bed above in this production

process, it fibepassinbland ovinesin theowallyswtface A & thegoutbrwurfadehend dspended
sol i ds adequately 25 renoved. [0032] The suspended solid-containing |liquid
used fior t hewatlogurfhtenCpisoties snudér shefacey e ilmllomyfiber anémrbrent asea f or
exanple. The ferrnentate may be a beer ferrnentate, for exanple. [0033]
The filtratioembranechpringucholovipciocelss fofnt, kadi by bavimgnsich prafapeabl y
internal pressure filtration. Preferably, the internal pressure filtration
in the producii ncrpase des membtend swdate area pecunitieeluma obyhs modsks; f | ow
filtration, whereby the suspended solid-containing liquid is conveyed,

al ong t he neodmaascdvdbl aoflat meembrans ndisr pneoum%oéldwiﬁbelf imembgandy t he
menbrane wall, and the clarified liquid is discharged fromthe pores, wth
t he suspendeprefetabdy hastaa miney didmetar afdpessraenat @0 pm ahd 200G pat.i on bei ng
extracted, and the liquid conveyance 10 speed of the suspended

sol i #0cont ai KIRP]I Thei thventisst e02pravides angraress Maeprodueing ltheear
speed. According to this production. process_ it is possible to.reduce the
possi bi | i ty aremepsinged soraus meaghisneatwiaishapempsisesn satidtying step
filtrate by the fragnments, while also resul ti,n%_i ril a ngre satisfactory
filtration ria whaely an intermal spligéiying waheeon is discharged from the internal

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 produée 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



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- of the porous nenbrane. Back washi ng can renove sedi mnent on the
porous nenbrane surface or inside the nenbrane to allowthe filtration
performance of the porous menbrane 20to be nmi ntained for prol onged
periods. [0035] The invention thither provides a filtrate obtai ned by
filtration wikBesithefreéusen80bParec die 00 Padee of thbacipegatirenat s a
filtrate with a | ow suspended solid concentration and low turbidity

conpar ed t o Wwhidh aiteds oldisihaegedy fibmat checeloubdledunbd hoktleat i ofuch tahe

i ke, which has been used for filtration of beer and the like in the -prior
art. [0036] ribmbrasefoiming solitiduchhdre prably desrialedofrons andoblereibendul e
conprising the porous nenbrane. Using the porous nmenbrane of the invention
in a modul e mdzbevst fa comsthinbflowy rate, andotinlsi shewsi proaustiact 6f al pomuser . 5
Summary [0036A] I n accordance with a first aspect, there is provided a

por ous hol | anefritrane wetlb naore witifsen meetnbaaee patforirmneenst ruct ed of a

hydr ophobi ¢ pol ymer and a hydrophilic polynmer, wherein when the 10 menbrane
wal | is divi[@626] the hpdophidns polyrher finl the hprkdisstsonli prsessnof othfeor m
region "a" containi nf) outer wall surface A of the nenbrane, region "c"

cont ai ni ng iinventioal Is qurefereblyC palyvinylpyniolidoneavdith egi vreight-averageen
region "a" and region "c", the hydrophilic polynmer content ratio Ca in
region "a" imokpce&rewalghh athbetwyeropH),000 pod yhPOO0HH.enUsing sughi @ C' in
region "c", and the nean pore sSize of the wail surface Cjs larger, than the
mean pore sihgalrophilirepadiimes witlatasilitate quep@atiom et ¢r menalerapiet foranisgher
aspect, there_is provided a process_for producing a porous hollow fiber
mentilane as selwiion Sevimtheeswitable wplwhor yispostysdescsibeddtioyieng step in

whi ch an intern& solidifying S(il ution is discharged fromft he internal fluid
channel of t [888B] Alsabthdsearsolvent inethe pwf»cém PERGASE PIsheiivention

conpri sing a hydrophobic pal yner, .a hydrophilic ,?o yoer, a good solvent for
both of thed®PpeleyarlysSlykaria. nor QbR ysR-selyent wg ‘h{ﬂ&i Brepgatignel s 25
di scharged fromthe external, fluid enanel of the douhl e-tube nozzl.e,
forsolidifi dhei BRIFIREE spHPRy infg¥entiGhgRges n the composition

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.



[ 0036C] I n accordance with yet another aspect, there is provided a process
for producing a clarified liquid, conprising a filtration step in which a
suspended solid-containing liquid is filtered with a porous holl ow fi ber
menbrane as di scl osed herein, [0036D] 1 n accordance with a further aspect,
there is provided a filtrate obtained by filtering with a porous hol | ow
fiber menbra e3a(ﬁ di scl.osed, herein, -.10 50036 | n accordance Igg/et a

h

further halslpe ¥ ere DSCRFOWLIEY the JovE0E ORe FHE NP CREYUIPE RIGRYFT
ber nb | d 15 Ad Ef
bF Pventi onbPsUBAllEBr HPHG nigmPHETS R BritPely pESsASSRIVARIOHS atn ccis

renbr ane. sur PAGS ARD %gffﬁin?h@”hxtn% RGN HeDs Rl BN B4 BRb T ng of

t he menbr ane rat.l €

pr ol onged pe?llﬂg S andﬁll[% can Heétggglzll%y %%Cha@teweﬂﬁeﬁg% Sa(ﬁgdrlgﬁhgs for
produci ng it di t 'fﬁ&wp i de a
process %or %‘f}g ucE:ll r?glglarg arl ﬁﬁhﬁﬁ)ﬁdé%lg:t%élat pgjr%gughf&ﬁelé rgﬁl IdBrl ef

E?Z]?;'r rpte:jon Qlrthrawrags ckRI38] EbEdlﬂylﬁg sBIURTAS Smedid @Lﬁ'l}’ﬂoW'c%Wlﬁﬁ@Mgng a
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

10 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.

15 650 <(St/So) x Ha <3724 av)

Such a production process will allow the pore size of the porous
membrane to be easily adjusted and can therefore reliably produce a
porous membrane according to the invention.

[0031] The invention still further provides a process for

20 producing a 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

25 removed.

[0032] The suspended solid-containing liquid used for the

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

The



doubl e-tube nozzle for production of a porous nmenbrane according to the
present enbodinent. Fig. 2 is a photom crograph show ng a cross-section of

t he porous nenbrane of Exanple |I. "Fig, 3 is a photom crograph showi ng a
cross-section of the menbrane wall of the porous menbrane of Exanple I. 5
Fig. 4 is a photom crograph show ng a cross-section of region "e of the
porous nenbrane of Exanple I. Fig, 5 is a photom crograph showi ng a

cross-sect i oferoferithie wuyee s bebatanisatate, Sor baamphe. of the porous menbrane
of Exanple 1. Fig, 6 i.s a photom crograph showi ng a cross-section of the
i nner 10 sur fG033](Mhkl fidtrafiac eirC)thef prédugtooousroresdraihehef infcartione 1§ .
Descri ption of Enbodi nents [0039] A preferred enbodi nent of the invention
wi |l now be pederdbigdntemdeprissurg fid#aliomihe Rreferablyyehbriatenal poesdiung t o
this enbodinent is a porous 5 nenbrane with a nmenbrane wall constructed of
a hydr ophobi filtpatigmren #hed peodiydiapiprbeesspof therinvehéoai is whizted keitnieyrbr ane
wall is divided into 3 sections in the filmthickness direction to form
regi oh "a" comsaiftowgiibration wheelindbe Auspended memtammlg liqoid an " c"
containing th.e ot her wall surface C and region "b" bet ween region "a" 10
and region "eonveyed ajengphel membranee walbrfeihe rpetonscmeambrang ovhila” i s

greater than the hydrophilic, polynmer content ratio C'. in region "c", and
the mean porkeisigz lgaredhdyndhe sugmbeanec well, aﬁ@érthel"laﬂaﬂﬁ@ laquldorl% si ze
of the wall surface A. Here, division of the nenbrane wall into sections

in the fil mdischuigsdsfiom dbeipareseanith tharsuspended Sodiskcontaining hqumda

t hi ckness of each | ayer inthe range of 335 with respect to 100 as the

total film tepngensesed bydhe)flsistiombpinexstracieds and thadiquigiwenveyaeegt h t o

Wt hf(t) . 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 ihvention 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



t enperature change or pressure change than conventional porous nenbranes,
allows both. an. excellent filtration rate and fractionation 20 property
to be obtained, is resistant to accunul ati on of renoved matter on the
menbrane surface and inside the nenbrane, is resistant to plugging of the
menbrane pores, can maintain a high filtration rate for prol onged peri ods,
and is easy to wash. [0042] In order to divide the nenbrane wall into 3
sections in the film25thickness direction for partitioning into 3 regions,

a portion of u J&P,Ioi i I4

menbr ane wal ?6£§ﬁ§ﬁ{g@%§8\9i@{ﬁ%o g s]?g%t“fc'otr[lgﬁlﬁg t%lﬁ H%rsnr}%lﬁfrgq{hg%sdfiﬁre ection.
Here, the 1/; I i j ! i Q@ f the
menbr ane wal ﬁlvrv?nﬁlﬁlloﬂggvﬁre ecglrlggi l{aéﬁigm'r?gg%lgﬁ% theﬁ?yéecfieﬁg?gﬁg(\i\nﬁ?% a

t hi ckness i nglawgdiepg the other wall surface Cw il be referred to as region
"c'", and the center section between region "a." and region "c" wll be
referred to as 'region [0043] A hydrophobic polyner is a polyner having a
critical surface tension (ye) of less than 50 .nV mat 20C, and a

hydr ophi I5i ¢ $ahym@ryi s a pol ymer having a critical surface tension (ye.) of
at least SOrriNNmat 10 20C. The nean pore size can be cal cul ated by
observing the wall surface A or wall surface C using an el ectron m croscope
at a magnification that allows observation of ten or nore holes in a single
visual fiel d0GAL r ealnt ragcondapes exithnat liestplaspeh cihsye alsh paevisiedr aci rcl es
to determine the dianeter. fromthe area nean val ue. [Q044] That the

menbr ane wal POTG3ISuMhosedber membaisposse emﬁ)as ﬁgmtamrpaiq,f

Bnc 8. hyar ophIDREOBBYGifePo SraghPics dSSFOPHRATETSEr GHEUTE Yish Geanpt e,
pr ef o1 aBy - ST ADERER Gt Ry BBEHpan, ebitiarany. MrocasRIeR hEcHsPous
menbrane, the, ?gr%ol%g&olﬁ G2 S "SR wall surface A of the membrane,
region "c" containing inner wall surface C of the membrane 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
15 ratio C, in region "¢", and the mean pore size of the wall surface C is

larger than the mean pore size of the wall surface A.

[0036B] In accordance with another aspect, there is provided a
process for producing a porous hollow fiber membrane as disclosed
20  herein, which comprises a solidifying step in which an internal
solidifying solution is discharged from the internal fluid channel of the
double-tube nozzle, while a membrane-forming solution, comprising a
hydrophobic polymer, a hydrophilic polymer, a good solvent for both
of these polymers and a non-solvent for the hydrophobic polymer, is
25  discharged from the external fluid channel of the double-tube nozzle,

for solidification in the external solidifying  solution.
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of region "a" including wall surface Ais larger than the hydrophilic

pol ymer content ratio of region "c" including wall surface C, and the nean
pore size of wall surface Cis larger than the nean pore size a 25wall
surface A, Wth such a construction, the porous nenbrane will have higher
strength to withstand tenperature change or pressure change than
conventional porous nenbranes, will exhibit an even nore excell ent
filtration rate and fractionation property, will be resistant to

ﬁgﬁﬁf‘;kifim@@ée rosiy IR OEanEp I RIS AR AT 1 b
wi i1 75 resi stant 1o pr uggrng . Sl
Boi g ami o LS L DI e P e B e R h

process may hRicH & s8xRieRl sbackcymating waat®iin fierawshithga fpatiothsi s
circulated in the filtration direction and the reverse direction, or air

scrubbi ng wWheslghw filhe mendtsane dssdiosisetidtegdinl. 0 by introduction of air
bubbl es into the nodule to renove the accunul ated matter. [0046] For

exanple,5a liquid to be treated that is transported to the wall surface C
side of the porous nenbrane passes in through. the porous nenbrane interior
wher e matt er[0i086i8mov dah, abedrdpnceawiith edfibghier aspectf Itbewends puovided: he wal |
surface A side. A porous nenbrane having such a construction can adequately
exhi bit an diifteate adftatnmst byt filteriagi vith areorey hellewclibsr snembsang 18&n t he
menbrane pores are held inside the nenbrane at region "c", for their
removal . On difelosedderdiind, since the hydrophilic polynmer content ratio is
hi gh and the adsorptive power 20 between the particles and nmenbrane is | ow
inregion "a", it is possible to prevent plugging of the menbrane pores by

25t Ton AT 35 MSVOAMATS AR s SRR,
poss! b © 10 T8RRI bLLL BRI 8 L RRYRIRSR Bk M Rane, o |,
regon TV ALCADASR BEgE pore 1 ze. Lhe f1TLralion performnce

15 Advantageous Effects of Invention
[0037] According to the invention it is possible to provide a
porous membrane that is resistant to accumulation of removed matter
on the membrane surface and inside the membrane, that is resistant to
plugging of the membrane pores, that can maintain a high filtration rate

20 for prolonged periods and that can be easily washed, as well as a
process for producing it. According to the invention it is also possible
to provide a process for producing a clarified liquid using the porous
membrane.
Brief Description of Drawings

25 [0038] Fig. 1 is a cross-sectional view showing a preferred
double-tube nozzle for production of a porous membrane according to

the present embodiment.
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excellent. [0047] The porous nenbrane preferably satisfies the foll ow ng
inequality (1). Ca > Cb > Ce (1) 5/In inequality (lI), Ca represents the
hydrophilic polymer content ratio in region "a", Cb represents the
hydrophilic polynmer content ratio in region "b" and Ce represents the
hydrophilic polymer content ratio in region [0048] The porous nenbrane has
a relatively | ow hydrophilic polynmer 10 content ratio in region "e"

t hrough which the liquid to be treated passes first, and therefore renoved
matter is reRg Ryisadphohedicodraicshdwitig hidrbsabe@ioPofies Hances i s

exhi bited. On the other hand, 'the hydrophi.lic polynmer content in region
"a" through mehdirahbeoflExmingld ¢. be treated passes last is relatively high,
so that deposition of the renoved natter and its associ ated nenbrane pore
pl uggi ng canfige JpiragtadmiReggraph”siiowaigwe aroshiasetionmfr g oemirasca
satisfactory bal ance between the two features. Consequently, the porous
nmenbr ane havival afiible porevssnewdbrann of &tdmplesl superior filtration
per formance whil e bei nﬁ nore resistant to nmenbrane pore pl uggi ng and
mai nt ai nPng lAighidyhs @i phetamisographa sBOMGRE B 61esgeastiqrepil gegioN 00491 The
porous nenbrane al so preferabl ¥ﬁ§(ati s{eiegs the followng inequality (I1). P,
< Pb [ ITACiRREQUaINENOLRIPg O ents the nean pore size of a
Cross-secti i n_25reqi %n "a., Pb rﬁpresents t he nean artiflctﬁ size of a
cross- sect i & n r BgifoRNOBOMACKPLERPR cHAUHME 1 1HESIHESHINR 1 dPE SPRE of a
cross-sectiof kibe (vsgfl%ﬂrfa%e'&) of the porous membrane of Example 1.

Fig. 6 is a photomicrograph showing a cross-section of the inner

10  surface (wall surface C) of the porous membrane of Example 1.
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[ 0050] Such a porous nmenbrane can reject matter in region "c" that has not
been rejected at the wall surface C, can renpbve matter in region "b" that
has not been rejected even in region "c", and can reject nmatter 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 matter in stages. The cross-section of region "a" is the
surface cut_perpendicular to the nmenbrane wall of the porous nenbrane. The
nmean pore sDgscxiphidieot Hmbogdimemsy observing each 10 cross-section using

an el ectron_m croscope at .a nmagnjficatign that allo observation of ten or
more hol es EW@]sznmegewéLﬁaﬂgeagnem ) ﬁlq ilze\éﬁnt}@lﬁ\@%w RSEIH d

phot om crogr aph als near circles to determne the dianeter fromthe area
mean val ue, 11} ¥1 As exanples of hydrophilic polymers there may be

Cel uoce. B BELNbES R TuaR? PLSRrnE S i ShbiochBel WY being
R LT AL M T
e cor ' oyt ISR B PR )38 Bt LS BBedCel e
58%gfekeguéhﬁaﬁ‘shgegﬁéﬁﬁﬂ°8ﬁéfﬁﬁeﬁﬁﬁ%%g?s“sstéieq%{mf:téﬁﬁﬁm”?mé@ﬂeagi‘hfng s
ih d d;Lf‘ES FORBITING h skl %’mg%ﬁ%pﬂié Séef’rg%fagf% %%Sﬁmjaplﬁf -
Shch e pol §ETAGNEE s Sieanury, SurTBoC” R el SHr 1EREeRRERIRT HTe) o
(yeTOor Ty RRARREICH OF 3He FBRRoPhils SSRGS paliehr SR G te R 580 s (1 cal
surface tension 5 -1:p0ol wvinyl i I+ de, il Ry

Cae. petser Tl e h Rt RGNy AlBE PGSy oy ke pnde,
(ye e 644‘%9?@%2@2 e et
po:yrrelrfsoz;re_ ° i ‘ﬁ-aQ. Soé . d™p ga-‘l ﬁme}ﬁ. : e, wth
ES&S:‘M oyPPa ?%&%Mﬁ%ﬁ%%?ogﬁ{ef?,ﬁélgéﬁéf@fftﬂﬁﬁr&eﬁﬁdﬁ%? Vil into 3 d
o art et ur SECHETE I (IEYIRCHHER R A6t O nidhs(thal B fiad 3XEERAbRERAAE 1oe
mempgane Wkl %Mb&%s?%cmgggr gﬁgﬁé 'frlsﬁge SN gvi%ﬂgbgﬁéct&snm gLure

changes or pressure changes, ration 15performance can be

achi eved. Wf?@?ﬂ(}aﬂ-gmnﬁﬁ&n&%fe size of the wall surface Ci.s preferably

between 1 pm an pm nore preferably between 5 pmand 40 pm and even.

R T e et

suitable fo ificatl rment at es;, ws efficient

e for. _ f beer Ter .
remval of SLGEBRIARRT SHn@nCol el TURAA 4Bk S cRILnAbRIPTRSENS 1

beer fernentat e sSize surface Ci's at least 1

pm it will B?éﬁés?'ﬁlé&sqﬁc%bhh SR AR UaltEattaP thtd ia]!par grghﬁgﬁgﬁéﬁct to

hol d renoved natter 1'nside the nenbrane, and plugging of t rane pores

dueppo accumbaéitpnode bBHAINEM, [Pid@itaftd BBcumulation 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
prolbnged 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
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25menbrane surface will be mnimzed. Al so, if the nean pore size of the
wall surface Cis 50 pmor smaller, the proportion of the pores on the
menbrane surface will not be too great and it will. be possible to am
n satisfactory porous nenbrane strength. In order to limt the mean pore
size of the wait surface Cto within the range specified above, the good
sol vent concentration of the solidifying solution on the wall surface C

rozssses S W bl i el WOLHR e
o mand SNk BRIl Co B A Bt
speci 11 ed b ewlklﬁéee fgfﬁtmtdaf%ﬁa 5@imfsogﬁ8?ﬁ9i igtadi ho?‘n lalrflf:ﬁ@sgmn
producti on Wi‘&@&%&a@’e @Fi@ggﬁgwé%ggﬁr%&e&% %Sex%g?ﬁ,r'%lt’l @rtlcngs a

br et 81 apl'y MaccdiEE sBeufh FoffRbn dpblbrpraShAdEeloh e SN e Blrdd B, 4

pm and it even mpre.preferably has a rejecting pore size of between 0.2
p. m and OBS%I%IgTQP?%j ecting pore size of at least 0.05 pmw Il help to

Phe. preseur Oratuty byabahaRCTRAy PR, b8 i Ry P Bl G 0t T o
res . ! ! ! ! it

L9 SR A LU AL S A

par iCICIeggz AR R PR PRaeE h o AR 1Bl DA ot e i e

![2| WBthin %%a(r:g;lng};%é; i {Pé’ﬁea%%@g‘?anﬁ BE CoLBEheT b URaFYER Ble 3Ly
ti ' j 0C, f

xampl o | noEREe B e R R R A o ot ng.

pore size" pplenfigsibn thaf GlIBRANSLELSaRBh 6F tén Hrafore holes in a single

visual field, and treating the pores in the photomicrograph as near

circles to determine the diameter from the area mean value.

15 [0044] That the membrane wall is composed of a hydrophobic polymer
and a hydrophilic polymer means that the membrane wall comprises
both a hydrophobic polymer and a hydrophilic polymer, regardless of
the phase structure (for example, it may be a compatible or
phase-separated system, although it is preferably not a completely

20 compatible system).

[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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for a particle perneation rejecting rate of 90% Wen a particle 5

di spersion containing dispersed. particles of fixed. size are filtered
usi ng the porous menbrane. Specifically, the particle dispersion is
filtered and the change in particle concentration is measured before and
after filtration, for exanple. The nmeasurenent is conducted while varying
the particle size from0.1 pmat a pitch of about 0.1 pm and a rejection
10 curve is i T 9 ] particle sjize is
read fron1tﬁgéﬁggéﬁﬁﬁghhsgﬁﬁé%éfgng PH?%H§Q§EE%€§H%%thggaégétr%nﬁgﬁecting

pore i ze. - LOOSTdniTReBA6RUS B ANEBRATIEHAPIOLRIMLIFER AedlOLIHE) POT @

size layer I n region the mninmum pore sirze’fayer 1's present in 15

region "a" whighf ogbcff'yﬂéinobwrﬁ bt ioh &%gﬁ@% QOifabatd ihdjqwi |1 be

possible to nore rell prevent plugging o e pores by adsorption

of particl ethe FamBHHJURIPYESeistdtl RiSlugping Y theyRentame pRagahle

snmal | est pore size as det er m ne . tion a cross-section of
the porous ‘Wiﬂbbénﬁbl‘é‘ td ARingARChH! Hra568aPete 2R>rTﬁﬂ>18ﬁged &Sodd, the
m ni mum pore size layer is approxi ely equal to the rejecti poré size,

and t her ef ogghild1ea R HedhZ it N® N/ AHUNAROKS 01 el R BFarkaRyReiAbt ai ned

by measuring the rejecting pore size. The pore size of the m ninmum pore

si ze | ayer 'gfocﬂis%&@f alihe dtashBAS brcd RiByABE, fdrees ! Eaéknwéglﬁﬁ%
preferably at least 0.1 Rrn and’fess than”1 urn, 25and even nore pr&ferably

bet ween 0. 2 yiigrai tie HvRAidd fIRAdeS clreuldiel Y eht T DR A5 afil4Be! ayer

in. region "a", the good solvent concentration of the solidifying solution

may be 85 Wid¢&keudigadtesn,0fr hiiestabbissiBeRit the dRenittahdds apedlselvent
concentration of the solidifying solution may be up to 50 wt% on the wall
surflgce A $piydentidduReiodr osiicic obubbbeesintdesies i Aastidle! ew. r&idR28%héhe
porous nenbrane has a filmthickness of preferably between 300 pm and 1000
urn and nor gcpnighgard mattetween 350 um and 800 pm |If the porous nenbrane
has a fil mthickness of at |least 300 um the range in which renoved. matter
can be hel d[0046 P& driexaieple; arigquid o hotrebeed thvttiedrangortedwol thebgaliossi bl e
to obtain a sufficient depth filtration effect, while in addition, the
filtration wsatfacei Cl sidendf tloe hwrbovanethbress eased in tWotgh ahpgseress
menbrane having a filmthickness of up to 1000 pm it will be possible to
acconpl i sh sherbbean@sintergoofwhers veattemtis erenaceediubated.clamfiedebefige
menbrane, and the filtration performance after washing will be
sat i1$f act or iflowirgs tort efd. tHeowalheuffiacm Ahsidkness pgarons miehibrant Hisvingnge,
the gap of the external. fluid channel in the doubl e-tube nozzle nmay be set
to 200 pm - $26h proapirateontian 306qytalyl 8RNibit B effecr oExlapth éiltrationhe
production process described bel ow. [0059) The porous nenbrane preferably
has its por evisérzbyr padislesy smabler dhan thouseyntranenptdres wad hesdinfiside tet o t he
m ni num pore size layer. Such a construction can produce an even greater
depth filtr an¢mbrent edtregoomdcy famtheed remiovat. | Qi tiee whleemband asiecewhi | e
mai ntaining a high filtration rate for prolonged periods. In order to have
the pore si zke hadlrophilic pelymengenierttrusinot isehigh and dhe adsomptive phever
i nini nunn pore size |ayer, the good solvent concentration of the
sol 28 f yi ng betweendhenpartistessandvmembrane ¢ tawvein mgionha" wel is. passililace C
side and the good . . ]

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

preventing plugging of the membrane pores by adsorption of particles in
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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sol vent concentration may be up to 50 wt% on the wall surface A side, for
exanpl e, in the production process described bel ow, [00601 The porous
menbrane has a hydrophilic polyner content of preferably between 0.2 w %
and 3 wt% nore preferably between 03 5 wt% and 2,5 w % and even nore
preferably between 0.5 wt% and 2 w % based on the total weight of the
porous nenbrane. A. porous hollow fiber nenbrane having a hydrophilic

pol yrer content1 of at least 0.2 wt% w || be resistant to adsorption. of
renoved mat$&elsAtt he nenbrane surface and inside the menbrane and al so to

pl uggi ng of _t menbr ane pores, thus allow ng stable,washing. .A porous
hol I ow fi be@d%@ﬂb’igﬁe RATPHS a ’ﬁ%‘ﬁ%ﬁﬂ?l P&eﬁﬁmr g%tbsfﬁeésnttb& ﬁ%‘ﬂg‘m& er than
3w%wll be re iskgnt to plugging of the nenbrane pores caused by

swel i ng oflwaﬁ% philic polymer, so that increase in permeation

resi stance 6a2> 8egpgeve&5ed and. high filtration perfornmance can be
mai nt ai ned. “~k ] rde¥/to limt the hydrophilic polyner content to within

e Seor anbr el B EDe CedrPEiRRY Bt fy BRHIDG AIRsRt SRRy ™ 1
Formor 1 at CEEIpR R B getesp LSl b BRhife polywkE chpid dprigAhTsgids,
the 1ol | ow 1 PRk Gaieppers oo iR MBOpBIfTe Wbl FIERI BT )™

represents t.h,e] hydrophilic polyner content ratio 25in region "a" and Ce
represents the hydr ophilic polynmer content ratio in region [0062] Such a

Per ?3?ga”ﬁgﬁf@%ﬁg%z@ér%ds%%@#g%%ﬁ R R ane
PheTfyar opneorterfaniian SR ch® e REeh tHe liglie @ HeptiSaR B
excel | ent dﬁgé@ afﬂd tt%@lteggﬁd?éeﬁlr?r)e%nglr Hahe9i QNre: a@ngggolgﬁaeaﬁac&d tef fect

of preventi pluggi ng ane pores adsorption of renoved
bl e o mai HIROR P D e R o Mot on
and more. pr BPLTBY \CoRfkar th TBEIAECE" MIRRRUP BT P IRARL A0 U FRed ™ e
ratio of theatydl P{g{]q@irelaggw%gﬂ?? hueH BBPbitiorPeF i reibviedenliepd of

t he hydrophobic polyner a ic polynmer may be fornmer:latter =

(1160, 5 1. S ssaiton oo e il predve ! oR gl . i

"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 ppriods.

[0049] The porous membrane also preferably satisfies the following
inequality (II).

P,<Py <P, (D)

[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
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[0063] The concentration of die hydrophilic polynmer in region "a" of the
porous nenbrane is preferably between 03 wt % and. 3.5 W% nore preferably
between 0.4 wt % and 3,0 wt % and even nore preferably between 0.5 w. % and
2.5 W% A hydrophilic polymer concentration 20 of at least 0.3 W% wi ||
result in satisfactory restoration by washing, while a content of no
greater than 3.5 wt%can mninmze elution by the filtering fluid. [0064]
The porous nenbrane _nmay be sterilized by autoclave treatnment, Sterilization
by aut ocl avéeglpéatcrrﬂnt will allowthe porous nenbrane to 95be sui t abl y used

performed. | @@smpséi?ﬁﬁéx?&y&?{?@?aﬁé GO e F R [oighPas | on,
in. water perneation ? and after aukgcl ave treat t SpeC|f|¢,§|,Iy t he
change n waPE! Sh st R U e el i oot bl %ml.ge 1 FRG To) |
?Eol) Cand t B heY Pob DRBNIISR “‘f“ erpfiéé?’éﬁ“fc?gﬁﬁﬁ%ﬁ(a”t g %1;“2328199;

oS P B [
th e Zinél es %‘é‘ogﬁai?th%ipm%bsﬁgl rmf ?pﬁ‘?&%f%eéﬂéyﬁiiuﬁ%b Rote. Ifl
this e 0|rrentma or.0 ol | ow fi [a wa
i's corrposed ﬁ?’ﬂ@ﬁ%ﬁ §‘}‘~,§ch taﬁ‘f?w Pﬁ?jﬁ? N A Bﬁ/herein
i oct ?Sn”Fg%re"é‘ﬁagrhrgmeq %‘a%*qdrﬁl%e%tﬁtg%a?oﬁiﬁt SN #%ifh% yanﬁ?ess
Cval | sur f adke 4c§eg§“ “PerpnaRaify b Bhe rchftn Hﬂé”%ﬂﬂéﬂﬁeﬂpp%ﬁ&%é‘cf
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Coal | sur ?‘Llpg %& Mg ih'e“é‘fé@prz#&p%yﬁégﬁéﬁ%l% SIétfﬁ“b&%?W%ec@ﬂif ace
kénﬁpiﬁéefst Ao Rsst o RloP oSl fioR, iEaRdsy b %ﬁ%%ﬁCEﬁb#ﬁgﬁ%'ﬁcﬁra
modul e, | 200aMgR GO et BT e O HIBHE BRI gfnoé%hiw?@ R Phpline
T tho T nner Gtk he BPLe) |easRdeL Efdn%rgi’?b%}‘*ﬁﬁﬁe o3 R RRdnAte> P

cont i nuous easily aggregating suspended
sol i ds suchtgétdﬁnﬁ(&:l?o i'a ¥ ngartl C es iout the hollow fiber inlet

openi ngs beirfgsPsi§ WKhathIBY of hydrophlhc polymers there may be mentioned
15 polyvinylpyrrolidone, polyethylene glycol, polyvinyl alcohol, cellulose,

C

and substances derived from the foregoing. Preferred among these as
hydrophilic polymers are polyvinylpyrrolidone, polyethylene glycol and
their derivatives, with polyvinylpyrrolidone being more preferred.
Any one of these hydrophilic polymers may be used alone, or two or
20 more thereof may be used in admixture. These hydrophilic polymers
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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t he aggregated suspended solids. Also, if the inner dianeter is no greater
t han 2000 urn, the thickness of a single porous hollow fiber nenbrane wl|
not be too large, thus helping to ensure a |large effective nmenbrane surface
area per nodul e and preventing reduction in filtration. performance. For
the inner dianeter to be within this range, 5 the dianeter of the internal
fluid channel in the doubl etube nozzle my be set to 500 um 2500 pm

descr  bed (RAE %é%mpe& 1&%&%@5"%&9%@@0@@”“' Helbr &R Gecor di ng
Tl 5 B
e e i
whi ch the f XFF‘GIQ Critiea) Surtace lep out

?f W?gégg‘f’ ifnfir T BONBEr AR ﬁ@?ﬁxéﬁ@ﬂeﬁeiﬂﬁ% %@ﬁ#géggﬁtéi)
?grpg |0 tSIh nngP 62&9818751‘3‘?123?1’ e’i?&@i?e@%?ﬁfﬁﬁ&%ﬁﬁ{@%gg?@@@P @39183%& sol vent
from the eXPOVAS: TR HERanherared ARilesd ooyl os i Bimar ™"
The sol L?Pﬁ”?péﬁ@?@%me% SE0. BBhvbef, e gﬁb’{%ﬁ%ﬁ  BRBides bade ™ =
ext ornal - soroupHpoRy el | BRB s, "BeisHE 6ty %%% o Vit Sapﬁf&cu on’
il pagsdBOBN eWﬂ@% ot Bgfemeie, g §f’ys%}% m"\'ﬁ n%ﬁ‘éﬁéf nozele
\I/:V: E].hOlljti ;W@?E{&béé%g%%w/?%ﬁ%ﬁgﬁe?@n& g)ltrer regtgguf)eloe tu t;n}]a{ zgl(ig] for
he. doub o- B 8Bef0BE RS e A P R er g R PR el 11
formed at tRGIERNfhe P%@Ehfm?ﬁé WiA RORAiE éth AbreXELEMnt! stkefighannel

12 formed surroun a partition
against temperature changes or pressure changes, and high filtration

15 performance can be achieved.
[0053] The mean pore size of the wall surface C is preferably between
1 pm and 50 pm, more preferably between 5 um and 40 pm and even
more preferably between 10 pm 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 um, 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 um or smaller, the proportion of the pores on
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10 formed between the fluid channels. The internal fluid channel 1.1 of the
doubl e-tube nozzle 10 is preferably circular in the cross-section

per pendi cular to the | engthw se direction of the nozzle, while the external
fluid channel 12 of the doubl e-tube nozzle is preferably annular in the
cross-section perpendicular to the |lengthwi se direction of the 15 nozzle,
and preferably both fluid channels are concentric (having a conmopn center),

[0070] The iH¥ &ietabrAR) 5gHhye NIl AW tHOob gsreateaﬁaa{@'wn%eaﬁa@ﬁafe $gl ution
conprising a good solvent for the hydrophobic polynmer at 80 wt% or greater

and | ess t hamid@dh WallsRrsee) g@ro&zhﬁlélﬁbx?dné’\@ﬂr H0f Iherdd ﬁd"liﬁiiﬁ%he

solidifying solution, fromthe viewpoint of suitably adjusting the

hydr ophi | i cneahyfefe Giisd rafbthid opall Ffadh € toewathiat (1 raRb@i fHddgfiéd Por ous

hol | ow fi ber nenbrane with an i nner surface pore size of at least 5 um the

aqueous sol gbowd) th"eeg(ﬁfdibbh'dmméﬁﬁatibﬁ_(ﬁtﬂhﬁﬁli&&}'_ ya1¥ioh &heréer and
|l ess than 98 wt% The tenperature of the internal solidifying solution is

prefrably wallhefaengeside ma9 Beoset-t38®83 wads ohgreempefatanenple, ifehe
menbr anef orm ng solution at discharge fromthe doubl e-tube nozzle, in

order to m produetiorapicicsess desqivddobeance due to changes in the liquid
tenperature. [0071] The good solvent for the hydrophobic polynmer nay be

N- et hy 1- 2- [§054]| TenacfMjore diize ol the oxai renir e ANs pprefetabby bytaeeh ani de
(DVAC), dinethyl sulfoxide (DVSO or the like, any of which nay be used

al one or i n0adpinx tamde 2 0Fpm, exanp | refd¥abbt betwenyd.Lolirdand b pm and
di met hyl acel am de is preferred when pol ysul fone is used as the hydrophobic

pol yrmer, aneéveiNnmetehylef@rayy betivden®.3 sinmane o efmer r &d ostiento limit the
polﬁginylpyrrolidone is 10used as th.e hydrophilic polyner. [0072] The

ext Bdnal sofedinfyyoregizsobiithemall surfaed d tbivythan she irdi gy specisiedutb o,
conposed mai nly of water and having higher solidifying power for the
menbr ane- f othre tfgnpetattlteomftthansalhﬁ%yinmgesmﬂalltiombhdihwwa@l satfate o sidisi ng
such an external solidifying solution, it is possible to 1.5 obtain a
porous hol | ;wayf bbeset fertmtarcenna0TGgnal PAPGefor emempdey imtlee poodustiare t han

the outer surface pore size, with the pore size decreasing continuously
from the i npeocesses descréhatbbelowar d t he ni ni mum pore size |ayer. The
sol i di fyi ng_power_can be" measur ed by thinly casting a transparent
nmenbr ane- f of(iTy Begien 6" gretergbls Saarairejecingi ponegsivheo 26t Speed.@3 whi ch
turbidity is produced when the solidifying solution runs dowward, and a
sol 19i f yi nglsorndiless tanhl aumj ghmote prefierablydeasda irgjeatingl patefsizagf abl ut i on
with strong, solidifying power. The tenperature of the external solidifying
sol ution, iteast &k briam gngelosedhaBot 1and @BCItasyenonerprutérably hsstaeen 50C
and 85C. 95[Q073] A good sol vgnt for both the_hydrophobic pol yner and
hydr ophi | i cT§8FYR&PIE HZ6 My BREWeFhO. Dribarrd (hd lRs ol Aulcied i poeat s
size of at least 0.05 pm will help to prevent excessively large
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 um. 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
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when 30 g of the hydrophobic polyner or hydrophilic polyner is dissolved in
100 g of solvent. As good solvents that dissolve both polyners there are
preferred, fromthe viewpoint of stability of the nmenbrane-form ng
solution, solvents conprising at | east 80% and nore 5Spreferably at | east
90% of a m xed sol vent including one or nore selected from anong

N- et hyl- 2- pyrrolidone (NWP), dinethylformam de (DW) and di net hyl acet am de

(1/MAC). From the viewpoint of convenient geabj | ity.and obtaining high
wat er per meabfadet ) sidrengsdee et tehetyeet e{@&aﬁﬂgo‘m &Ln@or exampﬁe, n

101\ 1- net hyl - 2- pynol i done, [00741 Tge g)o tent of the good solvent for both
t he hydr optthbiprodubvﬂnrpraﬁ%ﬁsﬁ?dﬁé% ¢q oe ymer in the nmenbrane-formnmng

solution is preferably between 40, w % and % and nore preferably

et ween 50 [A0RRAENTTcie0k BaPOHC GIFAHE 1T8R4, 0 Jere RET hRebarticls Size

naenbr ane-form ng solution, [Q075] A n.on-solv for the hydro iC

pol yner i s farsel pasticlen PermestigeeieqEsLuBRE ég?rg&%ntg’ e 5’38&@% t he
hydr ophobi c_pol yner is dissolyed in, 100 of. sol yent . As.non-solvents for
hydrophobi cligpessen §09F?én€1&é§sp&és%ﬁﬁ¥%ﬂgﬂ P&“rdlﬁ%?& %ch@ﬂS’fe‘ﬁBﬁ‘E&unds, 20

o i i e eaiiill By DR B B
rergfr‘gr gl;lef] 1? E)mi d ﬁ%’e Zc}a;gsgi?lggﬁ?rﬁé %ﬁtﬁe{%?m%%lbg‘?ﬁ:gﬂi #é&q% and
ore it rk e S LRt A A Koyl e
e ot L B 5 TP SRIPO R AL
oY et A R, il SRR 1
B e BN TP S AR

fiber menbrane will not drip down of its own weight, allow ng a |onger
runni ng ti mBO¥oSKE- t aken, and therefore this is 10 preferred for production

of a porous ow, fi ber nmenbra i i j S .

gr eat gr and[(ggp-}clr hg; paroys qunﬁfﬁrbvgr 5’3?%5{"%15’%@?? egséllﬁﬁllnglg&\r}lpglgggsi ty is
no greater t.han 200.Pasec, then i 1 J at a
congt ant f| Cr'AYEr F?Jﬁg{% adubmﬁ?éuggl%gﬁy&gﬁgk%g%ﬁt i|ggl§1l‘s%sPfrl]tenrrigrﬂor ane
per ig ) mincerecg"jllgnt'%l"sw ehPhas'& Tﬁgﬂ 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 pm, more preferably at least 0.1 pwm and less than 1 pm,
25 and even more preferably between 0.2 pm and 0.8 ym. In order to

include the minimum pore size layer in region "a", the good solvent
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15[ 0078] In the production process of this enbodinent, 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 polymer it i.s
even nore preferably pol yvinyl pyrrolidone of between 400,000 and 800, 000.
Usi ng such il | SHTRL; AW il 1
nenbrane-fo?%?%%ﬁggpﬁﬁPgﬁﬁ aV|n&ﬁ§h§LF§?ﬁth§%'co§?¥§§#gﬁgﬁég%@%$€??ed

range speci %@%ﬂ@?&ﬁface C[%lﬁé.g]in&rhﬁlec ﬂ”%gﬁ{/er%hcénw&[éﬁmléf éﬁgl yner

in the 25nmenbrane-formng solution is prefera et ween wt % an 0 wt%

: i % 4o Wi ght of
and more Pr sbRaANId, BERIRANHY Wb ePafsEaweRIREd AN shifacbohlde 1 ONt o

, the content of the hydrophobic pol yner

in the menbfah r(;dﬁgtﬁglﬁﬂidérsg destsbed ekeswbl y between 15 wt % and 30 wt % and
nor e preferablg bet ween 18 wt % and 25 wt % based on the total weight of the

menbsane. f o[003e] Theldobus hierhBrarkoHaNtS Bim! Micknesondi | piefoplbiyer and

hydr ophobi ¢ pol ynmer are within these ranges, it w be possible to easily

adj ust the BBADEANSODO[M RGdSPDODI @M hAdhavee Q)réﬂirdbl)f’%e’b\j\lééﬁ’sjiwéﬁﬂbt he
0

preferred range specified above, while it wll also be possible t tain a

porous hol | gnd fR(HE e Mif die peirbhs émbrahhbs @ AdhyIHEKEOR 80kt Idhsthe

10preferred range specified above. [0080] In the production process for

this enmbodi ROt und AW thege Gh Wechyidhepiid inGatbed ¥ABT bé shald efriddlther emoved

usi ng an oxi di zi ng agent-cont ai ni ng aqueous sol ution either sinmultaneously

or after thensabigid Wild witebe( Pinelied adhd iaf wéll bbepsedibld ftyi obtshen) . As
exanpl es of 15 oxidi zi ng agent - cont ai ni ng aqueous sol utions there may be

ment joned Sﬁdfﬁkfi'eﬁVQQ?ﬂi filtegti qg e€foes, whiletinanidirionhitds Gdeatipera dell aqueous
0

sol ution., According this production process, the hydrophilic polyner

content rat tenditsl beHewrdd dpdy agilypol Wikh agmrbestmembeand hue@ioa filne wit hin
t he ranges specified above, allowing a porous hollow 20 fiber nenbrane with
nmore excel | énickhess odtuprtoped®0rpmnde vaiitl bel passbld itd yadconelisibiséibled. When
a sodi um hypochl otite aqueous solution is used as the oxidizing

agent - cont amwishgngqferensowal matter, acouragla¢ed snside theanenibirhne, anddket rati on
of between 100 ppm and 50, 000 ppm can be used, and the deconposition tine
and t enper affiltraticarpdréozbanet 4ftedwaghie willje saitfactordptrestoredie For

hydr ophi li ¢ pol ynmer used, to adjust the hydrophilic polynmer content and

di sfi6i but i othe Fdm éxiskpess to beewithihythisoprige, chpglapi o€ thavekteraahdhgdul ar

wei ght of 25,000 is used, with 2000 ppm of sodi um hypoehlorite, it is

possi bl e t ochdjnel inhéhecdoubhe-tua mhzxde ithayi bn et tch@ 00y gmedZ00 quopol yi ner
by limting the deconposition tinme to within 3 hours and washing w th hot
wat er at (preferably 300 pm-1000 pum), for example, in the production process

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



5 90C for 3 hours. [0081] The production process according to this

enbodi nent is preferably a process for produci ng a porous nenbrane
conprising a solidifying step in which the internal solidifying solution
and the nenbrane-form ng solution are sinultaneously discharged fromthe 10
doubl e-tube nozzle to the air-gap section forned by a tubul ar piece
surroundi ng the area between the nozzle surface and the solidifying

ol 1 dif f‘eé“ééﬁéﬁec@% Y A R
187 ece surdtraab e Progi LBl oS R o sl race area o
o ﬁﬁ%ﬂﬂiﬁ(ﬂ“@hﬁﬂﬁéﬁ%ﬁ%ﬁ &?%ei %?3’&?219% o BB B T bundea
E%éﬂ%é&ﬁﬁx‘vnﬁq&s&bﬁc&e@?ﬁ 028 el SnaPRaIGY %ﬁ@fre%#‘ﬁwﬁfi’%ﬁ’r?%ﬁﬁfér oduce
Fo0e3] A (i g MRATE O SYE Yokt gh e DI %%%%‘8@%*‘%%‘??5 i bet
por Lods, whiTEs B%%éﬁ”ﬁﬁa@éﬂﬁelﬁh@ﬁi d g éff’*%?%%?% R of s
I LZWfL'rbeheﬁf‘W‘?ﬁ@ef‘J%%ﬁQ?ﬁbe?féce Lot %&@‘%@Eﬁ?‘ﬁ?ﬁ gauration
cylindrical 0% X 3| }é@ﬂn%l %ﬁféﬂf't%aladsgiﬁ otv%dl itterV | don in

per f or mance ance ween the ¢ surface ari e outer

o 2ce, f a‘%%@ff%%iﬁ%? S %ﬁ%%@%lﬁaﬁé'élﬁgg?fﬁ%%?‘ééé
[ 00§3] When h@nﬂ%@ﬁo%?ﬂi@&ll%ﬁ@h&tﬁmmﬁgt 18 pRréh@hollow fiber
membrane with a hydrophilic polymer content of no greater than 3 wt%
will be resistant to plugging of the membrane pores caused by swelling
of the hydrophilic polymer, so that increase in permeation resistance can
be prevented and high filtration performance can be maintained. In
15 order to limit the hydrophilic polymer content to within this range, the
ratio of the hydrophobic polymer and hydrophilic polymer in the
membrane-forming solution comprising the hydrophobic polymer and
hydrophilic polymer may be former:latter = (1):(0.1-1.5) (preferably
former:latter = (1):(0.5-1.3)), for example, in the production process
20 described below.
[0061] The porous membrane also preferably satisfies the following
inequality (III).
C/Cc>2 (1)
[In inequality (), 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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menbrane, it may be obtained, for exanple, by using a known nethod to cast
the nmenbrane-form ng solution onto a base material such as a 10 nonwoven
fabric inpregnated with the internal solidifying solution, and then -
solidifYing it in the external solidifying solution, [0084] The porous
menbrane of this enbodi nent may al so be use( to nmake a porous nenbrane
modul e. 100851A preferred node of the process for producing a clarified

151 i qui d acg@@z]gsugﬁ ?ahgma\a@n&ﬁ&ﬁbme% A2 RRrEXRERANG] dxhiBRt ¥dth [ 0086]
The process-for "producing a clarified liquid according to this node
conpri ses aeﬁbéﬂéxﬁtﬁﬁfatﬁrﬁgeffanﬂahes iA répRpentesh$ ahicdfect Ot REMEng i qui d

is filtered wth the porous nenbrane desCri bed above. According to This

producti on phaaass. of tehforiafs PRk by UeHdspedirefupusd shatted in appidy"Hbtain a
liquid with the suspended solids adequately renoved. Clarification neans
that at | eaghea JstohisOmn@inbiiiee switendrd lsalriopsilio pbeyhbauld aefior e
filtration are renoved. [0087] The suspended solid-containing liquid nay be
aliguid digeaBusion will sxbilsipdadosekkdslléttadethritiand éffectomyaspion

mat eri al, 25inorganic material and an organic/inorganic mxture wth sizes
of no greatet ahfiannidre dxarllenteffecaod previmiaphagtingasfetheanefthragst ate is
especially suitable for use Fernentates include beverages such as w ne and
beer, foodspsuehdas tvi aégaptioandf vamoowd mutpeisiregoroBhai nédwill €sayne
reaction, but the production process of this node I1s particularly suitable
for obtai ni hgvbeasicellentebé¢atabilityeraeidnwtiieby abld thasabesin hgyivYiddafioom beer
yeast fernmentate. "Beer' refers to beer produced conventionally using

barl ey and pepforasret eveal withamepedted filtedticiesare fwastaagentThduetiages
produced. using materials other than barley. According to the production
prod@ss of fihdreasedessd effestsppssiictdldyl0,/(,¢> Rrddudemsat pséfacaldyiCyC,
clarified beer fennentate with high production efficiency and | ow

cont ami nati on2gf. dFer up¢caehlitgadil)dodbe batisfisds. the0@8®) of the hgdfaphatdti on,
step, filtration is preferably carried out by conducting the liquid to be
treated (supoiynded. asdl hydwphihc npolyherndndhe ridendhef vialel hydrduabi€ of t he
porous nenbrane to the wall surface A 15 That is, when the porous nenbrane
i's a hol | owpioljxeer reh hydeopliilict patyimer insaypbef forattiylattar = é&ig):(ﬁ)tﬂ—bgﬁ)
internal pressure filtration. Wth filtration in this manner, the

char act er i st{prferdblyHorperdagenenn(fe31i2)), ber exampiaondhelprodubtibnt ed, a
high filtration rate can he nmintained for prolonged periods, cellular

di srldpt i on gwdcekst deseattiednbéleowri ni mi zed and

[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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20 nenbrane washi ng can. be acconplished easily with high treatnent
efficiency. [00891 Filtration is preferably acconplished by cross-fl ow
filtration in the filtration step. Cross-flow filtration is a filtration
process in which, in the case of a porous hollow fiber nenbrane, for
exanple, a liquid 25containing suspended solids is introduced into the tube
fromone end of the porous hollow fiber nmenbrane and conveyed al ong the

o s por’ w it :
rebrane. S5 A 61 e Sl hohe e BRENaldBrEcBimbhE
morane wel . Fsc . ne st o
S01 - cont Sl b GARGEN B8 BN ol snd SHRY bR e
. ¢ ! menbI . 4 of
betwean 0. 3 RLTent TEARY; o8 Uctbizhiiibd SonSuR! BURTRY Yol pRREaiBECC %0.
o D . : T . .
oreater  nie D GapRUEVEBeAtmEnt (H() AiFthOPukiiict wites BeAnbRRsh Mer 0 as
> hedt Louisd, . iy X
i1 erate, byme SEALTY S, Priably) BECKaa O R ea U ol e
tibl ey ' i | d i
o ef er ably B L e B R S Ren 0.2
i d L] Th duct i ding to thi d
) o pr et en oo BB . e B Whi ch the Ti1trate obtained in the
filtrati onodbsp Tike m&gﬁuﬁ O chsinuashithls enBdEnRaHtoHfy®EbE aperouBack

washi ng al I'ows peri o renmoval of sedinment on the porous nenbrane surface

or insi de thalsHMHRRE {@nBHW WhEsd | iehtirane BT ofs &fedt e por ous

menbrane to be maintained for prolonged periods. It will also be 20
posg) bl e t Qléﬂﬂ’bghébfb %&yﬁlfercamta fiytdrophilen poymerorwipsreironghen pgiei ods at
| ow pressuré and a | ow |1 quid conveyance speed, so that disruption of

suspended sgkiflsrasEGhaldss Vedgediinté Resddtiowsdncie fien tthidkiess pliesceiohed.
[ Exanpl es] [ 0092] The present invention will now be explained in

greater detfyrlsepabasad g trasnegiom)dhe diyrizophilie pekanpt esntesttiatiohe
under st andi ng

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 pm and 2000 pm. If the inner diameter is at
least 1000 pm, 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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that the inventionis in no way limted to the exanples. [0093] The
foll ow ng nmet hods were used for neasurenent of the inner surface pore sizes
and outer surface pore sizes, neasurenent of the cross-section pore. sizes,
measur enent of the pore sizes of the mninmum pore size |ayers, nmeasurenent
of the inner dianmeter, outer dianeter and 5 filmthickness of the porous
hol | ow fi ber nenbrane measur enent of the polyvinylpyrrolidone content

ratio, meas ;ﬁii RohY YhaUhRMAGS | Gloaesiflol! bl AbllGRATYEPTENt Of
VI SCOS e

the solutio nenbr ane onnlng sol uti on, neasurenent of the

wei ght - aver asnop Icwl ndfeﬂdeg{z}o% ghﬁuﬁ%éagm%wxeheﬁfé Qq ABffepBASUr enent

of the on pérftor mance us nenbranes obtained in the

exampl e anFherABRAA i alTBh epefleafsdiied il el 0L (HiubkpaurErEN O

pore sizes ou er sur ace ace A) an nner surface (wall

surface C) fne ﬁHﬁ‘;;ﬁaﬁfoﬁflaﬂ&e fF@Pﬁf‘e A QO RPH QES tIBHEHANEN WaEs PRERY ved

using 15 an e ect m croscope at a nagnification allow ng observation of

10 o5 nore pr ﬁﬁanh@te% o‘%‘tﬁellﬁtéfhﬁpﬂhld cBhfnelMhetRodssblentiibien®pilaimeg

phot om crograph were treated as near circles and the di anmeter determ ned

fromthe arga Jueay 508 Ut-V8H0" @&Ofsiettrably BOONRAN22009us) zfor SAARRD] (2)

Measur ement of cross-section pore si ze ThHe cross-secti0ll of the

freeze-dri emﬂ%Pk&mﬂ{gf&mae@mbe@%@Wy observed in the film
t hi ckness directton using an el ectron mcroscope at a nmagnification in

which no gr g@@ﬂ] A @oddskOfc pfcmfuoin%ra pbirefeasmbiriné acaosding! ® vhisual

field, and | east "1.0 of these 25phot om crographs were |inked to obtain,

a conti nuouanmwlﬁmpmnnnmeber@a@am iiandétalll Lsirichias kave scagiplecti on. A

line was drawn perpendicular to the filmthickness direction in the

obt apned photegssapior praddciiea E@B@ﬁi‘hoﬁbw\ﬁﬁbéﬁ m@mblraml@ (hemrghdftet alabl y

crossed pores was neasured. e section with the shortest | ength crossing
the pores wasfereabralgd" deb@fm pioduvingrepsions Hallew fikarmehsbrane ous

menbr anes 5of the exanpl e it was confirmed that the pore sizes decreased
simply ' productlon process of this embodiment").
[0068] The 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 production 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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continuously fromthe inner surface (wall surface C) to the m ni num pore
size layer. On the other hand, no such pore size distribution could be
observed in the hollow fiber nmenbrane 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 fate aqueous
solution to a particle concentration of 0.01 wt%to prepare a | atex

ot ox par ??tﬁf@i@% e 5}*}5%%9 SRUTHE RS MR HRE Pl forhlng bR ' "
ﬁgﬂétﬁé‘gé? WHpegH gt Pﬁ%%‘ﬁ%&bléx-'t%%é?hbgﬁke“??%f;ﬁ?%%ﬁﬁﬂfﬁ%ﬁqﬂ%? B en of
0% r o) ect 10 560 i ehE SGF e HIE 77 sArEIR, htincdicly oBhLRR o, e

si ze was “Se‘ig?ﬁfalts%ﬁd?%@%%ﬁﬁi&{. the m ni num pore size |ayer. [0097] (4)

Measur enment porous rane i nner dianmeter, outer dianmeter and nean film

thi ckness. r@@ﬁ@%ﬁg% {Eﬁf@é&@smxﬁwvi%%@}%ﬁ% grbfé‘r%&pgya%em ape and

observed u suring mcroscope, di ane 25and

out e & TR oGP EpORIY S, foastind o e feklwt

formula (I was ‘us to calcul a om t obt ai ned

i nner dia ut [ | j ; jpnet er -
mner i ametaPpPOPRRS | Bt AE L e AR B oelC Mg ane
content 1 atii 0 i3 AA PN fffﬁ'i’ilfl’écf‘ﬁ_?ihér RenRerResoREMPIRNBoNAS AidPj ect ed
to 1H NMR neasurenent under the follow ng conditions, and cal cul ati on was

per f or med t | aw f I o i ithl pv he
signal for b%%léﬁf}{r’lﬁlpt}md]oﬁhgﬂgﬁ% 1?4%&3%&%9311%2{5%%%@13 géﬁrrtnﬁg)r% t he

integral (1 Rshle@betigesitaBalufPehaRhSU! TERS ifttidalnfpeaidbaanaban df 3 ppm
o the double-tube nozzle 10 is preferably circular in the cross-section
perpendicular to the lengthwise direction of the nozzle, while the
external fluid channel 12 of the double-tube nozzle is preferably annular
in the cross-section perpendicular to the lengthwise direction of the
15 nozzle, and preferably both fluid channels are concentric (having a
common center).
[0070] The internal solidifying solution 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 um, 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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100bt ai ned spectrum [ Measuring conditions] Apparatus: | NV LA400 (TEM
Corp.) Resonance frequency: 400.05 MHz Sol vent: Deuterated DMF 15Sanpl e
concentration: 5 wt% Nunber of scans: 256 [Formula (V)]

Pol yvi nyl pyrrol i done content ratio ( t% - 111 (lpvp/4)/442 (4) + 111
(I'pvp/4)} x 100 20[0099] (6) Measurenent of polyvinyl pyrrolidone

di stribution Wien the nenbrane wall of the porous nenbrane was divided into

3 sections hBubhientd b4l cl0eae: 8 LAGHLARG AHSRARES eprihSafedt ons.

?anpl es were a settion reglron I nc outer surface
wal | surf Tl 19, caf I-9RireC” |ncl udi ng the |nner surface
25(wal | sur ac éaSa%lgfhr elg ) 1;‘3F1rﬁ%befWg'en the two regions. The

pol yvi nyl py[g@}iidene ngHangomhtOféﬁ BRCMARoRHo8E: I BBiyRRer Watay be
N-methyl-2-pyrrolidone ~ (NMP),  dimethylformamide = (DMF),
5 dimethylacetamide (DMAC), dimethyl sulfoxide (DMSO) or the like,
any of which may be used alone or in admixture. For example,
N-methyl-2-pyrrolidone or dimethylacetamide is preferred when
polysulfone is used as the hydrophobic polymer, and
N-methyl-2-pyrrolidone is more preferred when polyvinylpyrrolidone is
10 used as the hydrophilic polymer.

[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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determ ned by NMR neasurenent in the sanme manner as descri bed above, [0100]
(7) Measurenent of solution viscosity of nenbrane-form ng solution A

wi de-nmout h bottl e containing the nenbrane-form ng solution was placed in a
thernostatic bath and set so that the liquid tenperature was the
tenperature at discharge fromthe doubl e-tube nozzle. The viscosity was
measured using a Brookfield visconeter. [0101] (8) Measur enment of

Cont a ;YLS%' A o e SSEEORRELE PRl Y A5l 0ph e enbf?%%?."%%“ of
1.0 dﬂ?ﬂ&
condin?| E)RIS &%S‘ag éfﬁe]g)qlg \?\\gsﬁ)gh{iﬂgvgfﬁgg rmILg;cu ar ﬂ\/\ﬁg%ltswﬁaesgg{%w "
PMWR) . 15
KF- 601, OvonO DL T e LS ALe Cr G T oDl U Ba ok o BT foor on i 1

f 4 00,
261, ?88°”ﬁiﬁ{%€8%%f<¥§aﬁ%f€9§n%%§%@é USSR, oo R00 2pg er®
Veasyr eTent pflfetbIL B eAPOndPIACTRE BORRHE IRIIAGCEnenbA Mrk: | n L he
exanpl es an8 conparati ve exanp es were used to prepare mni-nodules with

menbrane sugf@gRq  from ~ among — N-methyl-2-pyrrolidone  (NMP),
dimethylformamide (DMF) and dimethylacetamide (DMAC). From

the viewpoint of convenient manageability and obtaining 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 wi% 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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25areas of 100 c,nR2, and the initial purified water permeati on was neasured
with internal pressure filtration at a filtration pressure of 50 kPa. The
purified water used. was water filtered with a UF nenbrane having a
nol ecul ar cutoff of 6000, after deionization. As a nodel solution for
filtration testing of the suspension there was prepared a 0,01 wt % aqueous
solution of 0,6 um polystyrene uniformlatex, The 5 nodule and sol ution
were used f fd é_ﬁﬁ?ﬁ' dastioat a filtration pressure of 30 1CPa and an
i n-nodul e c?ri%lﬁl})aétlli ng |f§%§1r speed of 0.5 nilsec, and the time required for
filtration 320?;71;1% %ﬁbﬁmxﬁﬁe%ﬁrﬁlﬁg kahftord epRIEIMYT &8 Wer®laragur ed.
shi r

Next, back g wth purified wat was carried out for 5 mnutes at a

backvash pr GaglyifyObf WetleBn. 30NPalsbe arld 700 iFd &b andt slorBeprBfatitly vas
agai n neasured. The purified water perneation recovery factor wth back

washi ng was haekesmi4TE P s@mahtie 1501 Pa-gkc puf ithé ednymirefurpedtnediicionitapd t he
purified. water perneation after filtration and. back washi ng. [0103]

(Exampl e 1) di&Hhesed B eséohbedubd neslef Pbiyssbfbivn ¢ldbekitP3saa,
product of Sol vay Advanced Pol yners) and 15 wt % of pol yvi nyl pyrrol i dono

(Luvitec 1C3@astp3@dustedf tHRABI@mbRade fudibergl sHiwbdmydisChargedofiodortbeat 70C

while stirring, and then 5 wt % of glycerin was added and stirring was

continued t expirapbrfuid whabhehefl dien duntdeltube onozdlbewl2d ferhimnehtor mi ng
solution was extruded froma doubl e-ring spinning nozzle (outer dianeter:

2,4 nm m djoeods dmRley : fiBe2niembiamewitli aoedeip: dowh ofitssewm wedghi,n t he
foll ow ng exanples) at 70C together with a 90 w % NI VW aqueous sol ution as

the internalalipoling fayiloggsolruhhing tme ité bastakean gras sthdréforouiglis ais50 nm
air-gap 25section and solidified in water at 80'C. During this time, the

regilon fromgrbfersgd fimepeiduatidrhef aqagobatioilpwditervasnhrane wwidled Hima
tenperature-a.dju.stab e tubular piece with a base area of 38 cn, and the
ai r-gap sectthivkneas of§f0 ptn er ipeegter andraepofe FEE and. lapmedagiasehunifdi ty of
100% (absol ute hum dity: 240 g/n8). After renoving the solvent in water,
t he pol yvi nythpyoiutioemeosity idexograsedthaor?2A) Patseoy therbstahleac@00gioppm
sodi um hypochl orite aqueous sol ution and washed at 90C for 3 hours to
obtai n a porwilbbbqldseiblé iaberconstintaflew e frmgbe dableftubtaospleaiandd
menbrane are shown in Table I.

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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[0104] (Exanple 2) There were dissolved 18 wt % of pol ysul fbne (Ude! P3500,
product of 10 Sol vay Advanced Pol yners) and 13 vsit % of

pol yvi nyl pyrrol i done (Luvitec k80, product of BASE) in 64 wt % of -

di et hyl acetam de at 70C while stirring, and then 5 wt % of glycerin was
added and stirring was continued to prepare a nenbrane-form ng sol ution.
The nmenbrane-form ng solution, was used to obtain a porous holl ow fi ber

montr ane o WER AT TR TBREb AReIERAERE olutiBh, PAREY eSO e e s
wt % of pol oAb L ﬁl%?qgibt}ﬁ?ﬁ’é&ﬁbré}& SOty ABKARGEds Pebisrabs) and 15

wt % of pol ywvi nyFpyrrolfi done uvitec k80, product of BASF) in 67 wt % of
N- et hyl . - 2- i 7 A Ny B d
25 1?3:% gahqg%{?bﬁ&ﬂo&é peferbBlPbeRih 88 wi%% an

menbr ane-f orm ng so rane-fo ng solution was used to obtain

a porous hoi:*? Qyﬁéﬁg tednsﬁbﬂﬁnt?gav v&éighﬁ %ﬁh@eﬁﬁ%@bﬂﬁxe%ﬁﬁhg[sbluﬂibﬁ.

properties 0 ai ned nenbrane are shown in Table 1. 25[0106] (Exanple

4) ‘Mere i - yinfe® 2@ d( péropHe o dtiate of
Sol v%/s Adee;nfgtgg %gﬁél\r{r@?%?ﬁlae\r/lﬁay&zgpm% f %ﬂglegvi r3y p)?r roli dgr?le)ﬁ?Luvi?ec k30,

product of ﬁkﬁ@ﬁfi e82 WY& N neiiNyt be- pussiiledeane @siljOCadfuist etléirring,
00

and then 5 glycerinwas added and stirring was continued to prepare

a menbr a“e‘{rﬁﬁﬂbfﬁlesﬂirﬁiihg%olﬁﬂén 15 W4 abRrtion Minesitglintthepreferseéxt r uded
froma double-ring spinning nozzle at 70C together with a 90 wt % NNW

aqueous sol pij S}g%:iﬁéﬂ ABUWY, Rathils at iwgllf Misodbe poutibid to abdaiint a yasothen
a

passed t hroug trimair-gap section and solidified in water at 80C.

During thisyhilger file he&n®Rahd oRithhe hg'd #ic tpolyiner coagehatinnghbat h was
surrounded by a 10 tenperature-adjustable tubular piece with a base area

of 3§ cnt, %fa‘e}ﬂw@h%eg?j@cﬁ%‘d hboveas kept at a tenperature of 75C and a
relative humdity of I00% (absolute humdity: 240 Wr). After renoving the

sol vent in P& @(D]hh&hﬁe RRbYMELigh mrocess fenthiveasndedinpus edpbdiorBolidhes in a
2000 ppm sodi umhypochl orite aqueous sol ution and washed at 15 90C for 3

hours to obhgiifoghidier opslymetd oW f pheferatdybrieneovékhe upimgpeani exidizinge
obt ai ned nenbrane are shown in Table 1. [0107] (Exanple 5)
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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There were dissolved 18 wt % of pol ysul fone (Wet P3500, product of Sol vay
Advanced Pol yners) and 15 wt % of pol yvi nyl pyrrolidone (Luvitec k90, product
of BASF) in 62 wt% of N-methyl.-2-pyi Tolidone at 70C while stifling, and
then 5 wt % of glycerin was added and stirring was continued to prepare a
menbr ane-form ng solution. The nmenbrane-form ng solution. was used to
obtain a porous hollow fi ber nenbrane by the sane nethod as Exanple 1,
except that the tubul ar piece surrounding the air-gap section had a base

f i e« i _
T 008 (Rhsm v EHALE R Ty ler g Ra e RO R SRR s et

P3500, prod 0 I ?(Qﬁﬁﬁjn ira@an i
pol yvi nyl pymﬁl} ggﬁg Fglﬁ%'z%g\(; 90, Plg;r'%%%{cl?h(g% %aii]s?ip\gﬁ;%b%gtyoage%s;at&l’?i Co.
La) in 62 W&abnb alt r@dﬁétﬁﬂi‘iliﬁ'b‘r?mﬂ{eoh?_ﬂ@@ﬁhi@ic PO/l | Iy Simlitingaheand
then 5 'wt % of glycerin was added and sfirring was continued to prepare a
menbr ane- f or ggdnpobitiorotimd he wehi 3doliey ahdgwashistg evithvdmtusettrtal obt ai n
a porous hollow f1ber nmenbrane by the sanme nethod as Exanple 1. The
properti as o90tMdopBtlaaured menbrane are Shown in 10Table 1. [0109]
(Conparative Exanple 1) The filtration performnce neasurenent descri bed
above was caf(i&dd out The jarodMicherhproasst idserdingrive dhés kavbegnzent is
honbgeneous structure with a pore size of 0,4 !..irn, as a hollow fiber
[rreg‘lor anglfl 8rpg€ta’qiyraaquoee®<amppeoducmgea AOUP dREAbIABE WABPESEIS Rown i n
abl e arative Exanple 2) There r i 9
pol ysul[fone] %qlidr;gyingggs@@ @%@h )@he intern\gf s(,aol(lpI i%}sfi(%llgves%h%t?or\{w a/ﬁ(? fthe

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.

650 < (St/So) x Ha <3724 (IV)
[0082] A (St/So) x Ha value of greater than 650 can yield a
hollow fiber porous membrane that can maintain a high filtration rate

25  for prolonged periods, while a value of less than 3724 will allow stable

production of a hollow fiber porous membrane according to the
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Sol vay Advanced Pol yners) and 18 wt % of pol yvi nyl pyrrolidone 20 (Luvitec
k30, product of BASE) in 62 wt% of N-nethyl-2-pyrrolidone at 60C while
stirring, to prepare a nenbrane-form ng solution. The nenbrane-Trum ng
solution was extruded froma doubl e-ring spinning nozzle (outer dianeter:
1.3 mMm mddle dianeter: Q7 mm inner dianmeter: 0,5 mm at 60C toget her
with a 95 wt % NNW aqueous 25sol ution as the internal solidifying solution,
and it was then passed through a 60 nmair-gap section and solidified hi

vater at 170G, PHOLNithhg Jagfggi%&y ngt@ﬁ%ﬂ{ar{c@wfh@jfmsai L dsedtife

coagul ating Was surroun enper at ur e- adj ust able tubul ar pi ece

wi th a base @r . S i t i
t emperat ure %l?§%§gé gégyﬁéllg:[‘@%%%ﬁ%ugcg sR)gf 3 q%l(%?l aWell;rﬁir}lecrfagi/Pﬁlé 1?he

sol vent in VWRE, td NempOIwAH AP YiRr YerfipRtaitRs drealipased berwderhaes in a
2000 ppm sodi um hypochl orite aqueous sol uti on and washed at 30C for 20

hours to obt@jlimderPaygils stahtowahilbelie netter aperfadbeopr trertidléswoffiidre
obt ai ned nmentrane are shown in Table 1. The pol yyjnyl pyrrolidone content of

t he menmbsanemeashbraakdwprbferdelyeatifonml i SeveraOhddpw fided hidb(Bomangt i ve
Exanpl e 3) There were dissolved 15 parts by weight of polysul fone (Wl
P3500, produglsodfe Bomealyindd\sasiogte Ridulaepsce. 1.5 parts by wei ght of
pol yvi nyl pyrrol i done (Luvitec k90, product of BASE) and 3 parts by_wei ght
of water in [0®833rts bWhei gt pefrons meemprane fr e icaopediarentsissadlathi | e
stirring, to prepare a nmenbrane-form ng solution. The nenbrane-form ng
sol uti on wasmeashraoa: 8 mayl ke obpiacd, {1 eXaFNpH, thy BRWEsS win geethRf and
after contacting it with air adjusted to .a terrperg)ture of 2aﬁc and a
rel ative huniodfest the wsoahignesiSBHBAGOIHION ROsadaspMaksIalsUcH #5 8d i n
water at 25C to obtaip.a.porous fiat, 20 nbr gne, .The.properties.of the
obt ai ngdoner%?%WQVﬁﬁePashﬁ&Pmmmegﬁﬁﬁeé ith %fﬂﬁfwl %Oeli 1y hg isﬁga.l%?’rrgan
pore size (gesr?d the%ogél%ﬁyl%gnﬁq% B8'external solidifying solution.

[0084] The porous membrane of this embodiment may also be

used to make a porous membrane module.

[0085] A preferred mode of the process for producing a clarified

15  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. According to this production process, it is possible to

20 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

containing suspended solids that comprise fine organic material,

25  inorganic material and an organic/inorganic mixture with sizes of no
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(inn? Mninunport sign |ayer pore f:9',C 4=4 Pol yvi nyl pyrrolidone
content (n?9 Inner dianeter (pra) OQuter dianmeter (rim Menbrane

t hi ckness (pm Region "a" hydrophilic; polymer concentration Ca
0/0.1 Region "0" hydrophilie, polynmer concentration Oh IN  Region
"c" hydrophilic, polyner concentration Cc (%9 Region 7g7 nean port
i nzeOmi Regi on "b" wean pore size Pa (gm lgegi;o7.) "c" ;man pore

si zt Pal | | | grefaggy thayi they ol oxtlene 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 manner, 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.

5 [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

10 preventing contamination of the filtrate by disrupted matter. When the
suspended solids are highly susceptible 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
15 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
20 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
25 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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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
5 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
10 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
15 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 pm, 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
20 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)
25 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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obtained inner diameter and outer diameter.

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

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
obtained spectrum.

[Measuring conditions]

Apparatus: INM-LA400 (JEOL Corp.)

Resonance frequency: 400.05 MHz

Solvent: Deuterated DMF

Sample concentration: 5 wt%

Number of scans: 256

[Formula (V)]

Polyvinylpyrrolidone content ratio (wt%) = 111 (Ipyp/4)/442 (Ipsf/4) +
111 (Ipyp/4)} x 100

[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
(wall surface C) and region "b" between the two regions. The

polyvinylpyrrolidone content ratio in each obtained region was

36



64 21 19 90 0.3 0.2 1020 M30) 270 0.4 0.2 0.1 0.3 1.54 2.5,104 80
1.6

determined by NMR measurement in the same manner as described
above.
[0100] (7) Measurement of solution viscosity of membrane-forming
solution
5 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
10 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).
15 Apparatus: HLC-8220GPC (Tosoh Corp.)
Column: ShodexKF-606 M, KF-601
Oven: 40°C
Mobile phase: 0.6 ml/min DMF
Detector: Differential refractometer
20 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
25 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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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 pm polystyrene uniform latex. The
5 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 pressure of 30 kPa, and the
10 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)
15 There were dissolved 18 wt% of polysulfone (Udel P3500, product of
Solvay Advanced Polymers) and 15 wit% 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
20 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
25 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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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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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 wit% 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.
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used to obtain a porous hollow fiber membrane by the same method as
Example 1. The properties of the obtained membrane are shown in
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 pm, as a hollow fiber membrane for
15 Comparative Example 1. The measurement results are shown in Table
.
[0110] (Comparative Example 2)
There were dissolved 20 wi% of polysulfone (Udel P3500, product of
Solvay Advanced Polymers) and 18 wt% of polyvinylpyrrolidone
20 (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
25 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 Exanmple 7,

except that the nmenbrane prepared in Conparative Exanple 2

was used instead of the porous hollow fiber nmenbrane used in Exanple 7. The

measurenent results are shown in Table 2,

[0118] (Conparative Exanple 6)

25A beer fementate clarification test was carried out in the same nanner
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

Exanpl e 7,
used. The
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area of 10 cm?, and the air-gap section was kept at a temperature of
45°C and a relative humidity of 100%. After removing the solvent in
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 polyvinylpyno}idone
content of the membrane was below the detection limit (0.1%).

[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
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 um, 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
membrane. The properties of the obtained membrane are shown in
Table 1.

[0112] [Table 1]
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. Ex. Conmp.
pnr/50118165 nenbranc area (ym |l n)
According to the invention it

i ndustri al

Ex, 2020 Lines speed (rbtsot) No thergc filtration rate
Applicability [0120]
is possible to provide a porous nenbrane that

has hi gher strength to withstand tenperature change or pressure change than

conventi onal

por ous nenbr anes,

al | ows bot h an.

and fractionation property to be obtained,

excellent filtration rate

is 10 resistant to accunul ati on

of renoved matter on the nenbrane surface and. inside the nenbrane, is
resistant to pluggi ng OExabie Enendjcane: |pomnes Exean ErablCaipAx [@ohEgedELt r at i on
rate for pro rilods—and2i s easy tb wash, fas®well lasl-a’priocéss| for
. .| Surta megn pore . . .
its productilon, gang a protess for| ptoqucing a’clfar?fijed4ijquPd usPng it,
15Expl anat i onuk Coymbel|s [ 0121], 10:; Dgubj;e-|t uhe nozzlle, 11 intlerpal| fluid
channel , 12:4&%%1. g |_fll-ui-d{channel—(CLAINGS
S 0.4 0.2 0.08 0.08 03 02 0.4 0.1 02
layer pore size (um)
Polyvinyl pyrrolidone
content (wt%) 12 0.8 1.1 02 1.6 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
M°mb“}:'fng“°k“°55 455 450 440 270 450 440 400 150 160
Region g hydrophilic
polymer concentration 1.6 12 1.5 0.4 2.1 24 - <0 3.6
Ca (%)
Region "b" hydrophilic
polymer concentration 0.8 0.7 0.8 0.2 1.6 2 <0 42
Cb (%)
Region "c" hydrophilic
polymer concentration 0.6 0.5 0.6 0.1 1.1 1.7 <0 3.7
Cc (%)
Region " "mean poref] ¢ 04 03 03 0.6 04 04 03 05
size Pa (um)
Reglop "b" mean pore 7 5 6 6 6 5 04 5 6
size Pa (um)
Region "c™ mean porel[” ~ 9 10 10 10 9 0.4 9 8
size Pa (um)
Polyvinyl pyrrolidone
concentration 2.67 22 231 1.54 191 1.41 0.95
distribution (Ca/Cc)
Membrane-forming
solution viscosity 80 43 65 27 131 170 21 22
(Pa-sec)
Polyvinyl pyrrolidone
weight-average 44x10° | 44x10° | 4.4x10° | 2.5x10' | 6.4x10° | 8.2x10° 2.5x10* | 2.5x10°
molecular weight
Initial purified water
Pemeain i 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 (%o)| 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
2504 2548 2526 3724 650 2504 1313
[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

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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A porous hollow fiber menbrane whose nenbrane wall is constructed of a
hydr ophobi ¢ pol ynmer and a hydrophilic polyner, wherein when the nenbrane
wall is divided into 3 sections in 5 the filmthickness direction to form
region "a" containing other wall surface A of the nenbrane, region "c"
containing inner wail surface C of the nmenbrane and region "h" between
region "a and region "e", \ the hydrophilic polynmer content ratio Ca

[ [ "a. .er than th d hili I t tio Ce
rogi on ~c , DigAEe: S atABai o LTS Ot Tohd GaniuEier 268 1Y aveRger ¢ han
th t f th [ A.. 2. The, I fi
menbr ane adeOPARAEPT ERIE AP IcasHe o; A e epat g e B ale sl B
satisfied, f%#? (1) 15[In, inequality (lI), C, represents the hydrophilic
pol ymer con ‘atio in region "a", Cb represents the hydrophilic polyner

content ratjQ4i i "By and C, represents the hydrophilic polyner
cont ent ratﬂogrlélgi{ﬁgaggle 11-re , porous hollow fiber nmenbrane

accogding t@ Gl al f-h Date clarification test was carried out in the same manner

as Example 7, except that the unfiltered pils beer fermentate was
conveyed at a linear speed 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 pum (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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20wherein the followng inequality (lIl1) is satisfied., Pa < Pb(1-) [In
inequalityP, represents the nmean pore size of a cross-section in. region
"a", Ph represents the nean pore size. of a cross-section in region "h"
and. Pe represents the nean pore size of a cross-section in region

25t ?¢91,1 wherein the m ninum pore size |layer having the smallest pore
size in the cross-section of the menbrane wall is present hi region. 5.

o T TR Rl T e °
T e Rt
surf ace € 1S BBEedy O Ty TR bl ASOHON BN AfbeEt L0 Pore

menbr ane wal hél“g];ﬁ%ﬁf‘f%] 300 10fi mand 1000 pm 7. loc. porous holl ow

fi ber nmenbr to claim1 or 2, which has a hydrophilic polyner
content of (02 wt% 3 wt % bgsEerrbr Tayel tf ot g e ght* 3f3°"t§”r¥é p%’l'"gl% menbr ane,
8. The por qusghehlow.heher mebrang agcosdi g e clai gt jor 4, wherein the
fol |l ow ng i[nequal bkdmhed- 1)| 1S satiefi ed. 1Ca/[Cc? 2(TTh) 1
Back washing No No Yes No No No
Average filtration rate per 150 118 165 41 72 38
membrane area (/m?/hr)
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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[Ininequality (j11), (1% represents the hydrophilic polymer content ratio
inregion "a and Ce. represents the hydrophilic polyner content ratio in
region "ed 9, Th, porous hollow fiber nenbrane according to claim1 or

whi ch has a hydrophilic polynmer content in region "a" of 0.3 W% 3,5 mt%
based on the total weight of region "a". 10. Thy_. porous hollow fi ber
menbrane according to claiml or 2, wherein the hydrophobic polyner is

pol ysul fone. 25 It. The. porous nmenbrane according to claiml, wherein the
di aneter is between 1000 pm and 2000 p.m 12; process for producing a
porous hollow fi ber nmenbrane according to claiml or 22-which conprises a
solidifying step in which an internal q%' idying solution is discharged
fromthe internal fluid channel of thgi( e-tube nozzle, while a

menbr ane-form g.g sol %%&SC%@%‘;VS?B?’E%Q%% Qb SseP %Hgfmea‘,@ﬂjrigphi lic

pol yner, a good sol vV o] ese polyners and a non-solvent for
th. e hydrophobjg h3dipHoBRr SR i Umd SRy @XERaboflibd channel of
t he doubl e-tub%&}lsglzg%égég%ngﬂjgg‘l%i difi éti on | n§¥he ext eir)na}JI solidifying

solution, 1.3.The proEseii Whdl Beesendaans didllid divitiad imfe?3,sedieneiin t he
external solidifying solution is a solidifying solution, conposed mainly of

wat er amd havifig fiaharicladsk difasting Roerm frepidiéa‘renhtanmef onterngadlol uti on
than the internal solidifying solution, 1514-The production process
according to chaifioelA. ofthel@embhanginegidiec" containing inner wall surface C
of the membrane 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
10 the mean pore size of the wall surface C is larger than the mean
pore size of the wall surface A.
2. The porous hollow fiber membrane according to claim 1, wherein
the following inequality (I} is satisfied.
C.,>Co>Ce (D)
15 [In inequality (I), C, represents the hydrophilic polymer content ratio in
region "a", Cy, represents the hydrophilic polymer content ratio in region
"b" and C, represenfs the hydrophilic polymer content ratio in region
"“c.]
3. The  porous hollow fiber membrane according to claim 1 or 2,
20 wherein the folldwing inequality (IT) is satisfied.
P,<Pp<P. ()
[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. The pordus hollow fiber membrane according to claim 1 or 2,
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menbrane-termng solution is a nmenbrane-thrilling solution with a solution
viscosity of between 30 Pa-sec and 200 Pa-see at the tenperature at which
it is.discharged fromthe doubl e-tube nozzle. 15, The production, process
according to claim12,, wherein the 20hydrophilic polynmer is

pol yvi nyl pyrrolidone with a wei ght-average nol ecul ar wei ght of between
20,000 and 1, 000, 000. 16. The production process according to claim 12,
wherein the non-solvent is glycerin. ItThe production process according to
Cithin 12, wherein the 25internal solidifying solution is an aqueous
solution conprising at |east wt% and | ess than 100 wt % of a good sol vent

flgf \mgr 113, gvgg Iiiggﬂé GnirP OB BE PR EURLI RN HOGREReAGRRENIAY 1ho cl ai m
the cross-section of the membrane wall is present in region "a".
5. The porous hollow fiber membrane according to claim 1 or 2,
which has a structure in which the pore size continuously decreases
5 from the wall surface C to the minimum pore size layer.

6. The. porous hollow fiber membrane according to claim 1 or 2,
wherein the mean pore_size of the wall surface C is between 1 um and
50 pm, region "a" has a rejecting pore size of at least 0.1 pm and less
than 1 pm, and the film thickness of the membrane wall is between 300

10 pm and 1000 pm.
7.  The. poréus hollow fiber membrane according to claim 1 or 2,
which has a hydrophilic polymer content of 0.2 wt%-3 wt% based on
the total weight of the porous membrane.
8. The porous hollow fiber membrane according to claim 1 or 2,

15 wherein the following inequality (IIT) is satisfied.
CJ/C.=>2 am
[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. TThé porous hollow fiber membrane according to claim 1 or 2,
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. The porous hollow fiber membrane according to clamm 1 or 2,
wherein the hydrophobic polyﬁler is polysulfone.

25

11.  The porous membrane according to claim 1, wherein the inner
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of the hydrophilic polynmer is renmoved using an oxidizing agent-containing
aqueous solution, either during or after the solidifying 5step. 19The
production process according to claim1l2, in which,an air-gap section
surrounded by a tubular piece is provided, between the surface of the
doubl e-tube nozzl e over which the internal solidifying solution and
menbratie-fonning, solution flow out and the liquid surface 10 of the
external solidifying solution, and the outflow conprising the internal
solidifying solution and nenbrane-formng solution is directed through the
air-gap section and reaches the liquid surface of the external solidifying

solution for the. afar ntio sol i dj fyi tep, foll ow i I

'EL\e/)I Ibg:“ng sa’;‘ﬂ%mP@ﬂ_}Z ng?reéi S P@s%ﬂ{tﬁ%g(?g@r gg of Ot hgw![ Egu: Q?qg?etéyon
surface sipde_ o r : o I YA i y

out1 elr—la s_urf;a(r:]e 1?rrea OP‘ t REPGit &Pgﬁrﬁﬁgﬁnéigsggf‘{‘%lrgﬁléﬁ‘g{ E‘ébgﬁ?‘gg’pﬁé‘z‘éw i60n,

an IS e . 1 dj : ol i j

surrounded by at%ﬁépélﬂg E?J Ir‘l’gé??ng% Ee)ié%’%V gg%?c@%?’%?? %g)sogagﬁg%atsg%wg%gu

process for pr dg&?ﬂgﬁgalas&icﬁ 'ifl‘ljges%hﬂi&wi@,di@gﬁmgbaiﬂgmatﬁd libiernsltt €pidn which

a ere

a suspended sol | ontainin quid is filt w th a porous hollow fiber
menbr ane accor@inget Of ledioWbl@tubd n@dzld hehileoduct i on, process according to

cl aim 20, wherein, the suspended solid-containing liquid is a fernentate.
a membrane-forming solution, comprising a hydrophobic
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,

10 for solidification in the external solidifying solution.

13.  The production process according to claim 12, wherein the
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 14.  The production process according to claim 12 or 13, whetein the
membrane-forming solution is a membrane-forming solution with a
solution viscosity of between 30 Passec and 200 Pawsec at the
temperature at which it is discharged from the double-tube nozzle.

15, The production process according to claim 12, wherein the

20 hydrophilic polymer is polyvinylpyrrolidone with a weight-average
molecular weight of between 20,000 and 1,000,000.

16.  The production process according to claim 12, wherein the

non-solvent is glycerin.

1T. The production process according to claim 12, wherein the
25 internal solidifying solution is an aqueous solution comprising at least

80 wi% and less than 100 wt% of a good solvent for the hydrophobic
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2522. The production process according to claim21, wherein the ferneritate
is a beer fermentate. 23, The production process according to claim 20,
wherein the filtration is internal pressure filtration, The production
process according to claim23, wherein the internal pressure filtrationis
carried out by cross-flow filtration, whereby the suspended
solid-containing liquid is conveyed al ong the nenbrane wall of the porous
menbrane while it is filleted by the menbrane wall and the clarified.
liquid is discharged. fromthe 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 see and 2,5 PP8as the |inear speed. 25, The production process

oo e o T RS N PG
according to c?%iﬁﬁ?ogggﬁgﬁEﬁi b@?gﬁgxﬁgﬁgrgﬁggﬁggﬁfgﬂk%ﬁ%?{;?ﬁgngﬁ%E;gBE
hol 'ow fiber nealnang:A66Q Hbusdoth@bl ditt¥r dring or after the solidifying
5 step.
19. The production process according to claim 12, 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
10 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
15 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.
650 < (St/So) xHa < 3724 (IV)
20 20. A process for producing a clarified liquid, comprising a filtration
step in which a suspendeci solid-containing liquid is filtered with a
porous hollow fiber membrane according to claim lor 2. |
21. The production process according to claim 20, wherein the
suspended solid-containing liquid is a fermentate.
25 22, The production process according to claim 21, wherein the

fermentate is a beer fermentate.
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23, The production process according to claim 20, wherein the
filtration is internal pressure filtration.
2% The production process according to claim 23, wherein
the internal pressure filtration is carried out by cross-flow filtration,
whereby the suspended solid-containing liqﬁid is conveyed along the
membrane wall of the porous membrane while it is filtered by the
membrane wall 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.
25.  The production process according to claim 20, which comprises
a step in which the filtrate obtained from the filtration step is used for
back washing of the porous membrane.
26. A filtrate obtained by filtering with a porous hollow fiber
membrane according to claim lor 2.
21. A porous membrane module comprising a porous hollow fiber

membrane according to claim 1 or 2.
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