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1 DESCRIPTION Title of the Invention 5 HOLLOW POROUS MEMBRANE
AND PROCESS FOR PRODUCING THE SAME Technical Field [0001] The
present invention relates to a hollow porous membrane which is a 10
micro-filtration membrane or ultra-filtratign membrane and which is suitable
for water treatment and a process of producing the hollow porous membrane.
Priority is claimed on Japanese PRIet A ion No. 2008-133504, filed on
May 21, 2008, the content of which is incorporated herein by reference. 15
Background Art [0002] Recently, with an increase in interest in

environmental contamination ar,lqtlreirfji%cl%me t of the regulation thereof,

water treatment employing a membrane mé’ﬁ?olgnusing a filtration membrane
excellent in completeness of separation or compactness has 20attracted
attention. For use in water treatment, a filtration membrane requires excellent

sepamtiavwe R EeNUE OIBRAIRIERENM Rty S edroPROE NaNCATsire e

[0003] In the past, filtration membranes formed of polysulfone,
polyacrylonitrile, cellulose acetate, polyvinylidenefluoride, and the like using a
wet or dry-wet spinning 25 method were known as the filtration membrane
exballentalnFwlter permeability Such

[0001]

The present invention relates to a hollow porous membrane which is a
micro-filtration membrane or ultra-filtration membrane and which is suitable for water
treatment and a process of producing the hollow porous membrane.

Priority is claimed on Japanese Patent Application No. 2008-133504, filed on

May 21, 2008, the content of which is incorporated herein by reference.

Background Art

[0002]

Recently, with an increase in interest in environmental contamination and
reinforcement of the regulation thereof, water treatment employing a membrane method
using a filtration membrane excellent in completeness of separation or compactness has
attracted attention. For use in water treatment, a filtration membrane requires excellent
separation characteristic or water permeability and high mechanical strength.

[0003]

In the past, filtration membranes formed of polysulfone, polyacrylonitrile,
cellulose acetate, polyvinylidenefluoride, and the like using a wet or dry-wet spinning

method were known as the filtration membrane excellent in water permeability. Such
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2 filtration membranes have a high-porosity and asymmetric structure
through microphase-separating a polymer solution and coagulating the
polymer solution in a non-solvent. [0004] 5Among the materials of the
filtration membranes, since the polyvinykdenefluoride resin is excellent in
chemical resistance and heat resistance, it is suitably used as the material of
a §’é%f%t‘i‘i8ﬁ‘ﬁ%ﬁ%sréﬁ‘ée: Hyghsheioshe A A THIFEMBFATES B8R of a
polyvinylidenefluoride hollow fibef membrane having been proposed sa far

haVE SRS TSR YRR SR BF S %?868%1%??3%??&8%&% ngfeﬁﬁ?}g?ﬁ{]elgtﬁlity,

anrgomse%)(f\bea}lrt]ical strength is not satisfactory and a process of producing the
filtration membrane satisfying all the characteristics is complicated. [0005] A
porous mm&{ ne in which a hollow braid is completely embeded in a
semi-permeable porous membrane to enhance the mechanical strength has

been propossf.kbe(Ratant QoAb ddn HRWEMBEsSUERaHROrous membrane
has a problem in that the water permeability thereof is low because it has a

stiudivigyindedeitivtive braidiis campleie bhauiderésithacemi-petreablece, it is
porous membrane and the porous membrane permeates most
mowofiibrentss [0006]}200r theroriranncabaparattbrvmemthaliitdias been
proposed in which a hollow knitted braid is used as a support and a porous
mépbParieid Forateef anahaisplitsoeitheidehed @nhibace bt tiBeesical
strength and the water perme,abiliti/) (Patent Document 2). However, such a

hoMfORP S SUE FhENSEY D A Brb RS 9 T RAE e FR6 158 tHeMBiEine can be

easil g&ﬂed fr(%fn th ablrgalfj because the porous mergbrane is 25disposed on

ol THE A 8B GP i B S R Tabge THES RO &R R
filtration membrane satisfying all the characteristics is complicated.

[0005]

A porous membrane in which a hollow braid is completely embeded in a
semi-permeable porous membrane to enhance the mechanical strength has been proposed
(Patent Document 1). However, such a porous membrane has a problem in that the
water permeability thereof is low because it has a structure in which the braid is
completely buried in the semi-permeable porous membrane and the porous membrane
permeates most monofilaments.

[0006]

On the contrary, a separation membrane has been proposed in which a hollow
knitted braid is used as a support and a porous membrane is formed on the surface
thereof to enhance both the mechanical strength and the water permeability (Patent
Document 2). However, such a hollow porous membrane has a problem in that the

porous membrane can be easily peeled from the braid because the porous membrane is

disposed on only the surface of the braid. Since large macro voids exist in a membrane
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3 structure, there is a problem in that the separation characteristic easily
deteriorates due to damage of external causes on the outer surface of the
membrane. [0007] The hollow braid used as the support is generally
produced by a braiding 5 machine. The praiding machine produces a braid by
drawing out yarns from plural bobbins disposed upright on a flat panel,

intéFsEttm &%stléwﬂ‘tﬂl?&{ﬁ @95%%{%%@5‘&%#?@%@%%%??&8&% dpe to
the yarns in a pre etermineg? attern by moving the bobbins along a
orGHBHEF AR B8 ARG RHGHCAT B (16 BERRRE machine and the
hollow powl embrane using the braid as a support has the following
problems. 6CJST%JI(T)]%] Problem 1 Since the bobbins segmenting the yarns

into small- groHRg, MBYEII_LNBRISHPEY i HIERIAGIDR FREEDPh %}Qiﬁﬁ-%ding

machine is low. Accordingly, there is problem in that the productivity of the

SURREHTNS lovhe WiRRINDS RIQHYSENINAAS d0Midhs eest ok BathasyRRal tlural
increases, thereby causing an increase in cost of the hollow porous

meobbiandidpsiad tipe gippartl{0868], Rrieblening didabitdiding: Spesdaatithe
braiding machine is lower by one or more digits than 20 the production speed
of ¢than fioliale postivsahemtwanel the ganding by prerEtyribnaddipagtenabhimesiagehe
required for supplying supports necessary for continuously producing the
hdMRRRiporisis rridpdsieiunsy path- thd Weabrig e disisBibyiheraditiigingchine and
machine runs out, it is necessary to stop the braiding machine and to carry

ouf'a BRlvrpRaE G BpBPAts StEHPE DrEP At R HBPRTG A & B SN 18 dBPBAtion

of a new():@éagljwto the braid, and cutting out 25 ends of yarns protruding from
the surface of the braid by the number of times of the

Problem 1

Since the bobbins segmenting the yarns into small groups move in a complex
way, the braiding speed of the braiding machine is low. Accordingly, there is problem
in that the productivity of the support is low. When the productivity is low, the cost of
the support increases, thereby causing an increase in cost of the hollow porous membrane
using the support.

[0009]
Problem 2

The braiding speed of the braiding machine is lower by one or more digits than
the production speed of the hollow porous membrane. Accordingly, many braiding
machines are required for supplying supports necessary for continuously producing the
hollow porous membrane. When the yarn on a bobbin in the braiding machine runs out,
it is necessary to stop the braiding machine and to carry out a yarn piecing operation such
as replacement of the bobbin, incorporation of a new yarn into the braid, and cutting out

ends of yarns protruding from the surface of the braid by the number of times of the
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4 number of bobbins (the number of strokes of yarns)xthe number of braiding
machines. Due to this complex operation, the cost of support increases,
thereby causing an increase in the cost of the hollow porous membrane using
the support. [0010] 5 Problem 3 To obtain satisfactory adhesive property of
the porous membrane layer to the support, it is necessary to cause a part of
thayseheiud hebRibrate raptictesatidrat i iR ierheatetise oh8gilige thachines.
support. However, when the meshes of the braids are dense or the spaces

b %tl?hgepﬂ%ﬂﬁﬁ%ﬂﬁéﬂ%?ééﬁ%ﬂihﬂﬁ@lﬂﬁ%%?é% derdy cquppne an increase
memprane-forming dope cannot satisfactorily permeate the meshes or fibers
o FhAT 5 ST U Y3 ARG e BRI e HEP B er and thus the porous
membrangobapé?r is easily peeled out of the support. [0011] On the other
hand, a composite hollow fiber membrane without a defective 15 portion of
10ppsp 9y, more has been proposed (Patent Document 3), which is obtained
by applying a spinning dope including hydrophilic polymer as a non-solvent to
a reinforcingomatesialsefoty hulRkkBifiegddap ot prasstadMBAaNg to the
separation characteristic. However, since the hollow fiber membrane has a
denpedayris whiekaffectatien saparadio pabasactarisiic Ry io dnefdabiity of
the outer surface thereof, there is a 20problem in that the separation
chemacterighic idsidetofdbenageotf exiewratcausesiomitdouteths infadeacadiyse
deteriorates. Since the non-solvent is added to the spinning dope, the
spiHiagraepeeEsinp delsaref AmatatsiingtBring hrotuetion fRbtess
deteriorates. Since the hollow fiber membrane employs the tubular knitted

faBHERE BT FETHRSILTRG THter it e R AN RE HHE FBE IR tHORGATRR the

pesrllrgggr?(\?v%gﬁ%arlgl%?g? et%%rggéyn%%brane layer and thus the porous membrane layer is

easily peeled out of the support.

[0011]

On the other hand, a composite hollow fiber membrane without a defective
portion of 10 um or more has been proposed (Patent Document 3), which is obtained by
applying a spinning dope including hydrophilic polymer as a non-solvent to a reinforcing
material of a tubular knitted fabric in order to improve the separation characteristic.
However, since the hollow fiber membrane has a dense layer, which affects the
separation characteristic, only in the vicinity of the outer surface thereof, there is a
problem in that the separation characteristic due to damage of external causes on the
outer surface easily deteriorates. Since the non-solvent is added to the spinning dope,
the spinning dope easily gels and the stability of the production process deteriorates.
Since the hollow fiber membrane employs the tubular knitted fabric as the reinforcing
material to enhance the mechanical strength but the permeation distance of the polymer

resin membrane into the reinforcing material is set to be less than 30% of the thickness of
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25resin membrane into the reinforcing material is set to be less than 30% of
the thickness of 5 the reinforcing material to maintain the water permeability
while enhancing the mechanical strength, there is a problem in that the
strength and the water permeability are yot satisfactorily consistent in view of
the peeling resistance of the polymer resin membrane from the reinforcing
mél{%ﬂ'ﬂﬂ@[@@&E]ate“a]dhlﬂaré‘@&m?ﬁr‘??@%&?ﬁﬁ‘ﬁé@f@%ﬁ%‘ﬁﬁh@?ﬁﬁﬁaﬁh@ has
been proposed (Patent Document 4 and 5), which is difficult to peel out of a
BB AR WS S ARV e DAEE Wit ST BRrRg are
and ha xcctg}ll?nt stabijlity.in se‘g%ﬁgon characteristic b%/t rov'dirplgrtrwo dense

not satisia consistent 1 vie (V) eling resjstance o € po €S1n
layers. However, Since the porous membrare 10 employs tWo>

membiane-forming M%?&ﬁg%meﬁ%m two dense layers, the two layers may
not be completely formed in"a body In this case, a gap may be generated
between tfpgjayers and thus the outer layer may be easily peeled or
damaged or defective portions of the layers may communicate with each
other throoghhheogagryfaetehyosiatisincuthactiaieno iak osdin sepasati®atent
characteristics. There is a problem in that the two layers may 15 not be
completelyt fornded, inladboslgitbawlaintedel the efatermpernaedbilityhan o thtanacahe
permeability and the peeling resistance are not consistent. A method of
caisiigermbmbtenaufien ihered atid Aoy rcal i stdmiderratriasPholymer to
permeate important portions of a braid is employed to improve the peeling
reSTEFAREEHIEINRIA IS B JRnShH RS pdious Y ﬁﬁ‘%ﬁ%?gé POy FBRROBE, in
this nH%tr;od, the a,grggs ortion, servingft20as a Beeliq%—resit tance agent,

ive
q:m WO mem —%/01‘ 1n§é)ﬁocesses { m two eIiSC elrs, two la CI'S may
between the porous membrane layer an e support is only’a Tine porous

ggf&i ees%%?%‘g&?&éi hex 85&29 Braels Egis%,p??ég‘[/%jingyogg%@nigr %?E’B%gw%fn the

ymer wi w concentration to maintain’t ter permeability, and the

PEGUNY FEFRIANGE GAR: R IMRRIRE 0 FISHR 5 SHthAPIQRIGT MR HBions of

strength. Since processes of producing and applying a diluted

mexw rpnedaybithdeRa @reineeriresdRnth=22 Vedir g suairee rkanedforming

processes are employed, the production time is long and 6 there is also a

prablainravith prechaciioon costsct&ratént DObermgntproblem in that the two layers may
not be completely formed in a body to maintain the water permeability and the water
permeability and the peeling resistance are not consistent. A method of causing a
membrane-forming solution with a low concentration of polymer to permeate important
portions of a braid is employed to improve the peeling resistance between the support
and the porous membrane layer. However, in this method, the adhesive portion, serving
as a peeling-resistance agent, between the porous membrane layer and the support is only
a fine porous portion permeating the fiber of the braid, this porous portion is formed of
polymer with a low concentration to maintain the water permeability, and the peeling
resistance can be improved, but there is still a problem with the strength. Since

processes of producing and applying a diluted membrane-forming dope are required and

two times of membrane-forming processes are employed, the production time is long and
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[0013] [Patent Document 1] 5Publication Sho.53-132478 [Patent
Document 2] United States Patent No. 5,472,607 [Patent Document 3]
Japanese Laid-Open Patent Application No. 2003-225542 [Patent
Document 4] Japanese Laid-Open Pategt Application No. 2006-68710
10[Patent Document 5] International Publication W02004/043579 Summary
of hisie tdpP B RIBILFHS W R SBIRHRS 59Sthe Invention [0014] 15An advantage
of some aspects of the invention is that it provides a hollow porous
mEABIEREWRAS reduced cost and excellent separation characteristic, water
permeabit%, g\gd mechanical strength and a process of producing the hollow
porous m m})r ne with an excellent adhesive property between a support

and a porgus eBRANG [AvesAkA: R fashRMeRne Ao Ralvingithe

Problem [0015] According to an aspect of the invention, there is provided a
hobgym RamRUsho s3nemprane including a porous membrane layer in which

dense layers are disposed in the 25vicinities of an outer surface and an inner
surface. [Patent Document 2] United States Patent No. 5,472,607
[Patent Document 3] Japanese Laid-Open Patent Application No.
2003-225542
[Patent Document 4] Japanese Laid-Open Patent Application No. 2006-68710

[Patent Document 5] International Publication W02004/043579

Summary of Invention
Problems to be Solved by the Invention

[0014]

An advantage of some aspects of the invention is that it provides a hollow
porous membrane with a reduced cost and excellent separation characteristic, water
permeability, and mechanical strength and a process of producing the hollow porous
membrane with an excellent adhesive property between a support and a porous

membrane layer at a low cost.

Means for Solving the Problem

[0015]

According to an aspect of the invention, there is provided a hollow porous
membrane including a porous membrane layer in which dense layers are disposed in the

vicinities of an outer surface and an inner surface.
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7 According to another aspect of the invention, there is provided a
process of producing the hollow porous membrane, in which
membrane-forming dopes of a first membrane-forming dope and a second
membrane-forming dope are successively applied and stacked onto the outer
circumferential surface of a hollow support through the use of 5 an annular
nozzle anﬁ%%%%@?ﬁ@ﬁ%&%iﬂée%%é@% lélﬂ’iﬁ‘ﬂﬁ?fééﬁgfﬁess of
coa Iated w&ccordm to another. as e invention, r4-|ere|

pr8 ‘écdn& SRS PO ?HB’F&H% thch b‘i 6ﬁ8 UPBB AR i%g%tus

mem armeelf:a\(xerdls?oosed ont e uter ircu ferentlaosurface of the g?ylgp%ed

wherein the support is a hoflow ey rﬁ?ameé”b;%c.r farly knitting

fo QH&Q&LEE%M' Fﬁ%ﬂé? Clrcunf?&%f?{ QI Qgr}QCQQPMIQWQQpQE%?OWE%e of

there is provided a process of producing a hollow porous membrane, wherein

a pRIAMSINanbIanR dvehisilarmesbbnapniving dopiembraneraping dope
containing a material of the porous membrane layer and a solvent to the

outexguirgednferential surface of a hollow support and coagulating the
15applied dope, and a hollow braid obtained by circularly knitting a yam
formed of uitidfilanvemishisruspat oy theisuppont, Eéredtofikded nheHtisrporous
[0016] 20The hollow porous membrane according to the above-mentioned
aspeelerise dmlidiogia koivanerasitand stnareepaeatiyaneHaveicdinesied et
permeability, and mechanical strength. In the process of produci afé]
is

hotd& peroRerRRipbisReaet %?H@Pfﬁ%ﬁ@l%&/@?ﬁ%?ﬂ%ﬁé& JejhRwr
posbsmle %Pprod ce hollow Porous m ﬁ{g) vmgl an 25 excellent
a

taine C1IC a nittin é/arn mu t1 1lame
eslve per Wee d uppor a a porous membrane Iayer at a low

8 cost. Brgic%gﬁ’l%lpc;[ Igrﬁ)ﬁ?) }qulgc avlyltlﬂg Invention, there is provided a process of

producing a hollow porous membrane, wherein a porous membrane layer is formed by
applying a membrane-forming dope containing a material of the porous membrane layer
and a solvent to the outer circumferential surface of a hollow support and coagulating the
applied dope, and a hollow braid obtained by circularly knitting a yarn formed of

multi-filaments is used as the support.

Effects of the Invention

[0016]

The hollow porous membrane according to the above-mentioned aspects is
reduced in cost and excellent in separation characteristic, water permeability, and
mechanical strength.

In the process of producing a hollow porous membrane according to the
above-mentioned aspects, it is possible to produce a hollow porous membrane having an

excellent adhesive property between a support and a porous membrane layer at a low
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[0017] 5FIG. 1 is a sectional view schematically illustrating a hollow porous
membrane according to the invention. FIG. 2 is a side view illustrating a
support formed of a hollow braid. FIG. 3 is a side view illustrating an example
of a known hollow braid. FIG. 4 is a diagyam illustrating the structure of a
hollow braid. 10FIG. 5 is an enlarged view illustrating meshes of the hollow
brafdt FIG. 6 is a diagram schematically illustrating the configuration of a
support producing apparatus. FIG. 7 is a diagram schematically
illustrating the configuration of a support producing apparatus. 15FIG. 8 is a
di%qlr%rg ess%%e{p%ti&atu% Hruasvggtisng the configu_ration of a hc_)llow porous
membrane producing apparatus. FIG. 9 is a schematic sectional view
iIIustratian'mﬁxample of a hollow porous membrane according to the
invention. FIG. 10 is a schematic sectional view illustrating an

example ¢fi@ hGYauePRFRUS RQ RREPARIRRAA PERRIAING OHAR INYERtRMembrane
FIG. 11 is a schematic sectional view illustrating an example of a hollow

par@usding mhhaneveetarding to the invention. FIG. 12 is a schematic
sectional view illustrating an example of a hollow porous membrane
accordingii@tBesinvelatioew 251G 1HAS aswsohématid gectidhal biew.illustrating
an example of a hollow porous 9
FIG. 3 is a side view illustrating an example of a known hollow braid.
FIG. 4 is a diagram illustrating the structure of a hollow braid.
FIG. 5 is an enlarged view illustrating meshes of the hollow braid.
FIG. 6 is a diagram schematically illustrating the configuration of a support
producing apparatus.
FIG. 7 is a diagram schematically illustrating the configuration of a support
producing apparatus.
FIG. 8 is a diagram schematically illustrating the configuration of a hollow
porous membrane producing apparatus.
FIG. 9 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.
FIG. 10 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.
FIG. 11 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.
FIG. 12 is a schematic sectional view illustrating an example of a hollow porous

membrane according to the invention.

FIG. 13 is a schematic sectional view illustrating an example of a hollow porous
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membrane according to the invention. FIG. 14 is a schematic sectional
view illustrating an example of a hollow porous membrane according to the
invention. FIG. 15 is a schematic sectional view illustrating an example of a
hollow porous 5 membrane according tgthe invention. FIG. 16is a
schematic sectional view illustrating an example of a hollow porous
mEIFBPAME AcTBHAIRG S B iFRHEton. FIG. 17 is a schematic sectional

view illustrating an example of a hollow parous membrane accordjng, to the
invention. O S 6 1090 &L &F AT LE oA CRARARD TR Sh GBI

hollow, porous mgmbra e according to the invention. FIG.19is a
mbrane according to thé t

( nvenuon.
schematic sectionat view |1Pusﬁa(f|ng an example of a hollow porous

membrang;go9ding e heJoeriany EGa0 i Asshematie seeianal isus

illustrating an example of a hollow porous 15 membrane according to the

iNVeHtINAne acchitfing2d ifeamenapatic sectional view illustrating an example of
a hollow porous membrane according to the invention. Embodiments of the

Invention PIjOLS hHateingiisecexemplanilembodimearntsaoiplbefinwenbonpvius
be described. [0019]
membrane according to the invention.
FIG. 17 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.
FIG. 18 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.
FIG. 19 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.
FIG. 20 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.

FIG. 21 is a schematic sectional view illustrating an example of a hollow porous

membrane according to the invention.

Embodiments of the Invention
[0018]
Hereinafter, exemplary embodiments of the invention will be described.
[0019]
The thickness of a porous membrane layer constituting a hollow porous

membrane according to the invention is preferably set to be equal to or less than 200 pm.

By setting the thickness to be equal to or less than 200 pm, permeation resistance is
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The thickness of a porous membrane layer constituting a hollow porous
membrane according to the invention is preferably set to be equal to or less
than 200 pm. 25BYy setting the thickness to be equal to or less than 200 pm,
permeation resistance is 10 reduced dypng membrane separation to obtain
excellent water permeability, the coagulation time at the time of forming the
deé’H%%@‘l‘ﬁBgdﬁ%“i’Q%ﬁe G%Har&‘%oﬁw@ﬁl%%ﬁéi‘f&l}ﬁ%@’ ﬁSb@Wfﬁ@Hlié)’étﬁolymer
resin sglution.can b reduc?%, macro voids (defective portions) can be
efféCi 9"&}55?3&&%0‘}'8%8 PSR s BRI B THE THickness is

more preferably.set to be equal to ar less than J[Sé)oﬁ)r(gm be rediig fhickness. of

I
thé POrouS membrane Tayer Consttting the hollow porous membrane =

ACCRIINGCRING AOVERIR L IR RIG IR ARDHRELP Qﬁiﬁ?&@%&[&?f@eﬁ%ﬁeﬁ@o

Jim. By setting the thickness to bé equal to or more than 100 pm, it is

PopsiblecQRIRIMMEFRANIER SHGDBILGRHSNG RARIAGlICH prpblem.

However, a case where the outer 10 diameter of the membrane is small is
exceptionghbatauzestbe i ephanicRh ISRy S R MAIRBINRAISYgRIth a
thickness of less than 100 pm. [0020] The porous membrane layer
incledesade nselayers ihdhevvitioitie pefdelputersby agalasditheinnan 100
surface, respectively That is, in the hollow porous membrane 15 according to
thainveByicetieyen Wwhdmdkhetdbnsquidyepinribre tiainitp phihe isptesiblirfacdtisn
damaged it is possible to prevent the deterioration in separation characteristic
tharkdau dile dagdedayordndpeaviciditydfithe ifderswrfacestheetsyhsrovicing
stable separation performance and high durability [0021] 20Here, the dense
layériatsans theregivbranaihicr i necsetrisoptnbepntiethp drechiairdtargngre can be
collected in the porous membrane layer. In the invention, it is preferable that
thEAPEIAGE 6P diambisknspiint lenband 8@ in the range of 0.01 to 2 um,
to cause both the water permeability and the separation performance of the
hollow poFBQJ?sO}nembrane to be consistent.

The porous membrane layer includes dense layers in the vicinities of the outer
surface and the inner surface, respectively. That is, in the hollow porous membrane
according to the invention, even when the dense layer in the vicinity of the outer surface
is damaged, it is possible to prevent the deterioration in separation characteristic thanks
to the dense layer in the vicinity of the inner surface, thereby providing stable separation
performance and high durability.

[0021]

Here, the dense layer means a region in which fine pores with smaller pore
diameters are collected in the porous membrane layer. In the invention, it is preferable
that the average pore diameter of the dense layer is in the range of 0.01 to 2 um, to cause
both the water permeability and the separation performance of the hollow porous

membrane to be consistent.
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11 To make much of the separation performance, it is more preferable
that the average pore diameter of the dense layer in the vicinity of the outer
surface is in the range of 0.01 to 1 pm. To make much of the water
permeability and to avoid the increase ipjwater 5permeation resistance in the
membrane, the average pore diameter of the dense layer in the vicinity of the
inner surfABdRkprRYSPAINfPERA P EAR BB B M UhRiAFEagle ddrthian
the average pore diameter of the dense layer.in the vicinity of the outer
UM TR AIORE STAEV LA T HETARGE SFOMNST1S BHRToRZ5F Lol e
inv tatbolnbt?egickness of the dense layer is preferably in the range of 10 to
125 pim, to n%pr‘ove both the stability of the separation characteristic and the
water permeability. 0 improve the stability of the separation .
Charactor e b LR St G SR e

suriatRAS ARG RRL i the fFeRgr Rl 2R 1 d90:Atke e, ARE MPIRRIGEI DM i

the range of 40 to 75 pm. To avoid the increase in water permeation

registarhRyLMRMRERAAC. 05 HNFIEIFSS AL ARAI0RES IS NICID Vet

the inner surface is preferable in the range of 15 to 75 pm which is smaller

thanihat efdhedensailayaeidthe Vigiit R thereuRInty e ane MR e, and
preferably in the range of 20 to 50 pm. 20[0023] To avoid the increase in

waterdeumedliph iasisiances i ithe mgmbrane, the dense layer in the vicinity
of the outer surface is located preferably at a position within 20 pm from the
outer surfgiErf the porous membrane layer. It is particularly preferable that
the dense layer itself constitutes the outer surface of the porous membrane
layer. 12Ii00R4hventidho thytid-kinesslehthe types laythés vicifsitbbf ithehotege of 10
surface and the dense layer in the vicinity of the inner surface from being
sifeulEanigpusiyneapyadeth difestebditerhHlccsnars othehdasise Sag and thghe ater
vicinity of the inner surface is preferably located further

permeability.

To improve the stability of the separation characteristic, the thickness of the
dense layer in the vicinity of the outer surface is preferably in the range of 25 to 100 um,

and more preferably in the range of 40 to 75 pum.

To avoid the increase in water permeation resistance in the membrane, the
thickness of the dense layer in the vicinity of the inner surface is preferable in the range
of 15 to 75 wm which is smaller than that of the dense layer in the vicinity of the outer
surface, and more preferably in the range of 20 to 50 um.

[0023]

To avoid the increase in water permeation resistance in the membrane, the dense
layer in the vicinity of the outer surface is located preferably at a position within 20 um
from the outer surface of the porous membrane layer. It is particularly preferable that

the dense layer itself constitutes the outer surface of the porous membrane layer.
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5 from the outer surface of the porous membrane layer and more preferably
located at a position within 50 pin from the inner surface of the porous
membrane layer. It is particularly preferable that the dense layer itself
constitutes the inner surface of the porogys membrane layer. When the hollow
porous membrane according to the invention includes a porous 10membrane
layer on a[@e?ﬁéort, the dense layer in the vicinity of the inner surface is
preferably located at a position within 50. inér m the outer surface of th
Cpport o SRR b e S Bt LS A B SRUBRI e
damaae dueto, gﬁter DAl causes, I i Gase, (NG ASNSGIAVSL NEANS & ermal

portion exposed from I%ﬁresgﬁp(foeofrrt(.)% 25§ 15 ne porods membrane fayer

Prefarabindneindas, aniie MEAIRIS MRLAHRANLRL.YIN AREUBIAUS ROISurther

diameter equal to or more than 2'pm between the dense layer in the vicinity

of g enien ey facs antde slensaéansiip R MaN RfHRe-IINeN SUHERCR a

Since the intermediate porous layer contributes to the water permeability in
theRplwinaose memirane iaseosdingetortire pavanrtiaomtienperrediameter
thereof is preferably 20great. However, when the pore diameter thereof is
exeatsitely gre@tabhetpanas decomeeaitateonsoidiewiichreducesdhs the
mechanical strength. Therefore, the average pore diameter of the
intemoediat@ipenolsytayer is preferably equal to or less than 8 pin and it is
more preferable that fine pores with a diameter equal to or greater than 10

pm are suysearhalp i preeerincTieaaceragfdipsie Biaimeriiqs wpdes a porous
preferably in the range of 13 3 to 5 pm. To improve the water

pehiTTBRItY YCTLPretarapie ff1aPE IAverindbiati pYRishauIchayare is

inclined structure in which the pore diameter gradually increases from the
deREETARIE THARS RRiPRY O LT et KB 1 HECE NS TP AR Mty

of rm)?e preferably located as a body with the support, to avoid the damage due to external

causes. In this case, the dense layer means a portion exposed from the support.

[0025]

The porous membrane layer preferably includes an intermediate porous layer
with an average pore diameter equal to or more than 2 um between the dense layer in the
vicinity of the outer surface and the dense layer in the vicinity of the inner surface.

Since the intermediate porous layer contributes to the water permeability in the hollow
porous membrane according to the invention, the pore diameter thereof is preferably
great. However, when the pore diameter thereof is excessively great, the pores become
a macro void, which reduces the mechanical strength. Therefore, the average pore
diameter of the intermediate porous layer is preferably equal to or less than 8 pm and it is
more preferable that fine pores with a diameter equal to or greater than 10 um are

substantially not present. The average pore diameter is more preferably in the range of
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5 inner surface and the maximum pore-diameter portion exists between the
two dense layers. To cause both excellent water permeability and
mechanical strength to be consistent, it is preferable that the thickness of the
intermediate porous layer is in the rangg3of 50 to 150 pm. 10[0026] The
hollow porous membrane according to the invention may include only the
abblfedMentioned porous membrane layer, but preferably includes the porous
membrane layer on a hollow support to obtain excellent mechanical strength.
Here, "on® é{IPBHHﬁ the Hé@éﬂ%%%Ff@IEFéfW%ﬁéeﬁéﬁiﬁaﬁéi fhqdbisrmselipe porous

porous membran erand thel pport ut the porous membran
A TS e Bt the LU BT SHE G Ub e Epre o

he support is rtlcular ited..but any, materi
prOpeS]fiTageie RI? VlC Q P ﬁle outer fgg ?o t}bec{]@o e}/ layer in %e v1c¥n9%o%the

cted sed as long as it can rmed 1in a body wi

pq{%?sﬂ}%@{lﬁ&‘%@%%&%‘ PRI PERIRIRrahly berdkas dR&syRPAL. in

that the production cost is low, both the flexibility and the shape stability
(cikgrélarity) of a section can be consistent, and the adhesive property to the
porous membrane layer is excellent. A hollow braid obtained by circularly
knitting a Yaoades ekl ofcanali-fitaceats emilibeapaiticctadiy qpsekarably bsed.
25[0028] 14 In this case, the porous membrane layer and the support
(hotloastonai d)inpetrbtdibatibsehychotre rddho iemohadiherpdiowdver, iwhahethe
adhesive property is low, they may be separated and the porous membrane
layaranelS0dpEdddnoff at the time of pulling the hollow fiber membrane.
5Therefore, it is preferable in the hollow porous membrane according to the

[0026]

The hollow porous membrane according to the invention may include only the
above-mentioned porous membrane layer, but preferably includes the porous membrane
layer on a hollow support to obtain excellent mechanical strength. Here, “on a support”
is described to clarify the positional relation of the porous membrane layer and the
support, but the porous membrane layer may permeate the inside of the support through
meshes of the support.

[0027]

The support is not particularly limited, but any material may be properly
selected and used as long as it can be formed in a body with the porous membrane layer.
A braid can be preferably used as the support, in that the production cost is low, both the
flexibility and the shape stability (circularity) of a section can be consistent, and the
adhesive property to the porous membrane layer is excellent. A hollow braid obtained
by circularly knitting a yarn formed of multi-filaments can be particularly preferably

used.

[0028]
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invention that a part of the porous membrane layer is made to permeate the
braid through meshes of the hollow braid to form the porous membrane layer
and the hollow braid in a body. To give a satisfactory adhesive property to the
porous membrane layer and the 10suppart, it is preferable that the porous
membrane layer permeates the hollow braid by 50% or more of the thickness

of the hollGWEYSHc HPE RPERE HSWREHH ¥ Hewihgraunshiioli yshmisteneed not

preferable that portions of the porous membrane layer. permeating the braid
L YRS E R SHEL O BOH O o1&V L AHECHUR PP BE o Bt of

the support. It js also preferable that the portions surroundi rt of the ..
o R T L G D B R R AR e

futheljnsieasesndtigmere preferable that the connection in the fiber axis
direction has a spiral shape, because the peeling resistance is markedly

improved There f6}diSiCa&EerBE: NGRS SORIRVEMIBAISASHAE to the
thickness of the portion exposed from the support. 20[0029] A process of

pradieging eninallpat poriwisomdesheaibeactokdinghiaithe feviesiiemhwilde through
described below. The hollow porous membrane according to the
invegstienod aire thel jono durg d dodyrapibly imgoan chstetokireg ayrermiat dred fblonibguid in a
dopes of a first membrane-forming dope and a 25 second membrane-forming
ddpElywhich contains a material of a porous membrane layer 15 and a
solvent, onto the outer circumferential surface of a hollow support through the

use of an Hh#ilifa? B> A AMI LIRS COS SArating eprane layer and the

membrane-1o r@%gf%bqé’ S2ihe potma= oo, (e ‘%Oa?#lL%ti%”h%ﬂ}Q)l S.neaq,
fI’OH'P%nlt)’/ Bn surface aﬁ‘d aeé)ne-%o Y poraous %eer%ebran eS{I’UC ur8 can be y
Ob§6j%l%g IHC())I%] o?’YHe%H%EL%%sOJf%%@8[@&%}1:&%5(“iri%m the viewpoint of peeling
resistance, it is more preferable that portions of the porous membrane layer permeating
the braid through different meshes by 50% or more are connected to surround a part of
the support. It is also preferable that the portions surrounding a part of the support
extend in a fiber axis direction, because the peeling resistance further increases. It is
more preferable that the connection in the fiber axis direction has a spiral shape, because
the peeling resistance is markedly improved.
In this case, the thickness in the invention means the thickness of the portion
exposed from the support.
[0029]
A process of producing a hollow porous membrane according to the invention
will be described below.
The hollow porous membrane according to the invention can be produced by
applying and stacking membrane-forming dopes of a first membrane-forming dope and a

second membrane-forming dope, which contains a material of a porous membrane layer
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5dopes by this method. [0030] For example, a double-annular nozzle
shown in FIG. 1 of Patent Document 4 is used, a hollow support (braid) is
caused to pass through a passage of the support, a first membrane-forming
dope (inner-layer membrane-forming dgge) from a first supply port 10 and a
second membrane-forming dope (outer-layer membrane-forming dope) from
a §é‘é6r§81§ﬂ5p‘i‘9tﬁéli’f' SHECE W&%ﬁf'é%‘ﬁé%sé@ét‘éﬂf, Hheliret SRR R SD HﬁiH@e

dope is applied gato the outer circumferential suhface of the hollow braid, and

theh¥h A LEEE RI“ RIS ARG ARG SOpRAURS She TR Ye A8 AR % r of
the first brane-forming dope. Thereafter, after idling for a predetermine
e by T Bl A AL A R TSy

angb Washngrng ding- NG S8 SRRl f%&%ﬁ%@e&%?@ﬁ?ﬁ@rﬁ*ﬂ%ﬁé%@vﬁﬁgf

the hollow porous membrane according to the invention. [0031
thaddeyblerannistdbmozzle is used, the first membrane-forming dope and the
second membrane-forming dope are merged in advance in the nozzle, and
the dopeg@ane simultaneously ejected from the nozzle surface and applied
to the hollow support. By using a triple-annular nozzle having a central
portion, afanerempodetiodoarie-amduteppdetibnyihie FenmbraRadarPnngdopéss
may be applied to the hollow support by simultaneously ejecting the first
méfabranelfrringodopeifdin thessd e potion etha Rhsags b ie support, a first
membrane-forming dope from the outer portion while passing the hollow

SUBPBRIRTERIEH (O CERMRL YA rgne-formae depgy fiqan a first supply port

above-mentioned annular nozzles, it is pgssible to uniformly. appl tg first
Y DO e e S TR e S R D

SRR S e P Gma s
applied onto the outer circumferential surface of the hollow braid, and then the second
membrane-forming dope is applied onto the applied layer of the first membrane-forming
dope. Thereafter, after idling for a predetermined time, by immersing and coagulating
the resultant in a coagulation liquid and washing and drying the resultant, it is possible to
obtain the structure of the hollow porous membrane according to the invention.

[0031]

When the double-annular nozzle is used, the first membrane-forming dope and
the second membrane-forming dope are merged in advance in the nozzle, and the dopes
are simultaneously ejected from the nozzle surface and applied to the hollow support.

By using a triple-annular nozzle having a central portion, an inner portion, and
an outer portion, the membrane-forming dopes may be applied to the hollow support by
simultaneously ejecting the first membrane-forming dope from the inner portion and the

second membrane-forming dope from the outer portion while passing the hollow support

through the central portion.
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Two types of membrane-forming dopes are used in the above-mentioned
case, but both the dopes contain a polymer resin, an additive, and an organic
solvent. Examples of the polymer resin used in the membrane-forming
dopes include a polysulfone resin, a polygthersulfone resin, a sulfonated
polysulfone resin, 10polyvinylidenefluoride resin, a polyacrylonitrile resin, a
polyimidefl"éé‘iﬁ%&?&ﬁﬂﬁe%@?@%iﬁg}‘%arré“ﬁ@l%éfé?é’i‘?ﬁﬁ e iniferRbeapRlY
be properly selected and used as needed, and the polyvinylidenefluoride
AR ) DB A e R BB CHOIBRC ST Te YRS

0933 12 [hsnAdditive. can e used 1 %%QEE%' e nQ?férerh?E%’S‘rSQ%d%ethe kg
aﬁ%? examples thereo Iang e hy I‘Opﬁl IC pofymer resins such as mono-ois

reg{gﬁg&%@f@%ﬂ%%gy@@gmg@, diols, triols, and polyvinyl pyrrolidone.

These can be properly selected and used as needed, and polyvinyl
pyrrolidong@an be preferable used because it is excellent in thickening
effect. 20[0034] The organic solvent is not particularly limited as long as
it can solvewihe pslymesmesins-anaditiedaptditivessedna wxamptemehacaed case,
include dimethylsulfoxide, dimethylacetamide, and dimethylformamide [0035]
25 éatb thp dsjttornsmiithe mbove-mentionadlitive, ypes o gneimirana-forming
17 dopes are not particularly limited, and it is preferable that the solvent and
the polymExaiaglas 9l tepfpnter sceinalisddy bememupatiompme tepaypeids a
membrane-forming dopes at the time of coagulating the dopes are the same
kiﬁ&%YSHfﬂi‘ﬁtrﬂ%@ﬁe%?%tWiHE%@%ﬁsaﬁi@(?@ﬁ{%%%ﬁ%@é%nical

trength is.improved.
S IJGOI pny igprgt?uoer%e resin, a polyacrylonitrile resin, a polyimide resin, polyamideimide

resins, or a polyesteramide resin. These can be properly selected and used as needed,
and the polyvinylidenefluoride resin can be preferably used because it is excellent in
chemical resistance.

[0033]

The additive can be used to control the phase-separation or the like, and
examples thereof include hydrophilic polymer resins such as mono-ols represented by
polyethyleneglycol, diols, triols, and polyvinyl pyrrolidone. These can be properly
selected and used as needed, and polyvinyl pyrrolidone can be preferable used because it
is excellent in thickening effect.

[0034]

The organic solvent is not particularly limited as long as it can solve the polymer
resins and the additives, and examples thereof include dimethylsulfoxide,
dimethylacetamide, and dimethylformamide.

[0035]

The compositions of the above-mentioned two types of membrane-forming
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5[0036] When the hollow porous membrane according to the invention is
produced using the above-mentioned method, the viscosity of the first
membrane-forming dope which is a membrane-forming dope on the inner
layer side is preferably higher than that pf the second membrane-forming
dope which is a membrane-forming dope on the outer layer 10side. This is

betRF8 & e hRarB R Farisih g bl &sPaTE shlsras S AuFh eRE dag RRIKer

permeating the inside of the hollow supp rtb applyl the first
mé‘?ﬂBr‘éﬁ%&g IR AspR aYtWHFéWS iV %? %‘t%"fﬁ dﬂ?é?? S

surface of th 0 RROH, thereb reve t| rtio the .
e P I
eff&‘é&eﬂ?@df&iﬁi WH@T&H&JPJ%H’QQMQB%?&%S to have satlsfactory viscosity

and the viscosity at 40C is preferably equal to or more than 50,000 Pa.sec.
The viscogitység more preferably equal to or more than 100,000 Pa.sec and
still more preferably equal to or more than 150,000 Pa.sec. 20[0037] The
method ofvadulsiitigothiev\pseasibicdithadaeruiiap e foemingntdopes isrodiced using
particularly limited, and may be carried out by changing the molecular weight
of tireapolyrmentiesad orthdndingithesitontdetfationeoftthe pbiynes depinviiich is
method of blending two or more species of polymer resins with different
meéleenbrptelgHns a9rs epthedaectdagelsitetierrasrabl di heigrnghenef the
polymer resin. 18 [0038] The method of adjusting the viscosity of the
mé?ﬁ%‘?%ﬁ?‘?&?ﬁﬂﬁ 0&‘6‘5&% A9PeEnisibisEr R SRR GOHE a8 SORP AR Up SYET ICH
é)referable that the concentration of the polymer resin is adjusted in the first
ebrane -forming dope because the generation of

This is because the membrane-forming dopes are suppressed from excessively
permeating the inside of the hollow support by applying the first membrane-forming
dope with higher viscosity onto the outer circumferential surface of the hollow support,
thereby preventing the hollow portion of the hollow porous membrane from being
clogged.

To accomplish this effect, the first membrane-forming dope needs to have
satisfactory viscosity and the viscosity at 40°C is preferably equal to or more than 50,000
Pa-sec. The viscosity is more preferably equal to or more than 100,000 Pa-sec and still

more preferably equal to or more than 150,000 Pa-sec.

[0037]

The method of adjusting the viscosity of the membrane-forming dope is not
particularly limited, and may be carried out by changing the molecular weight of the
polymer resin or changing the concentration of the polymer resin. A method of
blending two or more species of polymer resins with different molecular weights may be

used to adjust the molecular weight of the polymer resin.



10

15

20

25

5 macro voids can be suppressed in the inner layer where the coagulation
speed is low. It is preferable that the concentration of the first
membrane-forming dope is raised because it is possible to improve the
structural stability of the entire porous lgger. On the other hand, it is
preferable that the molecular weight of the polymer resin  is adjusted in the
second m@%&}ane-forming dope because the pore ratio in the outer 10

surface of the poroys membrane layer can be maintained to be high. [0039]
When the W P € BT ARAG IO S s A AT A T R G
described abaove, the porous structure is formed by.phase-separation.
VAL G R e MR BT R B SRRl o e

Co&ﬁ?&%ﬁeﬁﬁRVQ&EEE?&ii\ﬁﬁ'e@%?ﬁ%?h%?aﬂé-%%Hé%ﬁéﬁé&ﬁﬂééecﬂé‘%HQ&H&E?&

structures of a sponge structure derived from a sea-island structure in which
thenRQlyMeIsresindsibpregad & R ticleragaregatiomstrucivrgidesped fiama 1o
sea-island structure in which the polymer resin is the islands, and a
thieerelienensianahanesbesiruituref deyivadiondranecf@aiiiis doptSiStHiidifR diuse
which the polymer resin and the solvent are wreathen in a network shape.
20T hgsesgite ctungs oariliseproper ytskldstetithSmtectherpartivie-aggregation
structure can easily become a structure in which the polymer resin layer is
aggregatéenahrioisiching ot derrefrsatie dhidhean elreHgt ey prée RdiaRy thgn
invention that the sponge structure or the three-dimensional mesh structure is
ertit8ifsted in the seeqrd nGRPERSHGEMEAR LARFPRSAYS tBED AN the outer
homfﬁgen?o#s structure ignr;/}/lgi h 25theb§)ore diar%ﬂg d%ﬁ not greatly vary in

th&" |8&r?e§se(§’f?lé°&?o%?rfhe spoaﬁ'fj’recél RN Y stFuttlte suitable for

improving[6|a§ tability of the separation characteristic. Since the
three-dimensional mesh structure tends to become a structure in which the

degree ofGRARAMINIANARRGBNGRTR RpROESIIIMARA ddminghahtssaonge

structure, the three-dimensional mesh structure is suitable for improving the
pedss@aRilibove, the porous structure is formed by phase-separation.  Various structures

can be obtained depending on the membrane-forming conditions. Representative
examples of the porous structure include three structures of a sponge structure derived
from a sea-island structure in which the polymer resin is the sea, a particle-aggregation
structure derived from a sea-island structure in which the polymer resin is the islands,
and a three-dimensional mesh structure derived from a co-continuous structure in which
the polymer resin and the solvent are wreathen in a network shape.

These structures can be properly selected. Since the particle-aggregation
structure can easily become a structure in which the polymer resin layer is aggregated
and which reduces the mechanical strength, it is preferable in the invention that the
sponge structure or the three-dimensional mesh structure is employed.

Since the sponge structure tends to become a homogeneous structure in which

the pore diameter does not greatly vary in the thickness direction, the sponge structure is
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5[0040] The composition of the first membrane-forming dope which is the
membrane-forming dope on the inner layer side can be properly selected
depending on the membrane structure to be formed. In the condition for
obtaining the sponge structure from thefjrst 10 membrane-forming dope, the
composition thereof is not particularly limited similarly It is preferable that the
mé§§?&%(%ﬂ‘&ﬁl9é?’b6&lﬁfé’ﬂ%§?ﬁf@ tHe ﬁﬁm?i\?%l’é‘iﬁﬂc’cﬁéhﬁ@%{@l?esin in
the membrane-forming dope js less than 0.45. By setting the mass ratio

e S
to be less YH&h 848 thE RERNSHRHEGUS SHTE AL T B A HER R hich

a acro voids are difficult to form, 15When, th Ss ratio is excessively
plistiatd o e G St e

beIRWEFe dnOGRAIURASTIRITRSS (AR N SIRIBRIY TR REE WP LhRability.

more than 0.3. An example of the composition of the membrane-forming
dope inclydesR0 to 30 mass% of polyvinylidenefluoride, 5 to 12 mass% of
polyvinylpyrrolidone, and 60 to 2085 mass% of dimethylacetamide. In this
case, the Thassxaei(pe yviny ipyriababrepolyvinygideeeftuokidatesin) of
polyvinylpyrrolidone and polyvinylidenefluoride resins is preferably in the
rangebfa@e3foonfindslR0dd the inner 1Jtee sodnditi ba piareodlytettvirigdtiepending on
three-dimensional mesh structure from the first 25membrane-forming dope is
nobpariebrans simstets, Bleifasmeferable that the mass ratio 20
(additive/polymer resin) of the additive and the polymer resin in the
membranB4{{OFRig HeRETLRGIMN SSRGS BHARGYEBoM thefistyreferable
that th ratit% of the C?ré;f;anlilc solvent is set to he egtual to qr I] s than 70,

AR REBRARB T 5 ST (S pHaCE L BEHeans oY Ly ot
It is preferable that the mass ratio (additive/polymer resin) of the additive and the
polymer resin in the membrane-forming dope is less than 0.45.

By setting the mass ratio to be less than 0.45, the homogeneous structure tends
to become denser and macro voids are difficult to form.

When the mass ratio is excessively low, the pore diameter is excessively small
and thus the permeability tends to be lowered. Accordingly, the mass ratio is preferably
set to be equal to or more than 0.3.

An example of the composition of the membrane-forming dope includes 20 to
30 mass% of polyvinylidenefluoride, 5 to 12 mass% of polyvinylpyrrolidone, and 60 to
85 mass% of dimethylacetamide. In this case, the mass ratio
(polyvinylpyrrolidone/polyvinylidenefluoride resin) of polyvinylpyrrolidone and
polyvinylidenefluoride resins is preferably in the range of 0.3 to 0.45.

[0041]

The conditions for obtaining the three-dimensional mesh structure from the first

membrane-forming dope is not particularly limited, but it is preferable that the mass ratio
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5and to improve the entire structural stability of the porous membrane layer.
The ratio is more preferably equal to or less than 68 mass%. An example
of the composition of the membrane-forming dope includes 20 to 30 mass%
of polyvinylidenefluoride, 10 to 20 mass9p of polyvinylpyrrolidone, and 55 to
68 mass% of dimethylacetamide. In this case, the mass ratio

10N RDYRBIRISR RS RAAAG IS el b BRI YBSTY Br Jolvimphripfidoming
E)néja%ol vinylidenefluoriﬁib%{§§ins is preferably equal to or more than 0.45.

FEYRL IR S6EEE EFHE Second membrane-forming dope which is the
membranﬁg%r)érgp%glgg Pneaftﬂetpaﬁtig %ﬁfle@fﬁé\lﬂziﬁ%@eﬁﬂ% pariqlarly imited as

long as it n form a slope structure 1 ense layer id Isposed In

the, YickiQldne ek AHEICE OHISNeBYEINENHRRS IS ARG PRIRS

diameter gradually increases toward the inner surface of the porous

meRREReaYEMmBY RIaseusaRar atitity of tHNRLANRESIIRANOLIRE sasenstio is
membrane-forming dope can be properly selected depending on the

metokrpRe:sibuctkdalto beltosmaa pBubdti% preferable that the 20 ratio of the
organic solvent is equal to or more than 70 mass% because the surface pore
ratio of thapereuslmeitisremepesjescaitiventaisadne-forrSinrdofira simdes 20 to
structure having no large macro void can be formed, it is preferable that the
ma8snatie of tedyaditaaehwide pBlpmemesit i eguraingRIivlterthapd 2

An exam§%le of the composition of the membrane-forming dope includes 15

2538 BB A E S ANIATtR nffUBiTFasS i IHERSY of
inyl li , 70 t0 80 r. % of dimeth tamide. In thi
ORI B % Ao oS et ocemie iy 0

597 Vihyibyirolidone nyliden ride re
&°§g§?k%%ﬁg§%%ﬂ‘39§d%@9s1% Wvinylidgneliianele 1Gsine dhRigigrably equal to or

[0042]

The composition of the second membrane-forming dope which is the
membrane-forming dope on the outer layer side is not particularly limited as long as it
can form a slope structure in which a dense layer is disposed in the vicinity of the outer
surface of the porous membrane layer and the pore diameter gradually increases toward
the inner surface of the porous membrane layer by phase-separation.

The composition of the second membrane-forming dope can be properly
selected depending on the membrane structure to be formed, but it is preferable that the
ratio of the organic solvent is equal to or more than 70 mass% because the surface pore
ratio of the porous membrane layer can be raised.

Since the slope structure having no large macro void can be formed, it is
preferable that the mass ratio of the additive and the polymer resin is equal to or more

than 0.45. An example of the composition of the membrane-forming dope includes 15

to 25 mass% of polyvinylidenefluoride, 5 to 15 mass% of polyvinylpyrrolidone, and 70
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[0043] 5The thicknesses of the outer layer and the inner layer at the time of
application can be properly set. However, when the thickness of the outer

layer having the higher ratio of the organic solvent is great, the macro voids
are easily generated at the time of formjng the membrane. Accordingly, the
thickness of the outer layer is preferably equal to or less than 150 pm, more

prif SR EE QAP BRYESS o1 0dNIRHS si8: Bf Rist&2ii0preferably equal to
or less than 80 pm. [0044].  When the hollow braid is used as the support,
o O BN P B e B B e Bepsance
in the support tQ prevent the excessive permeation of the brane-forming
e e B S AR S A R T e

membranm@ggping dope having the above-mentioned composition is used is
glycerin. Here, the non-solvent with excessively high coagulation ability of the

membranerommirg:depsrtddsutsasl or theRomseIve Rt With: excessiyplchiagh
viscosity is not suitable, because it hinders the porous membrane layer from

parmeatpagptil kesiddohvihersupporhéahigreaily oedisca tfigagechngnesistdpha.
20[0045] When polyvinylpyrrolidone is used as the additive, it is preferable
thattthefribd ovgqnar coly emembranehis chemicalswestsdyuging godiithe time of
hypochlorite in cleaning after the formation of the membrane structure from

théosatgukeiBamioeas] 25craloelp dre tscknssitsfzhe optpr layer is preferably equal

to or less than 150 wm, more preferably equal to or less than 100 wm, and still more

preferably equal to or less than 80 pm.

[0044]

When the hollow braid is used as the support, a non-solvent against the
membrane-forming dope may be buried in advance in the support to prevent the
excessive permeation of the membrane-forming dope into the support. An example of
the non-solvent when the membrane-forming dope having the above-mentioned
composition is used is glycerin. Here, the non-solvent with excessively high
coagulation ability of the membrane-forming dope to be used or the non-solvent with
excessively high viscosity is not suitable, because it hinders the porous membrane layer
from permeating the inside of the support to greatly reduce the peeling resistance.

[0045]

When polyvinylpyrrolidone is used as the additive, it is preferable that the
hollow porous membrane is chemical-washed using sodium hypochlorite in cleaning
after the formation of the membrane structure from the coagulation.

[0046]

Hollow Porous Membrane
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FIG. 1 is a sectional view schematically illustrating an example of the hollow
porous membrane according to the invention. The hollow porous membrane
1 includes a hollow support 10 and a porous membrane layer 11 disposed on
the outer circumferential surface of the sppport 10. 5[0047] Support FIG.
2 is a side view illustrating an example of the support. The support 10 is
formed offAhdIiw Sl?Fé‘i‘é“ilZVt?b‘féﬁ}i’éHl%&F@i%Hl‘é\ﬂ?‘kﬂ&ﬁﬂﬁ"&‘?ﬁl& of gherippllow

hollow braid 12 is different from the conventior:%I) hollow braid 1%shown i

FIEO S BGRA8TC 2ecorfiBe il KAty mEsr LS B RPART SRR G b ARC udes
As s

usie .S elar KRG MACNING ey hSIS0OND L EIGR, 4 B0K, B, 0 the
hollow %ralgpfg, loops 1a7pfb?ack part in T:]Ig ]g{ are'con muousf)y ormed in a
spigl share hy hepding the yar19and the loops 17 are 15vertically

connected. As shown in FIG 5, meshes 18 are formed in the loops 17 and
between tiag4opps 17. [0049] A multi-filament formed of plural
mono-filaments is used as the yam. Examples of the fiber constituting the
yasappetude synthetic fiber, 20semi-synthetic fiber, recycled fiber, and natural
fiber. [0050] Examples of the synthetic fiber include polyamide fiber such
as nylon &16yfon €6damewndmaticnzolyarude]epolYestapfibber Stehsawport 10 is
polyethyleneterephthalate, polybutyreneterephthalate, polylactate, and ‘
poivimgesiic deltnvabryidibpiame by ZhisBlyae Kvhngiry 1o /ol efih e bel ey draid
as Bque_thylene and polypropylene, , ,
12 is different from the conventional hollow braid 14 shown in FIG. 3.
[0048]
The circular knitting means to organize a knit fabric using a circular knitting
machine.
As shown in FIGS. 4 and 5, in the hollow braid 12, loops 17 (black part in FIG.
5) are continuously formed in a spiral shape by bending the yarn 16 and the loops 17 are
vertically connected. As shown in FIG. 5, meshes 18 are formed in the loops 17 and
between the loops 17.
[0049]
A multi-filament formed of plural mono-filaments is used as the yarn.
Examples of the fiber constituting the yarn include synthetic fiber,
semi-synthetic fiber, recycled fiber, and natural fiber.
[0050]
Examples of the synthetic fiber include polyamide fiber such as nylon 6, nylon
66, and aromatic polyamide, polyester fiber such as polyethyleneterephthalate,

polybutyreneterephthalate, polylactate, and polyglycolic acid, acryl fiber such as

polyacrylonitrile, polyolefin fiber such as polyethylene and polypropylene,
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23 polyvinylalcohol fiber, polyvinylidenechloride fiber, polyvinylchloride fiber,
polyurethane fiber, phenol resin fiber, fluorine fiber such as
polyvinylidenefluroide and polytetrafluoroethylene, and polyalkylene
paraoxybenzoate fiber. [0051] 5Examples of the semi-synthetic fiber include
cellulose-derivative fiber using as raw materials cellulose diacetate, cellulose

trigekany ! Bhendkodan drreHordn fibey ealnstrdrdinride fiber,

Examples of th led fiber include cell led fiber

R OB R T LA o BBLINE R CEAPA VAR Aot 2
- ia L0method ic solvent meth d the like.

B e B TR R PRI o the

viewpoint[lgbgeﬁcellent chemical resistance, polyester fiber, acryl fiber,
polyvinylalcohol fiber, polyamide fiber, polyolefin fiber, or polyvinylchloride

fiber can Ehapeetarakly-Hsadastheaiibenhang palvestendiberi RoiyLfiaheQlk

polyvinylchloride fiber can be particularly preferably used. From the
viewpaintofiladbiegion biateeendhripos otis eagentinine day ekilckanadheotein
support 10, fiber soluble in the solvent contained in the membrane-forming
dopeceatlsbpprefarably used as the fiber. Examples of the fiber include acryl

fiber and 20polyvinylchloride. [0053] The multi-filament may be obtained by
mixing twE @At tireretycddihesinflude cellulose recycled fiber (such as rayon,

cuprammonium, and polynosic) obtained using a viscose method, a copper-ammonia
method, an organic solvent method, and the like.

Examples of the natural fiber include flax and jute.

[0052]

From the viewpoint of excellent chemical resistance, polyester fiber, acryl fiber,
polyvinylalcohol fiber, polyamide fiber, polyolefin fiber, or polyvinylchloride fiber can
be preferably used as the fiber, and polyester fiber, acryl fiber, or polyvinylchloride fiber
can be particularly preferably used.

From the viewpoint of adhesion between the porous membrane layer 11 and the
support 10, fiber soluble in the solvent contained in the membrane-forming dope can be
preferably used as the fiber. Examples of the fiber include acryl fiber and
polyvinylchloride.

[0053]

The multi-filament may be obtained by mixing two or more different species of
fiber.

The different species mean that at least one of fineness, mono-filament length,

mechanical characteristic, and material is different.
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fiber. The different species mean that at least one of fineness, mono-filament
length, 24 For example, by combining plural species of fiber with
different fineness to provide fineness which could not be obtained from a
single yam, it is possible to enhance thefegree of freedom in structure and
characteristic of the support 10. By combining expensive high-strength fiber
with cheaﬁoééﬁ@i“é’ll%@‘ fitRPiife B]é‘ﬁ%b?P%ﬁé%@ﬁﬁ‘Pﬂﬁévﬂhé‘ﬁg%@%?W&ﬁ%g

the outer diameter and the inner diameter necessary for the support 10 can
e BUATA S DY e SR DS RBEF LA Phe et LrReIsY g e
th neral-use fiber can be guaranteed by. the high-strength,.fiber, thereby
o e e B T A R Nt o

strength. WhenBiiIAl SRRGGSAliBRSL-WEh HF& &ith i@ﬁeﬂ?&@ﬁ%%ﬂh

for examplé, 10polyester fiber which is high in strength, low in cost, an

exgaigRt-é Jasintanca s Rypaehiarie s et dvasiictha d ellonnBodRiSe ter

membrane and acryl fiber which is soluble in the solvent contained in the
massbiaine ftonmingpgond Olom bt gostaasd exertl@eidrmresistdacantDihe strength
hypochlorite used to wash the hollow porous membrane. [0054] 15The
finepdésiofithe ynotiotitarentlis seriéber abiybe qualaveed lesghtHaghS ategihdietr,
more preferably equal to or less than 3 dtex. When the fineness of the

mérschlaprondinedbeisinersr e sy tihanescatisntatined Aefitapreast ardsrensih.

yam piecing portion or a fiber-ruptured ;ortion protrude from the surface of
the suppoft %, RNEhTBEFIiAG TRTnb U AHIBT P Enas Ll 158 onbitRde ARl S

and emov§

d by processing the surface of 20the support 10 with flame or can
oIS LSRRt HRRCh R o S EeeEY e LR T e

[~
y-con e e sur e suppor

0 ﬁ? ook anermal v‘é%dt‘ﬂgtl%‘(%i}%éév’ %%%(gﬁ%“%é&%?&%%&’%%‘?ug}gp M bl

thereby preventing the mono-tiber s from passing t the porous

MEMRIRBR Y& lindl emdhe fiBeness alifempened amant s aduah g ¢
less than 3 dtex, the strength of the mono-filament is greatly reduced.
AceakdinglYeo BYPELMIBER thEd to wash the hollow porous membrane.

[0054]

The fineness of the mono-filament is preferably equal to or less than 5 dtex, and
more preferably equal to or less than 3 dtex. When the fineness of the mono-filament is
equal to or less than 5 dtex and mono-filament ends of a yarn piecing portion or a
fiber-ruptured portion protrude from the surface of the support 10, the protruding
mono-filament ends can be selectively burned and removed by processing the surface of
the support 10 with flame or can be thermally-contracted in the direction of the surface of
the support 10, due to the small thermal conductivity or thermal capacity of the
mono-filament, thereby preventing the mono-fiber ends from passing through the porous
membrane layer 11. When the fineness of the mono-filament is equal to or less than 3

dtex, the strength of the mono-filament is greatly reduced. Accordingly, even when the

mono-filament ends of a yarn piecing portion or a fiber-ruptured portion protrude from
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25 mono-filament ends of a yarn piecing portion or a fiber-ruptured portion
protrude from 25 the surface of the support 10, the mono-filament ends do
not pass through the porous membrane layer 11 at the time of applying the
membrane-forming dope. When theqnono-filament ends of a
yarn-piecing portion or a fiber-ruptured portion protruding from the surface of

the SRRt 20the theParh oS SRS teest A AALRASHHIY Hoe Rrasys

through the porous membrane layer 11, large pinholes are formed around the
i e e Rt b e
the porous memBrane ek ad i haxe beeh closely adnsied 1o gach
other, by repeated Stress actions becorme piﬁho}eg,pﬁwereby %iecreas?ng tﬁe

S%{%ﬂ%}&nﬂﬁﬁg%ﬁtiﬁe%‘&%@ BHAW ROIRUSI DGTRARE d ép%ﬁ%@%e

The number of loops 17 is preferably equal to or more than 5 pér

cirgmeranesmiiiedopaiel @tdaopsd fdsoeanrhiorihe 1N PENQEKPIHIHAG:S are

needles of the circular knitting machine to the described later. When the
nuistaeid afdanpshd hisedilahia@h®eiepthamb gthersedtignatBhape of the
hollow portion of the support 10 is substantially circular, the 15crush
resistanRieErektes palpressurerisdmpeoVbdylkbnk the deorelseljmdrated to
permeability due to a decrease in inner diameter is suppressed. The
uptseh RHAfr oNtRPeRIPHISEE BfAgPS herosng diahrirtetideedrtiisgsoie the sspation
diameter of the hollow braid 12, the fineness of the yarn 16, the size of the
mELHASICEF e kBOBITIWER]S mempdtio (length/outer diameter) of the
length oflga g op 17 (black portion in FIG. 5) to the outer diameter of the
support 107 [g;]referably in the range of 0.1 to 0.5. When the ratio is equal to

or more thaf tﬁl‘i%%ﬂﬁs%?l% %%ée%?? RENIING. O NSEIOLGE AHING, ce.

on the support 10, thereby providing the ng or twist chardcteristic

251‘1%0&%%@6}/&513%% $HRPAYE VDGR Hig FRHGrRGAHEHIQ AEISEEINAR O kil ing

crush resistance
machine to the described later. When the number of loops 17 is equal to or more than 5,

the sectional shape of the hollow portion of the support 10 is substantially circular, the
crush resistance to an external pressure is improved, and the decrease in water
permeability due to a decrease in inner diameter is suppressed.

The upper limit of the number of loops 17 is determined depending on the outer
diameter of the hollow braid 12, the fineness of the yarn 16, the size of the meshes, and
the like.

[0056]

The ratio (length/outer diameter) of the length of the loop 17 (black portion in
FIG. 5) to the outer diameter of the support 10 is preferably in the range of 0.1 to 0.5.
When the ratio is equal to or more than 0.1, the loop 17 is deformed by a bending or twist
force acting on the support 10, thereby providing the bending or twist characteristic

necessary as the support. When the ratio is equal to or less than 0.5, the crush resistance
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of the support 10 can be maintained and the buckling resistance to a
compressing force parallel to the center axis of the support 10 can be
maintained. [0057] The number of meshes 18 is preferably equal to or more
than 3 per 1 mm2 5 When the number ogmeshes 18 is equal to or more than
3 per mm2, the é)orous membrane layer 11 and the support 10 can be

sty wioer 4B B dschgtrc SRt dhthbaekinh EigAs KdheamresBredAge

incre with the increase of the num%ero meshes 18, the porous
IR TS EFT AHAPOSHHBSR 10 QAT HEHBRGS adhered to each

other. Ho;ﬁbpoﬁf’ when the number of meshes 18 per unit area becomes
greater, the 10°'meshes 18 becomes denser and it is more difficult to cause

the membyangHaHNIBeE QRS RSy hf’e?&i}g%cﬁﬁi%e&tﬁﬁ?@tﬁmg?& 1Qnip-the

thickness direction through the meshes 18. To prevent the meshes 18
fromhbe aRminsLeessaE Nk esincEgagiROtBRUMRES pérmeshes 18Hey unit
area, the fineness of the yarn 16 constituting the support 10 should
deareasect Hpwevandimhéhisppasa 0sincedbeongdiuiingrée sistadicaladthsince
support 10 or the 15 crush resistance to the external pressure decreases, the
upperctiniteosithelndheson gormeshas it 8n et shoibaqase pé the detebminedeshes
within such a range not to deteriorate the characteristics of the support 10.

[0088hT hereipansibians bypesl Rdshediuted |terserstErsRte adhesadse theh20
membrane-forming dope to permeate the support 10 by 50% or more of the
thitiRAlssHRNE Yot Yoebe uitbsr perrdicte! theeh B APttt asridetithdhe

condi |onf§|q;c the m%?brane-for,mln t%mﬁocegtir?ture of the porqus membran

P, THESBBESEN PHRLre P e SRS sesrdilig Bpe: e dope

Vi%&%%tilté/ﬁ%}c%ﬁgy ﬂezmé%&%’t‘%fs%r &?t%.‘i’@ﬁaeggfglétﬁcgsstm? é?%%sil]%ﬁ%ﬁ %Qﬁe"?ﬁe%%.

The size o shes 18 is determine ing 250n the nimber o

loops 17 perelrmiRreReksIe AnaRessAhNe yaMvhEe tiﬁ@ré@éﬁ%’q%’é%u%ﬁe?t)f

the yam 16 (winding process), the length of the meshes 18, and the thermal

traatanet £eRHIliANSea, the fineness of the yarn 16 constituting the support 10 should
decreased. However, in this case, since the rupturing resistance of the support 10 or the
crush resistance to the external pressure decreases, the upper limit of the number of
meshes 18 needs to be properly determined within such a range not to deteriorate the
characteristics of the support 10.

[0058]

The size of the meshes 18 is adjusted into such a size to cause the
membrane-forming dope to permeate the support 10 by 50% or more of the thickness and
not to excessively permeate the hollow portion, under the conditions of the
membrane-forming temperature of the porous membrane layer 11, the application
pressure of the membrane-forming dope, the viscosity of the membrane-forming dope,

and the thickness of the support 10. The size of the meshes 18 is determined depending

on the number of loops 17 per circumference, the fineness of the yarn 16, the false-twist
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[0059] The more opening width (represented by L in FIG. 5) of the meshes 18
is greatly 5associated with the permeability of the membrane-forming dope
into the support 10 and the suitable range thereof varies depending on the
membrane-forming conditions. When thgyviscosity of the membrane-forming
dope is several tens of thousands mPa.sec which is used in a general wet
spﬁ’ﬁ Hif g aﬁ?o@e@%{“ﬂi%géﬁ RebrE- (4R é@%?égﬁ%?@é ﬂébl%ﬁilnﬂ?ﬁ Fé‘i’i@]etrﬁf'@?e‘it
mm tq.0.3 mm. When the maximum opening width of the meshes 1018 is
edA 8% more than 0.01, the membrane-forming dope can permeate the
support 1E0pggiugh the meshes 18. When the maximum opening width is
equal to or less than 0.3 mm, the membrane-forming dope can be

suppressagl fr ' IRGthesHpRelt
portion qug%é %8“5;36%%1 ?ﬁ%ﬁgﬁ%@nﬁ%@%& [OO%%%%&#%?%%?#O terelltely

sutfaseRfdhesurneidannefeiahlhassceRrdiffe it fraoutbatsfdhe o and
porous membrane layer 11. When the color of the surface of the support 10
IS diffareitléremgthatebiRarRe dipsHaia it anentay e dhk -asithihe padaiss.
membrane layer 11 is peeled off from the support 10, the peeling portion can
beVéasiltheonfionigcbiviib makécheyésniOf006H i Processcat Bf ddusingsSulppaext
FIG. 6 is a diagram schematically illustrating the configuration of a support
prodiininguagharatgesciih e guppoinp odesin ghappritusiBe iheteefgs greferably
bobbing 22, a circular knitting machine 24 circularly knitting the yam 16
dréwhedargst ehe- Gomiiig @3 np8a bdienfhederPB U theiRBIRMB rarihES
knitted by the circular knitting machine 24 28 with a constant tension, a
helftiigaid 58R %ﬁ&lﬁ’?é)ﬁgllﬁww%ri‘f@%% BOBEVRIEPSETSRIRING HHPRAE

heated hollow brai 1% an winder 32 winding the hollow braid 12 as the
Sugrgtohr[f)i é eorlﬁe:sig%so in %en the maximum ope%lng ngt 1S equaﬁ to or less than

0.3 mm, the membrane-forming dope can be suppressed from excessively permeating the

support 10 to clog the hollow portion of the support 10 through the meshes 18.

[0060]

All or a part of the surface of the support 10 preferably has a color different
from that of the porous membrane layer 11. When the color of the surface of the
support 10 is different from that of the porous membrane layer 11 and the porous
membrane layer 11 is peeled off from the support 10, the peeling portion can be easily
confirmed with naked eyes.

[0061]

Process of Producing Support

FIG. 6 is a diagram schematically illustrating the configuration of a support
producing apparatus. The support producing apparatus 20 includes a bobbing 22, a
circular knitting machine 24 circularly knitting the yarn 16 drawn out of the bobbing 22,

a braid feeder 26 drawing the hollow braid 12 knitted by the circular knitting machine 24



10

15

20

25

As shown in FIG. 7, a constant load (tension) may be applied thereto using a
5dancer roll instead of the braid feeder 26 drawing the hollow braid 12 with a
constant tension. [0062] The circular knitting machine 24 includes a
hollow cylinder rotating, a spindle disposgd inside the cylinder so as not to
rotate, plural knitting needles disposed on the 10outer circumference of the

spiitie serasnb'srsitibat ATauas divd 8 Rratng tad B dmiddia tiekepidraiiedd
rotate. therewith and feeding yams to the plural knitting needles vertical

N S S SFUGRE P L TN HRChtai 1 e R SHATE R ths? o
nul ebs%r o(l;rlto a)%g Q%E)&i)ricumference, and the size of the meshes 18 are
deFermPrPed epenc}ing on the number of knitting needles, the circumferential

diameter af the SRIRAFAMPUUSH WIS SO R Re ISR ARd G Jligness

of the yam 16. [0063] The heating die 28 includes a main body formed of

a matak pnckernlatenanehd ReatendtvaRe iR (RAr&A0WR)ilE JQUERRENIN
the main body of the heating die 28. The inner diameter D of the through-hole

clasginthe inlet of the hollow braid 2012 is equal to or slightly more than the
outer diameter D' of the hollow braid 12 before the heat treatment. The inner
diameter €862he through-hole close to the outlet of the hollow braid 12 is
equal to or less than the outer diameter D' of the hollow braid 12 (support 10)
before thel hegir¢raaitimdtinanthediag it tdes Ul avaayietderdostinge hatodle
braid 12 after the heat treatment. To avoid the catch of the hollow braid 12, it
is Sspreaiatfls thacyHadHrRGHAdR g PN Het fins aeeegidaratar fd e

the inlet.to the 29 outlet and the inner circum{erential aurface is.tapered.,.
outer circumference of the spindle so as to vertical move, and a yarn guide'being tixed to

the cylinder to rotate therewith and feeding yarns to the plural knitting needles vertical
moving. The outer diameter and the inner diameter of the support 10, the number of
loops 17 per circumference, and the size of the meshes 18 are determined depending on
the number of knitting needles, the circumferential diameter of the spindle mounted with
the knitting needles, and the fineness of the yarn 16.

[0063]

The heating die 28 includes a main body formed of a metal block or plate and a
heater. A through-hole (not shown) is formed in the main body of the heating die 28.

The inner diameter D of the through-hole close to the inlet of the hollow braid
12 is equal to or slightly more than the outer diameter D’ of the hollow braid 12 before
the heat treatment. The inner diameter d of the through-hole close to the outlet of the
hollow braid 12 is equal to or less than the outer diameter D’ of the hollow braid 12
(support 10) before the heat treatment and is equal to the outer diameter d’ of the hollow
braid 12 after the heat treatment. To avoid the catch of the hollow braid 12, it is

preferable that the through-hole gradually decreases in diameter from the inlet to the
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[0064] A Nelson roll, a nip roll, a calendar roll, and the like can be used in
the braid feeder 26 and the pickup device 30. The nip roll may crush the
hollow braid 12 or the 5 support 10. When the braid is crushed, the hollow
portion is clogged and thus does not sepge as the support for the hollow
porous membrane. Therefore, the Nelson roll or the calendar roll can be
prafeEABRA R IATHE BRI crRiBd sv s Sisdatsecickup device 30. To pick up
the support 10 using these rolls, the contact area of the roll and the hollow
braid 12 o[lo?ﬁé]support 10 needs to increase to a certain extent. In case of
the calendaypll, 101he e, Al NeROS P NGiEAsE e A (o auaraniee

the contact area betwee e hollow bral and the suppo elson

rollisinoks RiGFERPIS,y BMAL $3e CORiach AR cRRh&G QHATaGastRy YBPiRg
the hollow braid 12 and the support 10 about two rolls by plural times. [0065]

15iBgoRumbenatRRHAS 12 FRaNRE dheQlol QY PARfien Ndd2iRteralitd Qbes not

more. When yarns drawn out of n bobbins on which yams with fineness of
X/reareawdid Rdppret Koittedhisilovo perguaeenbrisan NiegesrequaNeon morer the
than 2), the amount of yam drawn out of one bobbin is 1/n and the yam
piceiaglintetedida tinfestgyenterithan bhvad incte 2asadvlivepelthe dermedidwnilo
out of one bobbin on which the yam 16 with fineness of X is 20 wound is
ki she penpost d8siime theratahe waewrtiiecyahihwselhandmhehellsabbirig
is constant. [0066 The process of producing the support 10 using the
suppOrtisrShRer %&F&%%@WiW@&ﬁé@&ﬁﬁ?&%eﬂé‘ﬁ??ﬁﬁ@%ﬁﬂ%ﬁ idlis

pr%duce ?{&%h{%lﬁmd%cnon method mcludmg the process of 30 a%,and the

process’d SETESENBEEBE SN t© EULAHIBTEALASE AiFR s Rhilting

th%c)f%rvr&} %r%ol@ﬁ% 'iﬂ@ &8';18}4" R{aidfﬂ‘ez Nelson roll is more preferable, in that the

contact area can be guaranteed by winding the hollow braid 12 and the support 10 about
two rolls by plural times.

[0065]

The number of bobbins 22 may be 1 or 2 or more, and preferably 2 or more.
When yarns drawn out of n bobbins on which yarns with fineness of X/n are wound are
knitted into one (where n is an integer equal to or more than 2), the amount of yarn drawn
out of one bobbin is 1/n and the yarn piecing interval is n times greater than that in the
case where the yarn drawn out of one bobbin on which the yarn 16 with fineness of X is
wound is knitted, where it is assumed that the mass of the yarn wound on one bobbing is
constant.

[0066]

The process of producing the support 10 using the support producing apparatus
20 will be described below.

The support 10 is produced by the production method including the process of
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(b) A process of heating the hollow braid 12 at a temperature higher than the
thermal deformation temperature of fiber and lower than the fiber melting
temperature 5while regulating the outer diameter thereof. [0067] The
process of (a): The hollow braid 12 is knjijted by the circular knitting machine
24. The braiding speed slight varies depending on the shape of the hollow
bréites opeesssAmbstoddrisiied 8888nding on the number of rotations of

the cylinder. The number of rotations of the cylinder can be set to the range
o1 1 1o 4000 APSR 1 BFCHB iy At s T TD Mo D P 12
because t raid can he knitted stably At this time, the braiding.speged i
hout 6 10 A T SRS SR ST P ERBICRRRTES e

knﬂ'ﬂtﬁﬂl&1f@éﬁor&é[%%ﬁélnw%d?{%?ﬁ§e9fa£*a)fﬁ>wer A ROABY Riaigl Q%H@g@lﬁ%

fiber ends protruding from the surface in the yarn-piecing portions or

fiberilk RiLHEE ROMiIoNGe T Deralierendtdsrpreferable that the fiber ends of the
yam-piecing portions or the fiber-ruptured portions are pushed and fixed 20to

the surfag@@7the support 10 by heating the hollow braid 12 while regulating
the outer diameter. Accordingly, the fiber ends do not form pinholes through
thdparousssaibrane layer and thus the separation characteristic of the

hollow porous membrane does not decrease. [0069] 25The hollow braid 12

has structbirahpdipititgidol itHenfiedibiithe(vhsidaokniing machine 24.
The braiding speed slight varies depending on the shape of the hollow braid 12,

but is almost determined depending on the number of rotations of the cylinder. The
number of rotations of the cylinder can be set to the range of 1 to 4000 rpm and is
preferably set to the range of 100 to 3000 rpm because the braid can be knitted stably.
At this time, the braiding speed is about 6 to 200 m/hr and is higher by one digit than the
braiding speed of the knitted braid.

[0068]

The process of (b):

The hollow braid 12 includes fiber ends protruding from the surface in the
yarn-piecing portions or the fiber-ruptured portions. Therefore, it is preferable that the
fiber ends of the yarn-piecing portions or the fiber-ruptured portions are pushed and fixed
to the surface of the support 10 by heating the hollow braid 12 while regulating the outer
diameter. Accordingly, the fiber ends do not form pinholes through the porous
membrane layer and thus the separation characteristic of the hollow porous membrane
does not decrease.

[0069]

The hollow braid 12 has structural flexibility, but the flexibility (variation in
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31 outer diameter) of the hollow braid 12 can be suppressed by performing
the heat treatment. At the time of passing through the heating die 28, the
hollow braid 12 is heated at a temperature lower than the melting
temperature of the yam 16 used as a rayy material. 5Accordingly, the hollow
braid 12 is thermally contracted to suppress the flexibility and to make the
meslsedigeRksl ofihs Qﬂ]&?&ﬁrﬁ@rﬂi%ﬁ@@ WEH@VF&WYWB‘ffﬂﬁ@%&ﬂ@ homh, the
outer diameter of the hollow braid 12 is regulated into a desired outer

did Y. Since the hollow braid 12 is processed at a temperature lower

than the rlgeclﬁlg(‘%i;[r?emo?i%%}ff%t Fgﬁ‘r%%eﬁla%‘ﬁeéﬁﬁ AT fhe shfage of EE?ster%%d

is not me As are mbrane-forming dope can permea

mesheShE-RANSTRCARR UG IR ARRSYE FARSHN AbHE PN QS material.

membrane layer 11 and the support 10 can be maintained. When the surface

of AhecsuiRpRItdOHs e bedd the eshas L &aia ¢ae8ehpRIsdRTRIRARS and to

processing water, thereby not exhibiting the function of a filtration membrane.
[Oav@E 1% Rerausdviseabrane dayett portibxampledofitie ateiadofchierb, the
porous membrane layer 11 include polyvinylidenefluoride, polysulfone,

potyaeilonétkie pahyhahyipyraalidd mecawdipblyethdesedlyest Banetry dhese,
polyvinylidenefluoride or a combination of polyvinylidenefluoride and
pohAsaisyieditoai¢ AR b@isrersed iy (RBRRfAGHT e I0bieisomal i hemical
resistance and heat resistance. The porous membrane layer 11 may be
a SANEIHYE LIS Y BSsHEha Siss @RS ERe PRI8 i ot BeFtores A fetdt:

[0071 It is preferable that the porous memhrane layer 11 permeates
Ly RSy eyt o e i et (o

roug
mgéﬁ'ees‘f’vg‘ %r%é'&? ¢! %Q%r(;[r%l?s membrane layer 11 and the support 10 can be maintained.
When the surface of the support 10 is melted, the meshes 18 are clogged and do not pass
processing water, thereby not exhibiting the function of a filtration membrane.
[0070]
Porous Membrane Layer
Examples of the material of the porous membrane layer 11 include
polyvinylidenefluoride, polysulfone, polyacrylonitrile, polyvinylpyrrolidone, and
polyethyleneglycol. Among these, polyvinylidenefluoride or a combination of
polyvinylidenefluoride and polyvinylpyrrolidone can be preferably used from the
viewpoint of chemical resistance and heat resistance.
The porous membrane layer 11 may be a single layer or a composite porous
membrane layer of two or more layers.
[0071]

It is preferable that the porous membrane layer 11 permeates the support 10 by

50% or more of the thickness of the support through the meshes 18 of the support 10
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32 from the surface of the support 10 to the hollow portion. In the support 10,
a portion where the loops 17 of the yarn 16 overlap with each other and a
portion where the loops do not overlap with each other exist and the
thickness of the portion where the loopg17 overlap with each other is set as
the thickness of the support 10. 5FIG. 20 shows an example of a vertical

selapyiar §H€§%QER%C Beaupaidihina e et ¥heeHEow Iﬁd%ﬁﬂﬂ%‘f*ﬂﬁaﬁ’r@ﬁl@
cut n th nter a irection, In the drawi ents the portion where
e gD AT BB BT HOEPE AL AR TA BT IAADE BB
loops 7donoto erl theachohr 2] 10When the

R N e SR B RO BB B o 1

th'&v‘%?ﬁ%%ﬁﬂ%ﬁ%@éﬁ%r’ﬁ%‘&%ﬁﬂ@tlﬁé‘ﬂe%&o‘%%%k{ﬁ%‘ﬂﬁfba part of the yams 16

constituting the loops 17 and thus the porous membrane layer 11 can be
strongly agiegrec;towhastpic 1 ol fetis Cas8 0 SN 6RuE PO QUSSR 3AEre

layer does not permeate the most of mono-filaments of the support and the
mast ipflthe ponarsshkfaloanef thecauppaet dsnibeaxpaiedtivate passing thgoagh
the thickness portion can pass up to the inner surface through the support
haeprgstavs aterperwbkatiohefesistdficestherebly encinthiringlthecpragents the
permeability. When the porous membrane layer 11 goes in over the thickness
of Rpiey pihere 1o, lteesmosodrtiydHaR Welirtage Whehe support is covered and
the hollow portion of the support 10 is thinned. Then, since the flow pressure
loss of waf&t’f the 20hollow portion increases to decrease the water

permeabi it preferable at the S membr ne layer eates
the suppol 3 iR’ %ci?ﬁ'ess LR 5P oA o S LR AL
Ofépﬁlé% %ﬁ \f{%*é ?oB %H§1§#§H&'Q%'“s%§oﬂ%5t ﬁétﬁ%f%%m Rl
connected in t r axis |rect|on e peeling resistance is further

'm&fﬁ’s‘(ﬁﬁhr\g hieN dSRrEfernie. YR eB e SRARSFONHECT N6 RATHNS iU

fiber axis 25direction is spiral, the peeling resistance is markedly improved,

whichdsuppsg poeferadle ca3d [9Ré3he pordtisniafesableyhialohedinerands Gk

the yam-piecing portions or the fiber-rupturing portions protruding from the

sutifage Dinthe-Silpparts 10 dxisipporthedybeaussnoéhbiang layface df withupploet is

range where no pinhole is generated in the porous
exposed, water passing through the thickness portion can pass up to the inner surface
through the support having low water permeation resistance, thereby maintaining the
water permeability. When the porous membrane layer 11 goes in over the thickness of
the support 10, the most of the inner surface of the support is covered and the hollow
portion of the support 10 is thinned. Then, since the flow pressure loss of water in the
hollow portion increases to decrease the water permeability, it is preferable that the
porous membrane layer 11 permeates the support 10 in the thickness direction by 50% or
more and less than 100% of the thickness. When the portions surrounding a part of the
yarn 16 are connected in the fiber axis direction, the peeling resistance is further

improved, which is preferable. When the shape connecting the portions in the fiber axis

direction is spiral, the peeling resistance is markedly improved, which is more preferable.
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5 membrane layer 11. When the fiber ends exist in the porous
membrane layer 11, it is possible to strongly adhere the porous membrane
layer 11 to the support 10. The number of fiber ends existing in the porous
membrane layer 11 is preferably in the ggnge of 10 to 40 per 1 mrn2 10[0074]
Process of Producmg Hollow Porous Membrane The hollow porous
membran&47% produced by a production method including the following

processes (| i) when the porou mbrane la er 11 is a two- Iayered
Compostd SGE RS %ﬁre?n%zfe Uhe SO R B BB g e

rane-formin dopeo nto | E [ cw&umfef %ntlal surf?ge of the[?]

ort
10 AR MR AL R I MR R eI e

O Al SURRRH AR A ALRLARIAYS MIRMRY ?s’&%ﬁ@)’a‘%&?iﬂ%@p%?&i&'re a

hollow porous membrane precursor. 20(iii) A process of applying a
mehRae-feysring dope onto the outer circumferential surface of the hollow
porous membrane precursor. (vi) A process of coagulating the
membrangvfemiiadiblopeadpaie dahtpthenhaltonposousmemiisanssible to
precursor to form a second porous membrane layer and to acquire the hollow
potouginedhbratie fo2s{vieinprocelsscoflwasthing tiperhdllowlpersusber of fiber
membrane 1. 34 (vi) A process of drying the hollow porous membrane 1. (vii)
A protesstaRwirBempipe Rsiehiapoierss Mdnibpériably, in the range of 10 to 40 per 1

IIlI’Il2.

[0074]

Process of Producing Hollow Porous Membrane

The hollow porous membrane 1 is produced by a production method including
the following processes (i) to (vii) when the porous membrane layer 11 is a two-layered
composite porous membrane layer.

(1) A process of applying a membrane-forming dope onto the outer
circumferential surface of the support 10.

(i1) A process of coagulating the membrane-forming dope applied onto the
support 10 to form a first porous membrane layer and to acquire a hollow porous
membrane precursor.

(ii1) A process of applying a membrane-forming dope onto the outer
circumferential surface of the hollow porous membrane precursor.

(vi) A process of coagulating the membrane-forming dope applied onto the
hollow porous membrane precursor to form a second porous membrane layer and to
acquire the hollow porous membrane 1.

(v) A process of washing the hollow porous membrane 1.
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[0075] FIG. 8 is a diagram schematically illustrating the configuration of a
hollow 5porous membrane producing apparatus used in the processes of (i)
to (iv). The hollow porous membrane producing apparatus 40 includes a first
annular nozzle 42 continuously applyingthe membrane-forming dope onto
the support 10 continuously fed from a winder (not shown), a first dope
feeder 444eb4iPgets theRBiateRSHAMBoIIPEe @ rdt annular nozzle 42,

a first coagulation bath 46 containing a coagulation liquid for 10 coagulating
the memtfg'éﬂgég-%ﬂ’fﬁ??go Sputmsifia Oﬁr‘?fﬁlf U BISBIRE & first guide roll 48

continuou ¥7| troducing the support 10 onto which the membrane-forming
dope is applied into the first coagulation bath 46, a second annular nozzle 52

continuougfy; apRly i&lg%‘i}aﬁl TARERRAT AR FORR AoiAMa AW RATBYS

membrane precursor 50 continuously fed from the first coagulation bath 46, a

sesaoasdanriardproatcisedipariie & manmerate={rming)dore)to the: hollow

second annular nozzle 52, a second coagulation bath 56 containing a
cogguiatinehlittid feseagulppigiikamemidendg:farmningae ope i pplies diiesly
the hollow porous membrane precursor 50, and a second guide roll 58
comtphyiogshy introblacinfptnenpdivpwoporthessnpentbtlrenpirecussofe8dromto
which the membrane-forming dope is applied into the second coagulation
bathindet PO[COTENPrdEEsdapE (igeder 4nfgsidiagribetmengnghEmikRdonp hoHeL0
passes is formed at the center of the first annular nozzle 42. In the middle
waFORIRBIY BERHE 42 Atk EARIRTY A RAU S PRRRdRIPR FORaHG sErisithEor
circumfierentigl direction o thenpi eline isl.lé%rmed ﬁlt two 25 o%hijons

PR D REtPES o Ty I TP AR KA Wi SYRRRII i oridsgon 48

do&%ﬁn§§u¥Yiyt r1]ngr|<§fcﬁlrce1Irllgg fm p%%i}éqlasdnto which the membrane-forming dope is

applied into the first coagulation bath 46, a second annular nozzle 52 continuously
applying the membrane-forming dope onto the hollow porous membrane precursor 50
continuously fed from the first coagulation bath 46, a second dope feeder 54 feeding the
membrane-forming dope to the second annular nozzle 52, a second coagulation bath 56
containing a coagulation liquid for coagulating the membrane-forming dope applied onto
the hollow porous membrane precursor 50, and a second guide roll 58 continuously
introducing the hollow porous membrane precursor 50 onto which the
membrane-forming dope is applied into the second coagulation bath 56.

[0076]
Process of (i):

A pipeline through which the support 10 passes is formed at the center of the
first annular nozzle 42. In the middle way of the pipeline, a slit-like membrane-forming
dope ejecting port in the circumferential direction of the pipeline is formed at two

positions upstream and downstream so as to eject two types of membrane-forming dopes
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At the time of passing the support 10 through the pipeline, two types of
membrane-forming dopes are fed by a predetermined amount from the first
dope feeder 44. The membrane-forming dope (2) is first applied onto the
outer circumferential 5surface of the supgport 10 and the membrane-forming
dope (1) is then applied onto the membrane-forming dope (2), thereby
forkiig A SREPTIHARTth a predetermined thickness. [0077] The inner

diameter of the pipeline of the first annylar nozzle 42 is slightly 10greater
S i R e e A A e

disposed between the inner circumferential surface of the pipeline af the first
o R o P ARt R R e IS TSR
oryine §ekness s AnR e iy, &SGR Afdhe: MR RIR0RHQETIR0

dope, and the traveling speed of the support 10 and is generally in the range

of QR QLS LA P Bhe medbRIREGREAD B 1ING EOREpiNiad ISk he

containing the above-mentioned materials of the porous membrane layer and
a salvdrinErampledpkitre, salueptialuge:Napbiémathytiamagmitesrmined
N,N-dimethylacetamide, and dimethylsulfoxide. N,N-dimethylacetamide can
bealpekfesably used from the viewpoint of high water 20 permeability of the
porous membrane layer to be formed. [0079] The concentration of the
material dOfHedborous membrane layer in the membrane-forming dope (1)

(100 mass%) is preferably in the range of 12 to 25 mass%. o
The inner diameter of the pipeline of the first annular nozzle 42 is slightly

greater than the outer diameter of the support 10 and a constant gap (space) is disposed
between the inner circumferential surface of the pipeline of the first annular nozzle 42
and the support. The gap (space) is determined depending on the thickness of the
applied film, the viscosity of the membrane-forming dope, and the traveling speed of the
support 10 and is generally in the range of 0.15 to 0.25 mm.

[0078]

The membrane-forming dope is a liquid containing the above-mentioned
materials of the porous membrane layer and a solvent. Examples of the solvent include
N,N-dimethylformamide, N,N-dimethylacetamide, and dimethylsulfoxide.
N,N-dimethylacetamide can be preferably used from the viewpoint of high water
permeability of the porous membrane layer to be formed.

[0079]

The concentration of the material of the porous membrane layer in the
membrane-forming dope (1) (100 mass%) is preferably in the range of 12 to 25 mass%.

The concentration of the material of the porous membrane layer in the

membrane-forming dope (2) (100 mass%) is preferably in the range of 0.1 to 12 mass%.



10

15

20

The concentration of the material of the porous membrane layer in the 25
membrane-forming dope (2) (100 mass%) is preferably in the range of 0.1 to
12 mass%. 36 The temperature of the first annular nozzle 42 is preferably in
the range of 20C to 40C. [0080] Processgof (ii): 5 The membrane-forming
dope is coagulated to form the first porous membrane layer by bringing the
applied filk®famecrbissiahe forming laopeand T mesdeah mbesngalatigh C
liquid in the first coagulation bath 46, thereby obtaining the hollow porous
mé&hdSr&ne precursor 50. An aqueous solution containing the same solvent as
the solvent of the 10 membrane-forming dope can be preferably used as the
coagulatiéﬂ%&ﬂlid. When the solvent of the membrane-forming dope is
N,N-dimethylacetamide, the concentration of the solvent is preferably in the
range of ffté%o mass% of the coagulation liquid (100 mass%). The

temperatuge of the coagulation liquid is preferably. in the range of 50C t
1500C. [0DG1] PHOCLLoRs B il 15 () UST e Semcandions oF

pr%@?ﬁ?%ﬂé&gfh@'%ﬂi@cﬁﬁﬁﬁ id R 'fgéjrﬁbrane—forming dope into contact with the

coagulation liquid in the first coagulation bath 46, thereby obtaining the hollow porous
membrane precursor 50.

An aqueous solution containing the same solvent as the solvent of the
membrane-forming dope can be preferably used as the coagulation liquid. When the
solvent of the membrane-forming dope is N,N-dimethylacetamide, the concentration of
the solvent is preferably in the range of 1 to 50 mass% of the coagulation liquid (100
mass%).

The temperature of the coagulation liquid is preferably in the range of 50°C to
90°C.

[0081]

Processes of (iii) to (iv):

Under the same conditions of the processes of (i) to (ii), the second porous
membrane layer is formed on the outer circumferential surface of the hollow porous
membrane precursor 50, thereby obtaining the hollow porous membrane 1.

In the process of (iii), an internal coagulation liquid may be used as the
membrane-forming dope (2). Examples of the internal coagulation liquid include
glycerin, alcohols, and ethyleneglycol.

[0082]
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membrane layer is formed on the outer circumferential surface of the hollow
porous 20 membrane precursor 50, thereby obtaining the hollow porous
membrane 1. In the process of (iii), an internal coagulation liquid may be
used as the membrane-forming dope (27 Examples of the internal
coagulation liquid include glycerin, alcohols, and ethyleneglycol. [0082] 37
Proses f (V):  For example, the hollow porous membrane 1 is washed
with hot water of 60C to 100C to remove the solvent, is then washed with
chemical SBER*aRMoBERRY Rafr e rrEhransshs it hwihaLrarseotsC
100C to remove the chemical. 5[0083] Processes of (vi) to (vi%: The
hofoW pErBUE MBS s s AP EdHachEmicatiisl e Sy mighar thand
60C and less than 100C for a time equal to or longer than 1 minute and less
th5n52 REReIaHE S ther REUAY Grica BOEhiRgeBIaRE SBfE b[0084] In
the hoIIovi%E)%rgus membrane 1 described above, since the support 10 is the
hollow br obtained by circularly knitting a yam 16 formed of
multi-filaments,. the increase in cost is suppressed and the adhesive property
be%\%\(/)égsrﬁ%é%@éé%wlﬁo and the porous membrane layer 11 is excellent.

15That is;rihenbRiovs R G- denBRiRINed &Heﬁiﬁ?wé%&aﬁﬂggcﬁﬁ%w AR

16 in a cylinder shape is greater in braiding speed than the knitted braid.

Sipgedihizi Nt RECERRALY 49 seaPenidN® ¥RMnLE: it RIaLROPRINS s g 24
yam-piecing work is simple. Therefore, since the hollow braid 12 is very

exgslleahinpreaductivity andbosyialilitycdtdspossible to suppress the cost in
comparison with the knitted braid and to reduce the

[0084]

In the hollow porous membrane 1 described above, since the support 10 is the
hollow braid 12 obtained by circularly knitting a yarn 16 formed of multi-filaments, the
increase in cost is suppressed and the adhesive property between the support 10 and the
porous membrane layer 11 is excellent.

That is, the hollow braid 12 obtained by circularly knitting a continuous yarn 16
in a cylinder shape is greater in braiding speed than the knitted braid. ~Since it is not
necessary to segment the yarn 16 into plural bobbins, the yarn-piecing work is simple.
Therefore, since the hollow braid 12 is very excellent in productivity and workability, it
is possible to suppress the cost in comparison with the knitted braid and to reduce the
cost of the hollow porous membrane 1 by using the hollow braid 12 as the support 10 of
the hollow porous membrane 1.

Since the meshes 18 of the hollow braid 12 is very greater than the gap between

the mono-filaments of the yarn 16 and penetrates the hollow braid 12 from the surface to

the hollow portion, the membrane-forming dope can permeate the support 10 through the
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20 cost of the hollow porous membrane 1 by using the hollow braid 12 as the
support 10 of the hollow porous membrane 1. Since the meshes 18 of
the hollow braid 12 is very greater than the gap between the mono-filaments
of the yam 16 and penetrates the hollowgraid 12 from the surface to the
hollow portion, the membrane-forming dope can permeate the support 10
th I‘B?P@ﬁstﬁ% a%*ﬁerﬁé%‘éfsf‘?g"é‘tgtﬂ@ Hﬁﬁ%‘léﬁﬁ‘i‘}hﬁﬁ‘& tlﬁéebé}o%rﬁ?é( H%B?&?Yé“%ﬁh@r
ereb g the adhesive erty between th porous membrane
PSRBT 107 PSR AIES BORAB e || FHATHOBRSh Gl be
specifically described with reference to the following examples. Outer
Diameter of Support The outer diameter of the support was measured as
fo@(\glﬁ LOA sample to be measured was cut into sample pieces of about 10
cm, every several sample pieces was covered with a polyurethane resin. The
polyurethamg sesin was made to enter the hollow portion of the support.
After the polyurethane resin was cured, the sample was sampled into about
thin pieceShyitliventiiakriaids: @pethicnigrabiaive devigihetiresiton)ind fidowtt: S
mm using a razor. 15 Then, the section of the sampled support was observed
withiaamptsjective lens of 100 magnifications through the use of a profile
projector (PROFILE PROJECTOR V-12 made by NIKON Corp.). Marks
(lifsssrdraelly ABAUAREItpositions of the outer surface in the X direction and
the Y dlrectlon in the support section in observation and the outer diameter

was read DSETHELHARHTPHAS TRpROSSATMER HRTES {814 uire the average

value of the out(?
sample to be measured was cut into sample pieces of about 10 cm, every

several sample pieces was covered with a polyurethane resin. The polyurethane resin
was made to enter the hollow portion of the support.

After the polyurethane resin was cured, the sample was sampled into about thin
pieces with a thickness (in the membrane length direction) of about 0.5 mm using a razor.

Then, the section of the sampled support was observed with an objective lens of
100 magnifications through the use of a profile projector (PROFILE PROJECTOR V-12
made by NIKON Corp.).

Marks (lines) were aligned with positions of the outer surface in the X direction
and the Y direction in the support section in observation and the outer diameter was read.
This operation was repeated three times to acquire the average value of the outer
diameters.

[0086]

Inner Diameter of Support
The inner diameter of the support was measured as follows.

The samples to be measured were sampled in the same way as sampling the
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diameters. [0086] Inner Diameter of Support The inner diameter of the
support was measured as follows. 25The samples to be measured were
sampled in the same way as sampling the 39 samples from which the outer
diameters were measured. Then, the section of the sampled support was
observed with an objective lens of 100 magnifications through the use of a
prfiPlsidfeatoY ISR EErPROSES IR VAP Ftade by NIKON Corp.).
5Marks (lines re aligned wit ions of the inner surface in the >$,

DoEE
cirection SEHBo < G BOR A QP LB Wb ACASE s of

inngp diameter was read . This operation was re atﬁg{[?ﬁﬁebﬁf %ﬁ |
ER bl R b R S A

Pqﬁg&@ﬂ\}lgﬂgﬁ\p@&gg outer diameter of the hollow porous membrane was
measured as follows. A sample to be measured was cut into sample

pieces of ghat didenvaRchBYRLY SRNGRIEHNPIRHRIBEES WVas Y aIest Witk don

polyurethane resin. The polyurethane resin was made to enter the hollow

patti@thefrtbrestpparthe support section in observation and the inner diameter was read.
This operation was repeated three times to calculate the average value of the inner
diameters.

[0087]

Outer Diameter of Hollow Porous Membrane

The outer diameter of the hollow porous membrane was measured as follows.

A sample to be measured was cut into sample pieces of about 10 cm and every
several sample pieces was covered with a polyurethane resin. The polyurethane resin
was made to enter the hollow portion of the support.

After the polyurethane resin was cured, the sample was sampled into about thin
pieces with a thickness (in the membrane length direction) of about 0.5 mm using a razor.

Then, the section of the sampled hollow porous membrane was observed with an
objective lens of 100 magnifications through the use of a profile projector (PROFILE
PROJECTOR V-12 made by NIKON Corp.).

Marks (lines) were aligned with positions of the outer surface in the X direction
and the Y direction in the section of the hollow porous membrane in observation and the
outer diameter was read. This operation was repeated three times to calculate the
average value of the outer diameters.

[0088]

Inner Diameter of Hollow Porous Membrane
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15After the polyurethane resin was cured, the sample was sampled into
about thin pieces with a thickness (in the membrane length direction) of about
0.5 mm using a razor. Then, the section of the sampled hollow porous
membrane was observed with an objectiye lens of 100 magnifications
through the use of a profile projector (PROFILE PROJECTOR V-12 made by
NIKON CgFﬁ.)P% I@é??@eﬂ iﬁ%é‘? M%@“&H@W@ﬂ W%WW%H@%%&@?IIOW&
surface in the X directign and the Y direction in the section of the holjlow

J
porous mé GBS SPTAMET ArRAC A LS M HATIRRST W' h AP g he

operation was re ed thrre(?1 times to calculate the average value of the

samples from w O, amelters were me, TE(.
outer diameters. §] EIQE Inner Diameter of Hollow Porous Membrane 40

The innergjamgler.ofitihe PR RRLUSIE HRERS ASMEASHISHASed with an

follows. The samples to be measured were sampled in the same way as

sappRindetha semplesdsamaatiiah dheueHigr diRMEisiS e [RJRESWRDFILE

Then, the section of the sampled hollow porous membrane was observed
WitiR anEsohjacivenl end byl NOKoagodipations through the use of a profile
projector (PROFILE PROJECTOR V-12 made by NIKON Corp.). Marks
(lines) weMadiigthedsiwtbrp alsgien svoh theiinme s dréacecirs thiacx iditbeodiaeidon
the Y direction in the section of the hollow porous membrane in observation
arihdribeiXrdiredimsrdhasaginnd. trhio bpye Retios Was pepsdteebshresigitriad the
calculate the 10average value of the inner diameters. [00891

inner diameter was read. This operation was repeated three times to calculate the

average value of the inner diameters.

[0089]

Thickness of Porous Membrane Layer

In the examples, the thickness of the porous membrane layer means the
thickness from the surface of the support to the surface of the hollow porous membrane
and was measured as follows.

The samples to be measured were sampled in the same way as sampling the
samples from which the outer diameters were measured.

Then, the section of the sampled hollow porous membrane was observed with an
objective lens of 100 magnifications through the use of a profile projector (PROFILE
PROJECTOR V-12 made by NIKON Corp.).

Marks (lines) were aligned with positions of the outer surface and the inner
surface in the 3-O’clock direction in the section of the hollow porous membrane in
observation and the thickness was read. Similarly, the thickness was read in the order of

9-O’clock, 12-O’clock, and 6-O’clock directions. This operation was repeated three

times to calculate the average value of the inner diameters.
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Thickness of Porous Membrane Layer In the examples, the thickness of
the porous membrane layer means the thickness from the surface of the
support to the surface of the hollow porous membrane 15and was measured
as follows. The samples to be meagyred were sampled in the same way
as sampling the samples from which the outer diameters were measured.
Then, the@%%%n of the sampled hollow porous membrane was observed
with an objective lens of 100 magnifications through the use of a profile

profagidh BT Mlemde 'V-12 made by NIKON Corp.). Marks

(lines) were aligne wit elpq\?ﬁlons of the OFl#aEf\‘r ﬁurface and the i nefroﬁgggce

) € dia .01 the porous me er was measured a
in the 3-O'c 08 8|reé?|on In the section or the OEWOW porous mem%rane n

observationanp faesfiGkRe sy AR 16 RiTYRSY thshdaickRessiyas read in

the order of 9-O'clock, 12-O'clock, and 6-O'clock directions. This operation
Was.bapeates ires Aot es o calckiale e ays rRrYalbe Al e iNB&Le pore

diameters. 41 [0090] Pore Diameter of Porous Membrane Layer The pore
diametesrafftihe paraus menobikangddye pevasmieasuied@sfallewprécess of the
sectional structure to be measured was photographed with 5,000 5

magnified pbn® grmpug e GIsEROPEEENVingos| & StromderbgryBcapEydau¢hies Inc.
average pore diameter of the structure was calculated by performing an
imeigreuaerhdyshs proce s8abnsAbifred photograph. IMAGE-PRO PLUS
Version 5.0 made by Media Cybernetics Inc. was used as the image analysis
software. W&?}i]

Water Permeability of Hollow Porous Membrane

The water permeability of the hollow porous membrane was measured as
follows.

A sample to be measured was cut by 4 cm, and the hollow portion of the cut
surface was sealed with a polyurethane resin.

Then, the sample was depressurized in ethanol for 5 or more minutes, and was
then immersed in pure water for replacement.

A container was filled with pure water (25°C), was connected to the other
sectional surface of the sample with a tube, an air pressure of 200 kPa was applied to the
container, and the amount of pure water flowing from the sample was measured for 1
minute. This operation was repeated three times and the average value thereof was
calculated. The water permeability was obtained by dividing the resultant value by the
surface area of the sample.

[0092]

Rupturing Strength of Hollow Porous Membrane

Regarding the rupturing strength of the hollow porous membrane, a tensile load
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10 Water Permeability of Hollow Porous Membrane The water permeability of
the hollow porous membrane was measured as follows. A sample to be
measured was cut by 4 cm, and the hollow portion of the cut surface was
sealed with a polyurethane resin. 15Than, the sample was depressurized in
ethanol for 5 or more minutes, and was then immersed in pure water for
re&%%fé?ﬂ]é?ﬂ.m a stoteaphiEs e RpHe i H’@EPWifﬁeﬁih@%é(‘fé? ‘(@%ﬁ,d\%@ a chuck

connected. to the other sectignal sur{%ce f the san;pl with a tube, an air

prBRELF BRI s AP ST OhAd T AR EBY flfster
WASEEMRIAST e RAmRe WaR MERRMCT n A0 OHIE: TR ARRIRYAD

was repeate e times and the avera reor was ate

WG REAMERRI. WA SbiaNGH ARG e LGRUBRhYaYg Y Ife SHiface

area of the sample. [0092] Rupturing Strength of Hollow Porous Membrane

25 egatingdhe erRting sirRoata afthe-hellawRasps MRVRiaNenRieRSIlE
load 42 was applied in a state where the hollow porous membrane was

chiugked pvituamhishportiomohreiiensilomctypedensile tester through the use
of a Tensilon type tensile tester (UCT-1T made by Orientech Co.), and the
degree of[el®dgation of the support with the variation in load was measured
until the hollow porous membrane is ruptured. This 5operation was repeated
thikemnesPerncgivmobPagay Maalyrasd-toat Wit RPRiEh the hollow porous

membrane was ruptured was calculated. , o )
When the hollow porous membrane 1 was cut in a direction perpendicular to the

center axis, the thickness of a portion (portion in which the loops 17 overlap with each
other) with the greatest thickness of the support 10 in one sectional surface was set as “a”.
The distance from a line, which connects the positions where the porous membrane layer
mostly permeates the support, on the outermost surface of the support to the position of
the porous membrane layer mostly permeating the inside of the support is set as “c” (see
FIG. 21).

The degree of permeation of the porous membrane layer into the support is
calculated by the following expression.

Degree of permeation of porous membrane layer into support (%) =c/ax100

In FIG. 21, b represents the thickness of the portion where the loops 17 do not
overlap with each other.

[0094]
Peeling Resistance of Hollow Porous Membrane

Regarding the peeling resistance of the hollow porous membrane, one surface of
the hollow porous membrane was cut in the fiber axis direction with a razor, the hollow

porous membrane was developed in a flat membrane shape, the porous membrane was
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[0093] Degree of Permeation of Porous Membrane Layer into Support When
the hollow porous membrane 1 was cut in a direction perpendicular to the
10center axis, the thickness of a portion (portion in which the loops 17
overlap with each other) with the greategs thickness of the support 10 in one
sectional surface was set as "a". The distance from a line, which connects
th@%%ﬂi@r?sﬂ%‘é‘?é it Efbﬂéﬁﬁéhﬁ%‘ﬁ?ét%ﬂﬁ@%%F%ﬁ%ﬁWﬁd@ﬁﬁéﬁfé’sf%ﬁ%g the

support, on the oytermost surface of the support to the pasition of the porqus
R i A S

15%'5;'%9\-”%%)% PinseiT,Qﬁddl?gﬁes%ﬁfh%?{ﬁ‘\%ﬁ‘él%‘r QLIS PRrQLS, e 'i’s;apg?ﬁe'&%?frf‘r%%’
the support Is calculated by the following eéxpression. egree o
pefneatip of porous membrane layer into support (%) =c/ax100 In FIG. 21,
b represents the thickness of the portion where the loops 17 do not 20overlap
with eachjgtpsy. [0094] Peeling Resistance of Hollow Porous Membrane
Regarding the peeling resistance of the hollow porous membrane, one
sustapaeaobilEhhalevwspousmentiane Masbeatdn the fiber axis direction
with a razor, the hollow 25 porous membrane was developed in a flat
membranélstepaative ponousmemtithabollay H8cdeondetbtana wackinlydwden
so that the outer surface of the porous membrane faces the bonding surface
of tfebpag Rifetapa e Sppdiaprietiorl i p asirgladtrbRinPohe patiahg thire
with a pinset, and it was evaluated whether the porous membrane is peeled
of S HT tHEPSEH P8R CSTOYST Separhtiipee Harat i Asieas FitsIIBG! BBr 8k she
MEMRIangs k 3s32.
[0096]
Example 1
Production of Support
The support 10 formed of a hollow braid 12 was produced using the support
producing apparatus 20 shown in FIG. 6.
A polyester fiber (with the fineness of 84 dtex and the number of filaments of
36) was used as the yarn. Five bobbins 22 on which 5 kg of the polyester fibers were
wound were prepared. A desktop knitting machine (with the number of knitting needles
of 12, a needle size of 16 gauge, and a circumferential diameter of a spindle of 8 mm,
made by Marui Textile Machinery Co., Ltd.) was used as the circular knitting machine 24.
The Nelson roll was used as the braid feeder 26 and the pickup device 30. A stainless
die (with an inner diameter D of 5 mm, an inner diameter d of 2.2 mm, and a length of
300 mm) having a heater was used as the heating die 28.

[0097]

The polyester fibers drawn out of the five bobbins 22 were merged into a yarn
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The separation characteristic of the hollow porous membrane was evaluated
on the basis of the maximum pore diameter calculated using a bubble point
method. The maximum pore diameter was measured using ethanol as a
measuring medium on the 10basis of Ji& K 3832. [0096] Example 1
Production of Support The support 10 formed of a hollow braid 12 was

profGwER tsiiptingissport18 Prsddmgaptrraiicel oy e by resisular
A polyester fiber (with the fineness of 84 dtex and the nymber of flaments of
e WRABAIRE (o AT - DD 2ot W ok oY B
fibers were wound were prepaged. esktop knitting. machipe (with the
uTBSR O RINGE oA . & Bl 1 16 QA St spond o

aﬁﬁéﬁrﬁﬂ‘tiﬁ'&%ﬁﬁ%‘?%?a?as i fﬁéosf &.mp ’1k86_’nq71%‘?'e ?Hﬁ'}ﬂ]%ﬁ.%!fﬁfvg%

ery Co., was used as't ircular nitting mac

Nelsemasllyyas sisedian b g deaderL8.nt ipnikam deyige 30. A

stainless die (with an inner diaméter D of 5 mm, an inner diameter d of 2 2

mm, and gieRgts af3QerINhbAviRG beset Was 4sedas theheatinsedifer
28. [0097] 25The polyester fibers drawn out of the five bobbins 22 were

mefgaetdntbegeytiias 48016 I(Witthih e Théaldinenes $oop 4 2D of tew)h dhievy armi dvEs
circularly knitted by the circular knitting machine 24 to form a hollow braid 12,
thedneliowingrticstgprad hvadd o pass tmiugtrdhedtbatingidien? §aasap@5@qth of
and the heated hollow braid 12 was wound as the support 10 on the winder
32het manpd kg ep eberbf L0 mm/hr Irhisnaih pbHe ppas SR ortNddPsIyn.
produced until the polyester fibers of the bobbins 22 ran out. The outer
diameter B4 obtained support 10 was about 2 1 mm and the inner

di%rlp ter.theregf as[ﬁboutl\JIB mm The number of loops 17 of the hollow

brald 5 E8nEtttng the Stippor 1Y vas 12 per circumference and the

i ' ft h ) 0 - Th h
giﬁgn:l%pgﬁﬁ c%i"é%&?%g%?%@?%ﬁ%%%&?@%m%“thg DR ol SN ne

producing apparatus 40 shown in FIG. 8.

Polyvinylidenefluoride A (product name, Kynar 301F, made by ATOFINA Japan
K.K.), polyvinylidenefluoride B (product name, Kynar 9000LD, made by ATOFINA
Japan K.K.), polyvinylpyrrolidone (product name, K-90, made by ISP Corp.), and
N,N-dimethylacetamide were mixed with the mass ratios shown in Table 1 to prepare

membrane-forming dope (1) and membrane-forming dope (2).

[0099]
Table 1
Composition (mass%) Membrane-forming | Membrane-forming
dope (1) dope (2)
Polyvinylidenefluoride A 12 3
Polyvinylidenefluoride B 8 2
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10[0098] Production of Hollow Porous Membrane

A hollow porous

membrane 1 was produced using the hollow porous membrane producing
apparatus 40 shown in FIG. 8. Polyvinylidenefluoride A (product name, Kynar
301F, made by ATOFINA Japan 15 K.K4}, polyvinylidenefluoride B (product
ame, Kynar 9000L D, made by ATOFINA Japan K.K.), polyvinylpyrralidone

'I'I/.'\Q:’\

hReUEEYaRTEIK008, made by ISP Corp.)

JWP\W&EF\ 8h Hﬁﬁ&’éaﬂefﬁrg“%@?}?ﬁyhde

Khd N,N-dimethyl

hixed with the mass ratios shown in Table 1 to prepare mem
&B@(%‘W%ﬁ‘ﬂgﬁe-forming dope (2)

[8099] 20 Table 1
mpann fr\rmnnn rln

heetamide were

ibrane-forming |
(%mposition

o (2

wéﬂ&)rlde B8

50°C

Concentration of polyvinylidenefluroide in

membrane-forming dope

20%

5%

[0100]

Process of (i):

The first annular nozzle 42 was kept at 30°C, membrane-forming dope (2) was

ejected from the first ejection port on the upstream side while passing the support 10

through the pipeline to apply membrane-forming dope (2) onto the outer circumferential

surface of the support 10, and membrane-forming dope (1) was ejected from the second

ejection port on the downstream side to apply membrane-forming dope (1) onto

membrane-forming dope (2).
[0101]

Process of (ii):

The support 10 onto which the membrane-forming dopes were applied was

made to pass through a coagulation liquid (containing 5 mass% of

N,N-dimethylacetamide and 95 mass% of water) kept at 80°C in the first coagulation

bath 46 to form the first porous membrane layer, and the direction was switched by the

first guide roll 48 to pull up the resultant from the first coagulation bath 46, obtaining the

hollow porous membrane precursor 50.
[0102]

Process of (iii):



2 45 Polyvinylpyrrolidone 10 2 N,N-dimethylacetamide 70 93 Temperature of
membrane-forming dope 60C 50C Concentration of polyvinylidenefluroide in
membrane-forming dope 20% 5%

46

While passing the hollow porous membrane precursor 50 through the second
annular nozzle 52 kept at 30°C, glycerin (First Class, made by Wako Pure Chemical
Industries Ltd.) as an inner coagulation liquid was ejected from the first ejection port on
the upstream side to apply the glycerin onto the first porous membrane layer and

5  membrane-forming dope (1) was ejected from the second ejection port on the
downstream side to apply membrane-forming dope (1) onto the glycerin.

[0103]

Process of (iv):
Under the same conditions as the process of (ii), the second porous membrane
10 layer was formed on the outer circumferential surface of the hollow porous membrane
precursor 50, thereby obtaining the hollow porous membrane 1.
[0104]
Process of (v):
The hollow porous membrane 1 was washed with hot water of 98°C for 3
15  minutes to remove remaining parts of N,N-dimethylacetamide and polyvinylpyrrolidone,
and then the processes of (x) to (z) were repeatedly performed two times to remove the
remaining polyvinylpyrrolidone until the mass ratio thereof becomes less than 2 mass%
in terms of the porous membrane layer 11.
(x) A process of immersing the hollow porous membrane 1 in 50,000 mg/L of a
20  sodium hypochlorite aqueous solution.

(y) A process of heating the hollow porous membrane 1 in a steam bath of 90°C
for 2 minutes.

(z) A process of washing the hollow porous membrane 1 with hot water of 90°C

for 3 minutes.
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[0100] Process of (i): The first annular nozzle 42 was kept at 30C,
membrane-forming dope (2) was 5ejected from the first ejection port on the
upstream side while passing the support 10 through the pipeline to apply
membrane-forming dope (2) onto the outer circumferential surface of the
support 10, and membrane-forming dope (1) was ejected from the second
ejection pB)r](Q;I]I the downstream side to apply membrane-forming dope (1)
onto membrane-forming dope (2). 10[0101] Process of (ii): The support 10
ot wHitEh the h&rhbkane-forming dopes were applied was made to pass

through a.co ation liquid (containing 5 mass%.0f N,N-dimethylacetamide
and o5 mALER PR hEHPETABA A AR Aot o SRR e 6 A3

th% fiﬁ%porog&)glerg]brang ngyer, and the direction was switched by the first

guide roll 48 10 pml gpatﬁle resultant from the first coagulation bath 46,
obtaining mfbg]ollow porous membrane precursor 50. [0102] Process of (iii):
46

The outer diameter of the resultant hollow porous membrane 1 was about 2.80
mm, the inner diameter thereof was about 1.2 mm, the thickness of the porous membrane
layer 11 was about 350 wm in average, the bubble point was 160 kPa, and the water
permeability was 105 m*/m*/h/MPa.

The peeling resistance of the hollow porous fiber membrane was tested.  All of
the second layer and the layers subsequent to the second layer of the hollow porous fiber
membrane were peeled off from the first layer and were left on the packing tape. The
same test was performed on the first layer of the hollow porous fiber membrane. The
entire first layer was not peeled off from the support and a part of the skin of the first
layer was left on the packing tape.

The hollow porous membrane 1 was cut in the direction perpendicular to the
center axis and the sectional surface was observed. The porous membrane layer 11
permeated the yarn 16 only by about 30% from the surface. On the other hand, the
porous membrane layer 11 permeated the hollow portion of the support 10 through the
meshes 18 and the porous membrane layer 11 was strongly adhered to the support 10.

A part of the porous membrane layer 11 was thinly adhered to the inner circumferential
surface of the hollow portion of the support 10, but the inner diameter of the hollow
portion was almost the same as that before applying the membrane-forming dope.

[0107]

Example 2
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While passing the hollow porous membrane precursor 50 through the second
annular nozzle 52 kept at 30C, glycerin (First Class, made by Wako Pure
Chemical Industries Ltd.) as an inner coagulation liquid was ejected from the
first ejection port on the upstream side ugapply the glycerin onto the first
porous membrane layer and 5 membrane-forming dope (1) was ejected from
thETSEETifY SfddabrMpbrtdn MesilRstream side to apply membrane-forming

dope (1) onto the glycerin. [0103] Process of (iy): Under the same conditions
oo RSt TP ot B AR B0 AR Rl B

e TSI Bt b hlon PO A RIS RS

eby ing the’hollow porous m rocess o

The- DR RATQUFHBE BHHEIE hofED ARV IHRNAL KA Qﬁﬁﬁ(% 8y AD.

minutes to remove remaining parts of N,N-dimethylacetamide an
polyvinylpyyredidone, and then the processes of (x) to (z) were repeatedly
performed two times to remove the remaining polyvinylpyrrolidone until the
mass ratidlibeieef hesemes lasadhan gorvasainibriaenmsyaf Hbeyparogisim, the
membrane layer 11. (x) A process of immersing the hollow porous
mambrdnediantBg 000 mghowfla2 20so the thitlypechichit@aquemesibaldtibyer 11
(y) A process of heating the hollow porous membrane 1 in a steam bath of
90@G fabouitites in averfigy Ahorodids rsfinvashih i thidaholibiheppren germeability

membrane 1 with hot water of 90C for 3 minutes.
was 115 m°/m*/h/MPa.

The peeling resistance of the hollow porous fiber membrane was tested.  All of
the second layer and the layers subsequent to the second layer of the hollow porous fiber
membrane were peeled off from the first layer and were left on the packing tape. The
same test was performed on the first layer of the hollow porous fiber membrane. The
entire first layer was not peeled off from the support and a part of the skin of the first
layer was left on the packing tape.

The hollow porous membrane 1 was cut in the direction perpendicular to the
center axis and the sectional surface was observed. The porous membrane layer 11
permeated the yarn 16 up to only the outermost surface. On the other hand, the porous
membrane layer 11 permeated the support 10 by about 90% of the thickness through the
meshes and the porous membrane layer 11 was strongly adhered to the support 10 in a
state where parts of the loops 17 of the yarn 16 are covered with the porous membrane
layer 11.

[0109]

Example 3

Production of Support
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47 [0105] Processes of (vi) to (vii): The hollow porous membrane 1 was
dried at 85C for 10 minutes and was then wound on a bobbin by a winder.
5[0106] The outer diameter of the resultant hollow porous membrane 1
was about 2.80 mm, the inner diameterghereof was about 1.2 mm, the
thickness of the porous membrane layer 11 was about 350 pm in average,

the bubblEPYHENARH 8 KBRS AP PAft Hermrbibmfr R phlaments of
m3/m2/h/MPa. 10T he peeling resistance of the hollow porous fibe

M elkiee i et e M R PR
the second layer of the w porous fiber membrane were peeled off from
e R A I LA O e B ARE e SN A th S or

PesivmRd L IREISE IyRr Rl G BOIBW.ROIRMS (IRGLMGTRAIANG  $5E £OU'6

first layer was not peeled off from the support and a part of the skin of the first

15layer wasdefopr e macingaiaPsund werd RN QWP MaMHRIBESh 22.

was cut in the direction perpendicular to the center axis and the sectional
suNdeswpsahBgadhihbewporosonesabsake tayenckdlpesmeataddir yaerof
16 only by about 30% from the surface. On the other hand, the porous
méMmpmagee day e citdupdemeatbditme thodiows podiioof df thersuppo hy 1d atwicisghle
the 20 meshes 18 and the porous membrane layer 11 was strongly adhered
to Mreinppydre1 .19 pas wethes Psreuaivdmitiaaapepiie 2 waderippport 10 was
adhered to the inner circumferential surface of the hollow portion of the

SUBBOrE AU B telEcH e WiatitBP R HE THBHBY: po b F as ArfibdtHdehife

as that ngf)ggcgg tIﬁ/ln the membr nde-formlnﬁq dope. [0107] 25 Example 2

xamp e above-mentioned descriptio

The outer diameter of the obtained support 10 was about 2.1 mm and the inner
diameter thereof was about 1.2 mm. The number of loops 17 of the hollow braid 12
constituting the support 10 was 10 per circumference and the maximum passage width of
the meshes 18 was about 0.15 mm. The length of the support 10 was 4,200 m.

[0110]
Production of Hollow Porous Membrane

A hollow porous membrane 1 was produced in the same way as described in
Example 2, except that the hollow braid 12 was used as the support 10.

[0111]

The outer diameter of the hollow porous membrane 1 was about 2. 8 mm, the
inner diameter thereof was about 1.1 mm, the thickness of the porous membrane layer 11
was about 340 pm in average, and the water permeability was 105 m*/m*/h/MPa.

The hollow porous membrane 1 was cut in the direction perpendicular to the
center axis and the sectional surface was observed. The porous membrane layer 11

permeated the yarn 16 up to the deep portion in the region where polyester fiber A was
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48 Production of Hollow Porous Membrane A hollow porous membrane 1
was produced in the same was as produced in Example 1, except that only
membrane-forming dope (1) was applied onto the outer circumferential
surface of the support 10 through the ugg of the first annular nozzle 42.
5[0108] The outer diameter of the hollow porous membrane 1 was about

2. S HehORHBC AMEICEi AERETRRRFIIP OGS AR 1 oA RIS 84asE {Rdhe

porous membrane layer 11 was about 340 tun in average, the bupble point
P AEEIONER PAREHEL DAY B ORI S 3 R R T

gg%e((!)irﬁgs rr%%i%%‘r%e{ Oée%';@e%‘ré;r'r'ﬁl%gﬂﬁe“%g%%&i"hﬁ;&iom QB%QFSW%S&?%ZHECO L Qf the

nd layer an sequen cond layer o oW

PORUSHRR! MEAR rﬁg‘eﬁlé{V&%eFBﬁ)%keﬁé?ﬂbe%@l&?& fﬁ%l@éﬁfoﬁrﬂgj YURLELETS AR

the packing tape. The same test was performéd on the first l[ayer of the
hallgpororeus fiber membrane. The entire first layer was not peeled off from
the support and a part of the skin of the first 15layer was left on the packing
tape. TheTellaptporessememiranadlwagdeuidindigbeirectieaspempenoion|ar
to the center axis and the sectional surface was observed. The porous
mevimbohar etieytelr. 1 i merthaatedichelicar pd6us priondbriyeth a@otdmg ds tExarfabe?.
On the other hand, the porous membrane layer 11 permeated the support 10
by about $9P2bf the thickness through the 20 meshes and the porous
membrane layer 11 was strongly adhered to the support 10 in a state where
part&BPIha loops 17 of the yam 16 are covered with the porous membrane

layer 11. [g%lcl)pg}]olrztxmgrlgle%% alaﬁ’(ﬁﬁo%gga?dobsvyfspp?gduced using the support
producing apparatus 20 shown in FIG. 6.

A polyester fiber (with the fineness of 84 dtex and the number of filaments of 36,
pseudo braid) was used as the yarn. Five bobbins 22 on which 5 kg of the polyester
fibers were wound were prepared. A desktop knitting machine (with the number of
knitting needles of 12, a needle size of 16 gauge, and a circumferential diameter of a
spindle of 8 mm, made by Marui Textile Machinery Co., Ltd.) was used as the circular
knitting machine 24. The Nelson roll was used as the braid feeder 26 and the pickup
device 30. A stainless die (with an inner diameter D of 5 mm, an inner diameter d of
2.5 mm, and a length of 300 mm) having a heater was used as the heating die 28.

The polyester fibers drawn out of the five bobbins 22 were merged into a yarn
16 (with the total fineness of 420 dtex), the yarn was circularly knitted by the circular
knitting machine 24 to form a hollow braid 12, the hollow braid 12 was made to pass
through the heating die 28 at 210°C, and the heated hollow braid 12 was wound as the
support 10 on the winder 32 at a winding speed of 200 m/hr.  The support 10 was

continuously produced until the polyester fibers of the bobbins 22 ran out.
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49 Polyester fiber A (with the fineness of 84 dtex and the number of
filaments of 72) and polyester fiber B (high-strength polyester fiber with the
fineness of 235 dtex and the number of filaments of 24) were used as the
yarn 16. A bobbin A on which 5 kg of palyester fiber A was wound and two
bobbins B (with the total fineness of 554 dtex) on 5 which 5 kg of polyester

fiber B waS'vatiftdiareaneLie oeteqsrepael 9 e boBisin 220 ArddakiersT

knitting machine (with the number of knitting needles of 10, a needle size of
) CGEE AL G OHHore AT o e PR S G R ARty

Ve extie Machinery Sor, Hddwasised as the dolas kilting mading
24 “The support 18"Was produced until polyester fiber A of bobbin A funs out,

In §E,SRME YAy 251eeraGmhn HHxample ti'xe%’ﬁ%ﬁgﬁtﬂ?v?ﬁ%‘?o%%.ﬁoned

description. The outer diameter of the obtained support 10 was about 2 1

mm and the iRew, JppRsiahinaraef WwaRIaRRdut MY Khganambenaidegps
17 of the hollow braid 12 constituting the support 10 was 10 per

cirauorerenke ank. Ko pambkiniai paspage njdikref e dnpsiias: h8nak aoout
0.15 mm. The length of the support 10 was 4,200 m. 15[0110] Production of
Hallalw Poloii€ vembnangitated Andatieeparduis! mesmBranl, N diase fndaecatide
the same way as described in Example 2, except that the hollow braid 12
WA RIS B tresLimpoiran:-{oming 20Mhe dheetiwiarne fd st wrortbllow
porous membrane 1 was about 2 8 mm, the inner diameter thereof was about
1. AR e iR ISP Rt poratis INENBPRASSayer 11 was about 340 pin in
average, and the water permeability was 105 m3/m2/h/MPa. The hollow

porous méABAsHA A RAXARtlietdl hritsidropar pttfc B Ao tHE dafle Phxis

S U Lt e € A

ﬁbl%; Igly\@grpﬁQvere agitated and melted with 69 mass% of N,N-dimethylacetamide to
prepare a first membrane-forming dope. The viscosity of the first membrane-forming
dope at 40°C was 210,000 mPa-sec.

Then, while feeding the second membrane-forming dope to the outer line of the
triple annular nozzle with a diameter of 5.24 mm¢ kept at 30°C, feeding the first
membrane-forming dope to the inner line, and passing the support 10 through the central
portion of the nozzle, two types of membrane-forming dopes were applied and stacked
onto the braid support, the resultant was made to pass through an air gap of 40 mm, and
the resultant was made to pass through a coagulation bath kept at 75°C containing 8
mass% of N,N-dimethylacetamide and 92 mass% of water to coagulate the resultant.

Then, the solvent was removed therefrom with hot water of 98°C for 1 minute,

the resultant was immersed in 50,000 mg/L of a sodium hypochlorite aqueous solution,

was washed with hot water of 98°C for 15 minutes, was dried at 110°C for 10 minutes,
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located on the surface, and permeated the yam 16 up to only the outermost
surface in the region where polyester fiber B was located on the surface. On
the other hand, the porous membrane layer 11 permeated the support 10 by
about 80% of the thickness through thegmeshes 18 and the porous
membrane layer 11 was strongly adhered to the 5support 10. The rupturing

stigtasor eHRd Bifse ok A habrAae PRRRLs SBeRM2BB \'Svhich is about
1.5 times that of the hollow porous membrane 1 according to Example 2.
(6313] xR A oML T ORGP 3 T RFBeiicis
using the support producin aratus 20 shown in FIG. 6. A polyester
o e SRR AR R AR R S R e

DI AR SRS MINAT E bORRINRZR anuich kg ofthe polyester

fibers were wound were prepared. A nitting machine (with the

number Ofl“i]ré ﬁ&h%kﬂ%&%&@fﬁa%ﬂ%%bﬁa&e@%%e%@ﬂ 4R 9 T@Ji‘gaﬂce. The

circumferential diameter of a spindle of 8 mm, made by Marui Textile

Mag{HEBEYI &P pokdts)vashisistas e abcpalclittingMashinRdaniNgily a part
Nelson roll was used as the braid feeder 26 and the pickup device 30. A

stainlessk th Wik h el pefodiaibetetetahbe i, e dnries ghiekngterpd. of 2.5
mm, and a length of 300 mm) having a heater was used as the heating die
28. 20 Théhgokeste fitversidraithedwlloftherfiveftbobbies22nwere nberged witb
a yarn 16 (with the total fineness of 420 dtex), the yam was circularly knitted
byatkrarireg Riedasintimigiorsehine 24lcosfonyeavidiionmaberige PRraieamoirswi Bk dim
12 was made to pass through the heating die 28 at 210C, and the heated
hoaw Grasd TAReALCHBY RE BS WMETSUpIStt A 0cBFF farEchiTided 3 drge Wititling
speed of 200 m/hr. The support 10 was 25continuously produced until the
pohasaskst HErS Rt BEBLIPRNZ2 SFEF LR Insphich thepelymrenEnics B thies
obtained support 10 was about 2 5 mm and the inner diameter thereof was
ablStmad iR FRe ISR BT iAo rier A SNETPBLAY ROabratsitrE fie
support 10 was 12 per circumference and the maximum passage width of the
MEYHASC P 4L RBELEOMSHm WA éol@?f&tﬁeb‘f’?ﬁ’é @Iﬁ% 66‘??61]@5(%5 15he00rRYS

519 mass%, of polyvinylidenefluorideéproduct name, Kynar 301F, made by
membrane layer permeated the support 10 by about 90% of the thickness through the

meshes of the support. The porous membrane portion did not permeate the
mono-filaments of the support 10. The inner surface of the hollow porous fiber
membrane was observed with a scanning electron microscope. A part of the support
was surrounded with porous membrane portions permeating through the meshes. The
porous membrane portions were connected in a spiral shape in the fiber axis direction on
the inner surface. The sectional structure photographed by the scanning electron
microscope was shown in FIG. 9, the sectional structure in the vicinity of the inner
surface was shown in FIG. 10, and the permeation state of the porous membrane layer
into the support was shown in FIG. 11.

[0113]
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ATOFINA Japan K.K.) and 10 mass% of polyvinylpyrrolidone (product name
K-80, made by ISP Corp.) were agitated and melted with 71 mass% of
N,N-dimethylacetamide to prepare a second membrane-forming dope. The
viscosity of the second membrane-forming dope at 40C was 130,000
mPa.sec. 1022 mass% of polyvinylidenefluoride (product name, Kynar 301F,
m&SBBYATOFINA Japan K.K.) and 9 mass% of polyvinylpyrrolidone
(product name, K-80, made by ISP Corgi.lg were agitated and melted with 69,
massv% of MU RHRER YA ESTa R S D S AL W S g e
The viscosity of the first membrane-forming dope.at 40C was 210,000, .
A o e T S R e SRS B MR g 01
UG PR G ANHAL Q7RIS AUARGESHTR AATIROORRh

e

30C, feeding Irst membrane-forming dope to the inner line, and passing

the.gHPROKE 11 9 tBrRH et beednalIRRHAN RIhE (RsdIR: MALYRSS:PO000LD,

membrane-forming dopes were applied and stacked onto the braid support,
thenres b AMOVAN MAgent® Bassth rough an dipgapofga ol merndi Bt enass %
resultant was made to pass through a coagulation bath kept at 75C
cortdiMidjiBethples@smidd  IMaelirsrelthy the étamiden brade9R2mmagsdopef walerviecosity
coagulate the resultant. Then, the solvent was removed therefrom with
hotfiktéirs B e fariinugeloppreat d8fiarns Wi Mthndtseerin 50,000 mg/L of

a sodium hypochlorite aqueous solution, was washed with hot water of 98C
for 15 minthe&ligkassanéthahlorrypeofivinoesbrae sisnhedriligport to
thereby obtaining the hollow porous fiber membrane. The thickness of

thE R OHERSHE RSB b hhamBaPId e Rt il d0stish g1t Wrtrerpimerlifraes
was 150 pm, the bubble point was 140 kPa, the Watergermeability was 122

m3h B BHE L LAY FURRIPABINY #2d 9P N. 5This hollow

porous fihﬁg. embrane was tested for the 2Peelin es'hc,tancle. The entire
18 QW poroys fiber mem ra{le was tested for t eﬂ;])ee n re51tstan%f:. Fhe
hollow porous fiber membrane was not peeled off from esu%por andonly a

Faagrét.getg(ﬁlgw B %Q‘%‘lﬁ%@?aﬁ?e“\? Jé]t%ea%{t] gﬁsmwomgee' ?&%&E Qsdpcgﬁ?ﬁg‘ssm

The sectional structure of t ow porous fli mbran

ohsieRegiWith R SRABNNGBLRIHRN MUGINSFORSs AFSRSR lRNRTWithan

average pore diameter of 0.2 pm 10was formed in the vicinity of the outer

surface, ardeRsilayesiiuRNHENRIRIR RYP&ous fiber membrane was observed with
a scanning electron microscope. A dense layer with an average pore diameter of 0.2 um
was formed in the vicinity of the outer surface, a dense layer with an average pore
diameter of 1.3 wm having a three-dimensional mesh structure was formed in the vicinity
of the inner surface, and an intermediate porous layer with an average pore diameter of
3.6 um was formed between both dense layers. The porous membrane layer permeated
the support 10 by about 70% of the thickness through the meshes of the support. The
porous membrane portion did not permeate the mono-filaments of the support 10. The

inner surface of the hollow porous fiber membrane was observed with a scanning

electron microscope. A part of the support was surrounded with porous membrane
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diameter of 0.8 pm having a sponge structure in which the polymer resin is
the sea was formed within 40 tun from the inner surface, and an intermediate
porous layer with an average pore diameter of 4.8 tun was formed between
both dense layers. The porous membrase layer permeated the support 10 by
about 90% of the thickness through the 15 meshes of the support. The
pd?%@?ﬁ@ﬁﬁﬁ%ﬂégﬁ%'&?&?ﬁ M6thsermEbRe I HABHBLFRAFRIEO Y Heee
support 10. The inner surface of the hollow porous fiber memprane was .
%ggctlonal

OBSBRAEIF IR SPUEA ARG BIREOR G OSEE B X HXHBIRE &S po
suraunded it parovs, membranc Rertions permesting. (nigugh g enpshes-
The porous membrane f")or?lons Were connected in Bsplra? s(hape in the fiber
axig.dIaslion ARA0IhE MPgishHAsEn DesssionalsluRiwe Rhetgrphed
by the scanning electron microscope was shown in FIG. 9, the sectional
structure iip the vicinity of the inner surface was shown in FIG. 10, and the
permeation state of the porous membrane layer into the support was shown
in F@nple §0113] 53 Example 5 A hollow porous fiber membrane was
produced in the same was as described in Example 4, except that a
membrané-fotmngadopdibbtainmtrbycagitatimduaedinbiisgn v és mradsdtilpfd in
polyvinylidenefluoride A (product name, Kynar 301F, made by ATOFINA 5
JaenRle?) ex9eBt thalss meatsuisvRTpliae deneobide® fyragiténgantbmrNingrl
9000LD, made by ATOFINA Japan K.K.) and 12 mass% of

poRATNGIRYABUEHERRR B i $BROBR N Refintet AL arde WS 0EE As
the first brane-forming dope. The viscosity of the firs mbrane-forming
BB R O HE00 B S P e RS e hoiow porous
fibgrimembrane from.the brai ort to 10 er.surface was 170 pm,
T e b T P S R B e,

and {1e.4pad:ahibe (HRIYIRG RARLWAS A/ o mm. TR PBFoHS HP&d

membrane was tested for the peeling resistance. The entire hollow porous

fibgeMembrangineg.pet pased offiromithamsipport and only a part of the
skin of the hollow porous fiber membrane was left on the packing tape.

15The seqtien@krhaisbirnOhdne W plsFQUSHRSL B eAra & was gpsered
with a scanning electron microscope. A dense layer with an average pore

digimeetesrafutra ownvess iofnad batbie pichiaobtbaruiae suitage mecdBilisewas
layer with an average pore diameter of 1.3 pm having a three-dimensional
meésh stvucthifd Ruasoforiméshiothbevigiityng et inae2 BUNace, and an
intermediate porous layer with an average pore diameter of 20 3.6 tun was
formed bélvebnllovtiratensbbeyaesbrine pesdasahémihapre lagarpennteatekhe
the support 10 by about 70% of the thickness through the meshes of the

pthatiney oFsus fheisrab@sorao Rt iREFlet pEHREatBetheP RS R SrRart

of the support 10. The inner surface of the hoIIowaorous fiber membrane

wad @ngﬁgﬁtmﬁpgog%gwgﬁber membrane was left on the packing tape.

The sectional structure of the hollow porous fiber membrane was observed with
a scanning electron microscope. A dense layer with an average pore diameter of 0.1 um
was formed in the vicinity of the outer surface, a dense layer with an average pore
diameter of 1.6 wm having a three-dimensional mesh structure was formed in the vicinity

of the inner surface, and an intermediate porous layer with an average pore diameter of
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electron microscope. A part of the support was surrounded with porous
membrane 54 portions permeating through the meshes. The porous
membrane portions were connected in a spiral shape in the fiber axis
direction on the inner surface. The sectignal structure photographed by the
scanning electron microscope was shown in FIG. 12 and the sectional

strhe iRt HETR BRYMEE RO th ARtss dTate WHRE S196wWh e miging daysfopeTapated
Example 6 A hollow porous fiber membrane was produced in the same

wakeadrpescHbRYapP & Be dyekpsstrbiongh dinmeaesor iR  The
obtained b%}j‘;@gitatingl and melting 19 mass% of po]éyn}j/in Iidfenefluoride A

(pPSLRHS AR IELY 0T PRI &RES AT BRIA™ SRR R RO The
m?&%%&“f&%‘&’%ﬂ%‘ﬁéﬁ%%‘d8rr<‘>%s"¥{£%r719e% SR N gimeiyiacetamide was
used as the second membrane-torming dope and the resultant was made to

Paeiéc%ﬁ Hgé}@s%éf;'é gazQ&frJ(Q m&ug};&\(ﬁggﬁfﬁéﬁdm&cﬁ&gm membrane

membrane-forming dope at 40C was 140,000 mPa.sec. The thickness
of tbribiallpwhRarpusHibesaemiiaee fram thedkait surperbdridaiheeuter
surface was 150 pm, the bubble point was 205 kPa, the water permeability
wasnhtbiet dm 2piiVisRapaindib € heask Bf dhe- tioptowing pobitswids2 7O0INe sectional
This hollow porous fiber membrane was tested for the peeling resistance.
Therentirephot i ploxdbis tberamengtiacieowascnocpeeied efb from HESuFpod
and only a part of the skin of the hollow porous fiber membrane was left on
thé YrekibRysespendorheuse sidiaVistiiyoréefipe Holitis Weroueibarf1GS. 16
membrane was observed with a scanning electron microscope. A dense layer
Wiﬁ‘?‘hWaverage pore diameter of 0.1 pm was formed in the vicinity of the
outer surfﬁ%cﬁ5 dense layer with an average pore diameter of 1.6 pm having
a three-dimensional mesh structure was formed in the vicinity of the inner
sugface lgl:}d an intermediate porous layer with an average pore diameter of
55 4.6 tun was formed between both dense layers. The porous membrane

layer permeaissih SRR LAY IR AL eri§Q%a:k the duckness theQuphvthe

meshes of the support. The porous membrane portion did not permeate the
menpehilapepeahthe sippeih HicThe inner surface of the hollow porous

fiber membrane was observed with a scanning

A polyester fiber (with the fineness of 84 dtex and the number of filaments of
72) was used as the yarn.  Six bobbins 22 on which 5 kg of the polyester fibers were
wound were prepared. A desktop knitting machine (with the number of knitting needles
of 12, a needle size of 16 gauge, and a circumferential diameter of a spindle of 8 mm,
made by Marui Textile Machinery Co., Ltd.) was used as the circular knitting machine 24.
The Nelson roll was used as the braid feeder 26 and the pickup device 30. A stainless
die (with an inner diameter D of 5 mm, an inner diameter d of 3.0 mm, and a length of
300 mm) having a heater was used as the heating die 28.

The polyester fibers drawn out of the six bobbins 22 were merged into a yarn 16

(with the total fineness of 504 dtex), the yarn was circularly knitted by the circular

knitting machine 24 to form a hollow braid 12, the hollow braid 12 was made to pass
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5 electron microscope. A part of the support was surrounded with porous
membrane portions permeating through the meshes. The porous membrane
portions were connected in a spiral shape in the fiber axis direction on the
inner surface. The sectional structure pggtographed by the scanning electron
microscope was shown in FIGS. 14 and 15 and the sectional structure in the
vidhinyedfthsdeanes dgridce WAL shphmaneigholie bend avapraw as the
Example 7 A support 10 formed of a hollow braid 12 was produced using

theUBARRAR P RAIEHAECE S P A AT S pRRRM Gk 1OEGT. 1 SR Spastiel ket

(with the fineness of 84 dtex and the number of filaments of 72) was used as
thEXPAMOBIY b5 %eﬁt‘ﬁ“éﬁhﬁlﬂﬁ’i}’f’%ﬁ{ B B‘Sé«%@f&}sf & Wre wound

were prepgred; & 4eskipn & %“%Q?r?ec 1S e IRMPSL of KNG nner
needles of 12, a needle size of gauge, and a circumterential diameter of a

SPiRAIROf GdPat aade.Ry Manyl Textle Machinansias bLith) wagwsediasihe

circular knitting machine 24. 20 The Nelson roll was used as the braid feeder
26-ahddhmpiekuppiemcs Wi £ PaiBirem iR AVdth@hinnetMampies R &fiath of
mm, an inner diameter d of 3 0 mm, and a length of 300 mm) having a heater
walscusetias heahabbind dien2S. The Ehgipolykstapfifens drawn, oot of the six
bobbins 22 were merged into a yarn 16 (with the total fineness of 504 dtex),
the yam viBsegirtuianhgkhittedfbynting dimouldr 280k Hittregombohitier?dotodothe a
hollow braid 12, the hollow braid 12 was made to pass 56 through the

hedgtivits Eranp sidn PdrpaatiaeHe premerd Kolow Oy die nipeliaesal g asafwzzle
support 10 on the winder 32 at a winding speed of 100 m/hr. The support 10
wa< kepft dOUsy s rRIBREtPIRtIEHERs S eéte Al isd BHRHBeISEBRSHS 92 ran

out. The outer diameter of the obtained support 10 was about 2 9 mm and
the inner he membrane-forming dope was coagulated by passing the support 10, onto

which the membrane-forming dope was applied, through the coagulation liquid (5 mass%
of N,N-dimethylacetamide and 95% of water) kept at 80°C in the first coagulation bath
46.

Then, the solvent was removed therefrom with hot water of 98°C for 1 minute,
the resultant was immersed in 50,000 mg/L of a sodium hypochlorite aqueous solution,
was washed with hot water of 98°C for 15 minutes, was dried at 110°C for 10 minutes,
and was wound, thereby obtaining the hollow porous fiber membrane.

The thickness of the hollow porous fiber membrane from the braid support to
the outer surface was 80 um, the bubble point was 45 kPa, the water permeability was 58
m*/m?*/h/MPa, and the load of the rupturing point was 250 N.

This hollow porous fiber membrane was tested for the peeling resistance. The
entire hollow porous fiber membrane was not peeled off from the support and only a part

of the skin of the hollow porous fiber membrane was left on the packing tape.
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5 diameter thereof was about 1.9 mm The number of loops 17 of the hollow
braid 12 constituting the support 10 was 12 per circumference and the
maximum passage width of the meshes 18 was about 0.3 mm. The length of
the support 10 was 12,000 m. By ejgcting membrane-forming dope (1)
from the second ejection port on the downstream side while passing the
support 18 I, %H&?iﬁ@rﬁﬁ'&ﬁfg 6’Fth‘é118Wrﬂﬁ1‘é}“ﬁBEETé“f9@2‘}€e‘ﬁfsa‘f%%?d with
membrane-forming dope (1) was applied onto the support 10.

The
BRI R T OB CC e By R AHE S S o 2 b
which the membrane-forming dope was appljed, through the coagulation
M S A i e
the first co lation b . 15Then, the solvent was removed therefrom
o B B O R, AR R UG oror

m C‘?E%&QHEMHM&ME’BSH{QH@&%%QHﬁeﬁE@%l%oW%Wﬁﬂ%%mtbfﬁﬂé WBhot

of 98C for 15 minutes, was dried at 110C for 10 minutes, and was wound,

thepebyrabtaiming thedalio phpRias ey merhrane. dhedhiskaessopt the

hollow porous fiber membrane from the braid support to 20 the outer surface
waBkdsh inrEIthe iubble point was 45 kPa, the water permeability was 58
m3/11112/h/MPa, and the load of the rupturing point was 250 N. This
hollow pofBufiber membrane was tested for the peeling resistance. The
entire hollow porous fiber membrane was not peeled off from the support and
orfiyx P& Bof the skin of the hollow porous fiber membrane was left on the
packing tape. 57 The sectional structure of the hollow porous fiber

membrané WAL BEKENVR H A EEARNTHY BIEUFEH MiBFoaapE A ERSE S &

with an average pore diameter of 0.2 pm was f rmeﬁ' the vicinity of th
g kA b ottt e e St

atr’é%%ejff?lol%a‘éf&a@%rﬁe?$r¥aht%e”s‘h%§i&frsfot£‘£§’s‘é9Hq}&?% fig ?Sel‘i’rﬁe”&?tﬁ RRQIE®

The porous membrane portion did not'permeate the most mono-filaments of
the syrppert 10. The sectional structure photographed by the scanning
electron microscope was shown in FIG 18. [0116] Example 8 10A hollow

porous fibpisnambeans s aIod yersLitihe semewayras BRIt  pPort to
the outer surface was 200 wm, the bubble point was 50 kPa, the water permeability was
45 m*/m*/h/MPa, and the load of the rupturing point was 200 N.

This hollow porous fiber membrane was tested for the peeling resistance. The
entire hollow porous fiber membrane was peeled off from the support and was left on the
packing tape.

The sectional structure of the hollow porous fiber membrane was observed with
a scanning electron microscope. A dense layer with an average pore diameter of 0.2 um
was formed in the vicinity of the outer surface. The porous membrane layer permeated
the support 10 by about 30% of the thickness through the meshes of the support. The
porous membrane portion did not permeate the most mono-filaments of the support 10.

The inner surface of the hollow porous fiber membrane was observed with a scanning
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Example 7, except that the support 10 was immersed in a 30% aqueous
solution of glycerin in advance before the support 10 passes through the
pipeline of the annular nozzle 42. The thickness of the hollow porous
fiber membrane from the braid support §3 15the outer surface was 200 pm,
the bubble point was 50 kPa, the water permeability was 45 m3/m2/hiMPa,
arfde TRl ereAREru ﬂfﬁ‘?i?fﬁ’ﬂ?ﬁn‘t’%&é’@@g qynded WFWiéhﬁcBﬁ’éwsp‘BF&Po‘aﬁ‘Ber

membrane was tested for the peeling resistance. The entire hollow porou
FORPHRBRBINS (AL GHBRSH SRS SUUBOTE AR VLA SH R SRR
tape: 20The.sselonalsuctye.of e, hallgwspoygus fioer membrane was
observed with a scanning electron microscope. A dense layer with an

average gﬁqqﬁiameter of 0.2 pm was formed in the vicinity of the outer
surface. The porous membrane layer permeated the support 10 by about

3Q%:apdheithicknass through the meshes of the support. The porous
membrane portion did not permeate the most mono-filaments of the support

10. 25 Tha hunemspifacerivkiie:hbolaw paspusifiber imebiane wvas obsebaddn
with a scanning 58 electron microscope. The support was not surrounded
witixdhwlpdrausepiehabraiody poetiondtiankitieetentgle-saped trwd srexipeSedieTitse
sectional structure photographed by the scanning electron microscope was
shielhder s 3092¢diampnsC Hhipakasiveas ¥aaa giche suppRrhollow porous fiber
membrane was produced in the same way as described in Example 1, except

that a poly&Ste i dHImRFA RSN K RRTEES BRETP (ARG i Vi > fopgym the

decitex 830/96tﬁgam?nts, ]b6 sttrlo&trensé)‘vy}?stus d as tfhtﬁ su&gort. Th]ga out?r 1
didMeterGithe Hafiow' porfoas meMbrane T WiS a8out 280 i the o kfer

ciamelgr neseolas about 12 e ickness ghihe pprous membrane,

layer 11 was abou in averag bble po a, an

thgv%{}(a}t@f l%e/rrgaﬁﬁp#i%g was 107 m3/m2/h/MPa. The peeling resistance of
the hollow porous fiber membrane was tested. All of the second layer and the

layers subgRqeh §2406.32CORthiaYSToRf TBRMCHRY RFMISAREL tested.  All of

the second layer and the layers subsequent to the second layer of the hollow porous fiber
membrane were peeled off from the first layer and were left on the packing tape. The
same test was performed on the first layer of the hollow porous fiber membrane. The
entire first layer was peeled off from the support and was left on the packing tape.

The sectional structure of the hollow porous fiber membrane was observed with
a scanning electron microscope. The porous membrane layer permeated the support 10
by about 100% of the thickness through the meshes of the support. The porous
membrane portion did not permeate the most mono-filaments of the support 10. The
inner surface of the hollow porous fiber membrane was observed with a scanning
electron microscope. A part of the porous membrane layer was thinly adhered to the
inner surface of the support, but neither surrounded the support nor was connected in the

fiber axis direction.



10

15

20

25

15 membrane were peeled off from the first layer and were left on the
packing tape. The same test was performed on the first layer of the hollow
porous fiber membrane. The entire first layer was peeled off from the support
and was left on the packing tape. The sectional structure of the hollow
porous fiber membrane was observed with a scanning electron microscope.
The porous membrane layer permeated the support 10 20 by about 100% of
th ig‘ﬁc rou h the meshes of the support. The porous membrane
oirf ‘;:YQP bate the most mono-filaments of the support 10. The
inner surfzqﬁ f the hollow porous fiber membrane was observed with a
scanning electron microscope. A part of the porous membrane layer was

thinly adhefedq ia e ROR" RUHRSEQIRE PRI ANERGINERSHY EBHM?qs@?Pas

support nor was connected in the 25fiber axis direction. 59 Industrial

ApplicaBibinlOhb8hd henedion ARGl sunemRRe AGeaiRgtRI RS IREBHON

can be suitably used as 5a filtration membrane in water treatment such as
micro-filtrsiiar aiegoidia-fitatiofiber meDbiageth®predus fiallghwfd@entioned
membrane produced by the above-mentioned process is a one-body porous
membrarnie hendrigdy einfory cgisuppbay augdh hasfarsitrg sty@inandich asderse:
layer is disposed in the vicinity of the outer surface of the membrane material,
arfirighised Asashlayendtgieesefiichanicndbeof ianatsr ieisa st shonerdne

10 inner surface is formed, and a dense layer is then disposed in the V|C|n|ty
of TRéTiet srfRss, ‘%ﬁéhd%dg%"il}ﬁf\‘}v%@li RERTBFERE TR S I the

produced ndh sed%elle’faodsepa atlonc ar erlstc ater erm biljt and

CNSC. I’ IS VlC
mec |ca treng es I’Ip erence %ym 61

HQU%QGV%[F%&%Q §01Y|0 Ml%g‘%l%brane can be simply produced and has excellent

separation characteristic, water permeability, and mechanical strength.

Brief Description of the Reference Symbols
[0119]
1: HOLLOW POROUS MEMBRANE
10: SUPPORT
11: POROUS MEMBRANE LAYER
12: HOLLOW BRAID

14: HOLLOW KNITTED BRAID

16: YARN
17: LOOP
18: MESH

20: SUPPORT PRODUCING APPARATUS

22: BOBBIN
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10: SUPPORT 11: POROUS MEMBRANE LAYER 12: HOLLOW BRAID
2014: HOLLOW KNITTED BRAID 16: YARN 17: LOOP 18: MESH 20:
SUPPORT PRODUCING APPARATUS 2522: BOBBIN 60 24: CIRCULAR
KNITTING MACHINE 26: BRAID FEED§gR 27: DANCER ROLL 28:
HEATING DIE 530: PICKUP DEVICE 32: WINDER

24:

26:

27:

28:

30:

32:

40:

42:

44

46:

48:

50:

52:

54

56:

58:

CIRCULAR KNITTING MACHINE

BRAID FEEDER

DANCER ROLL

HEATING DIE

PICKUP DEVICE

WINDER

HOLLOW POROUS MEMBRANE PRODUCING APPARATUS

ANNULAR NOZZLE

DOPE FEEDER

COAGULATION BATH

GUIDE ROLL

HOLLOW POROUS MEMBRANE PRECURSOR

ANNULAR NOZZLE

DOPE FEEDER

COAGULATION BATH

GUIDE ROLL
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40: HOLLOW POROUS MEMBRANE PRODUCING APPARATUS 42:
ANNULAR NOZZLE 44: DOPE FEEDER 1046: COAGULATION BATH 48:
GUIDE ROLL 50: HOLLOW POROUS MEMBRANE PRECURSOR 52:
ANNULAR NOZZLE 54: DOPE FEEDER 1556: COAGULATION BATH 58:
GUIDE ROLL 61 CLAIMS 1. A hollow porous membrane comprising a
porous membrane layer in which deftdeNYers are disposed in the vicinities of
an outer surface and an inner surface. 2. The hollow porous membrane
according to claim 1, wherein an intermediate porous layer having a

maximum porghdolﬁl(r)gyetegd%(s)rrylon IS dlsgosed between the dense | a&er in the

vicinity of ]the outer surtace anc lfwrgn ense lilasi/régre}r? ‘the vicini yr% G Effwlnne\?mmh

SUGACE ayets JASHIPIQY RIS MEMRIANFARFANNG IE AT fer WRELEIN the

average pore diameter of the dense layers in the range of 0.01 to 2 tun and
the average pore diameter of the intermediate porous layer is in the range of

2 to 8 pm. 154. The hollow porous membrane according to claim 1, wherein
the thicknessTHethel porpus menbtane kyerdmequdahim or asscinan 2@ pediate

porous layer having a maximum pore-diameter portion is disposed between the dense
layer in the vicinity of the outer surface and the dense layer in the vicinity of the inner

surface.

3. The hollow porous membrane according to claim 2, wherein the average
pore diameter of the dense layers in the range of 0.01 to 2 um and the average pore

diameter of the intermediate porous layer is in the range of 2 to 8 um.

4. The hollow porous membrane according to claim 1, wherein the thickness

of the porous membrane layer is equal to or less than 200 pm.

5. The hollow porous membrane according to claim 1, wherein the dense layer
in the vicinity of the inner surface is located at a position less than 50 pum from the inner

surface.

6. The hollow porous membrane according to claim 1, wherein the porous

membrane layer is disposed on a hollow support.
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5. The hollow porous membrane according to claim 1, wherein the dense
layer in the vicinity of the inner surface is located at a position less than 50

tun from the inner 20surface. 6. The hollow porous membrane according
to claim 1, wherein the porous membragg layer is disposed on a hollow
support. 62 7. The hollow porous membrane according to claim 6,
wherein tHe sﬁ'b“p%‘?%lf’é"d’ﬁ'i%ﬂél membrang aqgQsdipg IBWI%‘F&M heesindhsgrrapport is a
according to claim 7, wherein the support is a 5hollow braid obtained by

cirdt rly knitting a yam formed of multi-filaments. 9. The hollow porous
membrane according to claim 7, wherein the porous membrane layer
permeates the support through meshes of the support by 50% or more of the

thickness of the SHRRAMoFBus mentifadd Ve RRURY BUIGHS MG RRANGAGSRIHAG,

to claim 6, wherein the dense layer in the vicinity of the inner surface is

logatesaka Positiaruls ssitban ROt fomy iheronten sudace ohtha.gupport.

1511. A hollow porous membrane comprising a hollow support and a porous
membrane layer disposed on the outer circumferential surface of the support,
wherein the support is a hollow braid obtained by circularly knitting a yam
formed ofdmulthéilarientpo204 heTiheahoowrgmpwschienib relmecac derpinguto
claim 11, wherein the porous membrane layer permeates the support through
méstey prthecspeportiey tiossrperhbreushtis e RhEss v Bupp6rer 1®re of

The hollow porous membrane according to claim 9 or 12, wherein the
the thickness of the support.

10. The hollow porous membrane according to claim 6, wherein the dense
layer in the vicinity of the inner surface is located at a position less than 50 um from the

outer surface of the support.

11. A hollow porous membrane comprising a hollow support and a porous
membrane layer disposed on the outer circumferential surface of the support, wherein the
support is a hollow braid obtained by circularly knitting a yarn formed of

multi-filaments.

12.  The hollow porous membrane according to claim 11, wherein the porous
membrane layer permeates the support through meshes of the support by 50% or more of

the thickness of the support.

13.  The hollow porous membrane according to claim 9 or 12, wherein the

porous membrane layer permeates the support through meshes of the support by 50% or
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63 more and less than 100% of the thickness of the support and a part of the
support is covered with the porous membrane layer. 14. The hollow
porous membrane according to claim 9 or 12, wherein a 5 portion not
permeated by the porous membrane laggr exists among monofilaments of
the support. 15. The hollow porous membrane according to claim 12,
w@@ﬁ%&ﬁd%ﬂé?ﬂ@ﬁﬁ?%@ﬂ%ﬁ%&ﬁ/@ﬁﬁﬁpﬁ%%ﬁ‘%?ﬂ??é”‘éﬁ R AYSs in
the fiber axis direction on the 10inner surface side of the support. 16.
Thcé)‘f%%\yvvlgb ROTREHAISTRRE K @FHing to claim 15, wherein the porous
membrane layer covering a part of the support extends in a spiral shape in
the fiber axis direction on the inner surface side of the support. 15 17.

The hollow,porgiis,BiRMNEDE ACSRFRINY 22 GRRR & Clairk M¥PE5DHGER o 18

multi-filaments are a mixture of two or more different types of fiber.

A psassseRbaasieing anbolbewacaitsmembranaWheieinRmeiasR mOof the
membrane layer is formed by applying a membrane-forming dope containing

a sgpeial of the porous membrane layer and a solvent to the outer
circumferential surface of a hollow support and coagulating the applied dope,
and a hollow braid obtained by circularly knitting a yam formed of
multi-filaments is used as the support. 64 or 11, wherein membrane-forming
dopes of a¥irsiThscipbpaniarmneg Baepe waerdpcond mempReranfgiepgus
dope are successively applied and stacked onto the outer circumferential
SUFIEREBRAINGH SR Stippd Rk A L hSHRB e i B UERE TR Y TP Rren the

ap.glied membr, ne-f%rmin dopes are simultaneously coagulated. 5
inner surface side of the sup ort.

16. The hollow porous membrane according to claim 15, wherein the porous
membrane layer covering a part of the support extends in a spiral shape in the fiber axis

direction on the inner surface side of the support.

17.  The hollow porous membrane according to claim 8§ or 11, wherein the

multi-filaments are a mixture of two or more different types of fiber.

18. A process of producing a hollow porous membrane, wherein a porous
membrane layer is formed by applying a membrane-forming dope containing a material
of the porous membrane layer and a solvent to the outer circumferential surface of a
hollow support and coagulating the applied dope, and a hollow braid obtained by

circularly knitting a yarn formed of multi-filaments is used as the support.

19. A process of producing the hollow porous membrane according to claim 1
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20. The process according to claim 19, wherein the membrane-forming
dopes contain a polymer resin, an additive, and an organic solvent. 21.
The process according to claim 19, wherein the first membrane-forming 10
dope having a high viscosity is first apphgd onto the outer circumferential
surface of the hollow supggrt and the second membrane-forming dope

ha‘?ﬁﬁé’ & Wii}iglf‘é%li’lfﬁr}%‘ Bﬁ%%idé’ﬁf‘é he Qﬁbﬂé'ﬂ“@%?‘gfffﬂjé‘%iijé’&’e and a second
membrane-formjng dope. 22. The process according to claim 21,
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m%{rncpﬂn ofe f%’éﬁ“s'ﬂ'gagé’ BF allgdomg\rx]/'support through the use of an annular nozzle and the

applied membrane-forming dopes are simultaneously coagulated.

20. The process according to claim 19, wherein the membrane-forming dopes

contain a polymer resin, an additive, and an organic solvent.

21. The process according to claim 19, wherein the first membrane-forming
dope having a high viscosity is first applied onto the outer circumferential surface of the
hollow support and the second membrane-forming dope having a low viscosity is applied

onto the applied layer of the first membrane-forming dope.

22. The process according to claim 21, wherein the concentration of the

polymer resin contained in the first membrane-forming dope is high.





