| DESCRIPTION Title of the Invention 5 HOLLOW POROUS MEMBRANE AND PROCESS
FOR PRODUCI NG THE SAME Technical Field [0001] The present invention relates
to a holl ow porous nenbrane which is a 10mcro-filtration nenbrane or
ultra-filtration nmenbrane and which is suitable for water treatnent and a

process of producing the holl ow porous henbr ane. Priority is clained
on Japanese Patent Application NOD%Q@&H*@%) 4, filed on May 21, 2008, the
content of which is incorporated hérern b ference. 15 Background Art

[ 0002] Recently, with an increase in interest in environnmental

contam nation and reinforcenment of the regulation thereof, water treatnent
enpl oyi ng a nenbrane nethod using a filtration nenbrane excellent in

conpl et eness of separation or cotitget theslsverd®n20at tracted attenti on. For
use in water treatnent, a filtration nenbrane requires excellent separation
characteristic or water perneability and hi gh nmechani cal strength. [0003]

5 HOLLOW POROUS MEMBRANE AND PROCESS FOR PRODUCING THE SAME

Technical Field
[0001]
Thé present invention relates to a hollow porous membrane which is a
10 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.

15 Background Art

[0002]

Recently, with an increase in interest in environmental contamination and
reinforcement of the regulation thereof, water treatment employing a membrane metﬁod
using a filtration membrane excellent in completeness of separation or compactness has

20 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

25 method were known as the filtration membrane excellent in water permeability. Such



In the past, filtration nenbranes forned of pol ysul fone, polyacrylonitrile,
cel lul ose acetate, polyvinylidenefluoride, and the |like using a wet or
dry-wet spinning 25net hod were known as the filtration nmenbrane excell ent
in water perneability. Such 2 filtration nenbranes have a hi gh-porosity
and asymetric structure through m crophase-separating a pol ymer sol ution

and coagul.ati.ng th ol ymer solution in a non-solvent. [0004] 5Anong the
mat eri al Shgpnpﬁglepﬁr eﬁ%{‘%%a ﬁ’@hiﬂpﬁcﬁété’,angia?wém?% SHYFYAA Hipuehenef | uori de
resin is excellent in chem cal resistance and heat resistance, it is

sui tabl y Bé@ephase-peparating@modymertsolution sad seacuinting the pelpmer-kohesicerin at he
filtration nmenbranes fornmed of a pol yvinylidenefluoride hollow fiber

menbr ane hewvsalgenibeen proposed so far have a problemin that one of
separation characteristic, water 10 perneability, and nechanical strength

is not satisfacoos) and a process of producing the filtration menbrane
satisfying all the characteristics is conplicated. [0005] A porous nenbrane

[0 whigh a hol | @ioht fdndis A0TPE GGG RSB - Por meabl e por ous

menbrane to enhance”the nechani cal stren as’been proposed 15 (Patent

Docunent . ve sych .a.poroys menbrane has a problemin that, the

wat er per@%?ﬁfyﬁeye{l%%}%&smésp qxgﬁﬁ%g&a%gupaﬁr ﬁ%eﬁggﬁtﬁ?séstWW%ﬁch t he
braid is conpl ete ysntguri ed in_the sem -perneabl e porous nenbrane and the
por ous rre%‘igglﬂfélsffie? g esderiph of 2 peraBTionanemirgne. | dbowivepdioniitntotontrary, a
separation nmenbrane has been proposed in which a hollow knitted braid is
used as amsuproes foamdd af ppelyumylieerisflamedd lsolfoor fibet mombrhse Savif@b@nt her eof to
enhance both the nechanical strength and the water perneability (Patent

tDﬁg unent ﬁbpodddwY@Mvéwgfbb@erﬂ@i if@%rﬁﬂif%@?a:mwﬂ@ﬁcﬁva%ﬁm emin that
por ous nenbrane can be easily peeled fromthe braid because the porous
Menbrigne pe¥meability, and mechanical strength is not satisfactory and a process of producing the
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
15 (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 poréus membrane
permeates most monofilaments.
[0006]
20 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

25  disposed on only the surface of the braid,  Since large macro voids exist in a membrane



25di sposed on only the surface of the braid. Since |arge nmacro voi ds exi st
in a nmenbrane 3 structure, there is a problemin that the separation
characteristic easily deteriorates due to damage of external causes on the
outer surface of the nenbrane. [0007] The hol |l ow braid used as the support
is generally produced by a braiding 5 machi ne. The br ai di ng machi ne

pr oduces i .dr aw ou ms_from plural bobbins .di sposed. upri ght
n a1 Aot i) B 3t bt AR S R et RlpaeReseelR 4SRRI g e

posi tional, rel atfj ons of the yarns in a predeterm ned pattern by noving the
bobbi ns afBREESL ax@aréﬁswwa%w syHacanihemsmdsmiced by the brai di ng
machi ne and the hol | ow porous nenbrane using the braid as a support has the
fol | owi ng probl B¥87] 10[ 0008] Probl em 1 Si nce the bobbins segmenting
the yarns into small groups nove in a conplex way, the braiding speed of

the braiding nmafhi ndlovwsblaivusedas teduppbyis dehetly bfodae@Pbeabiaiiihpat the
productivity of the support is |ow. Wien the productivity is |ow, the cost

of 15 3§ henSUPRET t ThWhERAREAacHiRESBRYCS %%&iFg,ngﬁ&igg ggﬁgﬁnéz&mﬁ%rapf the

hol | ow por ous nmenbrane using the support. raiding

speed of : [Wel] hine 4s |lower by one or, nore digits than 20 the
product i O%@é@%ﬁ@%@?%&Pp%ﬂ%gw&mﬁ%ﬁtg%@ X Bg&?eﬁ&"ﬁ’ a‘Wgny brai di ng
machi nes are regﬁi red.fo[){?iauppl y#g}g{ supports necessary for continuously

pr oduci ng“AHEMEINT B HBRLIFLUPBRBE AR AARR A& PEosEteyRsd Rty Ine ving et he

brai ding machine runs out, it is necessary to stop the braiding machi ne and
to carry bRRbigs alenan predettmyneppatht | She brashpradusediyabe bmitingmatihiee hebbi n,
incorporation o f a newyarn into the braid, and cutting out 25 ends of
yarns pr otheldilog porasmidnbrany fgethefbrdibes beaipdrihas tiefollbwtip problefns mes  of

t he
10 [0008]
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
15 the support increases, thereby causing an increase in cost of the hollow porous membrane
using the support.
{00097
Problem 2
The braiding speed of the braiding machine is lower by one or more digits than
20 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

25 ends of yams protruding from the surface of the braid by the number of times of the



4 nunber of bobbins (the nunber of strokes of yans)xthe nunber of braiding
machi nes. Due to this conpl ex operation, the cost of support increases,

t hereby causing an increase in the cost of the holl ow porous nenbrane using
t he support. [0010] 5 Problem 3 To obtain satisfactory adhesive
property of the porous nenbrane |ayer to the support, it is necessary to
cause a part. of e .porous nenbrane | ayer to satisfactorily perneate the

i nsi de of 'éef&é%%mes_ {t%%‘{}@r,"f\ﬁ]’i‘é‘ff?s é(ali‘i‘ﬁ)é(ﬂéﬁ’sm%?bqrﬁég@f* hgmaghigesgense or
t he spaces between the nonofilanments constituting the yarns are dense, a 10
menbr ane- Poe ti thiy cdopdexcepersionstieics ftadsuppdryinpreasmahercbh eausbptmmsnarasei ber s

of the support when form ng the porous nenbrane | ayer and thus the porous

merbr ane inajietost 61 Bagbllywpoahsdnantirad udihethewppsvrt,. [0011] On the ot her
hand, a conposite hollow fiber nmenbrane w thout a defective 15 portion of
10 pmor nore H@@l een proposed (Patent Docunent 3), which is obtained by
appl ying a spinning dope including hydrophilic polynmer as a non-solvent to
a reiq{orgggﬁnpgterial of a tubular knitted fabric in order to inprove the
separdtion characteristic. However, since the hollow fiber nmenbrane has a
dense | ayer, whjch affects the separation characteristic, aonly in the
vicinity of thel®RRtaR saiiyaciery a@E"eﬁ‘\é“o@fPP?rﬁé?féhF BOLQUS DHBIANSHYEE ta gt t he
separation characteristic due to damage of external causes on the outer
surface eawppby. itistrecessarstie saussiapey of e propusotmbrane laycawdetsfadotilye spi nni ng
dope, the spinning dope easily gels and the stability of the production

process dgireichtotias i@side SF theeupiet. halidwsvek,ivies thenmesiaref eRPraus aleligndeubul ar
knitted fabric as the reinforcing material to enhance the mechani cal

strength Bube bheePeaiBal oM HbRlANE GhstiEnPONARL A2abgsin menbrane | nto

the reinforcing material is set to be Iess than"30% i ckness of

10 membrane-forming dope cannot satisfactorily permeate the meshes or fibers of the
support when forming the porous membrane 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

15 portion of 10 pm 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 separaiion 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

20 problem in that the separation charactleristic 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

25 resin membrane into the reinforcing material is set to be less than 30% of the thickness of



5 the reinforcing material to maintain the water perneability while

enhanci ng the nechani cal strength, there is a problemin that the strength
and the water perneability are not satisfactorily consistent in view of the
peel i ng resistance of the polyner resin nenbrane fromthe reinforcing

mat eri al . 5[0012] On the contrar-‘iy a conposite porous nenbrane has
been prop at ent ument which is difficult to peel out of
a support “%%F’EH npageq é‘?%’?ﬁ’ttf’cmﬁt? ‘F‘Wér E%WE@‘é‘l%’nW][“ILFe“@G{“‘é?g 8%r f ace t her eof
and has excel |l ent stability in separation characteristic by providing two
dense | ay®&rshaniqahetvangth, shene s apreblgorioibatfiehtirengé and teevphiey permeability are

menbr ane-form ng processes to formtwo dense |ayers, the two | ayers may not
be conpl ehel sptiffactorly donsisteboidywiew of theipeclbasesisangadf thayolbecgangr at ed
between the layers and thus the outer layer nay be easily peeled or danaged
or def ect h¢mrppkttdn thedbinkdiBink 3YRE$a1MBY comuni cate with each other through
the gap, thereby causing the deterioration in separation characteristics.
There ¢s a prob[: %Ergn that the two layers may 15 not be conpletely forned
in a body to nu n the water perneability and the water permeability and
t he peeling resjstance are not consistent. ‘g‘ d of causjng a

menbr ane- f or ni Q 1 ) OLEH: (PP e RAT U5 TRERPRAE PasPesR PERpO atept per neat e
important portions of a braid is enployed to inprove the peeling resistance
bet ween t Recwagsdrandanavink isbfsull trpadiroahel 4 suppert apdwdidris resistartkstheet hod,

t he adhesi ve portion, serving 20as a peeling-resi stance agent, between the
por ous nedbnageen thy euteamﬂfatch ¢heseoiaad has exceliényt sabflitpén epa@tisn por ti on
perneating the fiber of the braid, this porous portion is fornmed of polyner

with a | oweanGRat vo?tpk@ﬁdlhg tw@uais@lﬁyetr@e W@Jer,gﬁ{cemdrbﬁéfmerﬁﬂﬁné he

peel i ng resistance can be Inproved, but there i's still a problemwth the
Tebr ane.- ?@%&%@%@%@ﬁ’z@% f?éalﬁé%g%% B3 SRHAR i@é%%aﬁsrg bR g ng
DO et PRl Sirriaa i B o il a o b B Bt bRt @ S© 2

layers and thus the outer layer may be easily peeled or damaged or defective portions of
the layers may communicate with each other through the gap, thereby causing the
deterioration in separation characteristics. There is a problem in that the two layers may
15 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
20 asa 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 Jow 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

25 two times of membrane-forming processes are employed, the production time is long and



Pat ent Docunents [0013] [Patent Docunent 1] 5Publication Sho.53-132478

[ Pat ent Docunent 2] [Patent Docunment 3] 2003-225542 [ Pat ent
Docunent 4] 10[ Patent Docunment 5] Summary of Invention Problens to be

Sol ved by the Invention [0014] 15An advantage of sone aspects of the
invention is that it provides a hol | ow®orous menbrane with a reduced cost
and excel l.ent. sgBar at.i.on cig%%ateri stic, water perneability, and nechani cal

strengt h HI5EF 5 2f5P guadew BFH0E ©F% hol | ow porous menbrane with an

excel | ent _adhesi ve property between a support and a porous nenbrane | ayer
at a | ow Esnt Dogymeslins for Sol ving the Probl em

[0013]
[Patent Document 1] Japanese Unexamined Patent Application, First
5  Publication 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 Patent Application No. 2006-68710

10 [Patent Document 5] International Publication W02004/043579

Summary of Invention
Problems to be Solved by the Invention
[0014]

15 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.

20
Means for Solving the Problem

[0015]
According to an aspect of the inveﬁtion, there is provided a hollow porous
membrane including a porous membrane layer in which dense layers are disposed in the

25  vicinities of an outer surface and an inner surface.



[ 0015] According to an aspect of the invention, there is provided
a hol | ow porous nenbrane including a porous nenbrane |ayer in which dense

| ayers are disposed in the 25vicinities of an outer surface and an inner
surface. 7 Accordi ng to anot her aspect of the invention, there is
provi ded a process of producing the hol1ow porous nenbrane, in-which

menbr ane-form ng dopes . of first nbr.ane-.f orm ng dope, and a second

menbr ane- f or mi ngc‘E%%@g e %n‘g}iﬁfﬁ(?é%escf gg'ihﬁ ’%WFIP%&H]%fﬁgG %“Pg’éiﬁ‘ga PEHES ehe out er
circunferential surface of a hol]ow support through the use of 5 an annul ar
nozzl e anBrodheng s hodlgwoiesanembisne ingvhddpasmbrase Jpiming dapesinflayfirst

coagul at ed. According to another aspect of the invention, there is
provi ded melnbrdnoviopomgusperemba savend nembtanegfoaming dopwasaymparstivelydippli@br ous
menbrane | ayer di sposed on the outer circunferential surface of the
support, whbsteiked bhi® thelBRer sirdusafereRBAll Vb & LhdlROPHRHBR thiBYalcinb Gt 8F | Y
knitting a yarn fornmed of multi-filanents. According to anot her

te of . . i i : : [ hol |
o et mesbRERLEYGRL Aok oAU e pcEe huBhal 9 . 1ol o

menbr ane-forrq negi dope containing a material of the porous nenbrane | ayer
and a sol VE#'%%" the outer circunferential surface of a hol | ow support and
coagul ating the 15 applied dope, and_a holl ow braid obtained by circularly
knitting a yar nAferéRa toanaikaraspact phhe dpvention, jhee isprovided 8 bplhow poramsf ect s
of the Invention [0016] 20The hol | ow porous nmenbrane according to the
above- menticowenhcaspeding ahsllowdupeat imi cpstuamdmbrane ldyentispesed epalieat i on
characteristic, water perneability, and mechanical strength. In

the procesgenfirdaheteiil GudadtQl ity RpPbAUFhIRTIRESRGPIRGOE Hbley biaid he
above-nenti oned aspects, it is possible to producé a holl ow porous nenbrane

havi ngh anei@gngx Bkl PURRRIe Py B ARIING M@ uPPOT T and a por ous

menbr ane ? ayer a
According to another aspect of the 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
15 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]

20 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

25 excellent adhesive property between a support and a porous membrane layer at a low



8 cost. Brief Description of the Drawings [0017] 5FIG 1 is a sectional view

schematically illustrating a holl ow porous nenbrane according to the
invention. FIG2 is a side viewillustrating a support fonned of a holl ow
braid. FIG 3 is a side viewillustrating an exanple of a known hol | ow
braid. FIG4 is a di agramillustratinggthe structure of a hollow braid.
10FIG 5 igo?n enlarged view illustrating nmeshes of the holl ow braid.

FIG 6 is "B di agram schematically illustrating the configuration of a
support produci ng appar at us. FIG 7 is a diagram schematically
illustrating the configuration of a support produci ng apparatus. 15FIG 8
is a diagram schematically illustrating the configuration of a holl ow

porous neRbebRescppoetuci thg Dapwigat us. FIG 9 is a schematic sectional view
illustrating an exanple of a holl ow porous nenbrane according to the
i nvention. [0017]

5 FIG. 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 diagram illustrating the structure of a hollow braid.
10 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.
15 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
20 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.

25 FIG. 13 is a schematic sectional view illustrating an example of a hollow porous



FIG 10 is a schematic sectional viewillustrating an exanple of a holl ow
porous 20menbrane according to the invention. FIG 11l is a schematic
sectional view illustrating an exanple of a holl ow porous nenbrane
according to the invention. FIG 12 is a schematic sectional view
illustrating an exanple of a hollow porbus nmenbrane according to the

i nvention |G 13 js a schematic sectional viewillustrating an exanple
of a holl W‘%é%cor IngdRheRESH P8 or di ng to the invention. FIG 14
is a schematic sectional view illustrating an exanple of a holl ow porous
menbr ane accor dFig 14 ¢s a prheinatie sotional @%ilgﬁﬁﬁfsﬂ&w’s@ﬁm ploa kadbow perahs vi ew
illustrating an exanple of a holl ow porous 5nmenbrane according to the

i nvent i onmembrane ackdrdinkBoitlse iavaaioamati ¢ sectional view illustrating an
exanpl e of a holl ow porous nenbrane according to the invention. FI G

17 is a schemat g3 9664 4 Wahnavit @éf&tlbhémévmusﬂguﬁga@éémﬂz@om h&id%%ér% por ous
menbr ane according to the invention. a schematic sectional view

T ustgat ing 2 S8Rl 8 thPnlalicRY por 0”5

FIG. 16 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention.
FIG. 17 is a schematic sectional view illustrating an example of a hollow porous
membrane according to the invention,
10 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
15 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
20 [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 um.

25 By setting the thickness to be equal to or less than 200 pm, permeation resistance is



menbrane according to the invention. FIG 19 is a schematic sectional

view illustrating an exanple of a holl ow porous nenbrane according to the
invention. FIG 20 is a schematic sectional view illustrating an exanpl e of
a hol | ow porous 15nenbrane according to the invention. FIG 21 is a
schematic sectional viewillustrating dA exanple of a hollow porous

menbr ane ac gtot I nventjon nbodl nts of the nventlon 20[ 0018]
Her ei naf t & ucgﬁ%%qgépvng%%aqg%pg t‘bPE f”aE?ﬁPWIanL dscri bed.

[ 0019] The thickness of a porous nenbrane Iayer constituti ng a hol | ow
porous  Ccoagwation dimee i cheotiwe nfivmingibe paroas tieorbring Ipyesfisinglol y set to be
equal to or less than 200 m 25By setting the thickness to be equal to or

| ess t hanu2fibrane-foanimgatope whidsk atpahieeerirssin dduti@dtiedd reducedgnakssdne
separation to obtain excellent water perneability, the coagulation tinme at

the time @defé&lwwﬂmhmae%%ﬁ%m{%«%@ﬁsﬁes@/@ﬁd $eipRGRHTRR %ﬁ&qregpr m ng dope

which is a polyner resin solution can be reduced macr o v0|ds ( ef ective
porti 0513) "Iﬁgﬂuagnegsflfs?ﬁ:c}ré \ﬁ%félragl pgtrt%%se%gmaﬁo or fe SR ?9(5'&}11' vity is excellent.

The thickness of the porous membrane layer constituting the hollow porous
membrane according to the invention is preferably set to be equal to or more than 100
pum. By setting the thickness to be equal to or more than 100 um, it is possible to obtain
mechanical strength causing no practical problem. However, a case where the outer

10 diameter of the membrane is small is exceptional, because the mechanical strength can be
maintained even with a thickness of less than 100 um.

[0020]

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

15 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,

ro021]

20 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.



5The thickness is nore preferably set to be equal to or less than 150 pm
The thickness of the porous nenbrane | ayer constituting the holl ow porous
menbrane according to the invention is preferably set to be equal to or
nore than 100 pm By setting the thickness to be equal to or nore than 100
pm it is possible to obtain mechanicalllstrength causing no practical

probl em Howeve a,case 2re the.outer, 10 di aneter of .t rane is
small is except :’rgrt%k? E‘% *H@aﬂ%%ﬂ%fﬁﬁrggpc%ﬁ‘éﬁﬁﬁp@%g@%% ai ned
even with a thickness of |ess than 100 g.n]_[OOZ%% The porous

mermbr ane [24§rage paie dipmeierod eedansg/ ayer infhe weinjiyoif the ouser syffagthis intheenngur f ace
and the inner surface, respectively. That is, in the hollow porous nenbrane
15 accor diofi§.0t @0 1§ luen.i nventi on, even when the dense layer in the vicinity of
the outer surface is damaged, it is possible to prevent the deterioration

| n separation chigragk 8l hehIABKSrBalille HANS SvdiBdR inkflaldi WGl NI LY Of

the inner surface, thereby providing stable separation pertormance and hi gh
durabi ki t -00211. 20Her e, the .dense | ayer nmeans a region.in ich fine
or o5, i ¢ KL EHSTIEE I r o Sy EREE Bre S PR PP eSS gt ane
layer. In the invention, it is preferable that the average pore diameter of
t he dense theagepity ef the anes sprigrgds prefealy in thexange f . Qlgerimortich isaresitrer
perneability and the separation perfornmance of the holl ow porous nmenbrane

to be congiastteniveragklpore diametefof theklensaiaberaf thchdciapaf sieioRter peificel arance, it
is nore preferable that the average pore dianeter of the dense layer in the

vicinit | I i j range of 0.01 to 1 m To nake nuch
y @ford g%f&%lg.lrll?‘{é ;&g%gbf@?l 1o 5 gﬁl. g

of the water r meabi to avol d the increase in water 5perneation
resi stance in tﬁ{% nbrane, the average pore dianeter of the dense layer in
the vicinity of té! i nner surface is preferably in the range of 0.05 to 2 m
which is greater than the average pore dianeter of the dense layer in the

vici ntfy of thelnglhie évestien dkasthicknessipd the danes yaiis praferablydn thergagasf 1@ 1 t o
Lemd 0?02122]5 pm, to improve both the stability of the separation characteristic and the water
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,

15 and more preferably in the range of 40 to 75 um.

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 pm 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 pm.

20 [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.



10l n the invention, the thickness of the dense layer is preferably in the
range of 10 to 125 m to inprove both the stability of the separation
characteristic and the water perneability. To i nprove the
stability of the separation characteriﬁ ic, the thickness of the dense

| ayer in the vicinity of the outer surféce is preferably in the range of 25
to 100 m 15and(ﬁﬁﬁ preferably in the range of 40 to 75 pm To
avoid the increasé 1n water permneation resistance in the nenbrane, the

t hi ckness of the den | ayer in.the vicini of the inner, surface is
breforani e i n t ERYRLGE GHalgetnHe VieG o e rabriare SRS HHRE Tt he
dense layer in the vicinity of the outer surface, and nore preferably in

t he rangelitbhe YFinity gfoherinngofunfaeafrom being simwltayasivglytdemaged dessioextatmalat er
permeation resistance in the nmenbrane, the dense layer in the vicinity of
t he out er caued, dealense lageainekt viceitgndihe/inadr sarfposis prefaratiyt Ihéateirtbef r om t he
outer surface of the porous nenbrane layer. It is particularly preferable

that the dens@e bayesurtdcsdf theGRissinhdhBEnd R etidaho\PréRf8lyIbcdtBEatRor OUS

menbrane | ayer. 12 [0024] To avoi d the dense layer in the vicinity

of the outer.: face.and 4 he, dense | aver .i,n the vicinity,of the.inter

aur f ace 1 PR SEI RSO B IR auGles ik P bRk 18l "the dense
layer in the vicinity of the inner surface is preferably |ocated further 5
fromthe Bﬂ%‘%‘ﬂhéhpf%@'ébléﬁh%tﬁ@ dsapolareriseHcanditp ey the we swlee @ik er abl y

| ocated at a position within 50 mfromthe inner surface of the porous
menbr ane petpes membrane lgwart i cul arly preferable that the dense |ayer itself
constitutes the inner surface of the porous nenbrane |ayer. Wen the holl ow

porous nenbr anewaes aicholdw Sorbikembmyent kedording ket Snenfion Mesudtd s FBFdak ane
| ayer on a support, the dense layer in the vicinity of the inner surface is

pr ef ef@bl Mlgﬁﬁ?&ﬁ{e‘?%;eg%)g% asgﬁédrf, QNG s ﬂiy@r ﬁ%@@cfrﬁt?ﬁ?f%nﬁé&tsﬁffaéé’i@f ace of the

support and nore ocated as a body w support, to avoid
bor t1 on RS SRy faeGieon Pesiipb M YuBIrRe Fieb o e iy T APy
preferably includes an internediate Eorous | ayer
more 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]
15 The porous membrane layer preferably includes an intermediate porous layer
with an average pore diameter equal to or more than 2 pm 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 waler permeability in the hollow
porous membrane according to the invention, the pore diameter thereof is preferably
20 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



w th an average pore dianeter equal to or nore than 2 pm between the dense
|l ayer in the vicinity of the outer surface and the dense |layer in the
vicinity of the inner surface. Since the internedi ate porous | ayer
contributes to the water perneability in the holl ow porous nenbrane
according to the invention, the pore ditdneter thereof is preferably

20gr eat . Engver, when the pore dianeter thereof is excessively great, the
pores becorne #™racro void, which reduces the mechani cal strength.

Therefore, the average pore dianeter_of the intermediate porous |ayer is
preferably equal© tepraye the yaterpgrmerbititingis prefesblthat the sftermediase paraws f i ne
pores with a dianeter equal to or greater than 10 pm are substantially not
present . iyer ks @n agpdinpd steudira i tvbichi the porcalipnetregradlaylyiincredses framghe of 13 3
to 5 m To inprove the water perneability, it is preferable that the

i nt er medi aérBe RYEOWIhE AYBItyNFIThAButeNRfaBEh B Btk UoRr INtheRiGHH danpor e
di aneter gradually increases fromthe dense layer in the vicinity of the

out o1 SU" A6 hof e HERSRIBord BablUs VA4 Alerh %, B LODGE, SUr f ace and

t he maxi mum pore-di aneter portion exists ween t se [ayers.

To cause t%o{terh excel l ent water perneability and mechanical strength to be
consi stentyft s preferable that the thickness of the intern edi ate porous
| ayer is in the_range of 50 to 150 m 10{)_0_026] . The hol | ow porous
menbr ane accor dihgpubdbethexeelleahvaishperaipabifiey gfeneshayicelhdreagbvie berent i oned
porous nenbrane | ayer, but preferably includes the porous nenbrane | ayer on
a hol | ow sugistent, itie poiferable teatdled hanknesved ianintainedittegoatus. layde isin thon a
support" is described to clarify the positional relation of the porous
menbrane layesf sN@ ﬁshqllﬁ,Ssupport, but the porous nenbrane | ayer may
pernmeate the inside of the support through nmeshes of the support. [0027]

10 [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

15 support, but the porous membrane layer may permeate the inside of the support through
meshes of the support.

10027]

The support is not pasticularly 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.

20 Abraid 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.

25 [0028)



The support is not particularly limted, but any material may be properly
sel ected and used as long as it can be fornmed in a body with the porous
menbrane | ayer. 20A 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 consiigtent, and t he adhesive property to

t he porous ne | I i I

circularly knmnﬁﬁlg Cg%g{rer# 0?%@2%%%@%&)’%%*%%0? @%@%?@%@%&P%rl y
pr ef er abl sed. %g&o 28 14 In this, case,. the ro nbr ane

| ayer andg‘? ﬂgseihﬁ “Edot(’r‘%?}f e ﬂod’gevﬁﬁgﬁwﬁgli‘e e%‘P’%E@PErR%aﬁ@We %o each
ot her. However, when the adhesive property is |ow, tng%/ may be separated
and the p&ephe seraptiedans thaperoupmenisagsday@dnaf be peeladidl atithetive odapilingg t he
hol | ow fi ber nmenbrane. 5Therefore, it is preferable in the holl ow porous

menbr ane thedwotldiwiipet metibernienvent i on that a part of the porous nenbrane
| ayer is nade to perneate the braid through nmeshes of the hollow braid to

form the porousTHREBIAREs hRYSEDIB DtHeh@11BM dopusih@hstahdactoRRtky 1o he gi ve a
satisfactory adhesive property to the porous nenbrane | ayer and the 10

support, el f M%lﬁ te BeldRa €
hol | ow br éll 8&@3}1 R&%‘%G%E?PAN%P%B%FU% ﬁgn{gﬁ#%ﬁ%’ess o? t JJ eﬁ%{ﬁ %W bﬂr}% gﬁ%ﬁéﬂgm t he
vi ewpoi nt _of, peel.i resi st.ance, Lt is nore.preferabl e tha tions of the
bor ous. meRGTERET SO I iy th eoBPAP LR SN drf A TP EEHeE By sovk
or nore are connected to surround a part of the support. It is also
pr ef er abl Bodyhat the portions surrounding a part of the support 15extend in
a fiber axis direction, because the peeling resistance further increases.
It is nore prefBrgte sttidictoryadbeniviembpaty forthe herofis membeatiedaydir redtheon has a
spiral shape, because the peeling resistance is markedly inproved.
10 support, it is preferable that the porous membrane layer permeates the hollow braid by
50% or more of the thickness of the hollow braid. From 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
15 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.
20 [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

25 second membrane-forming dope, which contains a material of a porous membrane layer



In this case, the thickness in the invention nmeans the thickness of the
portion exposed fromthe support. 20[0029] A process of producing a
hol | ow porous nmenbrane according to the invention will be described bel ow.
The hol | ow porous nenbrane according to the invention can be produced by
appl yi ng and stacki ng nmenbrane-form ng ldopes of a first menbrane-form ng

dope and %B$SSecond menpr ane-f orm ng dope, which contains a material of a

\ ojely
porous nerfBf a5e!venlyerto thaoulerrircuadergatal sudperewllowtsappat theenghehensd al

surface of a hollow support through the use of an annular nozzle and
si mul t ane®igh yngdarguideiand sihdtanenvislyanegileting thg nioweane-forming ddpest hi s case,
t he coagul ation can go ahead fromonly one surface and a one-body porous

menbrane struct b thicaise hie edoalatied chi @omiiican foRE6HIY DN burfRERhaAnEMOR, NY 5
dopes by this nethod. [0030] For exanpl e, a doubl e-annul ar nozzle

shown in Ipbfdus %ﬁbrﬁ@%&u@%@ﬁbtﬁn%}@ﬁﬁ% s?egf% 4%@&%@%&&& aid) is

caused to pass through a passage of the suppor irs ranezform ng

dope (ijnn%-és -Sr}gé{g&iane-form ng dope) froma first supply port 10 and a
second” menbr ane-orni ng ‘dope (outer-layer nmenbrane-form ng dope) froma

dope i's appl ] eAUBROD the outer ol runt erent i al surface of the hollow braid
and then the second nmenbrane-form ng dope is applied onto the applied | aye’r
of the first mehbpraseriendonbledopelar Theriediovarin Fa6t leof Ratdnt Rycfuaentad is
predeterm ned tine, by imersing and coagul ating 15the resultant in a
coagul at i @sed, & qollel anshora®bid)gs anded ty parg thrbegl £pasigrithd dupbsrtOgst bl e to
membrane-forming dope (inner-layer membrane-forming dope) from a first supply port
10 and a second membrane-forming dope (outer-layer membrane-forming dope) from a
second supply port are simultaneously ejected, the first membrane-forming dope is
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
15 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
20 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

25 through the central portion.



obtain the structure of the holl ow porous nmenbrane according to the

i nvention. [0031] When t he doubl e-annul ar nozzle is used, the first
menbr ane-form ng dope and the second nenbrane-form ng dope are nmerged in
advance in the nozzle, and the dopes 20are sinultaneously ejected fromthe
nozzl e surface and applied to the hol | d® support, By using a

triple-annular gozzle having a central portiqgn,.an innger porfiion, and an
outer portion, gﬁé‘%ﬁﬁ@ﬁ%’r‘?ﬁ%‘?&&ﬂé%ﬁ nﬂﬁ%e%gléB%S@%tﬂtlﬁu#H@&rﬁﬂp&w
support by sinultaneously ejecting the first nmenbrane-form ng dope fromthe
i nner por%lhecﬁfsﬁﬁ@nbﬁée@@@ﬁﬁﬁd Hhe sqcondrinsgnbagiselonnig dope apdinelrtopor t i on
whi | e passing the holl ow support 25through the central portion. 16

By usi ng géreratbbuishleettweneldyas milea thenizziembrant-fosnipg dspdimet the seonfior M y
apply the first nmenbrane-form ng dope and the second nmenbrane-form ng dope

and not t ecifthgicabBniighbbeardieicnegn | ayers when the first nenbrane-form ng
dope and the second nenbrane-form ng dope are stacked. 5[0032] Two

types of nenbra@@3§§rning dopes are used in the above-nentioned case, but
both the dopes ctontain a polyner resin, an additive, and an organic

sol vent . Ex | es_of .the polynmer resin used,in the nmenbrane-formng
dopes i nol ude aT OIS FT BREFEE R HESSPG A Sl b T oR L URFonat eq
pol ysul fope resin, 10 polyvinylidenefluoride resin, a polyacrylonitrile
resin, a E‘é‘i Bpthihgelopestantdin 8 Pphimicd &5, @B addidivaandsn 05251 Spbenér ani de resin
These can be properly selected and used as needed, and the
pol yvi nyl i denef Exmmpldeof the ipnlyoen rdsen weed fie thabhgymbrsed fivedagidepes indisleaxcel | ent
in chem cal resistance. [0033] 15The additive can be used to control the
phase- seppslgtil e @ésit, oy dfigarsidfiile resin, a sulfonated polysulfone resin,
10 polyvinylidenefluoride resin, a polyacrylonitrile resin, a polyimide resin, polyamideimide
resins, or a polyesteramide resin.  These can be propetly selected and used as needed,
and the polyvinylidenefluoride resin can be preferably used because it is excellent in
chemical resistance.
[0033]
15 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.
20 [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]

25 The compositions of the above-mentioned two types of membrane-forming



exanpl es thereof include hydrophilic polyner resins such as nono-ols
represented by pol yet hyl eneglycol, diols, triols, and pol yvi nyl
pyrrol i done. These can be properly sel ected and used as needed, and

pol yvi nyl pyrrolidonc can be preferabl? used because it is excellent in

t hi ckening effect. 20[0034] The 8rganic solvent is not particularly

limted a [ . - i t Lhid.yes, and
exarpl es. P aar R SHR R, G R Rt R el R e

di met hyl f or mam de. . [ 0035] ,25The conposi t.j.ons of the abqve-nentionged two
ypes of  TRTHRSHG: oG Or-5oBY SFuts G af KGN mes GhmamI T TEIs CORRY 1t | s
preferable that the solvent and the polyner resin used to forma one-body
st r uct ur e@idhe tipe of keaguwisingyhredonss papekinds.in Hipt theresling of the layersds of
coagul ating the dopes are the sane kinds, in that the peeling of the |ayers
i s prevenpedematiatdibe mechandat afrergitlr enigtphnoved. | nproved. 5[ 0036] When

t he hol |l ow porous nenbrane according to the invention is produced using the

above-grenti onedjogBghod, the viscosity of the first nenmbrane-form ng dope
whi ch is a nenbrane-form ng dope on the inner |ayer side is preferably

hi gher than t haWhgﬁ 1R &s@gﬁlﬁﬁﬂg ééc%é&;flii%g) fﬂ)%ﬁxﬁvse‘f){fléﬁ Eé eﬂ-rﬁdlfbed uﬁile’lg

menbr ane-f orm ng dope on the outer [ayer cause t
menbr ane- f,orm ng_dopes .are, s ressed from.excessivel er meat i t he
et de. of EHEbTomFaR SR B RNy Rh R A S e P B AR S ope
wi th higher viscosity onto the outer circunferential surface of the holl ow
support, tHEPBRNcHoERRgdoRg O M iRpe laver sisteds Bisieably highsbibpe iiasof Bas
menbrane from bei ng 15cl ogged.
second membrane-forming dope which is a membrane-forming dope on the outer layer
10 side.
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
15 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

Pasec.  The viscosity is more preferably equal o or more than 100,000 Pa-sec and still

more preferably equal o or more than 150,000 Pa-sec.
20 10037]

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

25 used to adjust the molecular weight of the polymer resin.



To acconplish this effect, the first nenbrane-form ng dope needs to have
sati sfactory viscosity and the viscosity at 40C is preferably equal to or
nore than 50,000 Pasec. The viscosity is nore preferably equal to or nore

t han 100, 000 Pa.sec and still nore preferably equal to or nore than 150, 000
Pasec. 20[0037] The nethod of adjustindg®the viscosity of the
nenbrane-forninﬁﬂgﬁpe is not particularly limted, and may be carried out
by changi ng t he ecul ar wei ght of the polyner resin or changing the
concentration of the p resin. A nethod of blending two or nore

speci es of pol yﬁ@mﬁé@d ﬁgaddmtwgdh# vispasity orficdpeinbianadoghng depgcapde25used to
adj ust the nol ecul ar wei ght of the polyner resin. 18 [0038] The

met hod of pmdens salended dsalesirsed aboye, bht it epraferdblathet the congegiraidpeofche be
properly selected as descri bed above, but it is preferable that the

concent r apolPieOfesinie adiQStYABT the Esit AndnFbrack- i (?etb'é@atfsb f&l generation of
menbr ane-f orm ng dope because the generation o macr o voi ds can be

suppr esseghaid ot LRBELy Cg Y8Ed WAL g%ntepﬁggggaﬂale% éyagglgg&fs ed i

preferabl e that the con tratlon rst menb rm ng ope |s

nt e pobotgerRydht B el MR rEmpE T reE e

wei ght of  the poI ynmer resin i s adj usted in the second menbr ane- f or m ng
dope becalidePashblefgiaproyeithe stcturd SZ%PEI%;‘VO { thecaitiFaREOWT 1a¥%e por ous menbr ane
| ayer can be maintained to be high. [0039] When t he nenbrane-form ng
dopes are coagulathedther Haod,nt & prefatablertbatabe theodarnlabsatight ofthe pphyenapoesims

structure is forned by phase-separation. Various structures can be obtai ned

dependi ngisadjused imgEbeane-rhanbiang faaiint Bb ecaRephesabrald Mehddaxanpl es of
the porous structure include three structures of a sponge structure derived
10 surface of the porous membrane layer can be maintained to be high.
[0039]
When the membrane-forming dopes are coagulated to form a membrane as
described above, the porous structure is formed by phase-separation.  Various structures
can be obtained depending on the membrane-forming conditions. Representative
15 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 {rom 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.
20 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

25 the pore diameter does not greatly vary in the thickness direction, the sponge structure is



froma sea-island structure in which the polymer resin is the sea, a
particle-aggregation structure derived froma sea-island structure in which
the polyner resin is the islands, and a three-di nensional mesh structure
derived froma co-continuous structure in which the polymer resin and the
solvent are weathen in a network shapé? 20These structures can be properly
sel ected. Since the particle-aggregatjon structure can easjly becone a

st r uct ur e SEUGHHE SRitabhefos dmpraving Bs pigbilify et the seppsytadfaagiessic-whi ch reduces

t he nechanical strength, it is preferable in the invention that the sponge
structure or t h¥inthihedhrde-dbneisomal masgstirusture tands & hesomepl soyetre in which

Since the sponge structure tends to becone a honbgeneous structure in which

25t he por thediegi® bE tortlOREicaNén Bitaat the\pares it highbethhdibakofhs sghngect i on, the
sponge structure is 19 a structure suitable for inproving the stability of

the separ ghic@fte GHAIHREL-8iedbioRal mesh structtd s Suidife FRNBBrAAIRAS beRAabilRe D

structure tends to becone a structure in which the degree of “comrunication
betvvee§1 t he por ﬁ‘lwé hi gher than that of the sponge structure, the
t hree-di nensi o sh structure is suitable for inproving the

perneability. 5[0040] .. The conposition of the first nmenbrane-form ng
dope which is t %%Wﬁﬁéﬁ%UﬁEW%ﬁﬁbmﬁﬁﬁngﬁbﬁﬁ@gﬂﬁH%P%FéQ%ﬁwside can be
properly sel ected dependi ng on the menbrane structure to be fornmed. In the
condi t i onmembrasbtiaiminggophien Sisanegs leer side gae be prowetln ecledteddeptoding on

menbr ane-form ng dope, the conposition thereof is not particularly limted

si m | ar | ythelrhenhigaiy ¢hietiablebd foathed.he mass ratio (additive/ polymer resin) of
the additive and the polymer resin in the nenbrane-form ng dope is |ess

than 0. 45. In thB¥orRBldd 19 oEQﬁﬁﬁ@ﬁé sg@ﬁée%n{l@tu@frblﬁstﬁe fikgn 0.45, the
honbgeneous structure tends to becone denser and macro voids are difficult

(0,110, ASMARR O8O3 Rt R LSTRRIE Sl R PRI BT S
g\ccor di ng}t){é p}erf]e?abr{g?hsat ‘[h%tniaa(l)ss irfftiop{aggii?igeagl)l%rmsegEes&n% o?%meea%glat{vetagd ?}{e more than 0
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.
15 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
20 85 mass% of dimethylacetamide. In this case, the mass ratio
(polyvinylpyrrolidone/polyvinylidenefluoride resin) of polyvinylpyrrolidone and
polyvinylideneflnoride 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

25  membrane-forming dope is not particularly limited, but it is preferable that the mass ratio



An exanpl e of the conposition of the nmenbrane-fonning dope includes 20 to
30 mass% of pol yvinylidenefluoride, 5 to 12 nass% of pol yvi nyl pyrrolidone,
and 60 to 2085 mass% of dimethylacetamde. In this case, the mass ratio
(pol yvinyl pyrrolidone/pol yvinylideneflun de resin) of polyvinylpyrrolidone
and pol yvi nylidenefluoride resins is peferably in the range of 0.3 to

0.45. [00 f bt th h di I
mosh st r UCEUEARETEF) T0hS SERTAAUIES PO LAy SeRbFRaRCT gl ar 'y

limted, but it is preferabl e that the mass ratio 20 (additive/ polyner
resin) of dePRisgaMIE9 QEmaFRItham 6. 480l ymer resin in the menbrane-forning dope
is equal to or nore than 0. 45. It is preferable that the ratio of

t he organi ¢ sol ltenprefesatslethat thebetiegfial otgnarsobensistsenio bAQquaiss Ur less
Accordingly, it is possible to suppress the generation of macro voids 5 and

t o i nprovendnlT® eakdd © AdchrigAdly,ad is @b@d%tte kd Yupplest AR RaEQHSN aﬁ@ibé:a%xdsayer
The ratio is nore preferably equal to or |ess than 68 mass%

I I 30
mmcsth of Pl Do bl uor.&mti%ﬁt%’%"ﬁ S} B RBRE N YR ga%ﬁe
and 55 to_68 magss%,of dineth 0Inthls case the mass ratio
10( pol yvi I‘IVIF%W?%‘I 1&8%%6/16%%%?%@ W %ori de resi n) of

pol yvi nyl pyrrol i done and ponV|nyI|denequor|de resins is preferably equal
to or nore than®dcxsmplegdibg composiivmed sha membine-doranisg deprainghages Hhe- f or mi ng
dope which is the

30 mass% of polyvinylidenefluoride, 10 to 20 mass% of polyvinylpyrrolidone, and 55 to

68 mass% of dimethylacetamide. In this case, the mass ratio
10 (polyvinylpyrrolidone/polyvinylidenefluoride resin) of polyvinylpyrrolidone and
polyvinylidenefinoride resins is preferably equal to or more than 0.45.
[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
15 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
20 ratio of the organic solvent is equal fo 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 fonmed, 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

25 to 25 mass% of polyvinylidenefluoride, 5 to 15 mass% of polyvinylpyrrolidone, and 70



menbr ane-form ng dope on the outer layer side is not particularly limted
as long as it 15 can forma slope structure in which a dense |ayer is

di sposed in the vicinity of the outer surface of the porous nenbrane | ayer
and the pore dianeter gradually increases toward the inner surface of the
porous nenbrane | ayer by phase-separatiZdn. The conposition of the second

menbr ane-f of M n ope. can .be pr.qper]y,. el ect ed, dependi ng on the
menbr ane &4 &@‘W%ngfﬁn@ww@@ﬁgb this cpse, BedPasati® that the 20ratio of
t he organic solvent is equal to or nore than 70 mass% because the surface

pore rati éPyvipHeymelidsas/ Pebiinvdidendtipside eesin)9é pplyviswipyrrolidone aigi nce t he

sl ope structure having no large macro void can be forned, it is preferable
t hat the melysinyldeneflobriddresindd pricfeeatdndqudhe pohymehanr@45n is equal to or
nore than 045 An exanple of the conposition of the nenbrane-form ng dope
includes 15 25 fop43p mass% of pol yvinylidenefluoride, 5 to 15 mass% of

pol yvi nyl pyrrolidone, and 70 21 to 80 mass% of di nethylacetamde. In this

case. e mass Al iRaky ¥ ALLENE Lkt donaeRoloy v aylidenstidiaplguresn) of

pol yvi nyl pyrrol i done an ol yvi nyl i denef1 uori esins Is p equal
to or nore than 0.45. [0043] 5The thicknesses.of the outer.|layer.and the
ner | ay P B PRuTY icke P VRyE oo Po RS STE BF SHEF 14 eL Evin r when
t he thickness of the outer | ayer having the higher ratio of the organic
sol vent i &tigraddbe ongreic selvew iy Bicat the ma@aypids agperrsiyeeneraied gie timeeol of
form ng the menbrane. Accordingly, the thickness of the outer layer is

pr ef er abl yoreguethe tngenobrahe s sAdchatingl§0the thivknesr o the edter apényis prpfahblyeqoal | ess
than 100 m and still nore 1Opreferably equal to or |less than 80 m [0044]

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

10 preferably equal to or less than 80 pum.

[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

15 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.

20 [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]

25  Hollow Porous Membrane



When the hollow braid is used as the support, a non-solvent against the
menbr ane-form ng dope may be buried in advance in the support to prevent

t he excessive perneation of the nenbrane-form ng dope into the support. An
exanpl e of 15 the non-sol vent when the nenbrane-form ng dope having the
above- menti oned conposition is used is gl ycerin. Here, the non-solvent wth
excessively hig gagul atjon ability of the nmenbrane-form ng dope to be
used or the nonE ggll\/‘gﬁt‘:‘e%opﬂl @9@@%@%109”W15‘ﬁtfﬂ%@6‘squiesof%b% haligw abl e,
because it hinders the porous nmenbrane |ayer from perneating the inside of
t he supporPraus nprdgaieaceerdinggottieingentidnn g The sbBewipomus 20in(io 4 1 ikchrles

pol yvinyl pyrrolidone is used as the additive, it is preferable that the

hol | ow pordwiowenpsant) isl £hedicakmbasikesyendi dgpsedicathdymechl orite in
cleaning after the formation of the nenbrane structure fromthe

coagul at i Qreuh846h1 gﬁfa[«;pbfgys&}]gﬁogymwbnbr ane 22 FIG 1is a

sectional view schematically illTustrating an exanple of the holl ow porous
menbr age accord'[dbq }o the invention. The holl ow porous nmenbrane 1 includes
a hol | ow suppor 16 and a porous nenbrane |layer 11 di sposed on the outer
circunferential surface of the support 10. 5[ 0047] Support FIG2 is
a si de vi 8WP¥Yt ustrati ng an exanple of the support. The support 10 is
formed of a hol|ow braid 12 obtained by circularly knitting a yarn 16. The
hol | ow brai d 12FI& 2ds p pideginw flhugiatingeancexangtn ¢oighabupport oWhbseipdrild ishown in
FIG 3. 10[0048] The circular knitting neans to organi ze a knit
fabric usiforgied of h holibabrdidil £ tobminadagtdinelaripdknitiong yiun 1Bl GShehoBew beaidi N t he

hol l ow braid 12, | oops 17 (black part in FIG
12 is different from the conventional hollow braid 14 shown in FIG. 3.
10 [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
15 vertically connected. As shown in FIG. 5, meshes 18 are formed in the loops 17 and
between the loops 17.
[0049]
A multi-filameni formed of plural mono-filaments is used as the yarn.
Examples of the fiber constituting the yarn include synthetic fiber,
20 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, acry! fiber such as

25 polyacrylonitrile, polyolefin fiber such as polyethylene and polypropylene,



5) are continuously forned in a spiral shape by bending the yarn 16 and the
| oops 17 are 15 vertically connected. As shown in FIG 5, neshes 18 are
formed i-n the | oops 17 and between the | oops 17. [0049] A multi-filanment
formed of plural nono-filanents is used as the yarn. Exanpl es
of the fiber constituting the yarn inclZdde synthetic fiber,

20semi - sy etic fiib recycl ed.fiber..a natur.al. fiher 0050]

Exanpl es g%RWHQ&gV“?ﬁé??bpﬁ¥ﬁgyﬁ#wgﬁﬁagd%ﬁg?éﬁﬂﬁgn¥¥%@98§39%3as nyl on 6,
nyl on 66, anpd ron?Iic ol yam de, polyester fiber such as _

pol yet hyl @A {¥oar. Bhenol pesisy Bbery Hegraredihep nedieds pobvipydidgnefbreide andind
pol yglycolic acid, acryl fiber such as 25pol yacrylonitrile, polyolefin

fi ber sucholytetpdugretnyloancandnwlpddWoreqmydoaybenzo®B fibet. yvi nyl al cohol fi ber,
pol yvi nyl i denechl ori de fiber, polyvinylchloride fiber, polyurethane fiber,
phenol resin fif@s]]fluorine fiber such as polyvinylidenefluroide and

pol ytetrafl uoroet hyl ene, and pol yal kyl ene paraoxybenzoate fiber. [0051]

SExanpbes of t heys6Aks SYMk @ﬁi-gy&ﬂé&ﬁrﬁﬂepﬁ{cﬂﬁ% gﬁ%ké&@éﬁhﬁ% ht!@rﬁfgl‘ﬁ% Ca%: P Ie;]

using as raw materials cellulose diacetate, c ose triacetat

recyol ed TbartBGhEot i tubie Pkl cpipsmapria i aglaroen
cupr anmoni.um ﬂng pol.ynosi c) obtained using a viscose nethod, a
copper-anﬁg?ﬁ“é‘ YHP¥¥tRhod, an organi c sol vent nethod, and the Iike.

Examples of the recycled fiber include cellulose recycled fiber (such as rayon,

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

Examples of the natural fiber include flax and jute.

10052]

From the viewpoint of excellent chemical resistance, polyester fiber, acryl fiber,
polyvinylalcohol fiber, polyamide fiber, polyolefin fiber, or polyvinylchloride fiber can

15 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

20 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,

25  mechanical characteristic, and material is different.



Exanpl es of the natural fiber include flax and jute. [0052] From t he
vi ewpoi nt of excellent chem cal resistance, polyester fiber, acryl fiber,
pol yvi nyl al cohol fiber, polyanm de fiber, polyolefin fiber, or

pol yvi nyl chl ori de fiber can 15be preferably used as the flber and

pol yester fiber, acryl fiber, or pol yvhyl chloride fiber can be

particul arly pr f er abl of .adhesj on bet ween

the porous membl SHEPRYepy iamswwamr{wﬁw?{%ﬂ I A

sol vent contained in the nmenbrane-form ng dope can be preferably used as
the fi ber Providedicaessarhighheould pelrbe ol e pingle yap. hiseoRBpls 0 eyianay |
chlori de. [0053] The nmulti-filanment nay be obtained by mxing two or nore
di f f er ent tteplegice of Gbeddnbar structure and charactéFiséic df fHeesppprrt Bpeci es nean t hat at
| east one of fineness, nono-filanment |ength, 25nmechani cal characteristic,

and material i SB?bé&Bﬁ]ﬁ[gtaxpegs‘}ve high-stref@h fi B&aﬁm& Ehedd e @ADL SR Mg RhHT al
species of fiber with different fineness to provide fineness which coul d

not _bes LA ekl Minhod 8 agt ftind fhelofioP BR3 @&%&%&%@J&Eﬁn&&e degree of

freedomin structure an erl su pport y conbi ni ng
expensi Vengcle sary %or?h tugpg)rlt 98 can é Qua%h%aé%i t%(et?lg rg‘gj’,lrlltzr:;"ljl§ eseffI ber and%e strength
gt

insufficient only with the general-use fiber can be guaranteed by the high-strength fiber,
thereby providing the support 10 with an excellent balance between cost and strength.
When plural species of fiber with different materials are combined, for example,
10 polyester fiber which is high in strength, low in cost, and excellent in resistance to
hypochlorite used to wash the hollow porous membrane and acryl fiber which is soluble
in the solvent contained in the membrane-forming dope, low in cost, and excellent in
resistance to hypochlorite used to wash the hollow porous membrane.
[0054]
15 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
20 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

25  mono-filament ends of a yarn piecing portion or a fiber-ruptured portion protrude from



5smal | strength, the fineness for providing the outer dianeter and the

i nner di anmeter necessary for the support 10 can be guaranteed by the
general -use fiber and the strength insufficient only with the general -use
fi ber can be guaranteed by the high-strength fiber, thereby providing the
support 10 with an excel |l ent bal ance bébween cost and strength. Wen pl ural
species of, fiber with different materjals ar onbi ned, for exanple,

10pol yest &#€ ?Wr%@? %\RE?FEIFPH@ W’a}?rpﬂn%ﬁ fﬁ‘}‘fsl of Ras R HE ROXUS| | ent i n
resistance to hypochlorite used to wash the holl ow porous nenbrane and
acryl fi bérerphipaeayes 14 gt thsitsne af anpdyisg theanembiane-&rmdnk fiopet he

menbr ane-form ng dope, lowin cost, and excellent in resistance to

hypochl ori t e usé&henchamshoifikendnlehdvofroyarpissbgpoamen of DObtlrugiaddde fi neness
of the nmono-filament is preferably equal to or less than 5 dtex, and nore

pr ef er abl yofftadirottlify rh@SEe bltaRe %fq{e%gp&h €0 af thE tifﬂem?@'ﬁirfgf tht he

nmono-filanment i's equal to or |ess than dt ex and nono- ament ends of a

yarn pkeci L Eon: ar i - ' i e _surface
o The supnen el dche phi bR R ROk BRAPLELE LSt BIMRE Rl
burned and renoved b rocessing the surface of 2Qthe su rt 10 wth flane
or ' Can be PRGN o RORGEIER e T Sen B Y S Phce of |t he
support 10, due to the small therpmal conductivity or thermal capacity of

t he nono- fqnaridamentand thaporpremenbrang layse | horhick haerbeendlosely edhased i ng

t hrough the porous nenbrane |ayer 11. \Wen the fineness of the

mono- f i | aresitothe, Byrepbatedstorss hetims tbheomBpidhebes, thdrebysdecesnging tihd sehh@tion
nono-filanment is greatly reduced. Accordingly, even when the

25mono- f i bharedttrigRAT 1Rf hallovepdtold @embgnpqr tion or a fiber-ruptured portion
protrude from 25 the surface of the support 10, the nono-filanment ends do

not pags througg)ogg porous nenbrane |ayer 11 at the tine of applying the
menbr ane-form n oge. When the nono-filanment ends of a yarn-piecing

portion or a fiker-ruptured rt.ion.pratruding fromthe_surface of the
support 10 at tEgeP‘i‘rﬁ'gerd’ff?%%%ﬁgilﬁﬁmt&ﬁ@ﬁﬁeﬂ’éﬂﬁ‘?%@g’?" A A EeSpramierence: hr ough
t he porous, nenbrane |ayer 11, |arge pinholes are formed around the

mono- f i | arBauBhersofdeonsdritis eaianl nthe mambar efknitiae npegllesf the eiscularikaiting and

t he porous menbrane | ayer 11, which have been cl osely adhered to each

ot her, bymeaehipatethesiesoeibed attr oNéhdngbomempemifdbas,] 7tiheqabio dassredsnty t he
separation characteristic of the holl ow porous nenbrane 1.

the sectional shape of the hollow portion of the support 10 is substantially circular, the

15 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.

20 [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

25 necessary as the support. When the ratio is equal to or less than 0.5, the crush resistance



10[ 0055] The nunber of loops 17 is preferably equal to or nore than
5 per circunference. The nunber of |oops 17 is equal to the nunber of
knitting needles of the circular knitting nmachine to the described later.
When the nunber of |oops 17 is equal tg or nore than 5, the sectional shape
of the hollow portion of the support 1 6is substantial l y circular, the

15crush resjst . J S 1P d he gdecrease in
water per nouBrhEg" HOeRbs TN GENY oA TREMcRuby ros BBy B r ARG TR
The upper lim.t of the nunber of | oo 17 is determ ned dependi ng on the
outer di aREELF! 61l GFRER G Qi SHPRTS B0 cdinge P of the yarn 16, the
size of the neshes, and the |ike. 20[0056] The ratio (length/outer
di aneter) of thEOéhgth of the | oop 17 (bl ack 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 The egubdr of meshesrisrie ptafenbly chjpaltther hoopthdd 3iper tefmt. med by a
bending or twist force acting on the support 10, thereby providing the

bendi ng onvHen thd n&HBErAF LREhSL18Gs SPRE EESSRAbKE tBen § REr BHPPAE Fero\é\ben the ratio
is equal to or less than 0.5, the crush resistance 26 of the support 10

paral Tel - PorRatesRra) AT RSN EMEHARGY RO B TIR 518t oo

paral | el axi's o nal nt'al ne 0057] The
nunber of ,neshes 18 i,s preferahly .equal t r .nore than 3 per . 5 \Wen
the nunbel e Sngus paRtSonbriipd iB0srcniitn Moo e s e A ioet REHokBus
menbrane | ayer 11 and the support 10 can be strongly adhered to each other.
Si nce t hr &&-tH¢ peiRYs membranghest dhapbiheissprort He pankesstigpgly adhered teeashse of the
nunber of meshes 18, the porous nenbrane |ayer 11 and the support 10 can be
strongly atiher dtbwavesadien thdrambetriofmeshes \hpen uhi ercabatenesqfreatesihes 18 per
unit area becones greater, the
10 meshes 18 becomes denser and it is more difficult to cause the membrane-forming dope
to satisfactorily permeate the support 10 in the thickness direction through the meshes 18.
To prevent the meshes 18 from becoming denser while increasing the number of
meshes 18 per unit area, 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
15 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
20 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

25 onthe number of loops 17 per circumference, the fineness of the yarn 16, the false-twist



10 meshes 18 becones denser and it is nore difficult to cause the

menbr ane-form ng dope to satisfactorily perneate the support 10 in the

t hi ckness direction through the neshes 18. To prevent the neshes 18
from becom ng denser while increasing the nunber of neshes 18 per unit
area, the fineness of the yarn 16 const/tuting the support 10 shoul d

decr eased. weve i.n.this case ince e rupturin esi stance of the
suppors - 16¢ B SEET o euipibe reseidrs Buitot e mistiisr atihE il Gorenises,
the upper lim.t of the nunber of neshes 18 needs to be properly determ ned
W t hin suéﬂﬂ%ﬁ@§nge not to deteriorate the characteristics of the support
10. [0058] The size of the neshes 18 is adjusted into such a size to cause
t he 20menbr ane- f{6%) ng dope to pell eate the support 10 by 50% or nore of
the thickness and not to excessively perneate the hollow portion, under the

condi tions of t ke AeredRARE WIiH MgprtRARAMIUIERICS 51 HahPaleMS 188IDLANe | ayer
11, the application pressure of the nenbrane-form ng dope, the viscosity of

th _ ;. : . ¢

the meonee oyl e BBy e bUGARS Rrfiind dibeSHORAY fupbl 81021 2 ©
i nf t.he fi f the v 6, the false-twi st,. .27 of th

T6' (w nai 05 piate G MG afe detpdifhen Hunetre S SR &

treatment condjtions, [0059] The nore opening width (represented by L in
FI G 5) of Wik theweosity of the raerabrens famarg deneds sevevdl tanstof ghopeands atfiatsec y  of
t he nenbrane-form ng dope into the support 10 and

which is used in a general wet spinning process, the suitable range thereof is preferably

in the range of 0.01 mm to 0.3 mm. When the maximum opening width of the meshes

10 18 is equal to or more than 0.01, the membrane-forming dope can permeate the support
10 through the meshes 18.  'When the maximum opening width is equal 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]

15 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 eves.

20 10061]

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,

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



t he suitabl e range thereof varies depending on the menbrane-form ng

condi tions. When the viscosity of the nenbrane-form ng dope is several tens
of thousands nPa.sec which is used in a general wet spinning process, the
suitable range thereof is preferably in the range of 0.01 nmto 0.3 mm
Wien the maxi mum opening width of the M8shes 10 18 is equal to or nore than
0.01, the nbr ane-form ng ,dope ca erneate the su t 10, throuygh the
meshes 18 VNLHPRRE FESS e PR RS et E e heﬂﬁ\aﬁrﬁgcféfa Pigkup davase ) 3 nm
the menbrane-form ng dope can be suppressed from excessively perneating the
support 10i9kéngnole P%GCE@HWWH,@M@WE% Bupipding thohellpvobrgid thes neshes
18. [0060] 15AIl or a part of the surface of the support 10 preferably has
a col or ditlief sapport 10 ploont afbabbinf t he porous nenbrane |ayer 11. Wen the col or
of the surface of the support 10 is different fromthat of the porous
menbrane |ayer A% sRéith IO DbshstmRNaMRndi8YBhayl e dplRE BheBtto Qbfngfar oM t he
support 10, the peeling portion can be easily confirmed wth naked eyes.

20[ 0064 ] : HCH : is j

schemst] ool T LEEiL e b RUBB0Id drawine ho bofw B L2 v LA R By
apparatus,t The support produci ng apparatus 20 includes a bobbing 22, a
circul ar Rﬁ?PPing machine 24 circularly knitting the yarn 16 drawn out of

t he bobbing 22, 25a braid feeder 26 drawing the hollow braid 12 knitted by
the circul ar knl%62hg machine 24 28 with a constant tension, a heating die
28 heating the hollow braid 12, a pickup device 30 picking up the heated
hol | ow brai d 127Thacidudarkinriteg nB2hine Bdiimdudeh @ HotibvawlibdairctatiRe, aspindé: suppor t
10 about a bobbi n. As shown in FIG 7, a constant | oad (tension)
may be appishe@dtifedehe cysidee sadPndlad eite) Qlital kisi@ategles HH?OQH%%J eeder 26
drawi ng the hollow braid 12 with a constant tension. [0062 The
circuk@r If Ll i 1 el cyl i i spi ndl e
i Sposad | st HEREERAL A SBRAIAES, Rl sRifeCid [ A sb Rk IRiSh) £

di sposed R ctypuelder to rotate therewith and feeding yarns to the plural knitting needies 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
15 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 dic 28.
The inner diameter D of the through-hole close to the inlet of the hollow braid
20 12isequal 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 I’ 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 aveid the catch of the hollow braid 12, it is

25 preferable that the through-hole gradually decreases in diameter from the inlet to the



10outer circunference of the spindle so as to vertical nove, and a yarn

gui de being fixed to the cylinder to rotate therewwth and feeding yans to
the plural knitting needles vertical noving. The outer dianmeter and the

i nner dianeter of the support 10, the nunber of |oops 17 per circunference,
and the size of the neshes 18 are deterfi ned dependi ng on the nunber of

knitting I the ci.rcunferential dianmeter of the spindle nounted with
15t he kni {&tﬁﬁ%ga%ﬁghee IeI%r,cuﬁﬁﬁgrﬁ%tw?flﬁrg?‘f;&}%%B?reghe yarn 16. [0063] The
heating die 28 includes a nain body fornmed of a netal block or plate and a
heater. A throu&b—éﬁﬁl e (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 hol | ow bAdVelsaool, & sipgqlad calender rdl, agrhtheyikaoaebe hed it the toaider
dianeter D of the hollow braid 12 before the heat treatnent. The inner

di anet er deedfr 26end the plogihp Heliee $0. 0SEhetitp tdibmayicheh def hdlloe theld 1ovehpai d 12
is equal to or less than the outer dianeter D of the hollow braid 12

suppost hpobefoor avhdenBealid I @ahiR the ARG goﬁﬂﬂ% ci_ﬁi_%gerd%dgﬁ\%seﬁoegh e

(

d" of the hollow braid 12 after the heat treatnent. avol he catch of
the hollo ' fel opreferabl e that t t hr ough-hqgl e gr.adual |'y
decr eases%lﬁég%glﬁéﬁg)rorﬁ%%et Ogigl AT B R e'Zgﬁbeﬁ%{oéet’ g’ﬁrﬁ&?%ﬁ%;lr?ﬁg?e
circunferenti al rface i ered. [0064] A Nelson roll, anip
roll, a cé{isrﬁfg‘éfoslr‘éq“i B r%%@ﬂ%eﬁk%t@gﬁﬁa@éewééwmhﬁ@l adavicedder To6 and
t he pickup, device 30. The nip roll may crush the hollow braid 12 or the 5
support 1Bickyipdhe suppotirl Qingingshese nellre the wohtachots ofihpoell iwhihe Solddwhgad and

t hus does not serve as the support for the holl ow porous nenbrane.

Ther ef or e |2 bhtheNepsaanl ¥ nddds @ intfesdcCialagedamn axtdnt. Clarcabeofthetgdeabk yoused in
the braid feeder 26 and the pickup device 30. To pick up the support 10

ool hese gt ke centaisieds f iR G 1 12 o
cal endar {,@dvw braid 12 and the support 10. The 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]
15 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
20 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.

25 The support 10 is produced by the production method including the process of



10 the nunber of rolls needs to increase so as to guarantee the contact
area between the hollow braid 12 and the support 10. The Nelson roll is
nore preferable, in that the contact area can be guaranteed by w nding the
hol l ow braid 12 and the support 10 about two rolls by plural times. [0065]
15The nunber of bobbins 22 may be 1 or 3 or nore, and preferably 2 or nore.

When yams( ra%t\aqgout of g@qb%gs O.E (}(\'Eil(:h yans with fineness of X/n are
wound ar e riPFTeGPTORES %K PWREFETRSY B¥8H i nt eger equal to or nore than 2),
t he amount of y?rn dr awn gu,t of one bobbin is 1/n and the yam piecing
interval is n t{heSPEFEaCEFTeHaly kuEing the vaa 1648 domnedollow byaidda2dr awn out
of one bobbin on which the yarn 16 with fineness of X is 20wound is
knitted, where [ A progeswibdatingdhe bdlbowhssd b2 at hemparaturedhighdr than drre bobbi ng
is constant. [0066] The process of producing the support 10 using

t he supportermabdufeinigionpgapattute diber bhd eved @serthd GBetiRtIANG tAHERRLBUPPOT t
10 i s produced by the production nethod including the process of 30 (a)

and thg pragRISotiddthe bR ePGiafl ' - bel ow. (a) A process of
circularly knitiingthe yarn R e se O O™ ol 1 ow brai d . (b)

A process of he dﬁz? the hollow braid 12 at a tenperature higher than the
thermal deformation-tenperature of fiber and |lower than the fiber nelting

tenperature 5while regul ating the outer di aneter thereof
P T%e process o (a)(?J J

The hollow braid 12 is knitted by the circular knitting machine 24.
The braiding speed slight varies depending on the shape of the hollow braid 12,
10 butis 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.
15 [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

20 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]

25 The hollow braid 12 has structural flexibility, but the flexibility (variation in



[ 0067] The process of (a): The hollow braid 12 is knitted by the circular
knitting machine 24. The braiding speed slight varies depending on the
shape of the hollow braid 12, 10but is al nost determ ned dependi ng on the
nunber of rotations of the cylinder. The nunber of rotations of the
cylinder can be set to the range of 1 t3& 4000 rpmand is preferably set to
t he range of 100 0, rpm bec e the braid can be knitted stably. At
this ti ma,ou{eﬁ laﬁFﬁ??lﬁﬁge E%I@EHBT%‘?E%B?}{b%S“PBfeE%f‘éﬁlrﬁWé&ﬁalgit@e H‘?a(ﬁher by one
digit than the braiding speed of the knitted braid. 15[0068] The process of
(b): treatygat. hol | ow braid 12 includes fiber ends protruding fromthe
surface in the yarn-piecing portions or the fiber-ruptured portions.
Therefore, it iAthedshsr afpassinpttotdhethé hbamgeliel28,dke hdikwhmid H Bdicngd
portions or the fiber-ruptured portions are pushed and fixed 20to the
surface oht 4 kenpstipeldweiGhBytht eadiinStchiivrdtat 0@ Mebfaah ds hgediRia @wiBaEHAL | NY

the outer diameter. Accordingly, the fiber ends do not form pinhol es

through the . pay tﬂgﬁﬁh liaye pafatdk - ni.stic of
t he hol | ow Bor 5{%??@ ! r%ﬁ}gﬁélggg %g}téﬁgglgf%%gg?éﬁ%‘g& %cfg?ﬁeﬁ%lﬁ@twﬁgrtgi d 12
has structif gl L &XELbdIstY P8 berdiD8 dorB3 PAL thlie (UL AP bulelle 148, the

outer diameter of the hollow braid 12 is regulated into a desired outer diameter d°.

Since the hollow braid 12 is processed at a temperature lower than the melting
temperature of the yarn, the yarn of the surface of the braid is not melted. As a result,
10 the membrane-forming dope can permeate the meshes 18 satisfactorily and thus the
adhesive property of the porous 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]
15 Porous Membrane Layer
Examples of the material c;f 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
20 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

25 50% or more of the thickness of the support through the meshes 18 of the support 10



outer dianmeter) of the hollow braid 12 can be suppressed by performng the
heat treatnment. At the tinme of passing through the heating die 28, the

hol low braid 12 is heated at a tenperature |ower than the nelting
tenperature of the yarn 16 used as a raw material. 5Accordingly, the hollow
braid 12 is thermally contracted to supgress the flexibility and to make

t he nmeshes denser.. In strai rtiqon 14c.in the vicini of the outl et
14b, the %@e&}”ﬁwt"éﬁl%ﬂp?wgqh&? MoﬁP%Rﬁ’rﬁ@-i slnﬂéegﬁypa%ﬁjgaarﬁ%%n desi red
outer dianeter d . Since the hollow braid 12 is processed at a tenperature
| over t haivhereethedaops hgof Sepyermitueerisp withecagh other anda pertion gtherde deapbace of

the braid is not nelted. As a result, 10 the nenbrane-form ng dope can
per neat e tiheoneehles wifh caelt bhbaetigrant yheathitkhbusof theepcaddreshsre thy lopps 1y of the
porous nenbrane | ayer 11 and the support 10 can be naintai ned. When the

surface obvérh® wiPRRhbLikD 1d &t BRIk B ckidcieoMBERGSHoIB (Ar e cl ogged and do not
pass processing water, thereby not exhibiting the function of a filtration

e a7 kit 20506 R, NEHIIA0P, VAYED ccotional X AHDLES Bk hE IREET ! @

of the porous nenbrané layer I nc enef1 uor

pol ysul fone,, pol yacrylonitrile, polyvinyl pyrrolijdone, anc )

ol yet hyt BRSOk tabens s B YoittoY BungeraBn of e deves nat i on o
pol yvi nyl i denef | uori de and pol yvi nyl pyrrolidone can be preferably used from
t he 20vi elfpésspnts dHe RAE6oR Wavreﬁbesi@pah}&)@‘@}w Wilheacho#ies ﬂia(gb &presents the The
porous nenbrane | ayer 11 may be a single |layer or a conposite porous

menbr ane bearyien vdferd the lanps A rde doayesrp WillOdth other. It is preferable

that the porous nenbrane | ayer 11 perneates the support 10 by 2550% or nore
of the thicknesgogp) the support through the neshes 18 of the support 10 32

10 When the porous membrane layer 11 permeates the support 10 by 50% or more
of the thickness, the porous membrane layer 11 can surround a part of the yamns 16
constituting the loops 17 and thus the porous membrane layer 11 can be strongly adhered
to the support 10.  In this case, since the porous membrane layer does not permeate the
most of mono-filaments of the support and the most of the inner surface of the support is

15 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

20 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
varn 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

25  direction is spiral, the peeling resistance is markedly improved, which is more preferable.



fromthe surface of the support 10 to the hollow portion. In the support
10, a portion where the | oops 17 of the yarn 16 overlap with each other and
a portion where the | oops do not overlap with each other exist and the

t hi ckness of the portion where the |oops 17 overlap with each other is set
as the thickness of the support 10. 5FP& 20 shows an exanple of a vertical
sect i onal struc@:dr] of a menbrane where the holl ow porous nenbrane 1 is
cut in the cent is direction. In the drawing, a represents the portion
where the | oops 17 overlap with each other and b represents the portion
wher e the | oopsltis7prateraide thetdelfiher oidsiof ctiropiesing fogdmser i®When t he por ous
menbrane | ayer 11 perneates the support 10 by 50% or nore of the thickness,
t he por ou§berempiusing pbetioas pidtrudary Sem tleuswifaae phiht sofporti exdrsinle porous
constituting the loops 17 and thus the porous nenbrane |ayer 11 can be

strongly a@dheeed 14 I DviguPRRrhnghQuhdré@nd Bixﬁolé%@ene%&t&?&th@ﬁor%ﬁ& ous nembrane
| ayer does not perneate the nost of nono-filanents of the support and the

nost of the.i ¢ rface of the support is 1l5exposed, water passing
t hr ough tﬁ% bﬁﬂl%larl%gsﬁ'porti on can pass up to the inner surface through the

support havi ng w wat er perneation resistance, therehy.naintaining the

wat er perneabil#ﬁ§?“%ﬂgﬁxfﬂ %%?H%gmﬁﬁﬁﬁpéW@nWBV% yTiﬁgﬁé%P¢ﬁﬁ%ﬁ@r t he

t hi ckness of the support 10, the nost of the inner surface of the support

i s cover edfragly adhereis Powupsrembsenedayarié te thspopport 80 sThemuamhsy of fihem,  si nce
the flow pressure |l oss of water in the 20hol |l ow portion increases to

decr ease tis ewsstieg ipthe st ndybrand lays Jinepefabbly it hetratdee 100 yds peenbr ane

| ayer 11 perneates the support 10 in the thickness direction by 50% or nore
and | ess ghd&n 100% of the thickness. Wien the portions surrounding a part
of the yarn 16 are connected in the fiber axis direction, the peeling

resi si@nce is fygbhper inproved, which is preferable. Wen the shape
connecting the g%rt ons in the fiber axis 25direction is spiral, the

eeling regsistance |s. dly i ved, which is nore preferable. 33
I[00073] ’ ﬁrocesglo?%ir%duﬁwgﬁi‘hﬁ’a\' éor{oﬁgwﬁnﬁg@q ber ends of tﬁe yar n- pi eci ng

portions or the fiber-rupturing portions protruding fromthe surface of the
support 10 exi stie hajlovhporget masbiaad dapwdpesddry anrogpetivnimethed ingh@ingnher e no
pi nhol e is generated in the porous 5nenbrane | ayer 11.
the following processes (i) to (vil) when the porous membrane layer 11 is a two-layered
compeosite porous membrane layer.
15 (1) A process of applying a membrane-forming dope onto the outer
circumferential surface of the support 10.
(i) 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.
20 (iti) A process of applying a membrane-forming dope onto the oufer
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.

25 (v) A process of washing the hollow porous membrane 1.



When the fiber ends exist in the porous nenbrane layer 11, it is possible
to strongly adhere the porous nenbrane |ayer 11 to the support 10. The
nunber of fiber ends existing in the porous nenbrane |ayer 11 is preferably
in the range of 10 to 40 per 1 2 M. 10[0074] Process of Produci ng Hol | ow
Por ous Menbr ane The hoIIom1poro§§ menbrane 1 is produced by a

producti on net had, i ncl udi thhe fol .own rocesses (i) to (vii) when the
por ous nenbranef)‘fl};l‘{ygfocfis q%mg%e%c&&&%%oﬁ%%@f% Inor ous menbrane | ayer.
15(i) A process, Qf applyi ng a menbrane-form ng dope onto the outer

ci rcunf erenti al (4U¥RIBEssPT prEling hs detowporous membrgng §. A process of

coagul ati ng the nenbrane-form ng dope applied onto the support 10 to forma

first porous nef¥/ahe | ayer and to acquire a hol | ow porous nenbrane
precursor. 20(iii) A process of applying a nenbrane-form ng dope onto the

out er circunf er BIG.i8dk a glipfas ecteinativglyhidubesng OhoOssh oA BE a BOBEW! SO .
(vi) A process of coagul ating the nenbrane-form ng dope applied onto the

hol | ows pokgidss %Mﬁﬁ%r@&&%%@%ﬁ% Js04 | %g?\%é@%gs BEGPRTVIP ﬂgﬁagﬁ&xd@y er and

to acquire the holl owporous brane 1. pr I'ng the
hol | oW POLGHRs BRI rdducis hrbiatus30Mh8GER5 Bt Ml Gob08 42 2aEMoRY O

menbr ane

applying the membrane-forming dope onto the support 10 continuously fed from a
winder (not shown), a first dope feeder 44 feeding the membrane-forming dope to the
first annular nozzle 42, a first coagulation bath 46 containing a coagulation liquid for

10 coagulating the membrane-forming dope applied onto the support 10, a first guide roll 48
continuously introducing the support 10 onto 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

15 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.

20 [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

25  positions upstream and downstream so as to eject two types of membrane-forming dopes



(vii) A process of wi nding the hollow porous nmenbrane 1. [0075] FIG 8 is a
di agram schematically illustrating the configuration of a hollow 5 porous
menbr ane produci ng apparatus used in the processes of (i) to (iv). The

hol | ow porous nmenbrane produci ng apparatus 40 includes a first annul ar

nozzl e 42 continuously applying the nmBfbrane-forning dope onto the support
10 conti nuoél]rsdé%gf ed froma wi nder (not shown), a first dope feeder 44

feedi ng t Re PRFOTIRPWPRY dope to the first annular nozzle 42, a first
coagul ation bath 46 containing a coagulation liquid for 10 coagul ating the
menbr ane- f or ni ndt thepanapipasdng thetsoppdre 1 ¢ tppeaty the pipeling.itwe typgaiole rol | 48
continuously introducing the support 10 onto which the nmenbrane-form ng
dope is apphibeshelfotminghippéd ars fedCiDag predtte aninbéd tioda, fram stecfsddapefeddaf nozzl e
52 continuously applying the nmenbrane-form ng dope onto the hol |l ow porous

menbrane paeCyESREmBFANEIBIhinY AbSsd ?]Q)flseﬁlrsf 5 pRcl Rt the shef SaGMtRLhAA bath 46,
a second dope feeder 54 feeding thé 15 nenbrane-form ng dope to the second

annul n ' s & & N . | ati on
aui ot oftetiss ghhe Bpdsf RIS ERB MO ALARRLE b I BIRLSIRIE.CI | O
por ous nenbrane precursor , .an second ide..rol] 58 continuqusly
"t r oduci AETRHECHERT G 4967 sihﬁ{@gﬁs?%man%%e»?ﬁigegfﬁlgbwwar%ﬁﬁeeﬁlm e

menbr ane-form ng dope is applied into the second coagul ati on bath 56.

20[ 0076] Hridewss of (i): A pipeline through which the support 10
passes is formed at the center of the first annular nozzle 42. In the

m ddl e way of t[@7p] peline, a slit-like nenbrane-form ng dope ejecting port
in the circunferential direction of the pipeline is fornmed at two 25

posi tions upstrerMnaRcdiSauRs bf B8 PRAne sl 1he RiteshulbBoAZWRES!s Afightly
menbrane-form ng dopes 35 with different conpositions.

10 pgreater 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.

15 [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

20 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

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



At the tinme of passing the support 10 through the pipeline, tw types of
menbr ane-form ng dopes are fed by a predeterm ned anobunt fromthe first
dope feeder 44. The menbrane-form ng dope (2) is first applied onto the
outer circunferential 5 surface of the support 10 and the nenbrane-form ng
dope (1) is then applied onto the menbBane- f or mi ng dope (2), t her eby
formng an applled filmwth redeterm ned thickness. [0077] The i nner

di aneter of the bﬂ%mewéur@foft 1p§ gnoplag parales? raxefemblpinithe singghf 2§°CLO
greater than the outer dianeter of the support 10 and a constant gap
(space) i sodlicsposed between the inner circunferential surface of the

pi peline of the first annular nozzle 42 and the support. The gap (space) is
det erm ned depepﬁk on the thickness of the applied film the viscosity of
t he nenbrane-fo niﬁg dope, and the traveling speed of the support 10 and is

general lygsin th %ﬁnge of 0.15 to 0.25 nm 15[ 0078] The
menbr ane- thﬁ?ﬁg( peis aliquid containing the above-nentioned naterials
of the_porous nenbrane | ayer and a sol vent. npl es of the solvent include

N, N- di fret hy! f or RegingebraeNoaming daps cosawpigs o ﬁm the fiest hgloss membirate.

N, N- di met hyl acet am de can be preferably used fromthe viewpoint of high
wat er 20p&yeebbiingiys it aphiedoibirootheendntame-foayare dope eto Conteedvit $879] The
concentration of the material of the porous nenbrane layer in the

menbr ane- t@ipiatgn 4gRR 16 He A0 ERRESA bhth 48! @tfet%rb?labwlmﬂg ReolsRgRAls 12 to
25 mass% The concentration of the material he porous nmenbrane |ayer in
the 25 mephnane; p?%c?ré&QS@Ope (2) (100 mass% is preferably in the range of
0.1 to 12 mass%

An aqueous solution containing the same solvent as the solvent of the
10 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

15 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

20 membrane precursor S0, 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]



The tenperature of the first annular nozzle 42 is preferably in the range
of 20C to 40C. [0080] Process of (ii): 5The nenbrane-form ng dope is
coagulated to formthe first porous nenbrane |ayer by bringing the applied
filmof the menbrane-form ng dope into contact with the coagulation liquid
in the first coagul ation bath 46, theréBy obt ai ni ng the hol | ow porous
menbr ane recur 50. An aqueous sol ution containing the sane sol vent as
t he sol veﬁf""S‘fS @ 10 nenbr ane-form ng dope can be preferably used as the
coagul ation liquid. Wen the solvent of the nmenbrane-form ng dope is

N, N- di met hyl acetfamnxdmpld, He lodlowgrtrowt menbahe i iewssied evith it watefoficAMC Y i n
the range of 1 to 50 mass% of the coagulation liquid (100 mass% . The

t enper at utR1@PCHY SerkRRAHE 814 [ f 50Cto
1506 [ 065 BroruasadH: i ‘??.*”Wréhéd%ﬁ°§?ﬁ?a’ésd§§#%“%%5n°§md%édof the

processes. t he fol rous ne ne |layer is formed on the
outer ci rbﬁh?%?%#gé’f“hsl{ﬂtf@@éoggﬁ @@ﬁ&&&%%ﬁ“@d@ SReEbr ane precur sor
50, thereby obt ai ni ng the hol | ow porous nmenbrane 1. In the process of
(iii),%>an interi¥883koagul ation liquid may be used as the

Processes of (vi) to (vii):

The hollow porous membrane 1 is dried at a temperature equal to or higher than
60°C and less than 100°C for a time equal to or longer than 1 minute and legs than 24
hours and is then wound on a bobbing or a cassette.

10 [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.

15 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 info plural bobbins, the yam-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

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 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



menbr ane-form ng dope (2). Exanples of the internal coagulation |iquid

i nclude glycerin, alcohols, and ethyleneglycol. [0082] 37 Process of (v):
For exanple, the hollow porous nenbrane 1 is washed with hot water of 60C
to 100C to renove the solvent, is then washed with chem cal such as
hypochlorite, and is then washed with hdt mater of 60C to 100C to renove

t he chem cal 3%00 3]. Processes of (vi) to The hal | ow porous
menbr ane Meihes §p Ak e&fn%oteﬁwegéhwgo‘éﬁaepb%e éﬁyeﬁilgﬁl&rettmmr%@ #ed | ess
than 100C for a tinme equal to or longer than 1 mnute and | ess than 24
hour s andadbssivéprepary hebwsan thetpoimisigerobraae kgt and tha eppos 4. In the
hol | ow porous nenbrane 1 descri bed above, since the support 10 is the

hol |l ow braid 12 obtained by circularly knitting a yarn 16 formed of
multi-filaments, the increase in cost is suppressed and the adhesive
property Qﬁ%@@g@ the support 10 and the porous nenbrane |ayer 11 is

excel | ent hat is, the hollow braid 12 obtained by circularly knitting a
conti nuous yargpégﬂln a cylinder shape is greater in braiding speed than
the knitted br Since it is not necessary to segnent the yarn 16 into

ol | ow br ai d 15ednvRp AR B sB o Sraet FU i s AR IO, 1t i s

possi bl e to suppress the cost in conparison with the knitted braid and to
reduce thexag@desst of the hol | ow porous menbrane 1 by using the hollow braid
12 as the support 10 of the holl ow porous nenbrane 1. Since the
meshes 180uter Ditendied df@upps@i d 12 is very greater than the gap between the
nono-filanents of the yarn 16 and penetrates the hollow braid 12 fromthe

surface to the1Hydd@yd%yﬁﬁfﬁfm§Q@nﬁﬁqﬁﬁq5§$&gaqgﬂgkggpe can perneate the
support 10 through t
10 A 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.
15 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.
20 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.

25 The samples to be measured were sampled in the same way as sampling the



38 neshes 18 at the tinme of formng the porous nenbrane | ayer 11, thereby
i nprovi ng the adhesive property between the porous nenbrane |ayer 11 and

t he support 10. Exanpl es 5[ 0085] The invention will be specifically
described with reference to the foll ow ng exanples. Quter D aneter of
Support The outer diameter of the suppd® was neasured as follows. 10A

sanple to be sured. was cut j.nto sanple pieces of about 10 cm every
sever al sﬁ?ﬁ}l’gg PRCY Ca@éﬂ ?}g?féjﬁ%etﬁﬁstvﬁ T8 56P%tt-et hane resin. The

pol yurethane resin was made to enter the hollow portion of the support.
After the pol yur&ehabrescetian pf the sampied guppdsewasehsbeedardthaambiestive kene ofibout
thin pieces with a thickness (in the nenbrane I ength direction) of about
0. 5 nm usilAg nmgndxetionstbrotipk the tshef s podfile projpéctdr(EROFIPE @R FHEOTOR WS
observed with an objective | ens of 100 magnifications through the use of a

profile phaidedyNIKOMROoH).E PROOECTOR v-12 made by NI KON Corp. ).
Marks (lines) were aligned with positions of the outer surface in the X

out or o amet or ek GR6 SR icita A BUPRRL o RIRh AR RN Y "

acquire t gﬁ‘d ﬁl\éef gggcti\églirlaj %e%ﬁlp}gohr? se%ﬁ%g En o Is%rnx%%igzg gﬁd hg%%?e]r diameter was read.

This operation was repeated three times to calculate the average value of the inner
diameters.

[0087]

10 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.

15 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.).

20 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]

25 Inmer Diameter of Hollow Porous Membrane



| nner Dianeter of Support The inner dianmeter of the support was neasured as
follows. 25The sanples to be neasured were sanpled in the sanme way as
sanpling the 39 sanples fromwhich the outer dianeters were neasured.
Then, the section of the sanpl ed support was observed with an objective

| ens of 100 magnifications through the4lse of a profile projector (PROFILE

PRQIECTOR V-12 gﬁde by . NI KON ggqeﬁlO% S5Marks (lines) were aligned with
posi tions of thélf HWSFdigpetese ﬁ&’mrmsr%ﬁ)rawwwn@weﬁ #ifpews.on in

t he support section in observation and the inner dianeter was read. This
operation was r&pestepies lorhsanedsmed vase sanpled bt the sdree wapragenplalgibe of t he
i nner dianeters. [0087] 10 Quter Di anmeter of Holl ow Porous Menbrane The

out er di asahples frbmt Wieich dlel anerdametsrs T measirgdhs neasured as fol | ows.
A sanple to be neasured was cut into sanple pieces of about 10 cm and every

several sanple phaces é&@ﬁor@@f"tﬁé Sehtg BOFTO\PBB%"&E Slehghe R dT‘)S%JQc?wnh an

pol yur et hane resin was made to enter the ho ow portion of the support

R A Nk e e Rt

0-5 MM USILA% 1 BBAOU:12 made by NIKON Corp.).

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

10 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

15 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

20 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

25 times to calculate the average value of the inner diameters.



Then, the section of the sanpled holl ow porous nmenbrane was observed with
an objective lens of 100 magnifications through the use of a profile

proj ector (PROFILE PRQIECTOR V-12 made by NI KON Corp.). 20Marks (lines)
were aligned with positions of the outer surface in the X direction and the
Y direction in the section of the hol | dW porous menbrane in observation and
the outer di ame@r s read. This operation was repeated three tines to
calculate the a ngkei val ue of the outer:- dianmeters. [0088] 25 I|nner

D anmeter Qf Ho| |l ow Pgrous Menbrane 40 The inner dianeter of the hollow
por ous m%ﬁ%@@%%ﬁ&@ﬁ?@@%@%ﬂm. The sanples to be neasured were
sanpled in the sane way as sanpling the sanples fromwhich the outer

di aneters were whaperediimeter of the porfhemembhme dget wan mehsurbbastatipved hol | ow
por ous nenbrane was observed with an 5objective | ens of 100 nagnifications

through the useAgtctibnpl fhichee B B @edREed WRGFHokderiRed BeHFD0G6 12 made by
NIl KON Corp.). Marks (lines) were aligned with positions of the inner

surface i &aﬁﬂﬁcﬁiﬁsrt%gg%&e%g of B& .g.re?é‘cttxjoﬁgtlliicf&sé 8 208 Gid eﬂz@lg%g?hgg hol I ow

por ous menbrane in o ation and the~inner ameter was read.
oper ) on AR PRRLSUL L £, LUTERG) el gL es e, avarane el g, of the
acquired photograph. IMAGE-PRO PLUS Version 5.0 made by Media Cybernetics Inc.
was used as the image analysis software.
- {0091}
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.
15 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
20 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

25 Regarding the rupturing strength of the hollow porous membrane, a tensile load



In the exanpl es, the thickness of the porous nmenbrane | ayer neans the
t hi ckness fromthe surface of the support to the surface of the hollow

porous nenbrane 15 and was neasured as foll ows. The sanples to be
nmeasured were sanpled in the sane way as sanpling the sanples from which
the outer dianeters were nmeasured. 42 Then, the section of the sanpled

hol | ow por ous rane was observed with an objective | ens. of 100

magni f i cati ﬁgqueﬁt’% agieie Wgefﬁélée laﬁiogv PRTOYS ?@%@Fé‘@@&gu%kpﬁmh@_ﬁhﬁek PRQJECTOR
V-12 made by NI KON Corp.). Marks (lines) were aligned with positions of the
out er sur Padenand Tepslondyesy teasilefiesier through shedss@of k detsilon tgsttemsile itestdarhe
section of the holl ow porous nenbrane in observation and the thickness was

read. Si n(UGHIN, mbdeebyt OriekadgsSo Yamdteadegree dfeborpatden obdhe SapPoed wiekthe
12-O cl ock, and 6-0 clock directions. This operation was repeated three

25ti mes t Qagalonth Had TR ANEAA0H VAL UEUSK pbRfs A ratt R RIGEs. TAL [0090]
Pore Di aneter of Porous Menbrane Layer Thé pore dianeter "of the porous

menbr age | g ol | o) . 1,0, be
measurod ood ol B8 PR Bl e e E e R e B S e Eee of a
scanning el ectron mcrqscope and the average pore dianmeter of the structure
was cal cuﬁﬁﬁ%‘ﬁpwubmﬁeﬁﬁﬁéﬁpﬁuﬁ%‘@%@@@? process of the acquired

phot ograph. | MAGE- PRO PLUS Version 5.0 made by Media Cybernetics Inc. was
used as the i maf¥®%hal ysis software. [0091]

Degree of Permeation of Porous Membrane Layer into Support
When the hollow porous membrane 1 was cut in a direction perpendicular to the
10 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
15 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¢/ax 100
In FIG. 21, b represents the thickness of the portion where the loops 17 do not
20 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

25  porous membrane was developed in a flat membrane shape, the porous membrane was



10 Water Perneability of Holl ow Porous Menbrane The water perneability of
t he hol | ow porous nenbrane was neasured as foll ows. A sanple to be
measured was cut by 4 cm and the hollow portion of the cut surface was
sealed with a pol yurethane resin. 15Then, the sanple was depressurized in
ethanol for 5 or nore minutes, and was 48hen imersed in pure water for
repl acenent A container was filled with pure water (250,

connect ed PPRsadie 2 peeking tpe 69 Hishtheuter suracss ofttheparanpmembrang fecos lt,hfe an air
pressure of 2001cPa was applied to the container, and the amount of pure
wat er fl owbmding pwfact néthsaapkiog vaps, tine agppoetpdrton wagperlerl o frofhihe pegangat i on
was repeated three tines and the average val ue thereof was cal cul ated. The
wat er per mapabiith 4 %inmmabt ahnedlbyediwidtiénbe bhrous eethbiants yedletcobfrothe
surface area of the sanple. [0092] Rupturing Strength of | follow Porous
Menbr ane %é@%gﬁ(g ling the rupturing strength of the hollow porous nenbrane,
a tensile | oa 42 was applied in a state where the holl ow porous nenbrane
was ch cked wi tﬂj ? ﬁhuck portion of a Tensilon type tensile tester through
t he use of a Te Q? n type tensile tester (UCT-1T nmade by Orientech Co.),

and the d ee.of elongation of the support with the variation in |oad was
nmeasur ed g%ﬁqr?tlct“r@h%%ﬂt‘?fb%cﬁgﬁ@ﬁgwrpé}%‘ﬁ%ﬁém%éa@uptured Thi's

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

10 basis of JIS K 3832.

[0096]

Example 1
Production of Support

The support 10 formed of a hollow braid 12 was produced using the support

15 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 needies
of 12, a needle size of 16 gauge, and a circumferential diameter of a spindle of 8 mm,

20 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]

25 The polyester fibers drawn out of the five bobbins 22 were merged into a yarn



5 operation was repeated three tines and the average value of the | oads
with which the holl ow porous nenbrane was ruptured was cal cul ated. [0093]
Degree of Perneation of Porous Menbrane Layer into Support Wen the holl ow
porous nenbrane 1 was cut in a direction perpendicular to the 10center
axis, the thickness of a portion (portidn in which the |oops 17 overl ap

with each other) with _the greatest thickness of the support 10 in one
sect i onal g té%’,l'@ tﬁfégﬁg“en@s%%f@&' .texﬁh@ed?ag’c‘é[#‘c‘émpiaé]ﬁﬁlﬁuqtqdﬁéithWWE‘I‘]ra"connects

the positions where the porous nenbrane |ayer nostly perneates the support,
on the oukeitimsmaching tie fofm ahellgwdpadtl 2t Gehhowdsiid i dwasinadedo passous
menbrane | ayer nostly perneating the inside of the support is set as "c

(see 15FI @rddgh the heating dIH2S de@rse€, Ad he homed halbvobrald B WaY @uEndBHRE ane
| ayer into the support is calculated by the foll ow ng expression.

Degr e of sSCHEAdC AndPsoUp, URIRGAGR: BY 860 hho SHOREL(Mac! 2x100 In

FIG 21, b resents the ess e portion where th 00ps 17 do not

20overlap with each ather. 094] Peel.in sistance,of Hol | ow Porous

Vo ahe el Bredrsliony Hardh bt g SLbrREs 2278 AR hot | ow por ous
menbrane, one surface of the holl ow porous nenbrane was cut in the fiber
axis direction W puter diagmeter of the ohinegsupprp b vas abmwBrlane andshelinet oped in
a flat menbrane shape, the porous nenbrane was 43 bonded to a packing tape
so that t Hemetdr drersafiviaabowfl.d hen.pofbesumbsariof fovps il Aoé thethodobdndidri@ sur f ace
of the packing tape, the support portion was peeled off fromthe packing

tape W t heghspiutingtih #UOWRS 18Rt LindReFeitined AT tht RexRAEA ERAARef | S
peel ed of f from tghee jsi%g%ort . 5[ 08385] ° Pasiig

the meshes 18 was about 0.05 mm. The length of the support 10 was 12,000 m.

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. l8.
Polyvinylidenefluoride A {(product name, Kynar 301F, made by ATOFINA Japan
15 K.XK.), 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).

00991
20 Tablel
Composition (mass%o) Membrane-forming | Membrane-forming
dope (1) dope (2)
Polyvinylidenefluoride A 12 3
Polyvinylidenefluoride B 8 2




Separation Characteristic of Holl ow Porous Menbrane The separation
characteristic of the holl ow porous nenbrane was eval uated on the basis of
t he maxi num pore di aneter cal cul ated using a bubbl e point method. The

maxi num pore di anmeter was neasured using ethanol as a nmeasuring nedi um on
the 10basis of JI'S K 3832. [0096] Exangbe 1 Production of Support

The suppett-~10-formed—of—a-holl-ow-brai-d-12.was--produced-using the support
15 produg F’H@V%Emr&ﬁ@%n@zo shown in FIG 610 A pol y%ster fiber (With
the fineness. of 84 dtex and the nunber. of filanments of 36) was used as the
yarn. Fi y&.Bolbethglag@awidenhi ch 5 kg of th&0pol yester fi[f#s were wound were
prepared| A desktop knitting machi ne (V\,i th the nunber of knitting needles
of 12, a mgé@mﬁgﬁn%béﬁeg@fﬁgg d@ﬁp F/g&cﬁmerentlal fbo neter of a|
spi ndl e of mm 20nade by Mar UI Textl I e inery Co td.) was used as
the C|rCl r\|||L.l.1i f7e " SO }’u.. WS- C-t-—a [E d
f eeder 26 ﬂ‘é?n{‘rﬁ%mb?wiﬁ%lﬂée‘éﬂ‘g@d%nst azq{ess die (wi t¥°an i nner di dnet er
Dof 5 mn an inner dianmeter d of 2.2 mm and a length jof 300 mm haviing a
heat er wadiegdeaneferming depati ng die 28. [P097] 25The pollyester fibers drawn
out of the five bobbins 22 were nerged into a yarn 44 {16 (with the tgtal

fi neness of 420 dtex), the yarn was circularly knitted by the circular
knitting machine 24 to forma hollow braid 12, the hollow braid 12 was nade
to pass throughgbg) heating die 28 at 195C, and the heated hollow braid 12
was wound as the support 10 on the wi nder 32 at a w nding speed of 100

m hr. The galé gl),lo was 5continuously produced until the polyester fibers
of the boB I'ns 5 ran out.

The first annular nozzle 42 was kept at 30°C, membrane-forming dope (2) was
5 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).
10 [o101]
Process of (i1):
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
15 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):



The outer dianeter of the obtained support 10 was about 2.1 nmm and the

i nner di aneter thereof was about 1.3 nm The nunber of |oops 17 of the

hol l ow braid 12 constituting the support 10 was 12 per circunference and

t he maxi num passage wi dth of the neshes 18 was about 0.05 mm The | ength of
the support 10 was 12,000 m 10[ 0098] BPoduction of Hol | ow Por ous Menbrane

A hol | ow porous nbra r oduced t he hall or.ous nenbrane
produci ng appar gpﬂﬁlr@%ﬁﬁ%"eﬁf’@us@e“g’éiﬂ?&?rﬁ%r?(ﬁgﬁéﬁﬁ gi?fh&ée%m@product
name, Kynar 301F, nmade by ATOFINA Japan 15 K K.) }Wpolaﬁw nyl i denefl uori de B

(product ARIRAr nﬂgfﬁ&ﬁ @Qﬁ@t@"@xﬂé@ew (Bireticliaga, mag o Pure Chemical
pol yvi nyl pyrrolidone (product nanme, K-90, made by ISP Corp.), and

N, N- di met hyluaigies bui )ds aneirer bagedhativintiuidh@ad@eded Abinate fRwvRciich Jabbe 1 to
prepare menbrane-formng dope (1) and nmenbrane-forming dope (2). [0099]

SoTab) <) USRSk} AR ey A O B SRl age- 7 19
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.
(¥) 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.



8 2 45 Pol yvinyl pyrrolidone 10 N, N-dinethyl acetam de 70 93 Tenperat ure of
menbr ane-f orm ng dope 60C 50C Concentration of polyvinylidenefluroide in
menbr ane-f ormi ng dope 20% 5%

47
[0105]

Processes of (vi) to (vii):

The hellow porous membrane 1 was dried at 85°C 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 diameter therecof was about 1.2 mm, the thickness of the porous membrane
layer 11 was about 350 um in average, the bubble point was 160 kPa, and the water
permeability was 105 m*/m*/h/MPa.

10 The peeling resistance of the hollow porous fiber membrane was tested. Al 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

15 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

20 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]

25  Example 2



[0100] Process of (i): The first annular nozzle 42 was kept at 30C

menbr ane-form ng dope (2) was 5ejected fromthe first ejection port on the
upstream si de whil e passing the support 10 through the pipeline to apply
menbr ane-form ng dope (2) onto the outer circunferential surface of the
support 10, and nenbrane-form ng dope ¢8) was ejected fromthe second

ej ection Eort on the downstream side to apply nenbrane-form ng dope (1)
ont o menbFeEEcHayofiliglarpPeroppMembgan®101] Process of (ii): The support 10
onto which the nenbrane-form ng dopes were applied was made to pass through
a coagul ati on | Adalldwpoonisarambrgnes! was stodutedNnNbelbanest Wyd siquoduredén and 95
mass% of water) kept at 80C in the first coagul ation 15bath 46 to formthe
first porEManﬁIenpémFt thatysily meAtrddesfodiningalope (il \Wees dpplitChad tayodthre first

guide roll 48 to pull up the resultant fromthe first coagul ati on bath 46,
obt ai ni NGcit HenBRLAYPRELHSHETRIBNLAND tBFREH 1ROlse R thd BdlAkuRr a683840f (111):
5 [0108]
The outer diameter of the hollow porous membrane 1 was about 2.78 mm, the
inner diameter thereof was about 1.2 mm, the thickness of the porous membrane layer 11
was about 340 um in average, the bubble point was 110 kPa, and the water permeability
was 115 m*/m*/h/MPa.

10 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

15 layer was left on the packing tape.

The hollow porous membrane 1 was cut in the direction perpendicu}ar 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

20 meshes and the porous membrane layer 11 was strongly adhered to the support 10in a
state where parts of the loops 17 of the yarn 16 are covered with the porous membrane
layer 11.

{0109]
Example 3

25  Production of Support



46 VWi | e passing the holl ow porous nenbrane precursor 50 through the
second annul ar nozzle 52 kept at 30C, glycerin (First Oass, made by Wako
Pure Chem cal Industries Ltd.) as an inner coagul ation I|qU| d was ejected
fromthe first ejection port on the upstreamside to apply the glycerin
onto the first porous menmbrane |ayer awd 5 menbrane-formning dope (1) was
ejected fromthe second ejection port on the downstreamside to apply

menbr ane- f or mi nBelsesies fbey Admitd thhBregleyrali§drite e nPmbercafdilaherts of :

Under the sane conditions as the process of (ii), the second porous

menbr ane 1ID) dnadypetyes@s fibarBrédgloatrétpth polly esterditiee withehefihdénabs sid3bane #fd t he

hol | ow por ous nenbrane precursor 50, thereby obtaining the holl ow porous

menbrane  fhe dudiRAbs ﬁ%ﬁﬁﬁ@%fQﬁ%(v ¥e-usdd 8 e lyhRW 0T OBSHHIEARHARECH 5 ¥grvas hed
with hot water of 98C for 3 15 mnutes to rermve remai ni ng parts

N et A B6E A A, A B RN R 20 bR pﬁgscpat% gpes of

(x) to (z re repeatedly per rénove
o Yoo BSELETIE N 18 S AL LS SRERTE L ED ? eees
i nmer sing the hoI | ow porous nenbrane 1 in 50,000 ng/L of a 20sodi um
hypochl or Ptdssldgp Epitisnssmpehinetvith the numbergf thpng@ sofl 1Aemn¢edly sitreothol | ow
porous nenbrane 1 in a steambath of 90C for 2 m nutes. (z) A
process oﬂtj1 ;w@i argl 4 diecundbieotialplaroetsr ofendpiatie ofl 1 Gunint) niwde byalani Béxti®OC for 3
mes Machinery Co., Ltd.) was used as the circular knitting machine 24. The support 10 was
produced until polyester fiber A of bobbin A runs out, in the same way as described in
10 Example 1 except the above-mentioned description.
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.
15 [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]
20 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

25 permeated the yarn 16 up to the deep portion in the region where polyester fiber A was



[ 0105] Processes of (vi) to (vii): The hol | ow porous nmenbrane 1 was
dried at 85C for 10 m nutes and was then wound on a bobbin by a w nder.

5[ 0106] The outer dianeter of the resultant holl ow porous nenbrane 1
was about 2.80 mm the inner dianeter thereof was about 1.2 mm the

t hi ckness of the porous nenbrane |ayer 501 was about 350 pmin average, the
bubbl e point was 160 kPa, and the water perneability was 105 n81n®/ h/ MPa.
10The peel9sapdraadhe susivse a6 pereedtes] thewapoktoustorqube teputasmansuiiaes make ed.

Al'l of the second |layer and the | ayers subsequent to the second | ayer of

t he hol | ovegion wherefpolyestenBbdyBhines Wwented pedhedirfabé. fOothe diberfiandtthé ayer and
were left on the packing tape. The sane test was perfornmed on the first

layer of pbeubeldnMaieqnts 1 fiehsatdembianot TTey vt BELldf s thicky&ys Was not
peel ed off fromthe support and a part of the skin of the first 15l ayer was

left on t ' . K ut in
the diTect o er pas o B e Pel B e s TR PRt BUE L e
was ob er\éed. The porous nmenbrane |ayer 11 perneated the yarn 16 only by
about 309 TR the surface. On the ot her hand, the porous nmenbrane |ayer 11
perneated the hgll ow portion of the support 10 through the 20neshes 18 and
the porous menbdBhEIPRE{Rg strengiiof the hollowy poravsvapabrape Tiwas abogtN 10. A part
of the porous nenbrane layer 11 was thinly adhered to the inner

ci r cunf er avi¢hais aburtfldcdmed thethef tho holbew porots menbiartchleacs ol to Bx@mpbe?. t he

i nner dianeter of the hollow portion was al nost the sanme as that before

appl ying the mepgnape-form ng dope. [0107] 25 Exanple 2 48
Example 4
10 A 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,
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

15 knitting needles of 12, a needle size of 16 gauge, and a circumferential diameter of a
spindie 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 nun) having a heater was used as the heating die 28.

20 The polyester fibers drawn out of the five bobbins 22 were merged info a varn
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

25  continuously produced until the polyester fibers of the bobbins 22 ran out.



Production of Hol | ow Porous Menbrane A hol | ow porous nenbrane 1 was
produced in the sanme was as produced in Exanple 1, except that only

menbr ane-form ng dope (1) was applied onto the outer circunferenti al
surface of the support 10 through the use of the first annular nozzle 42.
5[ 0108] The outer diameter of tB& holl ow porous nenbrane 1 was about
2.78 mm the inJEer di anet er ttgtgre f.was about 1.2 mm the thickness of the
porous menbr ane! MaQEEr damgissoile gbtaled sEPRAT H woerbayd 2-SH@ 39dikg Bpoi nt  was
110 kPa, and the water perneability was 115 nB/n2/h/MPa. 10The peeling

r esi st ancéiapteter erérdlwaswbpariolsmi.i bEne menter afiopad 7 0 dedw]lon Hraidfl 2t he
second | ayer and the |l ayers subsequent to the second | ayer of the holl ow

porous fi berstingingtianeppen ¢0 peel 2 deotitcuniformedend the staximyapasage wadtg ofeft on
t he packing tape. The sanme test was perfornmed on the first |ayer of the

hol | ow popRusesht PRI wHEARAADE mrhe T8Bdnpfh b thS buppd¥El WasI N®io Aeel ed of f

fromthe support and a part of the skin of the first 15l ayer was |eft on

e Dagkino (T oL LA RIS B St g et

per pendi cul ar to e 'cen isan sectio served.

The porous. rane | r 11 per ted the yarn. 16 to only fhe outernost
sur f ace. &%@Ajﬁwﬁﬁh@d Wﬁraaﬁ? t Bﬁgolmﬁﬂpalﬁghc}%ﬁmﬂwa@%&% t he
support 10 by about 90% of the thickness through the 20 neshes and the
por ous nelBfahel$RGem. ) Mernagitaed gnlingliethiih 4 massSoiod NeNphoethykoctamide st at e
where parts of the | oops 17 of the yarn 16 are covered with the porous

menbr ane togytepard 4 sedodd @M @iry: dpePr GHe eistenityaff tigepodd 49

Pol yester fiber A (with the fineness of 84 dtex and the nunber of filanments

of 72) angle%}éfﬁigtggﬁin%iﬁ%ﬁ% ﬁﬁdobiﬁg;l%g,);@?%&g! yester fiber with the

fineness of 235 e nu ments of 24) were used as the
(o0 16 oA OB AL 9P MLER, Sy K, R PELUSSLEr 1061 4 165, b, and T
ATOFINA Japan K.K.) and 9 mass% of polyvinylpyrrolidone (product name, K-80, made
by ISP Corp.) were 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.

15 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

20 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,



5 which 5 kg of polyester fiber B was wound were wound were prepared as the
bobbin 22. A desktop knitting machine (wth the nunber of knitting needles
of 10, a needle size of 16 gauge, and a circunferential dianeter of a
spindle of 10 mm nade by Marui Textile Machinery Co., Ltd.) was used as
the circular knitting machine 24. The $dpport 10 was produced unti
pol yest er ber A run in the sanme as described in 10
Exanpl e 1a@i3@meFﬁ£t g@’qﬁ@ 6@%@QBE§BWPB§§Bﬁﬂnmnbr * The outer dianeter
of the obtained support 10 was about 2.1 mm and the inner dianeter thereof
was about 1.2 mie thigknagsrtfdhe kllavopgreus fibgfmemeranofipayihe brsidisupport to
constituting the support 10 was 10 per circunference and the nmaxi num

passage witdtdutafsuifie wasIigs.ui 3hnbsbidd eoint Gad D40RPa Tﬁww&teﬂﬁrﬁe@ﬁﬂxww upport
10 was 4,200 m 15[0110] Production of Hollow Porous Menbrane

hol | 3 d bed
Eiangwepgq%ilc’éf%aﬂ%%hﬁe Bl e SRR TN, 2 e ot '13
01111.20Th t th | | ut 2. 8
2 e O B LSt Edus el Emifns vas o o TR T AR seistite, 7 this

porous nenbrane | ayer 11 was about 340 ]imin average, and the wat er

per meabi | FE§reRaEOW psravs fiber membiane 1176 nebpsedtd pbiemshasmosadionlpapatt i n
the direction perpendicular to the center axis and the sectional surface
was obser vEthe siinef plar i wiporbnsafieer Insspabradd waspéranehe petkingstaparn 16 up to
the deep portion in the region where polyester fiber A was 50 |ocated on

the surface, anthperieaileguithe ofdidhdwiPorbls ARmdnlsafiives dRstvedwiftace in
t he regi on where pol yester fi ber B vvas | ocated on the surface. On the other

hand, th t 80% of
the ©hi CE%EQ%’B-*%%%?%‘*?‘%@“’S L R S R S e T e

stron adh red. to.th
% Y G Tormed tm the v1cm1ty of the outer surface, a dense layer with an average pore

diameter of 0.8 pm having a sponge structure in which the polymer resin is the sea was
formed within 40 pm from the inner surface, and an intermediate porous layer with an
average pore diameter of 4.8 um was formed between both dense layers. The porous
membrane layer permeated the support 10 by about 90% of the thickness through the

15 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

20 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]



5support 10. The rupturing strength of the holl ow porous nenbrane 1 was
about 400 N which is about 1.5 tines that of the holl ow porous nenbrane 1
according to Exanple 2. [0112] Exanple 4 10A support 10 formed of a holl ow
braid 12 was produced using the support producing apparatus 20 shown in FIG
6. A polyester fiber (with the f3neness of 84 dtex and the nunber of
filaments_of 36, pseudo braid) was used as the yarn. Five bobbins 22 on

whi ch 5 kEX3PPRe pol yester fibers were wound were prepared. A desktop
knitting machine (wth the nunber of 15 knitting needles of 12, a needle

si ze of 16 gaugh hobew parasis fibghmeméraneayasdredwee@ m e same pands desofibgl inun,
made by Marui Textile Machinery Co., Ltd.) was used as the circular
knitting Rrahplod, &kepilihet Nabsbranedbimingdopseistaiasd bhagimiap dnfl eaditrig 2165 and

t he pickup device 30. A stainless die (wth an inner dianmeter D of 5 mm an

inner di agRt®s ofpQividyRdeRBHuAYE R (frefetk Rat, xéan AN E haade B9 Ardraaier was
used as the heating die 28. 20 The pol yeste i bers 'drawn out of the five

DODDI 15 2 EKEC TP 9L 0% 8 B B0 chitbidl R ol linl] RENGSHOB 420

dt ex), thepyarn s'circu rcular kn i‘ng mathi ne 24

to forma _hql]o id 12, ho] ].ow br ai 2 .\W\as de to .pass through the
heat 1 ng. amecabs STOBRIE Tait Kol B Kot bl v P st A & R aes 1 P
support 10 on the winder 32 at a wi nding speed of 200 mIn. The support 10
was 25confi Nabdunsihylpestamide waatped asiibe Sest mesthsanerfopming depet hEhowvistaisHy 22
ran out. 51 The outer dianeter of the obtained support 10 was about

2.5 mm andf thb éirdt AneibreheafRingly ddpernesdoCvass 200000 dmPd-s¢éon The nunmber of | oops
17 of the hollow braid 12 constituting the support 10 was 12 per

ci rcunference i ' éxlibefr : out 0.1
mm The | engt h%%&%%%l s%%ﬁ%%%le?ébr 19 %Egﬁrgﬁﬁsu%&%b

pol yvj nyl jdenef |l uari de (.pr.oduc , _Kynar F, made by AfOFINA Japan
1Y G s siacsas ol ity GG peibhiEes BHDERf feriie PRUBBILS by | SP
Corp.) were agi tated and nelted with 71 mass% of N, N-di net hyl acetam de to

prepare al&cwdnd/iiifer zndehs badiofhedopringpeing wee 829Ny of the second
menbr ane-f orm ng dope at 40C was 130, 000 nPasec. 1022 nass% of

pol yvi nyl i denefThishbll®w pproad fidtr mamBranKyas tesBdlbr thegdelidpreAdiiddNA Thapan
K.K) and 9 mass% of pol yvinyl pyrrolidone (product nane, K-80, nmade by | SP

Corp.) wegfira@dbidh ggm%mb%éﬁgra% Ghs B8t T%@ﬁ:?i%}fpﬁoﬁl’tﬁé %ﬁﬁ%ﬁ%ﬁ%ﬁ@izﬁ?ﬁrﬂe to

prepare a first nefrbrane-form ng dope. e viscosity of 'the fir

menbr ane- fapMng ¢ %%o?l%wajgocr:oﬂaﬁbe% HnH% WA B8 %n the packing tape.

15 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, a dense layer with an average pore
diameter of 1.3 pm 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

20 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



15Then, while feeding the second nenbrane-form ng dope to the outer |ine of
the triple annular nozzle with a dianeter of 5.24 nunO kept at 30C, feeding
the first nenbrane-form ng dope to the inner line, and passing the support
10 through the central portion of the nozzle, two types of menbrane-formng
dopes were applied and stacked onto the4dbraid support, the resultant was
made to pass,through an air gap of 40 nmm and 20 the resultant was nmade to
pass t hr oR§HIoRs peapating fhepughdhameshas. atlhy perons memanegpationssess of

N, N- di et hyl acet am de and 92 mass% of water to coagul ate the resultant.
Then, t he cowtegtedtin napiralshanedd thdBbefaxritectién drothevena sudice9 8 Che sectionali nut e,
the resultant was imersed in 50,000 ng/L of a sodium hypochlorite aqueous
sol ution, swacurgHoegraphtd bidle soatrtng BlecB®Snl@bscdbe Wassiondm inids, O ied at
110C for 10 minutes, 52 and was wound, thereby obtaining the hollow porous

fiber ne : g i ok f SRl 3 t her menbr ane
fromt hen%?ﬁégﬁ%n&é)Etﬁcgmgg?%}%g’“gﬁl?%ﬁﬁggri age Walse v%ggﬁ%&ﬁ%{ﬁg%ggbl e point was
140 kP§1, t he Wahag ]oermaabi lity was 122 nB/n2/h/ MPa, and the |oad of the
rupturing point é 270 N. 5This hol |l ow porous fiber nmenbrane was tested
for the peelin esi stance. The entire hollow porous fiber menbrane was not
peel ed of xpmg}%ﬁ{ he support and only a part of the skin of the hollow
porous fiber menbrane was | eft on the packing tape. The secti onal
structure of tha heblowgwrpsyithes nfenteanermempradesedas thelsgme wed apidederibedimanni ng
el ectron m croscope. A dense layer wth an average pore dianeter of 0.2 m
10 was f ofxesiplers, thepvilet fhieynbednet foembigtdepe sbitalied &y agitdéisadimigrg Wt h an
average pore dianeter of 0.8 pmhaving a sponge structure in whi 0%1 t he

pol ymer 1 esisivio$ g{)lgﬁiéxgﬁéeﬁ’é@lﬁoﬁ@é ARitoWhdchiamhe ARy AP0 P,%%&go%imlg?&r face,

and an i nternedi rous |ayer wMth an average pore ter 4.8 mwas

f or med, bet th nse .l ayers.. The L OUS rang. |l ayer perneated the
suppot? 1O RS e EERRE. BB ind BB L e e O ERE 5T msnee of e
support . orous nenbrane portiogn did not perngate the nono-fil aments of
t he suppoﬂﬁfgﬁne‘%@w?ﬁﬁw&e Wiy Saféésglﬁ seprRdHBFNbRARG SrBRE fensend tshbr ane was
observed with a scanning electron mcroscope. Apart of the support was

sur r ounde&eswitath W meads torpatsithnougipan i gais 0P &l meat i e visnosigdf thhecoredhes. The
por ous nenbrane portions were connected in a spiral shape in the fiber axis

di rect i onnemb2tehRrinipalops uf 4@CewasTN®, 0BchPoRRl structure phot ographed by
the scanning el ectron m croscope was shown in FIG 9, the sectional

t t in thevieini ' f W0, | I 0, d
he permaat | on SAIERRaidhe Ll RSl B A S A R bR I

shown . in EFIG 11.
15" the outer surface was 150 um, the bubble point was 205 kPa, the water permeability was

115 m*/m?*/h/MPa, and the load of the rupturing point was 270 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.

20 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 pm 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



[0113] 53 Exanple 5 A hol | ow porous fiber nmenbrane was produced in
the same was as described in Exanple 4, except that a nmenbrane-form ng dope
obtained by agitating and nelting 11.5 mass% of pol yvi nylidenefl uoride A
(product name, Kynar 301F, nade by ATOFINA 5 Japan K K ), 11.5 mass% of

pol yvi nyl i denefl uori de B (product nane,5Kynar 9000LD, made by ATOFI NA Japan
K. K) and 12 mass% of pol yvi nyl pyrrolidone with 65 nass% of

N, N- di et KA oerasivoeed s wesndtladensh dayeis s tThapoetmamesrfitpand lagerdepecatdthe
viscosity of the first menbrane-form ng dope at 40C was 210, 000 nPasec.

The t hi ckrigssippért | 8y ABMt GOVPET thel thidlineed thrkiFh tR@ e éHe BY tHeeupp@t.d Bipport to
10 the outer surface was 170 m the bubble point was 140 kPa, the water

per neabi | ipB%u‘é"_?lzﬁfrgb‘}%oe{ﬁyrﬁg{ Wd'n\{t-ﬁ?fl'lrrgg@q}r}%ﬁgmbgﬁgn&{ts bPGe SHRIdM 1009 BRI Nt was

270 N. OW por ous rane was tested ftor the peeling
resi stance. The.enti.r.e . hal |l ow porQus filher nenbrane s.not peeled off from
the supporIPRRATSA0G 1S ooy B SEHIPE pemtstng e Fhor 1 S pAsee  MBer menbr ane
was | eft on the packing tape. 15The sectional structure of the holl ow

por ous”f i BEP“%WYQW@PWSA@B@@W&F“W%W&S SWERdRY WEh POTRS mGRlERs cope. A
dense layer with an average pore dianeter of 0.2 mwas fornmed in the

vi ci ni ty obrtiohe peuteating thréuahahe medsss e Thaperounitehmtamepreiiagevgror e di anet er
of 1.3 mhaving a three-dinmensional nesh structure was forned in the

vicinity obntcbgdiimpepird ghirrda theofilbr arisi difeetisreck tikende koiiscel aTaE sabtibhalan
average pore dianeter of 203.6 mwas forned between both dense |ayers. The

porous NMeghiARe gﬁ@%bﬁfapﬁgé PP Hetfartife SHORM fictGicB¥e RROUToWIOHIGS! Mand

. C
t hi ckness throu e nmeshes of the support. The porous nenbrane portion

did not pecneat.e the o-filaments.of t support 10. The inner face of
the hol I ou BBy BT ity BNEC U b Fo BB R rod Yea b 8BS b on
nicrogﬁope. A part of the support was surrounded w th porous nenbrane 54
porti ons @@FH@ating t hrough t he nmeshes. The porous nmenbrane portions were
connected in a spiral shape in the fiber axis direction on the inner
surface. The seffilildhal structure photographed by the scanning el ectron

m croscope was shown in FIG 12 and the sectional structure in the vicinity
of the iniieamplerface was shown in FIG 13.

A support 10 formed of a hollow braid 12 was produced using the support
producing apparatus 20 shown in FIG. 6.

15 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 knitiing needles
of 12, a needle size of 16 gauge, and a circamferential diameter of a spindle of 8 mm,
made by Marui Textile Machinery Co., Ltd.) was used as the circular knitting machine 24.

20 The Neison 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 yam 16
(with the total fineness of 504 dtex), the yarn was circularly knitted by the circular

25 knitting machine 24 to form a hollow braid 12, the hollow braid 12 was made to pass



5[ 0114] Exanple 6 A hol | ow porous fiber nmenbrane was produced in the
sanme was as described in Exanple 5, except that a nenbrane-form ng dope
obtained by agitating and nelting 19 mass% of pol yvinylidenefluoride A
(product name, Kynar 301F, nade by AMFINA 10 Japan K K) and 11 mass% of
pol yvi nyl pyrrolidone with 70 mass% of RPN-di net hyl acet ami de was used as the

second nenbrane-forni ng. dope ang the resultant s made to pass through an
air gap ofrouehihg m?@nai%&%?g@ttm&: ﬁﬂﬁéh"sléf@éﬁﬁﬁlqlrlé’ﬁ-b raidel s BV argdas ke at 40C
was 140, 000 nmPa. sec. The thickness of the holl ow porous fiber nmenbrane from
t he br ai dsupppdOtontthe ¢itdee 3D at ewinsling seed vaE00EGrunThe fippbuldBlveaspoi nt was
205 kPa, the water perneability was 115 nB8/ n2/h/ MPa, and the | oad of the

rupt ur i ngc@BinBbustesrodétdNintil the polyesft SbH@lof € HodblY 92 rirbeut. menbr ane was
tested for the peeling resistance. The entire holl ow porous fiber nenbrane

pas not peel ed pid bl 8: SHBPEHLIRESuf1 PwBRiBouPd. otk Mk Bher e

hol | ow porous f ane was |eft onthe packing tape. e sectional
structyure ,of the hollow por fib nmenhr ane, was,observed wth scanni ng
ol ot ron: L BETRt VRS aBned-Taph, lh T a0 RSL” BE e ol tar oM U
was fornmed in the vicinity of the outer surface, a dense |layer with an

aver age p&RStETiAgE e ppert %O &vapnl B RGT Gitrunietenesand) the maxBan Pawase widthyet ur e
was formed in the vicinity of the inner surface, and an internedi ate porous
| ayer wi t theameshsselfayes gone0.dinsmet dhe bingthsd the Suppontdd wasuddObet ween bot h
dense | ayers. The porous nenbrane | ayer perneated the support 10 by about

60% of the thi cBpepstiddmemndhintfermimgdese af) fidhethsupfadicjectibe ppebadse Menbr ane
portion did not perneate the nono-filanents of the support 10. The inner

f | " ' ing 5
surface Ofio\Acha skd%v\fg\}ﬂg Sin t&%pg%ggo AB6uPihe ARRARY SEILVLLILIA RAARNT NG

el ectron m croscope. t of the ort was s oun W t por ous

menbr gpe tion rmeating.through the meshes, Th or ou nbr ane

por 1 Bhe Rokes 8DInEe P aeoupIreoPe K A AroirboR P dur gt s i rectt on on
the inner surface. The sectional structure photographed by the scanning

el ectron mi cr osBupoembmnstoming doy @8 copguigted bypaasiog thesuppat | Gwato
structure in the vicinity of the inner surface was shown in FIGS. 16 10and
17. [ 0115hich 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.

15 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

20 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.



Exampl e 7 A support 10 formed of a hollow braid 12 was produced

usi ng the support producing apparatus 20 shown in FIG 6. 15A pol yester
fiber (wwth the fineness of 84 dtex and the nunber 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 knitting7machine (with the number of
knitting needl es, of 12, a needl i of 16 e, d a circunferenti al

di anmeter of a sgp‘ﬁﬁﬂcgo{‘ﬁl S@“?ﬁ‘renc&dée %@i%P‘Eﬁouggg?grim%ma&]}@{?%?’vﬁ%f*"}se&?d,w{ d.)
was used as the circular knitting machine 24. 20 The Nel son roll was used
as t he br aischnégidect8 raintbscdre. pifcdanpe ot wish 30 avekagst piradeestaiod 02pmh an
inner dianmeter D of 5 nm an inner dianeter d of 3.0 mm and a | ength of

300 mm)  hanak Agtried i eeBlicinid$ ofiHe Guits stiffiehe ahi Perodl thedtbrane layer pediited
pol yester fibers drawn out of the six bobbins 22 were nerged into a yarn 16

(wi th the gioatglhod §9BDE8500BOG HHRh thd BRINA A, el G el botnk Bt gd by

the circular nitting machi ne orma rail

braid 42 s made to.pass 56 t.hrough the heating die, 28 at 0C, and the
neat ed® hol TORPBIAM i SRS B B et Re i radta; | o
wi ndi ng speed_of 100 nmf hr. The support 10 was continuously produced unti l
the pol yesdber Ths sssHianad ptragiuteibigisigrphod by Hie wapning pleclen BicTeRcapevas of t he
obt ai ned support 10 was about 2 9 nmand the inner 5 dianeter thereof was
about 1. 9skown iTHEGnldber of | oops 17 of the hollow braid 12 constituting

t he support 10 was 12 per circunference and the maxi num passage w dth of
the nmeshes 18 1g@pout 0.3 nm The length of the support 10 was 12,000 m
By ejecting nenbrane-form ng dope (1) fromthe second ejection port on the
domnstrea@kgbgﬁgwhile passi ng the support 10 through the pipeline of the
annul ar nozz 10 42 kept at 30C, nenbrane-form ng dope (1) was applied
onto e support .10, The nbr ane-form n ope _was_ coggul.at ed by
pasei h) i he: SupBAPHOY @O e O Ry AL B ARG "5 8 CLLCSER | o,
through the coagulation liquid (5 mass% of N, N-di met hyl acet am de_and 95% of
water) kepFamplegpexqept agthe sprporici¥hye mrmersediaan 046 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 to

15 the outer surface was 200 pm, 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.

20 The sectional strocture 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.

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



15Then, the solvent was renoved therefromw th hot water of 98C for |

m nute, the resultant was i mmersed in 50,000 ng/L of a sodium hypochlorite
aqueous sol ution, was washed with hot water of 98C for 15 m nutes, was
dried at 110C for 10 mi nutes, and was wound, thereby obtaining the hollow
porous fiber nmenbrane. The thickness ofi8the hol | ow porous fiber nenbrane
fromthe braid support to 20the outer surface was 80 ftm the bubble point
was 45 kPalectroremigaeseppperisabppart yanaet ssgowsledpyif tpgorcap ghentsatoad of t he
rupturing point was 250 N. Thi s hol | ow porous fiber menbrane was

t est ed f opottibes pelahe agyire esptowacexpbbel. efihe sectivabl Bmcmor phugodiapiesd byenbr ane
was not peeled off fromthe support and only a part of the skin of the

hol | ow pofRusadnidesleiRhRARHRSVAShbwAM FI® 19acki ng tape. 57 The
sectional structure of the hollow porous fiber nenbrane was observed with a
scanni ng el ectr@rlll i croscope. A dense layer with an average pore di aneter
of 0.2 mwas forned in the vicinity of the outer surface. The porous

menbr ane ba%]?)r. ergeatﬁg t he support 10 by about 100% or nore of the

t hi ckriess“PHPERGKS FRE NEdhes of the support. 5 The porous menbrane portion
did not perneate the nost npno-filaments of_ the support 10. The secti onal
structure phot ofyhaBewdomypsiiher Rembrnggvas PErtucehimibe sEBe vipe ahdescahedia i n
FIG 18. [0116] Exanple 8 10A hol |l ow porous fiber nenbrane was produced in
t he sane hemampls ldesepitheich priy&Erampte-lamextcoply-khiticd breed Gogpetiameftspwas
imrersed in a 30% aqueous solution of glycerin in advance before the

support 1ftflaesies gIeropuEbBmehs, 1 ARikesevalustdes @BBubREt. Nozzl e 42.
The thickness of the hollow porous fiber nenbrane fromthe braid support to

15 the outer s ' wat er
permeability &ﬁ%ﬁ%@%ﬁ%ﬁ?%%gﬁﬁ%ﬁﬁg& ﬁgggir%#e ft,\ﬁvgs %g)ﬁ)ltk gr@?r%lhg@?a nt was
200 . .Thi s hol | aw poyo i ber rane s tested for the peeling
r esi sttancBneRgiamglsy H’Féeoﬁb*iagaé\?%ﬁr W’ﬁ%@%ﬁﬁ%@%@ Henbiape %’P’?r flr om t he
support and was |left on the packi n% t ape.

was about 350 um in average, the bubble point was 127 kPa, and the water permeability

was 107 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
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 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

25  fiber axis direction.



20The sectional structure of the holl ow porous fiber nenbrane was observed
with a scanning electron mcroscope. A dense |ayer with an average pore
dianeter of 0.2 mwas forned in the vicinity of the outer surface. The
porous nenbrane | ayer perneated the support 10 by about 30% of the

t hi ckness through the neshes of the support. The porous nenbrane portion
did not perneate the nost nono-filanents of the support 10. 25 The i nner
surface of the holl ow porous fiber nmenbrane was observed with a scanning
58 el ectron mcroscope. The support was not surrounded with the porous
menbrane pulsidehdpelivdbilife entire support was exposed. The sectiona
structure phot ographed by the scanning el ectron m croscope was shown in
FIG 19. [0117][031%onparative Exanple 1 A hol | ow porous fi ber
nmenbrane was produced in the sane way as described in Exanple 1, except

that a pol yest efpdmiliidv Jlsarbmeﬁabﬁan@awora gtt&ﬁ{ilme%neg% ngB ng%&%§The

total decitex 830/96 filanents troke was used e

hol | b h
o 1 o s L L TP B I R e
nb | 1 b t he bhubbl t 127
rembrane Torer ALoMS 2ho 150 ML, Suct a0 LI OB S RO Y 127

resi stance of the hoI | ow porous fiber nmenbrane was tested. Al of the
second | ap@eesanga phebddyrrsusubabryae having atrtiefweog seproalsad hos astrectine! | ow
porous fiber 15 nenbrane were peeled off fromthe first layer and were |eft

on the paikiwhightapese 1dfe is@spost@ & theasciper bheeateosurfdie of thesherhiggs of the
hol | ow porous fiber nenbrane. The entire first |layer was peeled off from

the suppogatepad ai‘i‘@x?(:hh@é Ine@RsthReurD 3¢ Kihitd ﬂﬁ@g&e diameter ind8seS ERkdr

structure of the hol om1porous fi1ber nenbr ne was observed mntﬁ a scanni ng

el ect The ous nbr a at ed. th support 10

Soby Do, el SBREPR fdhEy R inéis%s”? s Bt ARl LIRSt OB uBRE " e
orous nenb ane ortlo ot neate th st nDn fllanents of t he

guppor t 1l porous Qol? ow ﬁger mgm{)rane can be s?mn?y produce ‘and has excellent

separation characteristic, water permeability, and mechanical strength.

Brief Description of the Reference Symbols
15 [0119]
I: HOLLOW POROUS MEMBRANE
10:  SUPPORT
11: POROUS MEMBRANE LAYER

12: HOLLOW BRAID

20 14: HOLLOW KNITTED BRAID
16: YARN
17: LOOP
18: MESH

20:  SUPPORT PRODUCING APPARATUS

25 22: BOBBIN



i nner surface of the holl ow porous fiber nenbrane was observed with a
scanni ng el ectron m croscope. A part of the porous nenbrane | ayer was
thinly adhered to the inner surface of the support, but neither surrounded
t he support nor was connected in the 25fiber axis direction. 59 Industri al
Applicability [0118] The hol |l ow porous &enbrane according to the invention
can be suitably used as 5Sa filtration nmenbrane in water treatment such as
mcro-filtrati od*anSREVEAR KNIFEINGMACHINE  gj nee the porous hol |l ow fi ber
menbr ane produced by the above-nentioned process is a one-body porous

menbr ane havi ng26: r BRAIBrIGIEIYER upport and has a structure in which a dense
| ayer is disposed in the vicinity of the outer surface of the nenbrane
material, an in@Fji nBANERBR REIrluct ure of which the pore dianmeter increases
toward the 10 inner surface is formed, and a dense layer is then di sposed
in the vicinitysef thermagssurface, the porous hollow fiber nmenbrane can
be sinply produced and has excel |l ent separation characteristic, water
perneaQility, a 6-”? i : ength. Brief Description of the Reference
Synbol § 15[0119? 1 S MEMBRANE 10: SUPPORT 11: POROUS MEMBRANE

LAYER 12: HOLL O%:BRG}IEDER

40: HOLLOW POROUS MEMBRANE PRODUCING APPARATUS
42: ANNULARNOZZLE
44: DOPE FEEDER
10 46: COAGULATION BATH
48: GUIDE ROLL
50: HOLLOW POROUS MEMBRANE PRECURSOR
52: ANNULAR NOZZLE
54: DOPE FEEDER
15 56: COAGULATION BATH

58: GUIDE ROLL



2014: HOLLOW KNI TTED BRAID 16: YARN 17: LOOP 18: MESH 20: SUPPORT
PRODUCI NG APPARATUS 2522: BOBBIN 60 24: Cl RCULAR KNI TTI NG MACHI NE 26:

BRAI D FEEDER 27: DANCER ROLL 28: HEATI NG DI E 530: PI CKUP DEVI CE 32: W NDER
40: HOLLOW POROUS MEMBRANE PRODUCI NG APPARATUS 42: ANNULAR NOZZLE 44: DOPE

FEEDER 1046: COAGULATI ON BATH
01

CLAIMS

I. A hollow porous membrane comprising

a porous membrane [ayer in which dense layers are disposed in the vicinities of an outer
surface and an inner surface;

wherein the porous membrane layer is disposed on a hollow support, and

wherein the support is a hollow braid obtained by circularly knitting a yarn formed of

multi-filaments.

2. The hollow porous membrane according to claim 1, wherein an intermediate 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 is in the range of 0.01 to 2 pm and the average pore diameter of the intermediate

porous layer is in the range of 2 to 8 pum.

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 wm from the inner surface.



48: GUI DE ROLL 50: HOLLOW POROUS MEMBRANE PRECURSCR 52: ANNULAR NQZZLE 54:
DOPE FEEDER 1556: COAGULATI ON BATH 58: GUIDE ROLL 61 CLAIMS 1. A holl ow
por ous nenbrane conpri sing a porous nenbrane | ayer in which dense

| ayers are disposed in the vicinities of an outer surface and an i nner
surface; wherein the porous nenbrane |ayer is disposed on a holl ow support,
and wherein the support is a hotd ow braid obtained by circularly
knitting a yarn formed of nulti-filaments. 2. The holl ow porous nenbrane
according to claim1, wherein an internedi ate porous |ayer having a maxi num
pore-di aneter 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 hol |l ow porous nbr ane. accordi.ng to claim2, erein the
cver agetpHFolPE matess T PHE ReREReraRaIE T e e s ductif B 02
and t hepawRigticRARrAhRNEE BlesiRh of IR shpforr tEIAbemBRY FWise thR¥REss bBthen t he
range of 2 to 8 m 4. The holl ow porous nenbrane according to claiml,

wher ei nS4PRE't hi ckness of the porous nenbrane layer is equal to or |less than
200 gm 5. The hol | ow porous nenbrane according to claim1l1, wherein the
dense layer in the vicinity of the inner surface is |located at a position

| ess t hanligshofpivpomus herbmmeracsudingteclaim 1, wherein the dense layer in the vicinity of

the inner surface is located at a position less than 50 pm from the outer surface of the support.

8. 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.

9. The hollow porous membrane according to claim 8, wherein the porous membrane layer
permeates the support through meshes of the support by 50% or more of the thickness of the

suppoit.

10. The hollow porous membrane according to claim 6 or 9, wherein the porous membrane layer

permeates the support through meshes of the support by 50% or



62 6. The hol |l ow porous nenbrane according to claim1, wherein the porous
menbr ane | ayer perneates the support through neshes of the support by 50%
or nore of the thickness of the support. 7. The holl ow porous nenbrane
according to claim1, wherein the dense layer in the vicinity of the inner
surface is located at a position less than 50 m fromthe outer surface of

t he support. 8. A hollow porous nenbr@he conprising a hollow support and a
porous nenbrane | ayer di sposed on the outer circunferential surface of the
support, wherein the support is a hollow braid obtained by circularly
knitting a yarn forned of nulti-filaments. 9. The hol | ow porous nenbrane
accor di mgretamd désaithnn8 00%heitled thickhes pothe usppoerdad apartlodiyiersupgnnBabesed #ih
supportﬂ}hrough n%%£9§ of the support by 50% or nore of the thickness of
the supp8PP-ous TFMOE "6l ow por ous menbrane according to claim6 or 9,
wherein the porous nmenbrane | ayer perneates the support through neshes of

t he supPor1 by 50% or 63 nore and | ess than 100% of the thickness of the
suppor t | aride 80k poiges mewbenp pescrding ocdisy @er ivthsraime ppitips nat esptetley

ayer. ikborolRhOl MRPLAUS 1 FBADEBASTAGEAL OF AOhbofl 21 M © or 9. wherein a

portion not perneated e por rane | ayer "exi sts anong
nonofi | aments of the support. 12. The hol | ow porous nenbrane according to

claim?9 erein the porous menbrane, | ayer,coveripg a part of the support
et ends T g RGNy bP EReEbEF BRI ORE i e YikE B8 pPbE ptiionsiichc

suppor tcovedids a plieoiik bPpoRRKkRHSs INBRDfi Bdlax B AGEE NG thOingbaubhdeidadiarei n t he
porous nenbrane | ayer covering a part of the support extends in a spiral
shape i#PPH& fiber axis direction on the inner surface side of the support.
14. The hol | ow porous menbrane according to claim1 or 8, wherein the
multi-filaments are a m xture of two or nore different types of fiber. 15.
A pr oceks Tb¢ hpllwd peiongmamhiaht eswopbnpieslarentsy shereinthe peions membrane sayeenbr ane

of  the SrAEE Rkl ARRIPLDR, Al SRR R 0% REP Bt AP Dbttt il *

sur f acesvofacasitiobl ithywipippport and coagul ating the applied dope, and a hol | ow
braid obtained by circularly knitting a yarn formed of nulti-filanments is
used as the support. 16. A process of producing the holl ow porous nmenbrane

accor di ng Theh&lA Porbus membrane according to claim 1 or 8, wherein the multi-filaments are a

mixture of two or more different types of fiber.

15. 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.

16. A process of producing the hollow porous membrane according to claim |



64 or 9, wherein nmenbrane-form ng dopes of a first nenbrane-form ng dope
and a second nenbrane-form ng dope are successively applied and stacked
onto the outer circunferential surface of a hollow support through the use
of an annul ar nozzle and the applied nenbrane-form ng dopes are
si mul t aneously coagul ated. 17. The process according to claim 16, wherein
t he nmenbrane-form ng dopes contain a p@l yner resin, an additive, and an
organi c solvent. 18. The process according to claim 16, wherein the first
menbr ane-form ng dope having a high viscosity is first applied onto the
outer circunferential surface of the holl ow support and the second
Imenbr an?-q,mﬁ'}rahgmdmmrr;bmwrn% dopeouf Nﬁﬁcm&hbyanbﬁ%rﬁﬂﬂé e atnara@ectdnedappl ied
ayer of the first rane-formn ope. , 19. e process according to
clai m 1@?"’&}?@?-@?@'% P@&ﬁ%%ﬁ%ﬁ?sgwfaﬁﬁpgfedt%é sieedmgEo ‘E‘%@P"ﬁ" HENHPIRRER 0 t he
first ngiyheapes AW MPpseBLolgh i @R of an annular nozzle and the applied membrane-

forming dopes are simultaneously coagulated.

17. The process according to claim 16, wherein the membrane-forming dopes contain a polymer

resin, an additive, and an organic solvent.

18. The process according to claim 16, 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.

19. The process according to claim 18, wherein the concentration of the polymer resin contained

in the first membrane-forming dope is high.



