28 Novenber -2006 1 'DESCRI'PTION POROUS MEMBRANE AND METHOD FOR -
MANUFACTURI NG THE SAME: Technical Field 5 The. present img\pénrl 25(% ates to
mcro filtration nenbranes and ultrafiltration nenbrarés used’ wat-er
treatment, such as drrnkrng wat er production, water purrfrcatron -and
effluent treatment. The. present invention: also relates to porous menbrane -
modul es and to water ::10 separati on apparatuses including such a porous-
menbrane. . Furthernore, the present invention relates to battery o
separators charged menbranes, fuel tells and bl ood purificati-on menbranes
using a porous nenbrane. 15 Background Art Porous nembranes have been used
in variaous fields.: |ncIud|ng wat er treatnment, such as water purrfrcatron

and  effluent treatment; nedical gpetkeation. such ‘as blood - purification;
f ood. engrneerrng, battery separators; charged .20 nenbranes and fuel '

cell's. I gk el Afe PARBUGERHOET FBK BUNGSReURTIAY THY, SAME use for water
“treat nmen such as water purification and -effluent treatnent, separatron

jnehbranes are being substituted for conventional sand" f||trat|on and. - -
coagul ation. 25 sedinentation, and. are being-used to inprove the qualrty of
28 hbven? §%399§1 Zielpeated water. A large anmount of water is treated in

.these ‘Accordi ngly, -a. separatron menbr ane havi ng. an,
-5 . The present 1nvent10n relates to micro flltratlon
| membranes and ultraflltratlon nembranes used for water
L treatment, such as drlnklng water productlon, water::‘:
purlflcatlon, and effluent treatment ~ The present 1nvent10n""
'also relates to porous membrane modules and to water
'-510 lseparatlon apparatuses 1nclud1ng such a. porOUS membrane.
B ',Furthermore, the present 1nventlon relates to battery

separators, charqed membranes, fuel cells and blood

purlflcatlon membranes u51ng a porous.membrane.

15 - Backgroundert | |
Porous membranes have been used in. varlous flelds
1nclud1ng water treatment, such as . water purlflcatlon and
‘effluent treatment, medlcal appllcatlon, such as- blood ,"
:,‘purlflcatlon, food englneerlng,,battery separators, charged
. 20 membranes,'and fuel cells. | | | |
. ‘In the field of producrng drlnklng water,_that 15,_1n
AuseAfor water treatment, such as water- purlflcatlon and
'effluent treatment, separatlon membranes are belng A
‘substltuted for conventlonal sand flltratlon and coagulatlon.

- 2g fSedimentation,_and“arerbelng used_to_rmproye,the=guallty-of o




excellent water perneability is advantageously used in view of nenbrane
repl acement costs and the footprints of 5 apparatuses ﬁéﬁﬂuse an &ﬁrellent
wat er perneability can lead to a reduced area of the

consequently reducing the size of the apparatuses and saving eqw prment
expenses. The separation nenbranes, aré also required to have chemcal.
resi stance. I n water purlflcatlon in order to sterilize 10 perneate and -
pr event blofoullng of menbranes, an antiseptic, such as sodium
hypochl-orite, is added or the rrenbrarreé’r are . washed with an acid, an .
alkali, chlorine, a surfactant, or the' like. Accordingly, separation
menbr anes using a chenioal-resistant‘naterial such as a polyethylene
resin, a,_15.pal A yl ene i, ﬁg&li&”ﬁkéétﬁﬁJIﬁétES$@ haVe
recentlytﬁggn%geve o%%ed gln&a&?ljt |arﬁt${)urgcs§%¥nﬁthe water ~purification field,

accident $,hayg Supf ‘%%3%‘ %g'lﬁﬁvjag%afhti’tfﬂ Gierbt Hié NeavEsgsamnt pat hogens,

such . as. cryptosporl ed fromlivestock excrements or the |ike, are

not 20 cg oSt qj RO ¢k e drt 18 Y | 14 adwin phgatushg, usedsin hevai ned
intreate Wat er . In order to prevent such an accident, separation

.nfe_nbr aneg, @Are 1 egii rl%blta‘ben{@i’l? db s fhystical f@d)tpngmhsaoﬂ suf ficient
separation properties to. prevent raw water- from cont am nati ng treated
wat er }J&% £ pRphigatdonex@or st meate anpsraegbbéihy dsadlegd
Novenber 06 - for bl ood purification, henodialysis particularly:

| serving ag a %e’%ﬁh:séd ta&ié@rbf OthélrdétﬂyrimeptcmmsequDbayf redugingnthand.
‘bl ood. filtration dialysis, and renoval of waste products in blood by
extracomgyggﬂofnﬁnangppgﬁatugegcmmu|m@msmgyequ1pment expenses. The

S
| i -

A-separatlon membranes are also requlred to have chemlcal
resrstance. In water purlflcatlon,,ln order to sterlllze
10 permeate and- prevent blofoullng of membranes, an. antlseptlc,."
such asrsodlum-hypochlorlte, is added or the membranes are
Jwashed w1th an a01d, an alkall, chlorlne,la surfactant, or_
the llke. Accordlngly,_separatlon membranes using a |
chemical- re31stant materlal, such as a polyethylene resin, a
15' polypropylene resin, or a polyvinylidene fluor1de<reslnf_
have recently. been developed and put 1nto use. In tbe water:.
..purlflcatlon fleld, ac01dents have surfaced 51nce 19905 in ::..1-5231
'whlch chlorlne re51stant pathogens, such as cryptosporldlum
derlved from llvestock excrements or the llke, are not .
..2d*frcompletely dlsposed of in a flltratlon plant and,‘thus,x s
- 'contalned 1n treated water. In order to prevent such an
accrdent separatlon membranes are. requlred to have hlgh
'”.- phy51cal strength -and sufflclent separatlon propertles to
-preVent raw water from contamlnatlng treated water.

<"25 o In medlcal appllcatlon, porous membranes are belng used




5 porous menbranes are used, in sone cases, to separate and renove yeast

used for fernentation and -liquid condensation. In th $ teries,
porous nenbranes are. being used ‘for battery . separat rs ?ﬂ% '
electrolytes but -not cell reaction products, to perneate therethrough

‘Also, in the 10. field of .fuel cells, sone porous nenbranes are used as the
base material of macronel ecul ar sol i d electrolytes. On the other -hand, in-
t he uItrapure wat er production,. charged porous nenbranes are used to
enhance i on excl usion characterlstlcs and the purity of produced water, in:
sorme. - 15 cases. These pofous nenbranes are required to have excel |l ent’
separ.ation characteristics, -high chenical and physical strengths, and an

excel | engopepBahl by £1\Waitabng hawndiw 1 yaich panttrieatled ly quinyipey meat es
through the nmenbranes..” 20. European. Patent  Application No. 0037836 ‘has, a

wet sol uhi gaLEEs Bae iber Foar ikgiedn fasyUIRiS,Callapal diis trstirieet. (arel by
nonsol vent | nduced phase separation. In this. nethod, a potymer solution -

'preparedbmﬁoals;gttamgo@ dﬂﬂnygﬂmt|amaurémdnnm(mflwaEUE|prqﬂuﬁﬂ&LEDIvent-
i's extruded 25, froman extrusion head at a tenperature nmuch | ower than
:the 28 b@r@abey %&Q&ao@rpnﬂdahurunmuﬁatnbntuarﬂﬂﬁondnmndnﬁﬁrYAuorlde
reS|n or is cast on a glass plate. for formng. The product-is. brought
‘i'nt'o £onpagbusi mambranegs chreontsaichi Ag dawenswisent . forseparate E}nd

pol yvinyl i dene, fluoride resins. In the wet solution nethod, -5 "~

‘unf ort unaembye iveaist disfefd” digxt ﬂarmmlﬁadrmmmﬁcbrhcpwabefowiéﬂ% |n the .
_thlckness direction and the resulting '
" In the. fleld of batterles, porous. membranes are belng used

 for battery- separators that allow electrolytes, but not cell ‘h
‘ereactlon products, to permeate therethrough Also, in the’ d
;le‘:fleld of fuel cells, some porous membranes are used as the
‘;': base materlal of macromolecular solld electrolytes On the
, other hand in the ultrapure water productlon, charged
'porous membranes are used to enhance 1on exclu51on |
characterlstlcs and the purlty of produced water,_ln some
15 . cases. |
'. These porous membranes are requlred to haVe excellent
separatlon characterlstlcs, hlgh chemlcal and physrcal | .
:"fstrengths, and an excellent permeablllty, whlch shows how e
‘tt.mnch untreated llquld permeates through the membranes
‘:ZO“f"‘r European Patent Appllcatlon No. 0037836 has dlsclosed a
-wet solutlon method for formlng an asymmetrlcal porous
'. structure by nonsolvent 1nduced phase separatlon.t In thls ::'
B s method a polymer solutlon prepared by dlssolVlngva-'f_":
‘“polyv1nylldene fluorlde résin in a good solvent 15 extruded

: }T25_‘ from.an extrusron head at a temperature much lower than the




asymetrical nenbrane has macro voids. Therefore, the nechanical'strength
of the.nmenbrane is unsatisfactory. Al so,, many factors o% ra 4 rmng
conditions influence the 10 structure and characteristi 8?ﬂ?é§

menbranes. It is, therefore, difficult.to control the step of forning ‘
menbr anes and reproducibility is poor. United States Patent No. 5022990
has relatively recently disclosed a nelt= extraction nethod for- form.ng a
porous structure. In this 15 nethod, a polyvinylidene fluoride resinis
mel t - kneaded with inorganic. particreé and an organic liqui.d. The m xture
is extruded froman-extrusion head at a tenperature higher than or equal
to the nelting point of the ponV|nyI|dene fluoride. resin or is-pressed

W th a pﬁgitiﬂglgaﬁﬁkn%f A 111Gy 12QATd ef1 el dagres e ergasi ¢ i quid

and t he I norga particles are extracted. Thus, the porous structure is

formed. - This gl b g’itar aciian o 3¢ ifctnting he mentpebdwedt ¥sidrought
characteristics an hel'ps prepare relatively uniform strong menbranes

wi thout - §Qk B Ren tIRES il @S 1 ikemey ontididing he nowsghwent pioticles are |
not. . dispersed well, a defect, .28 Novenber 2006 5 such as a pi.n.hole, can

occur.. A#: va&h%l'i@ietnee@mﬁﬁ:tﬂdm rdgidesi r daht ythe neeeasedubbonf metbedng
costs extrenely.” O her techniques for manufacturing a porous -menbr ane  have’
been: §|sgbg&e@dd&ﬂgnyﬂiﬂtﬂgﬁﬂdﬁﬂﬂldu&ﬁrtD -pesfigin agnbipuviyphA§rene and
pol ypropyl ene, ~are used as raw materials. - For exanple, - a pol yol efin £ilm
fCO”ta'n'@&p@idﬂﬂwﬂyﬂm(théiﬂﬂrﬂknesskdwweotuem ae@sthengeaulgépQOn so. t hat
|nterface separation occurs between the |norgan|c filler and the
s - asymmetrlcal membrane has macro v01ds Therefore,-the
'mechanlcal strength of - the membrane is unsatlsfactory Also, ",i.)'
.many factors of membrane formlng condltlons lnfluence the
.'IO.bstructure and Characterlstlcs of resultlng membranes. It is,
therefore, dlfflcult to control the step of forming
'jmembranes and reproducrblllty is poor Unlted States Patent o
No; 5022990 has relatlvely recently dlsclosed a melt— -
;'extractlon method for forming a porous structure In thlS

15 method, a polyv1nylldene fluoride resin is melt kneaded w1th

1norgan1c partlcles and an organlc llquld The mlxture is

~:extruded from an extrus1on head at a: temperature hlgher thanb
“or equal to the meltlng p01nt of the polyv1nylldene fluorldeln'°

resin or 1s pressed w1th a preSSLng machlne, for formlng

'-20t“After coollng, the organlc 11qu1d and the 1norganlc e o

| ‘".partlcles are- extracted._ Thus, the porous structure is. ;

- formed Thls melt- extractlon fa0111tates the control of
v01d characterlstlcs and helps prepare relatlvely unlform,
rstrong membranes w1thout formlng macro v01ds However, lf

. 25 fthe 1norgan1c partlcles are- not dlspersed well a QEfe?t:_u,.




polyolefin to formvoids in the film (for exanple, Japanese 10. Unexan1ned
Pat ent Application Publication Nos. 7-26076 and 9- 253?%9 h

‘techni que, however, since the inorganic filler nust be ext raé%:%§90 be
removed, nanufacturlng costs. increase undesirably. Furthermore, in this
technlque it is difficult to control the.pore size in nenbrane surfaces
and, 15 therefore, only nmenbranes having a relatively |arge pore size of
0.1 to 1.0 pmare manufactured. European Patent Application No. 0245863
i'Ilustrates a -conposi t e menbrane intl8ding an ultrafiltration menbrane.
-d}sposed.on a porous .merbrane. In the preparation of this 20 conposite
menbr ane, .the porous menbr ane, ~acting as the base material, is treated

Wi th. ansLORY! A Lt 8Re0f cghyeEhR .t oalehanse Wha taidithidariar the
ultrafll ration ne rané. After drying, a polyner solution is applied to

Lthe base, EFEEEE? 2B ck8aseki fhhied clearfiagmdoke suldtafdddiyat i on . 25

‘menbr ane- nlque t heref ore nmakes manuf act uring 28 Novenber: 2006 r6

processes CO”@th&§I€9cﬁﬂﬂq§é§rE6§|Mahﬁ@é@@ﬁ@inqaanarbuelngm&nmsks :
Di scl osure of Invention 5 The object of the present inventionis to prOV|de

-a . por oug . yeNbLaRe dhaki BEed RngWhsichepatycard iex celdient; watar -agper meabi l ity
-and rejection properties. The present inventionis directed, to a porous .-

‘menbranes hguiRgikakh aadt poegptopensnenalarme e ast mat mra enth kS 10
apherlcaF ?ruc ure. The present invention is. also directed to a wat er
' For . example, a polyolefln fllm,contalnlng an’ 1norgan1c
flller 1s drawn in at least one dlrectlon so that 1nterface
‘lh Lseparatron oCcCurs between the lnorganlc flller and the o
.fpolyolefln to form VOldS in the film (for example, Japanese
‘”lhiOZ Unexamlned Patent Appllcatlon Publlcatlon Nos. 7-26076 and
r9525372). _Inethls—technlque, however, since the anorganlc
ffilier;must,be extracted to be removed,jmanufacturing costs.
"f increaae.undesirably” Furthermore, infthis technique,'it is'
difficult. to control the pore size 1n membrane surfaces and,
;15.,:therefore, only membranes hav1ng a relatively large pore-
51ze of 0.1 to 1.0 nm ‘are manufactured
European Patent Appllcatlon No. 0245863 1llustrates a 1!:
{comp051te membrane 1nclud1ng an ultraflltratlon membrane
edlsposed on a porous membrane In the preparatlon of thls
".25 VlcompOSLte membrane, the porous membrane, actlng as the base'
_ materlal, 'is treated with. an alcohol solutlon of glycerln to
‘h enhance the afflnlty for the ultraflltratlon membrane |
After drylnq, ‘a polymer solutlon is applled to the base
"materlal and is SOlldlfled to form the ultraflltratlon‘

»}25;_membrane;m Thls technlque therefore makes manufacturlng




separation apparat us- including a porous nenbrane, nodule using the
above-descri bed porous nenbrane and conpreSS|on' means t he ga ter
side of the porous nenbrane nodule or 15 suction neans, ay- %% 2@%§ater
side. . The present invention is also directed to a nethod for prodUC|ng
perneate fromraw water using the water separation s' apparatus. The
present- invention is also directed to a . battery 20 separator, a charged
menbrane, -a fuel cell, and a bl ood purlflcation nenbrane usi-ng. the -

por ous™ nmenbrane. The present i nvent o is also directed to.a nethod for
manuf act'uri ng a porous nenbrane having both a three- di-nensional network.
structure and. a spherical structure. In 25 the nmethod, a thernoplastic

resin ispgbggggg dCbﬁpql&gkg@nQDCQ&ghbﬁgmhby PREbeased nThefacturinhdg re3|n_s'

sol uti-on
solidifigggekn this .instance, different. .conpesitions. -of the coaling -

I'scharged froman. extrusion. head into a cooling:liquid to be

li-quid are respectlvely uses for one surface side of the porous; menbrane .

and t'he other surface .side.. The present inventionis also directed to.a
met hod for: ~ manufacturing a porous nenbrane having both a three- .
d|nen5|og@gcﬂ%%mﬂkkcﬁﬂrmﬂﬁéﬂtirﬂnd a spherlcal structure. - I'n this nethod
t-he t hree-di mensi onal network structure is.0 formed on at |east one surface

of ~ a gorous. neﬁbrangehavuafgthran@mmu catventien yke. tqhereve%n? i nvention -
is also directed to a-nmethod for ~manufacturing -a porous_nenbrane having

bOth a. t@b@%us membrane having a hlgh strenqth and excellent water .f-if

permeablllty and.- rejectlon propertles.
The present 1nventlon is dlrected to a porous membrane
_hav1ng both a, three dlmen31ona1 network structure and a.
iOh spherlcal structure |
The present 1nvent10n is. also dlrected to a water
separatlon apparatus 1nclud1ng a porous membrane module
'u51ng the- above descrlbed porous membrane and compressmon
" ‘means at the raw water 31de of the porous membrane module or‘
“iSI‘suctlon means. at the permeate Slde.‘
" The present 1nventlon is also dlrected to a method for
,‘produc1ng permeate from raw water u51ng the water separatlon?
o apparatus.i:t | .. L
3 The present 1nventlon is also dlrected to a’ battery
| éb'.rseparator,'a charged membrane, a fuel cell and a blood
>':2pur1f1cat10n membrane u31ng the porous membrane
| The present 1nvent10n is also dlrected to a method for

_ manufacturlng a- porous membrane havlng both -a three—_1

' dlmen51onal network structure and a spherlcal structure-uﬁln-w__

.‘:725 the method, a thermoplastlc re51n 1s dlssolved in a solvent




dlnen5|onal network structure and a spherical structure. In 5 thls nethod,

a resin solution for fornlng the. three- dinensional n:#yﬁrk' %f and
a resin solution for "form ng the spherical structure Y gﬁ ously

di scharging froman extrusion head, and are subsequently -solidified. :0
Brief Description of the Drawings Fig. | is a cross-sectional photograph of
~a hollow fiber nmenbrane manufactured by a nethod in Exanple 1 according.

to the present invention. ?5 Fig. 2 is_ a sectional photograph of the area
around. t he 28 Novenber 2006 8 externaY Surface of the-hollow fiber

menbrane.. manufactured by the nethod in Exanple 1 according to the present
i nvention. Fig. 3is a sect i‘onal phot.ograph of the area around the

interi Offﬁrfé”rfe%ﬁ&f nd NecHoh | sy i ben TBMAL 3BRarBEUS Febh @f ely rilsd omet hod
in Exanple 1 according to the present invention. Fig. 4.is a & -

cross- sefdd Pnalt PPt @es DG 0f i gui@! tevibef ebe&dmﬁeeanelmamhﬁectufed by a
met hod 'in Conparative O Exanple 2 in associ'ation w th the present

i nventi-ohsthidbe 5 d5ffebast | @d@popheiogsaph ohet hecaiay driouwid the, '
ext ernal. surface of the hollow.fiber nenbrane manufactured by the: nethod

in Corrpalr@g ekﬂ:ﬁ@@'@sésl AoRSENE] 8l Bacewst be blfethjee@enpusnventl on. 5
Fig. 6.1is a sectional photograph of the area around the . -
3 membrane and the other surface side. .
| . The present lnventlon is also dlrected to a method for . |
" manufacturlng a porous membrane hav1ng both a three““: |
'idlmen51onal network structure and a spherlcal structure-:-In
‘thls method, the three dlmen51onal network structure is
D formed on at least one surface{of a porous membrane hav1ng
.the spherlcal structure B o
‘The present 1nvent10n is also dlrected to a method for =
A;manufacturlng a porous membrane havrng,both a three-
dimensional netuork Structure and a spherical,structure;_ In
5 this_method,‘alresin solution;forrforming the threee
‘*dimensional‘network structure and a resin solutlon for,_l;
:.fermingxthe spherlcal structure are. srmultaneously
':h‘discharging“rrom-an-extruslon_head;,and_are.subsequently_”jcfzf

" solidified.

'Brlef Descrlptlon ofrthe Draw1ngs _
-'Flg 1 is a cross sectlonal photograph of a hollow |
7f .flber membrane manufactured by a method 1n Example l
B accordlng to the present 1nventlon |

_25-_.: , Flg 2 is & sectlonal photograph of the area’ around the o




interior surface of a hollow fiber nenbrane. nmanufacture '
Cbnparatlye'“Exaane 2 in association with the presentd Ezentrg nethod ;n:
is a sectional photograph of the area around the 20. % ?h&W’ggP? hce of a
hol I ow fi ber menbrane manuf actured by. a nethod in Cbnparatlve Exanpl e- 23
in association with the "present invention. Fig. 8 is a sectionall |
phot ogr aphof the area around the "external. surface of a hol | owfi ber
nenbrane_nanufactured by 25 a nethod in. Exanple 26 according to the .
present.--i nvention. 28 Novenber 2006 -98Fig. 9 shows an exanpl e -of a hol | ow.
fi ber nenbrane nodule. Fig. 10 shows an exanple of a water separation"
apparatus using a hollom/flber menbrane nodule. Fig. 11-shows an exanpl e

of as [ el
Fig. lgl ,egtegnggﬁgi}gtf, Iolzfu rgltﬁllc'al OS\{ s %E%Q&Lp‘ir?é GuANfEddamkeel ement

on of a direct methanol fuel -
cell. O Best Mbdde ryin ty t i
Q5 Qbiserenbr ane of the -
present- brvERE B d clr?ar%(catng)rll%zjed a{lﬁcdxh[}i/ﬁfq t%‘haéléhot h.a I’?%r ee- di nensi. oﬁal
network.structyre-and a. spherlcal structure. The three-. dinmensional
net wor k -$PV& & here refers'to a structure in 5 which solid contents’

Eé’i cat, i n L TESS, I1TEn ozl S e T actare
here Eefer%erld% §§ff§gé”d¥'the hollow fiber membrane manufactured '
U;by the method in Example 1 accordlng to the present
'f'lnventlon | e B | |
| : Flg 4 is-a cross sectlonal photograph of a hollow
fiber membrane manufactured by a method in Comparatlve
h_\Example 2 in assoc1at10n with the present 1nventlon
| Fig. 5 is a sectlonal photograph of the area around thei
l'_external surface of the hollow flber membrane manufactured
by the method in Comparatlve Example 2 'in ‘association. w1th
the present 1nventlon
:5,_ B Flg 6 is a sectlonal photograph of the area around the
1nterlor surface- of a hollow fiber membrane manufactured by _
‘the method in. Comparatlve Example 2 in assoc1atlon w1th the :
'a:present 1nventlon : '

Flg 7 is a sectaonal photograph of the area around the
2bj' external surface of a hollow flber membrane manufactured by.i';
,_a method in Comparatlve Example 23 in assoc1atlon w1th the

‘:present 1nventlon.r | |
Flg B 1s a sectlonal photograph of the'area around ther
i external surface of a hollow flber membrane manufactured by -

-25f_a method 1n Example 26 accordlng to the present 1nventlon




mhlch many spherical or substantially spherical solid ?0 contents are
conbi ned to each other-directly or through streak scﬂlég@onte? z

. Supposedl-y, the spherical structure substantially consi b @Fhlltes
A spherulite is thernoplastic resin crystals precipitated and solidified
when . a thernoplastic resin solution is phase-separated to 25 forma:
porouslstructure 28 Novenber 2006 10 The nean pore size of the

t hr ee-di nensi onal network structure is preferably in the range of 5 nn1to
50 [Lm. and nore preferably in the Tahge of 10 nmto 30 m The .nean pore
size of the three-dimensional network structure. refers - to the nean

di ameter of the pores in the three-dimensional " network structure. | n order
to detern ne g %e B oA %ns'e%z.%m ﬂé‘eoﬁrao&%lswlmb@r héwebpaneus menbr ane
i s photographed- through a scannlng el-ectron m croscope (SEM or the like-
at a magpifi@ation allow ng the pores to be clearly observed, 0 and the -

di aneters of arbitrary 10 or nore , pores, preferably arbltrary 20 or nore
pores, are neqiprq@ %m@w@ugﬁekggﬁgiageﬁf a Alsicer tdeparahipor e ‘si ze may- be
determ ned using an inmage - processi ng systemin which the nmean dianeter of

the por éé&afﬁéﬁﬂgfﬂb A méDisw. fiﬁérameﬁbrahe medulelaneter of .- eqU|vaIent
- rounds is defined as the mean pore size.. The nmean di aneter ' of

eqU' yal-ent rquingls 1i1s siefwey i ask yp I dieo Bxpr @sEiah ¢hemenb)0. 5, wherein-a
and b aré the breadth and the 1ength of  elliptical. pores, respectively:
The mean di angteer 10f SHRvss e rdscatp ke ruftalrplate-*al@dpféamc’-asﬂ?mieﬁtt-he
rangeof 0 1 pomto 10 m. and nore ' : :

: Fig. 13 is a schematic 1llustrat10n of an MEA of a

..uirect methanol fuel cell.

D'{:Best Moce for Carrying.dutrthe Invention-
| ' A.porous membrane of the present 1nvent10n is
characterlzed 1n that 1t has both a threemdlmen51onal
'netWOrk structure and a spherlcal structure The three—r
'i:dlmenSLOnal network structure here refers to a structure 1n7
5 . which solid contents spread-in three dlmen51ons . The three-ﬂ
-:dlmen51onal network structure has pores separated by SOlld
".1contents formlng a net._'t, A | o
| The spherlcal structure here refers to a structure 1n

}'whlch many spherlcal or substantlally spherlcal solrd

26 :{contents are comblned to each other - dlrectly or through
| "tfstreak solid contents. Supposedly, the spherlcal structure
-jsubstantlally consrsts of spherulltes : A:spherullte‘ls ..r:
V'_ thermoplastlc resin crystals precrpltated and,solldlfled
_when a thermoplastlc resin solutlon is phase separated tO'pi

25 . form a porous_structure.




preferably in-the range of 0.2mto 5 m In order to d ' [
of the spherlcal structure, the surface or'cfoSs éecteterg}nfh;he dgﬁgeter
menbrane. is photographed through a scanning.electron: ?d?@%%% ¢ the 25
like at a magnification allowi ng the spherulites to be 28 Novenber 2006 11
clearly observed. The dianeters of arbitrary 10 or nore spherical .
structures,  preferably arbitrary 20 or nore spherical structures, are
measur ed and_nunber-averaged The nean dianeter may be defined as the mean
dlaneter of i equi-val'ent rounds obta A@d- by anal.yzing the phot ogr aph mnth
image processing system A nmenbrane having the spherical structure
results in a strong -nmenbrane with the perneability nmaintained. However,

by an of TS BERbdS T oF SRR R PRRLhER B LUg N porous
structure and a spherica ctur t o
rgrgganesh&%?htt%?lsa?ﬁ?gﬁr%%ign%ﬁhﬁhgog %%peangﬁﬁeﬁﬁggbgggggFgﬁﬁ-
i on ie
Lhe thraﬁ rRReFBhaP Nt RO PR T ?h??y.lﬁ’e%“#ﬁ?’aﬁ'gi T e
mean |aneter 0 | I r g
the streRgth, Sths B% ﬁggb BQSE,agheggﬂﬁgkgeﬁg%?Pgﬁhgfgpert[fﬁ;éiifﬂs) 1o m

advant agg uiggugggﬂgmas]@tgr b#! @R poired gl e ol dihtetrsidimains| onal.

netmo?k are inc macr o voi ds
particularly with.-a mean pore.
size of ”D{;WOEEOEt%c%Wr%a“ At s B8 eomiNaving meanepoek! eire,

perneablP? wever, the strength of the
-._the Cross sectron of " the porous membrane is photographed
‘u‘through a scannlng electron mlcroscope (SEM) or the llke at
L a magnrfrcatlon allow1ng ‘the pores ‘Lo be.: clearly observed
0 land the drameters of arbltrary 10 or more pores, preferably‘
-arbltrary 20 or more pores, are measured and number‘averaged
'5oAlso,ﬁthe mean porev51ze ‘may be-determlned using anrlmage ‘
proceSsinQ'sﬁstem in'whichwthe mean diameter of the pores is"
_measured; In this. 1nstance, the mean dlameter of equlvalent
.5;erounds is deflned as-the mean pore size. The mean dlameter
‘:;-of equlvalent rounds 1s determlned by the expre551on (a x>
s',b)os,'whereln a and b are’ the breadth and the length of
'tf?lelllptlcal pores, respectlvely
The mean dlameter of the spherlcal structure is:
20' preferably in" the range of O 1 um to 10 um,tand more
."preferably Ain the range of 0 2 um to 5 pm. In order to
fdetermlne the dlameter of the spherlcal structure, the
'T:;surface or cross sectlon of the porous membrane is
f_photographed through a scannlng electron mlcroscope or thef

25 -llke at a magnlflcatlon allow1ng the spherulltes to be '




resulting -nenbrane becones | ow." The three-di nensional network structure and

the 25 spherical structure may coexi-st-in any form Pr sr.abl in 28
Novermber 2006 12 order to bring into balance the streﬁéfﬁ?w?ﬁgrmk%“
pernneability, and the rejection properties at a high level, the three--
di mensi.onal network structure and.the spherical structure are |ayered on
each other. Particularly preferably, the 5 three- di mensi onal net wor k.
structure is disposed on one surface si-de of the nenbrane and the = .
~spherical structure'is. disposed on~th& other side.. Preferably, the porous
menbrane of the present invention has a water perneability in the range of
0.1 to 10 O n8/neh at 50 kPa and 25C and a.rejection of 90% or mnore for

_partlC|e%_@%%ﬂﬁgﬂggé%+§ée St @{aﬂe§é§snbfpﬁﬁb§t§9ry 10t orahsgeexhi bi t's a

fractur &S MPa or more and a fracture el ongation-of 15@6or

Tore. %H]"@}fcgafeéﬂﬁi‘@tﬁréé’ bSe fI0F 8p PyehebakEUryn20herr aoge of 0. 15 ' to 7

nB/ n2- h. rejection 1s.nore preferably at |east 95%for partlcles

wth a sf@{érfc%l Ssﬁﬁuetupe§43aﬂé magshragat Hhe ﬁhfnbﬁgt—lavea?agedr e The -
preferab , at least The fracture. elongation is, nore preferably,

at | east, 20904 ém%beeema QHeVQEEﬂnédaés tﬁetmehnedaaeeperoui menbr ane can .
be. achi eved has 2 sufficient strength, permeability, and.refection.

propert yecbﬁvaeﬂﬁ edoiiAd¥ebEt at Aedt Benhnabgttegy thepahatoysapbhandad
menbranes, fuel cells;- blood _purification, and the like. The porous -

nenbraneuﬂg éh@r@égggﬂhg sggeemLon nay SU|tany be used.in a- hO||OM/fIber
fonnor ?atform ;
‘ A membrane hav1ng the spherlcal structure results 1n a
“strong membrane ‘with the’ permeablllty malntalned.- However,
"?1t is not easy to: enhance the re]ectlon propertles, fo |
D . g1v1ng the porous membrane of the present’ 1nventlon both a
‘7three dlmen81onal network structure and a spherlcal
'structure together, the resultlng porous membrane exhlblted
mra hlgh strength, a hlgh permeablllty,‘and hlgh rejectlon
V"properties : In partlcular, by settlng the mean pore 31ze of.
5 hthe three- dlmen51onal network structure in the range of 5 nmg
- to. 50 um and the mean dlameter of the spherlcal structure in -
fb the range of 0 1 to 10 um,lthe strength, the permeablllty,
re:}and the rejectlon propertles are advantageously brought 1ntom;ih
balance at a hlgh level A three dlmen31onal network :fﬁ
éO.';structure 1nclud1ng macro v01ds partlcularly w1th a mean :ff
| ‘w_pore 51ze of more than '50° pm can lead to a membrane hav1ng |
‘an excellent permeablllty. However, the’ strength of the Qgr
1resu1t1ng membrane becomes low h

* The three dlmen51onal network structure and the

25_rspher1cal structurehmay coexrst_lnrany form Preferably,




25 The neasurenents-of- water perneability andrejection-28 Novenber 2006 13
properties were perforrmed on a mniature nodule of 200 ﬂ?N twrap
including four hollow fiber nenbranes. Reverse osnosis ne Fane“treat ed
water was entirely filtered for 30 ninutes . by external pressure at a
tenmperature of 25C.and a 5 differential pressure of 16 kPa. .Thus, a
quantity of, perneate (nB s neasured. The quantity of pernmeate (n8) is 11
converted into a value per hour (h) and, a value per effective nenbrane
area (nR). These val ues were. further” I'tiplied by 50/16 and converted
into a value at a pressure 0 of 50 kPa. Thus, the water perneablllty was

determ ned. . Water in which® polystyrene Iatex particles having a nean
particl eoﬁaée ‘8b -Br343  pRtweba ldnspetied starerayit,r dihe rfanmeahaglfwr 30
m nutes by external. pressure at a tenperature of 25C and-a differenti al

pressureagf £BekPa;j echidhe prepettiies priogettigis Jewre be e é?hﬁﬁfe‘d fromt he
ratio of . the latex particle concentration.in raw.water to that in . -

per meat edlﬂéﬁse.ohauenepmomm Is rowrioer ratd dise RheIbies heth TuH T easur i hg
absorption coefficients..of ultraviolet light _having a wavel ength of 240
nm The- Apasageerids oo eadh atthad .medarircwkar He B0t FRRR Y ¢ Hdi%ane manner
as in, the nmeasurement on the hol low fiber menbrane, except that. the =~ -
nenbrﬁnethreeuﬁlmenammnmdl@aﬂwdﬁkrﬁﬁﬁQFﬁﬂﬁﬁm%%Ndl%ﬁﬂﬁﬁ¢n9n(RQ%Ie menbr ane
is placed on a;cylindrical filtration holder. - The-water . erneablllty my
be deri vedrifaom ivk W diteaimesrzae, mn @%ﬁﬁ%rb?a]a '?‘a‘f‘f‘b]ﬁe Jt/@lt er .

tenperature may - be 28 November 2006
dlsposed on. the other 51de.

Preferably, the porous membrane of the present o
=_1nventlon has a water permeablllty in the range of 0 1l to 10
Ou7n@/m? h at 50 kPa and 25° C and a rejectlon of 909 or more for S
»-partlcles w1th a partlcle size of 0 843 um. Preferably, rt
halso eXhlbltS a fracture strength of 2 MPa or more and a.*
:fracture elongatlon.of 15% or more. The water permeablllty
‘1s more preferably 1n the range of 0 15 to 7 m3/mZ-h. The -
5 rejectlon 15 more preferably at least 95ﬁ for partlcles w1th
- a partlcle 31ze of 0. 843 pm . The fracture strength 1s, more -
-._ipreferably, at least 3 MPa.‘ The fracture elongatlon 15,_";7
;h“kmore preferably, at least 20%.},If these requlrements are ff?‘i”
'fsatlsfled, a- porous membrane can be achleved Wthh has
| éa'”suff1c1ent strength permeablllty, and rejectlon property to‘
:'e_be used in’ water treatment, battery separators,.charged }
.”;7membranes, fuel cells,‘blood purlflcatlon, and the llke
" The porous membrane of the present 1nvent10n may
r sultably be used 1n a hollow flber form or a. flat form.

é5 e The measurements of water permeablllty and rejectlon -




14 estimated fromthe viscosity of liquid to be evalua

ted. A. met ,
permeability as low as | ess than.0.1 nB/n2 h is not s bl e ® he
porous menbfane because such a water perneability:is @ ?O&?ow

contrast, if the water perneability is as high .as nore than

t he porous " menbrane has such an excessively ?arge , pore S|zéotﬂginfh2

i mpurity. rejection properties are negatively. affected. Al so, when the
rejection is lI'ess than 90% f or partlcles with a particle size of 0.843 m.
t he por-ous menbrane undesirably 3 has 18n~excessively l'arge pore size and
degraded inpurity rejection properties. The fracture strength and the
fracture el ongation can be neasured w thout particular. limtation. For

exanpl e, f.pk FORLL Gyl pSt pl rphbar SR
P ip pbSEHBREQT BRUaWni higttieaShbaul esbEr 280 mmt énsile 5
speed. .of¥ ékpnnﬁ .on nore.than five sanpl es having a neasurenent |ength

of 50 nm t &
e 1 &ﬁﬁ&Uf@urShérmghhirbeenﬁeﬁbeehsse eRamgatieons are
aver age §? ? ?racture strength is less than 2"MPa or the fracture.

el ongati g §1s| gsfbihAR 5% tEhewpecousaneshtanel
s fdiikkered foro3Randl e ?0
and is |I§% e to be fractured by filtration or pressure The preferred mean

por e S|Z£lhﬁtggeb§Ué§e@gan pb@ssﬁeeous eetbmpeeadapen@§ 88 °gsend Bovever,
in the present invention, it is preferable that at |east one surface of

o RS EEEERE PeREeerteok A T e e v ome 1
pore S'Zﬁerﬂehhé smﬁfare ﬁé&@uﬂe@end%henquaetlbutoftpegmeate (m) is
. .‘converted lnto a value per hour (h) and a value per ' T
'f;reffectlve membrane area (m?) . hese values were further :'
'Lmultlplled by 50/16 and - converted into a value at a pressure
0:“:of 50 kPa Thus, the water permeablllty was determlned.'
Water 1n whlch polystyrene latex partlcles hav1nq a mean ‘
partlcle size of 0.843 pm were dlspersed was entlrely 7 f'
" filtered fbr 30 minutes by externalApressure at a ‘J
temperature of 25 C and a dlfferentlal pressure of 16 kPa.
;S . The rejectlon properties can be determlned from the ratlo of

" the latex partlcle concentratlon in. raw water to that 1n

:__permeate These latex partlcle concentratlons are obtalned

'E'Lby measurlng absorptlon coeff1c1ents of ultrav1olet llght

| hav1ng a wavelength of 240 nm The measurements on a’ flat 11
Zb membrane are performed in the‘same manner as in, the s
"measurement on. the hollow flber membrane, except that the ,
:'] membrane is cut to a c1rcle of 50 mm 1n drameter and the
.c1rcle membrane 1s placed on. a cyllndrlcal flltratlon holder.“
."The water permeablllty may be derlved from a value obtalned

255_under pressure or asplratlon Water temperature may be:.,ﬁ
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general ly. preferable to be 0.001 m (1 ri or nor

size distribution is narrow. In pargiculg1 in a gepaPreferany, th: Pg;e
water treatment, i the nean, pore size of the porous né%%&gﬁ@ﬂ%npé ce is
preferably in the range of 0.005 to 0..5m and rore. preferably in the’
range of 0.007 to 0.2 m A nmean pore size in these ranges, leads to bot h
high rejection properties "and a hlgh wat er perneability. Al so, when the,

mean pore O size is in these ranges, the pores are not easily cl
_ : ogged mnth
wat er contam nants and, therefore, the4mater perneability" |Z notgg

negatively affected. The porous nenbrane can, therefore, be used

:;gteishvely for a . Iong time. If clogging occurs, contam.nants can :
e
a0 ffererﬁs i STOMEd, i, o, basknasy @ 3E 11 £4E8A1 AY- be TheaTeatadinant s ar e

er-source to nother :For exanple, in +the case of a

river - or eprﬁjédﬂ‘ea%fﬂ}%;ﬂ”aé‘afw éé‘ciélgs thaQr gani £3 aubst ancasotder i ved

a
fron1soﬁ1 | ot ds, m cr.oorganisns and their .-

corpses, QQ% OEE%&?%{?N&S%mQ@Bk&ﬁQ be&aﬁﬁb gphent s ﬁadewlcroorgahlsns;

The baék 'S perfor elivering. perneate in a direction reverse

nor.ml {4 T&cé‘ééwéfﬁnwﬂ i stnpeshoraed, ohf ahkokbdwr | ber
nenbranSE% dh%lver ng alr to vibrate the hollow fiber nenbrane so that.

t he contgg%\%}gﬁg depogi tgdgRnas heoser tRaa 00 hAkmimmbrine
rerousnoved.
06 ?% Ei t her surface of -the nenbrane may, ‘be set to a nean

PO prEyRinfnd ThEiotfacan) oagpass) gnjmmuerpocs fuse weedr Sl e
Jlmpurlty rejectlon propertles are . negatlvely affected Also,”
bwhen the rejectlon is less than 90% for partlcles w1th a

o partlcle 51ze of 0.843 pm, the porous membrane unde51rably
3-;has an eXCe551vely large pore size and degraded lmpurlty
| ,'rejectlon propertles
" The fracture strength and the fracture elongatlon can
'fbe measured w;thout partlcular llmltatlon.- For example,,a ﬂ’
tensile-test iS'performed with a tensile‘tester.atra tensile_
S rspeed of 50 mm/mln on more than five samples. hav1ng a
nmeasurement length of 50 mm. Obtained fracture strengths
j:and fracture elongatlons are averaged If-the fracture
'-?strength is less than 2 MPa or the- fracture elongatlon 1s
less than 15 | the porous membrane 15 dlfflcult to handlen_
ib .and is 11able to be fractured by flltratlon or- pressure
The preferred mean pore 31ze in the surface of the '
porous membrane depends on use. However, in the present
lnventlon,_lt is preferable that at least one surface of the |
,‘;porous membrane have a mean pore size. of 0. 5 um or less, and

"257‘more preferably D 2 um or: less The lower llmlt of the mean




side, 'which conmes in. contact with water, have a three i dinensional
network: structure whose mean pore size'is 0."5 pm Orﬁ%ﬁ@ &f
external surface, and that the internal surface side Ogmgﬁﬁé
structure, fromthe viewoint of the enhancenent of strength, mater'
perneability, rejection propertles and contamination resistance. 0 In
order to determ.ne the nean pore size in the surface, - the surface of the
por ous nenbrane i s photographed through a SEMor the like at a

magni fication allow ng the pores to™b 5 Clearly observed. The dlaneters of

arbitrary 10 or nore pores, preferably arbitrary 20 or more pores, are
measured 5 and nunber-averaged. Al so, the nean.pore size nay be deternined

using. 32?59%99 Qéoﬁﬁsﬁhggs§¥§£§€1amsbhd%behﬂa olEaiseli dmt drts-iGf  the pores.
are obt t I'S I nstance t he nean di aneter: of equi val ent rounds is

defi ned. ﬁ;é éPQllgﬁﬁﬂeEekﬁbiézee pheonean gian@! emjoforeguineal ent rounds is:
- 20 determ ned by the expression (a-x b)0-5, wherein a and b are the-

breadt h @nggggbhengtheoﬁoeblsmkecahsmahb&rlkﬂspectuuskyi Thve resin used
in the present .invention is riot particularly limted, but, preferably, ;a

ther mopl-gatt§chgaikh ihSausegabacdunemetnbrarension ovateTm tr espimani eal
structure-. 25 The thernoplastic resin is.-constituted of a chain 28

Novenper £R80f¢cah 7 poffaC saael eculthe. poap@wndﬁmbnﬂnssSnﬁﬁﬁQQKF%N fIU|d|zed by
‘an external, force when heated. Exenplary thernoplastic resins |nclude

~ pol yet hybeaeeraauyprmpy:heneanger pifi ©.1085 sy Gl Yhbr BRhiteF e e,
acrylonitril e-butadi ene-styrene (ABS) 5 reS|ns pol ystyrene, o
acrylonlpreterabywena ¢Aﬁ)rpegpngf 0. 007 to.0.2 pm.  A'mean pore B
.size in these ranges leads to both high: rejectlon propertles
7 iand a hlgh water permeablllty._ Also, when the mean pore,

0. srze is in these ranges,_the pores are not ea81ly clogged
;.w1th water contamlnants and, therefore, the water
f'permeablllty 15 not negatlvely affected._ The’ porous

membrane can, therefore, be used succe551vely for a. 1ong
tlme" If clogglng OCCUrs, contamlnants can ea51ly be.

.S';removed by backwash or alr cleanlng. The contam:_‘Lnants_::_1re;._'=
' dlfferent from one water source to another- For example, rn o
{Zthe case of a rlver or a- lake, the contamlnants lnclude '
lfilnorganlc substances derlved from 3011 and mud and thelr
7fcollords, mlcroorganlsms and thelr corpses,‘and humlc L

'éOﬁ;substances derlved from plants and mlcroorganlsms;.;?he‘E

.:ipbackwash is performed by dellverlng permeate in.a. dlrectlon
"freverse to a normal flltratlon The a1r cleanlng 1s.

-; performed on a hollow flber membrane by dellverlng arr to‘h

';vlbrate the hollow flber membrane s0- that the contamlnants.

| 253fdep031ted on - the surface of the membrane are removeds




vinyl chloride resins, polyethylene t erepht hal ate, polyanide, . - :
pol yacet al , pol ycar bonat e, nodified pol yphenyl ene et her, al yphe ne

sul fide, polyvinylidene fluoride, polyanmde- inide, pof@%@%é%ﬁh1g&kf _
pol ysul f one,. pol yether sulfone, and .0 their m xtures and copol yners. These
resins .may be m xed. with another resin capable of being blended. -
Particularly: preferably, a resin selected fromthe group consisting of

pol yet hyl ene resins, polypropylene resins, and pol yvinylidene fluoride.
resins is used as.-the L5 thernnplastié,FeSin i n the present invention
because they have. high chenical resi'stance.. The pol yet hyl ene resins used
in the present. invention 'contain a polyethylene hormopol ynmer -and/ or a

pol yet hyl ene;¢ao! WiiFack RIAld ierdfraiy/pesy dbe poéyetdyh emeasopol yner 20
may he- contalne An-exenpl:ary pol yethyl ene copol ymer nay. conprise :
ethyleng)qﬁg E%Qﬁﬁtoquhﬁtéﬂlgésschalﬂ supaahuﬁahemehhdamesr@@ﬁ‘selected
from prdpylene, butene pent ene,.. and the |like. The polypropyl ene resins

used i nf AE% Preseitndiveni ¢ ofs Bhetegablai bhat bbky pripyhede stefess ymer
and/ or -a pol ypropyl ene 28 Novenber 2006 18 copolyner: A plurality of

‘types ofsfl YREODYH 6A6mE9PDh BB tadBywhehceatairnedavan aexbmsicary
polyethsiene copol yner may conprise propylene and at |east one o
st 1 ai;ghtq Gl sSR! e Biretk hydracanbenwhebec mednf pormee shyicerie, Qi dWe,
pentene, and the |ike. The polyvi nylidene fluoride resins: used in the -
pr esent orﬂy@@sl@@ t@@texneanalnyurﬂene,fBndrtb@thdﬁupdﬂ¥hﬁﬁl d/or a -
surface 51de have a spherlcal structure, from the v1ewpolnt
'.of the enhancement of strength, water permeablllty,
'rejectlon propertles, and contamlnatlon re51stance. |
d‘: ' In order to determlne the mean pore srze 1n the surface,
j':the surface of the porous membrane is photographed through a
SEM' or the like at a magnlflcatlon allow1ng the- pores to be
"‘clearly observed The dlameters of arbltrary 10 or more
:pores, preferably arbltrary 20 or more pores, are- measured
JS"and numberﬂaveraged. Also, the mean pore size may be
determlned u31ng an image proce351ng system in Wthh the'

‘tmean dlameters of the pores are obtalned In thls 1nstance,

ih"the mean dlameter of equ1Valent rounds is deflned as the

' mean pore size.- The mean dlameter of equlvalent rounds 1s _1‘

.20' .determlned by the expre551on (a X b)°5 whereln a and b are

J-‘-the breadth and the length of elllptlcal pores, respectlvely.r
- The re51n used in the present 1nvent10n is’ not
..partlcularly llmlted but, preferably,'a thermoplastlc re51n
‘1s used because 1t is easy to- form a:. spherlcal structure

25& The thermoplastlc re51n is constltuted of a chaln




vinylidene - fluoride copolynmer. A plurality of types of vinylidene fluoride
copol ymer - may be . contained An 0 exenplary vinylideneé&ggorldg g ol ymer
may conprise .a -vinylidene fluoride and at | east one s t m:t he
group consisting of vinyl fluoride, ethylene tetrafluoride, propylene
hexaf luori de, chlorotrifluoroethylene.. The weight-average nol ecul ar wei ght
of the polyvinylidene 5 fluoride resin, is appropriately sel ected according
to the _strength and water perneability of the porous nenbrane required.-
Preferably, it is in'the range of'hlﬂ%ﬂfﬁousand to one mllion. If:the
wor kability of the porous nenbrane - is taken into. account, the '

wei ght - aver age nol ecul ar wei ght 2?0 is-preferably in the range of 100

t h0”3a“%%@r&‘&@lééeyaenéompaﬁddr,mraedorlef eAfirmddn drhef It et bY5@N housand
to 600 ousand. The polyethyl ene, pol ypropyl ene, and ponV|nyI|dene

fluori deagesiAgi Mayreaniain - BeapecenEdnpiaightt henrmcgssisific 28sirenot her
resin capable of being blended.. For exanple, the 28 Novenber 2006 19 -

pol yvi ny} jdengel pyoykenaynesien pwy@frapmemntmmm merident by weight or
| ess of an-acryfic resin. The.  acrylic resin refers to a nacronvol ecul ar-

conpound,geiaky yetent airileg acrydlonirr idfe-gmriddiereci s yrenmet WSl i ¢ acid,
or their 5 derivative, such as acrylamde or acrylonitrile. Partlcularly

.prefefab£y51ﬁerybeye&yeEneemaeryiuhlUnmlﬁnﬁqunan&xﬁﬁﬁ)rﬁﬁﬁlﬁﬁefe used:
‘becausé they are mscible. wth polyvinylidene fluoride resins.

_preparlnglgymobwnarlde(ﬂﬁkxnsuapqlmgtbubhne ﬁEEEEhﬁbyléﬁeveﬁodyamﬂﬁﬁf
Strengt.hpolyacetal polycarbonate, modlfled polyphenylene ether,_ _
j{polyphenylene sulflde, polyv1nylldene fluorlde, polyamlde—_f
1m1de,-polyether1m1de, polysulfone, polyether sulfone, and
0 thelr mixtures: and copolymers These resins may be- mlxed
'w1th another resin capable of being blended |
' Partlcularly preferably, a’ resin selected from the
group con51st1ng of polyethylene re51ns, polypropylene
:re51ns, and polyv1nylldene fluorlde resins is used as the .
Ls" thermoplastlc resin in the ‘present 1nventlon becanselthey‘
| have hlgh chemlcal reSLStance.. | |
. The polyethylene re51ns used in. the present 1nvent10n
rvwﬁﬁcontaln a- polyethylene homopolymer and/or a polyethylene
;Licopolymer A.plurallty of types of polyethylene copolymer ;‘,
EO'.nay'be'contalned ~An. exemplary polyethylene copolymer may
i comprlse ethylene and at least one stralght—chaln . |
l'aunsaturated hydrocarbon selected from propylene, butene,,
-'~l,pentene, and the like. A | |
l:?{ The polypropylene re51ns used 1n the present 1nventlon

_i25[’ contaln a polypropylene homopolymer and/or a polypropylene




0O water perneability, rejection properties, and other properties can be
control l ed. The three-dinensional. network structure ang%ﬁhe I’PZ 6|caI o
structure may be formed of an identical type of resin ATFHoE types
of resin. Wien the three _5 di nensional network structure. and the
spherical structure are formed of an identical type of resin; both _
structures advantageously have an-affinity for each other. On the other
hand, when each ‘structure is formed of. a different. type of resin, the
strength,. water. perneablllty, rejectﬂdh'QO properties, and ot her '
properties can be set in a wider range. The spherical structure is
preferably formed of a - thernoplastic resin, as described above. Fbmever
the ?@&n{ﬁ 051 ongl LRGLUEKY SEr Eghbuse oIy foprene cpweEy

sel ecte anong varlous types of resin with a-25 w de range of

choi ce. it hep . t g, BE geadi MRASERBAD 1AMy it NasrsTiep Q06T 2y -
structure or fthe spherical structure or both may advantageously be forned

of a polgp@ﬁebg@ngroﬁgmbﬁeneﬁa hke 1 esan® orgsist msighi-edwint her. By using
such a blend, ™ the strength, water perneability, rejection

propertigScadifateat R§trpapdoh eeleartdie fmmi reiiikbney duliererange wit ha
hi gh affinity maintai ned between-both structures.. :The above-descri bed. :
por ous nsgptaﬁg i&nuseheaalaeporous menbr ane . nodule whi-ch is housed |n a-
case havnng araw.water inlet, a perneate outlet, and the.like. In the -
case, “where Ekﬁaep@DyQMﬁyMEﬂbnané1u9rudeanaﬂﬂn§NUHﬂﬂalﬁ(ﬁhﬁ Hqﬁﬁﬁﬁﬁous

menbrane. nodul e is fabricated so as to recover perneate
‘1nventlon contaln a v1nylldene fluoride homopoiymer and/or a .
Vv1nylldene fluorlde copolymer. A.plurallty of types of
'VV1nylldene fluorlde copolymer may be contalned. iAn |
0 exemplary v1nylldene fluorlde copolymer may comprlse a
;v1nylldene fluorlde and at least one selected from the group
con51st1ng of v1nyl fluorlde, ethylene tetrafluorlde,
: propylene hexafluorlde, chlorotrlfluoroethylene - Thelf
4we1ght average molecular welght of the polyv1ny11dene
.5 fluorlde re51n is. approprlately selected accordlng to thee
| strength and water permeablllty of the porous. membrane
;flrequlred ' Preferably, it is 1n the range of flfty thousand yA
"Qlto one mllllon. If the workablllty of the porous membrane |
C s taken 1nto account, the Welght average molecular welght ‘;t'
2b>;18 preferably in: the range of 100 thousand to- 700 thousand
: land more preferably in the range of 150 thousand to 600 _
*?; thousand | |
The' polyethylene, polypropylene, and polyvrnylldene
':fluorlde resrns may contaln 50 percent by welght or less of

'25f‘.another resin capable-of belng,blended For example: th?,.




housi ng a bundl e of plurality of hollow fiber nénbraneS'in a cylipdrical
container with both ends or one end fixed with .a pol tha@% &g) epoxy
resin, or by fixing both ends of the. 5 hollow fiber ne ran&gh pl at e
form In the case where the porous nenbrane isin'a flat form the porous
nmenbrane nodule is fabricated so as to recover. permeate, by folding the -
porous nenbrane in.a cylindrical manner, around a'quuid col |l ection pipe
and t aki ng up the menbr ane in a spiral 20. manner to be housed ina oo
‘cylindrical container, or by dlsposﬂﬁb Tthe mermbrane on both surfaces of a
liquid collection board with the periphery fixed water tightly. The por ous
nenbrane nodule is provided with at least conpression neans-at the raw

wat er si'gg] gifydlidenemFansrade 2o stine presfiseatd s iaha tad nise SPs BETLLTE: |i qui d
separation System 28 Novenmber 2006 21 As the conpr essi on nmeans, -a punp
may be upgdweigit erreaeerseofcamseatmudweemrfermas:rrmcerrqseiel s-may -be
used.. A punp or. a siphon nmay be used as the, suction neans. This:liquid
separati gafeyst e eammmemmmmounmma&nmtqwam% 3ater -
treatnment, effluent treatment, industrial water productign, and the Ilke
in the fpelleﬁ[@fr dﬁamjryt]neatamam aTmehagriylerC i, QS er, .
groundwat er, seawater; sewage, di scharged water, and the'like. are treated
The abovéeddsatiibed mgmm%ﬁﬁ?%@%wlol?or a battery -
separator for separating the positive electrode and the negative electrode
in a bat temtidulamliv priafsiraive, |at011y$13é3<|cfé'%§%1a E%S%aqft‘g battery..

perfornance because of a:high ion perneability and, t o enhancge th@i
methacryllc ester resins. are used because they are miscible.

ﬂ w1th polyv1nylldene fluorlde re51ns.' By preparrng a polymer‘n"
- blend contalnlngrsuch a‘plurallty of resins, the strength,
O,'water permeablllty, rejectlon propertles, and other
.‘propertles can be controlled | N
The three -dimensional . network structure and the
'spherlcal structure may be formed of an ldentlcal type of
" ‘resin or different types of re51n _When the three— |
;S'ldlmen51onal network structure and the spherlcal structure
'lare formed of an 1dent1cal type of re51n, both structures
h”w advantageously have an afflnlty for each other : On the
c:%other hand, when each structure is. formed of a dlfferent
o type of resin, -the strength, water permeablllty,_rejectlon C
éd, propertles, and other propertles can be set in a w1der range.
‘.-;The spherlcal structure 1s preferably formed of a |
B thermoplastlc re51n, as descrlbed above However, the ..‘;
":three drmen51onal network’ structure may be formed of al
;thre51ns selected from among various- types of re51n w1th a

| 55- -wide range_of ch01ce. Elther the three dlmen51onal network |




durability of the battery because of a high fracture _5 strength.. = - '
Furthernore, the porous nenbrane prepared by the above- scri,be '
manuf acturing. method is used as a charged nenbrane. fﬁqﬁ‘ﬁ8&ﬁ&&%& char ged
groups (ion -exchange groups).. The charged nmenbrane i's expected to achieve
the effects of 20 inproving ion recognition properties and enhancing the .
durability because of a high fracture strength. Al so, the porous nenbrane
is used as an ion exchange nenbrane r_a fuel cell by inpregnating the
porous nmenbrane w th an ion exchangeresin. In particular, when nmethanol
Is 25 used as a fuel, the swelling of the ion exchange nmenbrane 28 Novenber
2006 22 with nethanol i s suppressed and the nethanol is prevented fron1.
|eak|ngs%wmﬁdﬂreéﬁnxhhe(Bpherrmahoﬂert%t@ngh0¥hbotbnmabxchange menbr ane,
that is, so-called crossover is.prevented: Thus, it is ex ecteg t hat- t he-
perform@amanﬁaqdunslmﬂbemidrmbdsoénhan@emmeFub%ﬁEQnBQEtaF ipg ERBected to
enhance the durability of the fuelcell because of_ .a hi ra &ur S
st r engt hsankhéer eabioy easlebn rédchl @orens nBRbREABY| SUGRsd ngéim§§ § eBﬁC)od
purificati-on menbrane. This blood purification O nmenbrane.is expected to
i ncr easectdes torexpethi esaber reavveaglilihyr eTprBALEPE PROBEEGEeSangnd

to. enhance the durability of the blood purificatign nenbrane ge%ause of'a
hi ghif r asithee pxopenigies qae ]B@r69§tﬁ€%?§nénhﬁv?"ﬁ§eb5iﬂﬁg§

t hree-di nensi onal 5 network_ structure ang a sgherl structure can- be
_ hlgh afflnlty malntalned between both struc ures.r

The above descrlbed porous membrane is used as a porous.d
R membrane module Wthh ls housed in a case hav1ng a raw water_‘ﬁ
ilnlet a permeate outlet, and the llke in the case, where
0 the porous membrane is in a hollow flber form, the porous
| membrane module 1s fabrlcated so as to recover . permeate, by
' ‘hou51ng a bundle of plurallty of hollow flber membranes in ai.
.’cyllpdrlcal contalner with both ends or one’ end flxed w1th a":'
polyurethane or epoxy re31n, or by f1x1ng both ends of the
5' hollow fiber membranes ln a plate form. In the case where'
the porous membrane is-in a flat formr the porous membrane_;1f
o ‘module 1s fabrlcated so as to. recover permeate, by fOldlngrﬂ;7;V‘
n;-the porous membrane in a cyllndrlcal manher, . around a llqﬂlddmf,;
collectlon plpe and taklng up the membrane in a splral
Zdhlmanner to be- housed in a cyllndrlcal contalner,_or by

dlSpOSlng the membrane on both surfaces of a lquld d:ﬁr RSN

collectlon board w1th the perlphery flxed water tlghtly
The porous membrane module is prov1ded w1th at least

compre551on means at the raw water Slde or suctlon means at

25t




manuf act ured by various techni ques. For exanple, both the

t hr ee- di mensi onal network structure and the spherical :%%&uctg{e &ﬁy be
si mul t aneously., formed of an. identical, resin soluti
t hr ee- di nensi onal networ.k structure may - be O layered on at least one
surface of a porous nenmbrane having the spherical structure.
Alternatlvely atl east two types of resin solutions may. be dlscharged X
from an extrusion head at one tine formthe three-dinensional network
structure and the spherical structure sinultaneously. 25 A nethod for
si nul taneously forming a .three-di nensional 28 Novenber 2006, - 23 network,
- structure and a spherical structure of an identical resin solutlon will be
~descri begs haloworprdds sometdads, forpumxamy ére 3¢ nobIREEFEF8sin is

di ssol'ved in a poor or . good solvent.for the resin to be a relatively high
i concentdialddmy rchdeli tgesrotfe abburaRer t bebel parre eblgfse%e g%t. This
t hernopl astic resin-solution is cooled to solidify. Thus, )
t hr ee- digiBgsionad st kmay rhetuged ol ‘éhesﬁh‘éﬂ%%lm§??ﬁcture are’
si mul.t aheously for med. The poor solvent refers-to a.so vent. j ncapabl e of
di ssol ving 5 Thiperideptichysepeirgtiicdy SHTe®micatdit %ﬁai W fhperature of

60C or less, but capabl e of di ssolving 5 perce b nDre of rein
at ashi Gﬂiultefmeal‘ai@ﬂrle e e BeC ‘éﬁﬁapﬁ%ntne??%hﬂgﬁgeh?QSFmFH ‘resin (far
exanpl e, about 178C ': when _the resin Vi ng 4 Lyoride
hO”DDO]yﬂmdQStihaLSW@herd@ﬁ@¢u%%hﬂ“faag Iggﬁt &Eﬁab?eg§ %ﬁggo v#ﬁg 5
'S Ger i nedtes EegobHogEr veRPSA $AGEn A ST a5 YrnbiGrer, | s
fseawater,,sewage, dlscharged water, and the llke are treated. '
The above- descrlbed ‘porous membrane can also be used
07 ?for a battery separator for separatlng the p051t1ve
. electrode and the negatlve electrode 1n a battery : In this:.
'1nstance, 1t is expected to enhance battery performance::
because of a. hlgh 1on permeablllty and to enhance the
:durabilrty'of the battery because of a high fracture_
:5 strength. o | ' 7 | .
| Furthermore, the porous membrane prepared by the above—r
A:descrlbed manufacturlng method is used as a charged membrane
‘5by 1ntroduc1ng charged groups (1on exchange groups) e?hedﬁg?
.charged membrane is. expected to achleve the effects of
éOT.lmprov1ng 1on recognltlon propertles and enhanc1ng the'
durablllty because of a. hlgh fracture strength
- Also, the porous membrane is: used as.an ion exchange
- 'membrane for a fuel cell by 1mpregnatlng the porous membrane‘
.; with an’ lon exchange resin. In partlcular, when methanol 1s_ o

25 'used as a fuel, the swelllng of the lon exchange membrane




resin to dissolve or swell is-defined as a rionsolvent. ‘Wen a

pol yvi nyl i dene fluorlde resin is. used, exenplar oor - olv | '
al kyl ketones;. esters, gl ycol esters and ngrgaﬁig‘carégh ?W%§ﬁ5€9 clude
medi um chai n Iength; such as .cycl ohexanone, isophorone, y- butyrolactone,
met hyl isoanyl ' ketone, dinethylphthalate, propyl ene glycol nethyl ether
propyl ene carbonate, diacetone al cohol, and gl ycerol 25 triacetate; and ,
their mxtures. A nmixture of a nonsolvent 28 Novenber 2006 .29 and a poor
sol vent,, 'satisfying the above-describ@&® —definition is defined as a poor
sol vent.. Exenpl ary good solvents include | ower. alkyl ketones, such
asN-met hyl -2 pyrrolidone, di methyl sulfoxide, dlnethylacetanlde

dinethyt%gfﬁaﬁbgﬁ qget byl o %?%Es%@ﬁoﬁﬁd %ﬁ%t&@%haant&%hb$eﬁ8ﬂﬁﬁﬁ

tetramet hyl'urea, and trinet osphate; esters, amdes; and-their

M Xturese Eﬁe ?Eﬁg Eﬁﬁ'tﬁ@tﬁnoaecthQheab%tho@%X%ueougmeumenaxnbenzene
t ol uene, ne hano anol carbon tetrachl ori de, ..o-di chl or obenzene, .0

trichk 0r8§&f1 ‘g@emﬁ%f}%%ne @laxcals, dietdwl Bae erysobvertisephypventegt.ycol
propyl ené”gly utylene glycol, = pentanediol, ‘hexanedi-ol, aliphatic

hydrocar bagg, SH‘E“ 1@ ekewc@ueenb@r twei glolr fpeseidey lodn ey Y ls calbnat i c
hydrocar bons; “al i phatic pal yhydric al cohols, aromatic pol yhydri ¢ al cohol s,

L5 ChiOrhQaEEEaBEQHOCatﬂ@tﬁermo@bheﬁt uhl@mmmeﬁeﬁiurgwmhanqennhs and’
their- mi xtures. ‘In the above-descri bed nethod,' preferably, : ‘

t her nopl aglk6 118 %k oifS tilies Faktedailn a)elmamfse)lofgundh]sﬁi mctum the resi n.
at a relatively high tenperature in the range 3
_vstrength
o The above ~described porous membrane is also used as a
"blood purlflcatlon membrane. Thls blood purlflcatlon _
0 ‘membrane is expected to 1ncrease the propertles of remov1ng
B waste products 1n blood, and to enhance the durablllty of
_the blood purlflcatlon membrane because of a hlgh fracture-
':strength |
" The porous membrane hav1ng both a three dlmen51onal
Szrnetwork structure and a spherlcal structure can be,
manufactured by’ varlous technlques. For example, both the
three dlmen51onal network structure and the spherlcal
iT}:structure may be 51mu1taneously formed of an 1dent1cal resrn
”;solutlon The three dlmensronal network structure may be f
20: layered on at least one surface of a porous membrane hav1ng -
‘A;. the spherlcal structure Alternatlvely, at least two types_
"".of re51n solutlons may be dlscharged from .an extru51on headfufff
at one tlme to form the three dlmen51onal network structurebfi*7u
and the spherlcal structure 51multaneously | |

_25df5 - A.method for 51multaneously formlng a. three dlmens1onal




20 of 80 to 170C to prepare a thernopl astic resin solution having
a.relatively high concentration in the range of 20 to

"weight. As the resin concentrati.on increases, the resuﬁﬁﬂﬁ Hﬁﬁ?éwgy

menbr ane exhi bits higher stretch properties. However, -an excessively high
concentration 25. reduces the void ratio and the water perneability. is -
S --------i--- .o ----- 28 Novenber 2006 25 negatively affected.. Unless the
viscosity of the prepared resin solution is set in a proper range, the
resulting nenbrane does not becone™ pgﬁous Mie preferably, the resin
concentration is in the.range of 30 to 50 percent by weight. The
SO|Id|fICatIOn of the resin solution is, preferably, performed by coollng

solidific t| o} %Eﬁgré hendesi Qphéﬁlﬂh&ostr&cdtm?@h@rfg@dl ildeatdedol bath

fron1an1e ru5|on In this instance, preferably; a liquid with a

tenper atULey | ndi6c{8008; 0 Bel @eBOLibeanbalning 6B, IRIRGTHRICRT of a
poor or 100 vent is used as a cooling liquid-in the cool bath. The

cooling | %&{&ﬂe”ﬁé{ £RBtAbPLAstRengekiant si disddilivesh i & REPodtT or good

sol vent . diSsolving a relatively high concentration of a. -thernoplastic

resin. in 5‘0809619én9099rs@héemésﬁar tohber esinelaigtely el i vel y hi gh. -

tenperat%re and rapidly cooling it to solidify, the resulting nmenbrane .

can have gngéﬁergemgﬁ|@althettangerefoah@uﬁa Wﬂﬂ@ﬁnﬂﬁ%ﬁ?%& e Wit hout

macr o, v0|d ..~ In particular, the nenbrane having the s h]r cgg structure
0

exhi bi tswalahgh strheBgtheandpad alsitgle - neetigy smklé?l%rh%a Whet her
the nenbrané -has' a spherical structure or.a network . d a' ‘
' Olldlfy- Thus, a three- dlmen51onal network structure an

rspherlcal structure are 81multaneously formed._ The poor)
zsolvent refers to a solvent 1ncapable of dlssolv1ng 5
0 percent by welqht or more of re31n at a low temperature of |
2 -60 C or less, but capable of dlssolv1ng 5 percent by welght
: or more of reln-at a hlgh temperature between 60° C and the:f
Vmeltlng p01nt of the re51n (for example, about 178 C: when '
the re51n comprlses a v1ny11dene fluorlde homopolymer) On |
L57_the other hand, a solvent capable of dlssolv1ng 5 percent by_
| Welght or moré of re51n at a temperature as low as 60 C or _‘H
Qless 1s deflned as a good solvent. A.solvent not - allow1ng a 
= re51n to dlSSOlVe or swell is. deflned as a nonsolvent --When;_h
| a. polyv1nylldene fluorlde res1n is. used, exemplary poorif,”
'Zolfsolvents 1nclude alkyl ketones,_esters, glycol esters and_
'*‘organlc carbonates hav1ng a medlum chaln length, such as:
H;cyclohexanone, 1sophorone, ymbutyrolactone, methyl 1soamyl N
ketone,‘dlmethyl phthalate, propylene glycol methyl ether,ny-a5‘
| propylene carbonate, dlacetone alcohol, and glycerol _

25 . trlacetate, and thelr mlxtures A mlxture ‘of a.nonsoluent‘j




structure is set by selecting a conbination of the. conCentration of the
resin solution, -the conposition of thee ..solvent for ?ﬂ% resin
and the tenperature of the cooling liquid in the cooI n%% ot her
hand, in the 25 known wet solution nethod, since t he concentratlon of. the"
28 Novenber 2006 26 resin solution is set in the range of 10 to 20
percent by weight so as to achieve a water perneability, the resulting
menbr ane ‘has a network structure with macro voids and does not exhibit a
high stretch. In orderto obtain the-p8fous nenbrane. of the present

i nvention, the conbination of ,the conposition of the solvent for
dlssoIV|ng t he reS|n and the conp05|t|on of 'the cooling liquid in the cool

bath is ortant, .as, wel| as_i c r ga-8k &bgbédSln solution. In
partlcul a HQPr(ﬁQﬁﬁeQQYFﬁ %#%? %Rghﬁﬂg ﬁ%ge di mensi onal’ net work - .

structure and a spherlc rygt t.sh3vBhef er ashkfplihaty Whed resin
sol ut i ot Pyt Hrde é &5 % ?ﬂ%knggbyane be solidified using a

cooling liguid hayin d e OpReshbison stitbmakhsi-a@ihgsi-t4-on for the
ot her- SLﬁQ%E%Pt% %gPa?c%%Vé? ?%ﬁygonblnatlgns of the conposition of the

resin sol ution, and th i LRk dbhe dgeeitihg alcieqaind dere  adj usted so
as-toffd9$¥%9fh$% € ﬁg?@ﬁi E{r%et\a/ork structure on one surface and forn1a

Formdd | St‘ﬁﬁvi%ﬁ@ et fon 5 propar ad. t o roai
sofut] O”tf;i‘E aﬁyd!rH%E?aBOf %wa{n@&hgrlerrear e sek tindaiet il aRALRiE 1 om t he -
| o esters, amldes, and their mlxtures. Exemplary nonsolvents i
71nclude water, hexane, pentane, benzene, toluene, methanol{i
'ethanol carbon tetrachlorlde,,o dlchlorobenzene,
6ﬁd‘tr1chloroethylene, ethylene glycol, dlethylene glycol,'
| 'trlethylene glycol, propylene glycol butylene glycol,A
,-pentanedlol, hexanedlol allphatlc hydrocarbons such as low—
olecular-welght polyethylene glycols, aromatlc hydrocarbons,
| V'allphatlc polyhydrlc_alcohols,'aromatlc polyhydrlc alcohols,
LS fchiorinatedrhydrocarbons,?othergchlorlnated organlc_llqulds,
'and thelr mlxtures |
| In the above- descrlbed method, preferably, aﬁ‘
\thermoplastlc re51n lS dlSSOlVed in a poor or good solvent ;?
| ‘for the re51n at a relatlvely hlgh temperature in the range
Zd ‘of 80 to 170 C- to prepare a thermoplastlc resrn solutlon
: hav1ng a relatlvely hlgh concentratlon 1n the range of 20 toh.,.-
.:tGO percent by welght E As the resin concentratlon 1ncreasesf
the resultlng porous membrane exhlblts hlgher stretch :

.--propertles. However, “an’ excessrvely hlgh concentratlon

.'2§:f-reduces the v01d ratlo and the water permeablllty is




external pipe and the internal pipe of a double co-extrusion head for
spi nni nghol | ow fi ber menbranes, while being 25 SO|IdIerd in a cool,bathl
Thus, a hol low fiber nenbrane is 28 Novenber 2006 - 28 Moyemher 2999 thi s
instance, ‘a gas or a liquid may -be used as the |unen fornlng fluid-
However, -in the present. invention, the sane liquid as the cooling |iquid
is preferably used, which contains 60 to 100 percent of ‘a poor solvent or
good solvent. In this instance, by varying the conpositions of. the |unen
forming fluid and the cooling |liquid 2% the cool bath, a hollow fiber
nmenbrane having both the three- dinensional network structure and the
spherical structure can be provided. The lumen formng fluid nay be

igf’%l ?f;qu%“:ﬁqx?,qu%#f% tgve ﬁﬁleéfs EH@ 698koBath . basthuf prepemtd po\)ver to

nenbrane, lunmen forming fluid may @ be

suppl i.ed w thout coplin e,PRLBPe rMeahfane the resnediig a flat
nenbranées%ﬂtiﬁlgﬁ+%%l%Ss%%étignal pgegared6 ‘the resin solutionis .5 -

di schar ged fron1a st gext A psaduand g@kbdp&eeéranlq,cmhb b@ﬁhn I n
this'ingt d%%é n§|n83§h§ cgnpog]tlons of cooling liquids, comng

into contact ri{acenal rahbe biraBomesbrangeaneny by wed gbither
sur f ace, “YF€ %@ﬁb?F%8§n§g ﬂegcoorabg?h into contact with only one surface

of the flat ;20 ng Hgiéﬂflcéﬁfoﬁe%%|MHHJﬁésmnrnnﬁmtnmncam,havefbeﬂhlﬁrthree—
di mensi onal ne structure and a spherical structure The net hod for

varying the paLisngy! LeBh degMBeYiidiFisatdon g iwitieche diteagte sdint h one
. surface. %? Fﬁ %Pat menbrané and with the other surface is not ‘
| part'Cu'Q&kMtka‘E%ddlscharged 1nto a cool bath from an extru51on
'h- head.; In this 1nstance, preferably, a llquld w1th a |
-"temperature in the range of 5 to 50°C, contalnlng 60 to 100
70 percent of a poor or good solvent is used as a- coollng
_llquld in the cool bath The coollng llquld may contarn‘a
1-nonSOlvent in addltlon to" the poor or good solvent By
‘dlssolv1ng a relatlvely hlgh concentratlon of a- ‘
'ithermoplastlc resin 1n a poor or good solvent for the re51n
.5 at a relatlvely hlgh temperature and rapldly coollng lt to
b- solldlfy, the resultlng membrane can, have a flne spherlcal
: :structure or a dense network structure w1thout macro v01ds
”hé 1In partlcular, the membrane hav1ng the Spherlcal structure hi;f”ﬂ
exhlblts a hlgh strength and a hlgh ‘water permeablllty _
20 Whether the membrane has a spherlcal structure or a network h.ﬁt
| t-structure is, set by selectlng a. comblnatlon of the |
concentratlon of the re51n solutlon, the comp051t10n of the o
"solvent for dlssolv1ng the resrn,-and the temperature of the
‘ coollng llquld in the cool bath. On the other hand in the -

25 . known wet solutlon method, since the concentratlon of the,




25 However,. for exanple ‘a coolin
g liquid is sprayed fromone 2
2006 .28 S|de of the flat nenbrane and another!. cogllng ui d |§ hbvfgegg

fromthe other side.. The method for brin %@’ b g
C . _ gi ng onl one gVt
menbrane irnto contact with a cool bath- is not pgrticularjy ll;?ﬁ%;flat

:ﬁgegggi Lg:hexanple, the flat nenbrane may be floated on the surface of
the ool ﬂ% or -a cooling liquid may.be sprayed fromonly one side of-
at menbrane.:, Also, it is a preferred form of enbodi nents of the
S|nvent|on that a porous substrateﬁn%ﬁfurther be bonded so 0 as to L
fugp?rt the porous nenbrane to give a strength to the nmenbrane, because t he
cture strength is enhanced. The material of the porous substrate is not

partlcularl %gg n
n 1304 @ 4aNitf BRIl ST ATl i AW a roemst &Y al
used.’ 5e Tgrganlc materials are pftferable fro;?the V|emp0|ﬁt85ng¥ be

melght savi ef
LhLeARNE 22 WA K TIRaDMELY , tiEhe | Tesebbin
organic thgg suc% as & cellul ose flbe?rlf a cellulose triacetate ?fLQ? 5

polyester E B r
b rafs! had PRI | Radithes ,with anpoty etdidenend  dees
ed. TRE™ manuf acturing nmethed up to this point oZnCMKfOV|deIa Oonay be

wat er- per yreable A %uqur&ptg@gecd}aw ng hi .
gh stretch roperties
if the water perneabi ity is not ‘satisfactory,; the pgrogs nenbraggmﬁggr

(i her e 5 Bieat 8 crauns hipon ke mament o The S 15
perneab'Huéhﬂﬁoﬂ'“tﬂé"ébﬁbiﬁaﬁﬁdﬂmnfstbahanmp@s1E§ggég§2ggemg%ggegg
Lnfor dlssolv1ng the re51n and the comp051tlon of the coollng
VIollquld ln "the cool bath 1s lmportant, as’ well as the
'concentratlon of the resin solutlon In partlcular,_ln
ii]order to provide. both a three ~dimensional network structure
'-‘and a spherlcal structure, 1t is preferable that - the re51n
;fsolutlon applled on one surface of the membrane be. e
dsolldlfled using a coollng llquld having a dlfferent-
.{ com9051t10n from the comp081t10n for the other surface.
5'_Spec1f1cally, the comblnatlons of the composrtlon of the
".re51n solution-and the comp051t10n of the cooling llquld arei
A"adjusted so as to form a three—dlmen51onal network structure'd-_7
aﬂion one surface and form a spherlcal structure on the other‘-;””
”‘surface '
'beuh;' If- the porous membrane is formed 1n a hollow flber,
":A‘after a ‘resin solutlon 1s prepared the re31n solutlon and- ab,?
. lumen formlng fluld are respectlvely dlscharged from the |
t,i external plpe and the 1nternal plpe of a double co- extru51oni‘f
A{t'head for splnnlng hollow flber membranes,‘whlle belng

Zés ’solldlfled-ln a-cooltbath~‘ Thus, a hollow flber membrane 1s




29 Anot her method for form ng a porous- nenbrane having a '

t hree- di mensional . network structure and a spherical sig'ﬁg‘t/eure \2@5& now be
described. In this method, a layer “having a three-di nghisi ohal né ‘
structure is formed i, afterward on at |east one surfacé of a porous
menbrane having a spherical structure. in this method, first; a porous
menbrane having a spherical structure.is forned. The nethod for formng
the porous nenbrane having the spherigal structure is not 0O particularly
limted, but, preferably, the foregdiﬁ§7ﬁethod- may be applied. A.layer
havi ng a three-di mensi onal network structure is formed on at |est one -
surface of the resulting porous nenbrane having .the spherlcal structure. -

The met h}od fg{% hh'tﬁllss 1Ak apakl i gulgals ool lamiltiephicbutay, - bgr efsedalgisy,  the
follomnng net hod |s applied.. SpeC|f|caIIy, after-a resin solution is o

applied }Qﬂgolaﬁleheﬁgt_—mqa% supfiace olovdvemorioushergtesend. Hawergiome -
spherical"structure, - the nmenbrare is immersed.in a solidification |iquid.

Thus, a Lpvet Raviigudd2@st ftheen@ldmnﬁ; dnaiumemmmq:esﬁemadﬂtlm a15edf or med.
Exenplary ‘résins used here include acrylic resins, polyacrylonitfile
resins, afg }ého'&'ohﬁ:'ah?lsblﬁoadjoerl%tgermt (MBS pawi r@lwtyﬂﬁlr%q%i resins,
acrylonltrlle styrene (AC) resins, vinyl chloride resins, polyet:glene

t er epht halatnt25 1mesitid.s ﬂ@iatamam rress | e, g y@eetcmmee%%wns °© 5
polytarbonate 28 Novenber -2006. 30 resins, nodified polyphqulene ether
resins,  peleypReR eR@ming fluld and the" coollng llqul _ ‘ |

lc)bath, a hollow - flber membrane havrng both the three—
{dlmen51onal network structure and the spherlcal structure -
- -can be provrded - The - lumen forming fluld may be supplled .55
0‘- w1th coollng. HOWever,‘lf the cool bath has suffrcrent
power to SOlldlfy the hollow flber membrane, the lumen
”formlng £luid may be supplled w1thout coollng |
If the porous membrane is formed in a flat membrane,
after a resin solutlon is prepared the resin solutlon 1sr
5 dlscharged from a Sllt extru51on head and SOlldlfled 1n a -
. cool bath In thlS lnstance, by adjustrng the composrtrons
of coollng 11qu1ds comlng 1nto contact w1th one surface of
the flat membrane and w1th the other surface, or by brlnglnga:r'
: the cool bath lnto contact w1th only one surface of the flatv'
26"”membrane, the resultlng flat membrane can have both a three—l'”
| dlmen51onal network structure and a spherlcal structure.ﬁ -
‘The method for” varylng the coollng llquld composrtlons_f:
‘ comlng 1nto contact w1th one surface of the flat membrane

'and w1th the otherfsurface 15 not partlcularly llmlted

:25”‘ However, for example, a coollng llquld is Sprayed from oneA




sul fi de resins;-polyvinylidene. fluoride resins, polyan de- inide resins,

pol yet heri m de resins, polysulfone resins, polyether sul fone re % and
their m xtures and copolyners 5 These resins may cont Moﬁﬁgpﬁ@k)resrn
capabl e of being blended; a polyhydric al cohol, "or .a surfactant ‘in-an
anount of 50 percent by weight or |ess. Partrcularly preferably, aresin
sel ected fromthe group consisting of polysulfone resins, pol yet her,
sulfone O resins, acrylic resins, pol%acrylonrtrrle resins and
polyvrnylrdenefluoride resins is used®because they are chenical resistant.
A good solvent for the-resin is preferably used as a solvent for -

di ssolving the resin. As the good solvent, the L5 foregoing substances may

be. used, Bﬁf‘ent Bt i ﬂé‘%ﬂ&%ﬂbﬁiﬁeﬂ&f&ﬂ@lﬂgf Yigfetabty in the
range OF Eﬂl qg péﬁcent by - jbrght and rmore preferably in the range- of 10

to ‘:prr%t el oted hgidesi Mmiconeerticht fanilsr iresimg tdmhy 5. per cent
by mergh physi cal durability of:the 20 | ayer having the-

three- d'o??é‘%ﬁ@'of‘%ﬂ@rﬂéﬁ GBI S Sintegeshstly witlecd ecbol fbatle resin -
concentration I-s nore than 30 percent by weight, a. high pressure.is

r equi req]ér\,i}g;t Patt S Thi By al {ewesd f o peweeat . fd'meexmttmlmll fiore apba¥i ng t he
resin solution-onto at 25 |east one surface of the porous nenbrane having
the 28 houihaie 200P bS1f Sediesd cab - she ustuface sofotheacestubakiny ¢¥nited.

However, preferably, the porous nenbrane i's immrersed in.. the solutron . or
the sol Lﬁlélfblﬁi@ppiq@mcrm;a ot d;}ensye@nérelurcb}abﬁ @meteede of the
B flat membrane..
- Also, 1t is. a preferred form of embodlments of the
glnventlon that a porous substrate may further be bonded so
ﬁ 'as to support the porous membrane to. glve a strength to the
| membrane, because the fracture strength 1s enhanced The‘
materlal of the porous ‘substrate is-not partlcularly llmlted
| and organic materlals and inorganic materlals may be used.f
' However; organlc materlals are preferable from the v1ewp01nt
s*f of welght‘sav1ng- -More preferably, a woven or nonwoven
'; textlle comprlslng a organic flben such as .a. cellulose
-flber, a cellulose trlacetate flber, a polyester flber,‘a__‘_‘ul
ff¢7polypropylene flber, and a polyethylene flber, may be used.p[di
| The manufacturlng method up . to thlS p01nt can prov1de a |
ZOfr water- permeable porous membrane hav1ng hlgh stretch |
Hi.‘propertles However, 1f the water permeablllty is not
7"satlsfactory, the porous membrane may further be . drawn at a.
'draw ratlo in the range of 1. 1 to 5. O.: ThlS is a preferred
"‘.form of embodlments of the 1nvent10n because the water

25‘_permeablllty of the porous membrane 1s enhanced




porous nenbrane. |If the porous -nenbrane is formed in a hollow fiber, in
order to apply the solution onto the external surface fg‘ovan ?&&pm/flber
nmenbrane, the hollow fiber nenbrane nmay be i'mersed i e SO ion or the
solution may be dripped onto-the hollow fiber menbrane. "Also, .in order to
apply the solution onto the internal.. J surface. of the hollow fiber
menbrane, preferably, the solution is injected into the hollow fiber
menbrane. In order to control the anpunt of -the solution applied, after
the porous membrane is imersed in The&2solution or the solution is applied
onto the porous nenbrane, part of the 5 appl i ed-sol ution may be scraped.

off or blown off. with an air knife,.: in addi'tion to the nethod of

control.ling mg ﬁ%l utde@glodalfglfntfdr&ﬁellgf @oﬁ:fcﬁisabdambralesdiawdlﬂg cat i on

l'i qui d- contalns. “nonsolvent for the resin. As the nonsolvent, the - - '
fore90|%% %?) 1rﬁg@wogk55@§e@tuﬁy Bidng speereeah solutlon lnto
cont act WEH the nonsolvent nonsol vent.. _ i nduced phase separation occurs

to formér &agﬁrguuqimyﬁb&rﬁéxﬁégégxﬁé@nalInnEhmerMethodztﬂranEhe met hod
for setting the nmean pore size in the 25 surface in the foregO|ng"range

dependsHyytﬁ§:§y@@r@g ~d B8dils i % Novevherk 2086ucBarebis, fooredxanpl e, the
foll owng method may be applied. An additive is added to .the. resin '
sol uti on, pdhasRedli & Vet | Beagt ubed stenace afterpoheuﬁhme@baﬁﬁﬁn5|onal

network. structure is fornmed: Thus,: the nean pore size in the surface i's
CO”trC”'ﬁ%brﬂ&gﬁﬂsﬁhéﬁﬂ@@ynﬁsrmctunergan|c conpounds may be
In thls method, flrst, a porous membrane hav1ng a-
'spherlcal structure is- formed._ The method for formlng the
porous membrane hav1ng the spherlcal structure ‘is not |
dl.partlcularly limited, but, preferably, the foreg01ng method _
may be applled‘. |
A layer havrug a three-— dlmen51onal network structure 1s
formed on at lest one surface of the resultlng porous_
--membrane having the spherical structure "The method for

.5~ this is not- particularly llmlted but, preferably, the "‘

) A'follow1ng method is applled Specrflcally, after a resrn |
'_solutlon 15 applled onto at least one surface of the porous
ﬁmembrane hav1ng the spherlcal structure, the membrane ls.'ol-
.'1mmersed in a SOlldlflcathH llquld. Thus, a layer hav1ng a

20'f three dlmens1onal network structure is formed.
| Exemplary re51ns used here 1nclude acryllc re51ns,
‘”fpolyacrylonltrlle re31ns, acrylonltrlle~butad1ene styrene :

(ABS) re51ns, polystyrene resrns, acrylonltrlle styrene (AC)

resrns, v1nyl chlorlde resrns, polyethylene terephthalate o

éSlire51ns, polyamlde re51ns, polyacetal re51ns, polycarbonate




used as the additive. Preferably; the organic’conpounds are. .capable of

di ssolving in both the solvent for the resin and the npn ol vent § sing
nonsol vent i nduced phase separatlon Exenpl ary organic c@r q%:g @#clude
wat er - sol ubl e pol ymer, .0 such as’ pol yvinyl pyrrolidone,. polyethylene gl ycol ,
pol yvi nyl.. al cohol, polyethylenei'mine, polyacrylic acid, and dextran;-
surfactants; glycerine; and sacchari des: Preferably the inorganic
conmpounds are soluble in water. Exenpl ary i norgani ¢ conpounds i ncl ude

cal ciumchloride, lithiumb5. chloride; 3nhd bariumsulfate. Alternatively;
the mean pore size in the surface is controlled by selecting the type,-.
concentration, and tenperature of the nonsol vent in the solidification

I d so t dj,ust t.h ' the
addi 1 ém?ﬁn@gnﬁpéﬁ%lsdhﬁaﬁ%égnﬁm S8R T L g At

ase separati-on- spee o a small

mean pore the.s | QW Rask: seRanad,l ISREE (id-eads to a
| arge " neﬁ 58 §PZ&05A 8fl ggn#&qgﬁgghgggeouzﬁ%o adéﬁ$ Qﬂhonsolvent to the
resin solutlon for con o 2 PH ALY AN SR e §Eh§i|ll A

anot her’ ﬁ@tﬂ8drﬁgtn?6r glgﬂggﬁgﬁgﬂﬂg%%?gﬁi 35 ﬁ%venber 2006 - 33 haV|ng

both a. thrié’. gégnﬁhﬁ%&m”%w% Starﬂeptﬂ!{slan&:@ms@eﬂ@aiomxmme will

now be dBf nthi's metho two or nore types. of resin. Solution.- are

Si wlian%ggg Y redis (SN B gﬁ‘éofr{t%mr@%r@ﬁt{é@lﬁbﬂeaﬁhﬁ&ﬁf@rm déhige 5 ,
di nendi ona RefWork strdcture and a spherical structure' at. one time. In

this, meghad e tgfoq T@dﬁ@lh@haetwka Sirfsttaet o altleaquthtl cal .
structurée are fdrme Ny o | | |
‘ of 50 percent by welght or’ less | _
Partlcularly preferably, 2 resrn selected from the
'"fgroup con51st1ng of polysulfone re31ns, polyether sulfoner
0. re51ns, acrylic re51ns, polyacrylonltrlle resins and
'hpolyv1ny11dene fluorlde resins 15 used because they are
1l'chemlcal re51stant |
A good solvent for the re51n is preferably used as. a
:solvent fOr-dlSSOlVlng the resln.“ ‘As the good solvent, the;'
Lg, foreg01ng substances may be used '.The-concentration-of'theh
l.re51n is generally preferably in the’ range of 5 to 30 |

'";,percent bY welqht, and more preferably in the range of 10 to

'€‘25 percent by welght B If the- re81n concentratlon is. lessh;fT‘

h'than 5 percent by welght the phy51cal durablllty of: the

26 “layer hav1ng the three—dlmen51onal network structure is

negatlvely affected- CIf the re51n concentratlon is. more
than 30 percent by welght, a hlgh pressure is requlred when-_p‘
:. a 11qu1d is allowed to permeate - ‘7 | |
The method for applylng the resrn solutlon onto at

25 - least one surface of the porous membrane hav1ng the




exanpl e, by discharging a resin sotuticon for form ng the three-dinensional

network structure and a resin solution for O formng ”@Iﬁghe” cgb
structure and subsequently solidifying the solutions %%thod

all ows sinultaneous formation of the three-di nensional network structure
and the spherical structure, nmanufacturing processes are advantageously
sinplified. The resin . solution. for forming L5 the three-dinensional
network structure is not particularly_ _limited. as long as it is solidified
to result-in a three-- di mensional net#brk structure. For exanple, a
solution may.  be used which is prepared by dissolving a resin in a ,solvent
and in which. nonsolvent i nduced phase separation is caused 20 by conlng

into cont ct gkfugﬂdggl(guﬂdglﬂ&&ﬁhcdi&tlyebimnteﬂrn|Hﬁwétﬁrﬁornlng
t he. sp' %ruoture ts not particularly limted as fong. as.it is.

- solidified-g ]egylt hd 5&5ﬁ&ﬁﬂéﬂﬁ&aﬁériEﬂimmer&éd Euamm¢e60hﬂ§e¢%tlon may
be useénﬁﬁfgﬂi pﬁbpaﬁ%d by.  di ssol ving a thernoplastic resin, 25 such as

a pol yvi fgbi% A5 des rashTi e nolt 6 ehtat loaby @8e Nowehbes 2Bobhe 34 hi gh-
concentra |on o] out 20 to 60 percent-by weight, in a poor or- good

sol vent él ot dendRsidnat alfetﬂé|y@rquh|gembranpelatﬁ®em€dbbﬁta80 to 170C)
As the t ernDpIastlc resin, solidification bath, and poor or good ‘sol vent,

preferahhdlléwtffbéﬁfeﬂﬁ'ﬁﬁdéﬁbﬁéaﬂpp$yatheuseﬂut1ﬁ@ erteuth8n head for
si mul t aneously discharging. the ..resins solution for forpin
three-di gppsiRual supehwer & sheuhomrewaﬁubenemg@héanea|tgergeﬁﬂpg i s not
part|og|ar|y limted. However, if the porous menbrane-is formed in a
fiber membrane may be 1mmersed in . the solutlon or
'isolutlon may be drlpped onto .the hollow flber membrane
Alsoc, in order to apply the solution. onto the 1nternal
5:_.surface of the hollow flber membrane, preferably,_the ‘
“solutlon 1s lnjected 1nto the hollow fiber membrane In-
order to control the amount of the solutlon applled, after
‘ the porous membrane is 1mmersed in the solutlon or the
.solutlon is applled onto the porous membrane, part of the :-
Siiapplled solutlon may be scraped off or blown off w1th an alr
- knife, in addltlon to the method of controlllng the solutlon .
'"'amount 1tself.-' | | | | |
‘ . Preferably, a solldlflcatlon lquld contalns a ;‘f:;
nonsolvent for the resin. As the nonsolvent, the foreg01ng
2021 substances may be used. By brlng the re51n solutlon 1nto'f'
i”T contact with the nonsolvent, nonsolvent 1nduced phase j' -
‘separatlon occurs to form a layer hav1ng a three- drmensronal
fl"jnetwork structure

The method for’ settlng the mean pore size in the

2S-esurface in the foreg01ng range depends on the type of re51n,,




0 flat menbrane, a'doubLe-int'head_having'tmo:slits i's preferably used.

I f the porous nenbrane is formed in a hollow fiber

co-extrusion head is preferably used. The resins for ?%iﬂ?ﬁﬁm¥%gﬁ¢£ree-

di mensi onal network structure and the spherical structure .5 are di schar ged
fromthe external pipe and the mddle pipe of the triple co-extrusion head
and a lunen formng fluidis dlscharged fromthe internal pipe, while. they
~are solidified in a cool bath.': Thus, a hollow fiber menbrane isforned. -
According to this method, for‘nanufacBBang a hollow fiber ?0 menbrane; the
amount of lunen formng fluid can advantageously be , set to be smaller
than that of the cooling Iliquid used for formng a flat menbr ane. By

di scharging the reS| f or,_.for r I werk smhuctufe
%Uﬁ95| 'ndjb jg]erlca ﬁgtﬂbﬁeﬁéyoﬁé aﬁﬁl

and structure Tromthe 25 external plpe

LT e

as a three-di nensional ~ network structure-

on the extern 3|de an ' shiMehyi8nal hBewbRkeskahctivte In"
cont r ast® "BSF% &figﬁr%es% E(‘"l)rafiorm ngnt he- t hr ee- di mensi:-onal

network ji_siruct % £OL R, B0 hhenspkekifadle dtsructure from
the m ddi® TP hdﬂﬁg g%e‘ra[?]% %9 & respectively, a hollow fiber

_gﬁ”{)hgnle%qcﬁ%?ﬁé)&’t ai fie, (gaf(\# C&[H}aéuf13§ bR eaordiaRRS conplounetswordy Ster uct'hr e

Side an rical structure on the external side. 0 -

o on | SGET B?Qa&?‘?%%?%%‘i.”ﬁ%@ﬁ@?i%bﬁ??ﬁ& arpatitus comprbmie ansiul e
capable of dlssolv1ng in both the solVent for the- re51n and
rthe nonsolvent causrng nonsolvent 1nduced phase separatlon.
.Exemplary organlc compounds 1nclude water—-soluble polymer,
9] 'such as. polyv1nylpyrrolldone, polyethylene glycol,:polyv1nyl
alcohol, polyethylenelmlne, polyacryllc .acid, and dextran,
:,surfactants, glycerlne, and saccharides. Preferably,lthe
' 1norgan1c compounds are soluble in water. -Exemplary
1norgan1c compounds 1nclude ca101um chlorlde, lithium
?Slfchlorlde, and barium sulfate ‘Alternatively, the mean pore_
d‘151ze in the surface is controlled by selectlng the type,rl
concentratlon, and temperature of the nonsolvent in the
~lr SOlldlflcathH llquld 50 as to adjust the phase separatlon;x°
| .speed, 1nstead of u51ng the addltlve. In: general a high J_B--
éOT phase separatlon speed leads to a small mean pore 51ze ln'*
| the surface, and a low phase separatlon speed leads to a'ﬁ_:
‘large mean pore 51ze. ‘Also,' t 1s advantageous to’ add.a ij,nc.u
'nonsolvent to the resin solutlon for controlllng the. phase;f
separatlon speed. “ |

25 L Stlll another method for formlng a. porous membrane




inlet, a perneate outlet; and the Iike. A porous rrenbrane “fornmed in a

hollom/flber menbrane is uses as a hol l ow fi ber ment)rai’sglg | e Flg Q
shows an exanpl e of the hollow fiber nmenbrane .nodul e 93?%1 TR0%r eds to

tens of t housands- of hollow fiber nenbranes 2 are tied in a bundle to
prepare a hollow fiber bundle 3. The hollow fiber bundle 3 is housed in a
cylindrical case 1 Both ends of the cylindrical case | are 20 sealed wth

seal ants 3A and 3B secured to the internal walls of the cylindrical case

1.. Afiltration chanber 4 is prOVIdé&% n. the space between the seal ants -
3A and 3B in the - cylindrical case. The. hollow fiber bundle 3 is placed in
the filtration chanber 4 25 The hol | aw fi ber .bundle 3.may be" dlsposed in a-

U shape ﬁQVM?éeHBEﬁ 2006 ree-38mehBibhe iCyldtwdilcalt riasserel ardbvever, in the
present. |nve tion, 1t 1s disposed in line with being fixed: by the

seal antsg geg@ Lyreptafet b8 1hohbewbid kiars areiidsrdanesip tsls. I@ﬁiélrpftlo the
external ace of one or both of the sealants. The sealants 3A and 3B are

formed- b¥wbnb§cﬁb@g beb@l@f &esum|sﬁkmuﬂun|auenammu%§a¢ﬁQWﬁkM t he hol l-ow
fi ber menbranes consfitutingthe -hollow fiber bundle and;, - subsequently, -

SO"d'fydﬂgchagg%@§ﬁ&omTﬁﬁ.%@unmsﬂdnjhaﬁdrto(ﬁnmm|alﬁhr@e1he seal ants 3A
and 3B, Is.integrated with the. hollow fiber nenbranes 3 and further
i Nt egs at gdmenihobhe neweralsumidtsiml ak xyepherieal $HECTUICuRh a
sealing nmnner with a resinis refefred to as potting) Wen potL|ng i s
perforneénethﬂn@ﬂrtuﬂnSjnnimﬂsnmmihrﬁpe three- dlmen51onal netwo _
| structure and the spherlcal structure are formed, for '
) example, by dlscharglng a resin solutlon for forming the
';three dlmenSLOnal network. structure and a resin solutlon for
0 Tformlng the spherical structure and subsequently SOlldllenq;V
: the solutlons. Since thls method allows 51multaneous'
“formatlon of the threer dlmen51onal network structure and the
fspherlcal structure, manufacturlng processes are
= advantageously srmpllfled. The re31n solutlon for formlng
LSslthe three—dlmen51onal network structure is not partlcularly‘
‘limited as long as it is solidified to result in.a three—
B dlmen51onal network structure. : For example, ‘a solutlon may

:#'be used whlch is: prepared bY dlssolv1ng a resin in a solvent

'!and in whlch nonsolvent 1nduced phase separatlon 1s caused.

éO”zby comlng 1nto contact w1th a solldlflcatlon bath | rhe Co

're51n solutlon for formlng the spherlcal structure is not

':partlcularly llmlted as long as 1t is Solldlfled to result,-
f-ln a spherlcal structure._ For example, a solutlon may be‘
IVi used Wthh is prepared by. dlssolv1ng a thermoplastlc re51n,-

-és‘lsuch as a polyvlnylldene fluorlde re51n, in a relatlvely c




;gtyge ends ?f tre opgnings of -the conpl eted ‘hol |l ow fi ber 5:menbranes 2;
g. as afinal product,: are filled'with a resin or she t
openings in advance so that the potting resinis preveﬁ{ﬁ q)ﬁgo&éose the
perneating. After potting, part of the seal ant's forned-by potting is cut .
~away such'that the previously filled. portions of the |umens are >0
renoved. In this drawing, raw water is supplied to the filtration chanber
under pressure. The raw. water reaches the | unens of the holl ow fi ber
nmenbranes-through the hollow fiber-nmd#branes in the filtration chanber.
During this flow, 25 the raw water is filtrated to be permeate. The
Eg{rgate Ls 28 Egvenber 20ﬁ6 - 37 discharged-fromthe openings of the

w fiber menbranes The IIo b diasal n.
above | 138 SHYAN w2 Fe Q50 068, B BLRREERAY, GelghiTiaCal 1

means erneate_s h a of a water

separatﬁﬁﬁ”aoﬁaﬁﬁtﬁi YﬁPEi I%ﬁ? ¥g%9n &Qn%rg%%a%%gﬁg§ H?ES raw wat er

ingggu;t,w LA e gal?%&ﬁngo tbsl%"“% uri [Z,x%deﬁé e RRGST R £ DeNPeimnd i s.

he nmenbrane 3. The  pressure of -the

suppl i ed r,a,;vdls,v%pe,gtag%refegregna 5802 0. PEESAULEIGAHES b citbrasngsoary. The

- raw wat ét°

0 pernmeate and concentrated wat er through the-
uzngran éﬂ%ﬁ ?é Ny OE grgtgsuggdthe drawnng, the concentrated
, alne i de an e perneate is stored in a treated water

tank 5. Fn ”&% ARRANAL LS, rhéeﬁ? fﬂéﬁ%ﬂ&u*@aﬁéo@awvesacmtgrnt;;anhe7 is
prOV|ded eI|ver|ng water in a _
,.re51ns solutlon for formlng the three—dlmen51onal network
i-fstructure and the spherlcal structure is not partlcularly
'llmlted. However, 1f the porous membrane is. formed in a
u i'flat membrane, a double ~slit head having two slits is
"preferably used. It the porous membrane is formed in a ‘
hollow fiber membrane, a trlple co—-extrusion head is |
:.preferably used. The resrns for forming the three—
-dlmen51onal network structure and the spherlcal structure L
5 are dlscharged from the external pipe and the mlddle plpe of |
the trlple co— extrusron head and a lumen formlng fluld is ‘
dlscharged from the 1nternal plpe, whlle they are SOlldlfled  lf
.fln a cool bath. Thus, a hollow flber membrane 15 formed -
iAccordlng to . thlS method, for. manufacturlng a hOllOW’flber ,
ZO:.membrane, the amount of 1umen formlng flUld canl 7
s advantageously be set to be smaller than that of the coollng-
‘b,lquld used for formlng a- flat membrane By dlscharglng the '--.
‘?,'ire51n £or’ fermlng a three dlmen51onal network structure and |
the resrn for formlng a: spherlcal structure from the

_25_1;external plpe and the mlddle plpe, respectlvelY; a hollow.;nﬁiie,




direction reverse to a normal- direction, the menbrane nodule

cleaned. This water flowis controlled by val ves 6a to |
conpressi on. neans, pressure caused by the difference ofmﬁg?WfﬁF%QQ? may. be
used instead of the punp. 20 A punp or a si phon may be used as the.:
suction neans. On the other hand, a flat porous membrane is used as a
spiral elenent or a plate-and-frame el ement. These el ements ‘are al sb. ‘
provided with at least- conpression neans at the saw water side or suction
means at the perneate side. As .t hey, 35cenpressi on neans, a punp may be
used, or pressure caused. by 28 hbvenber 2006 38 -. the difference of ‘wat er
Ievels may be used. A punp or a S|phon nay be used as the suction neans.

Fig. 11 shows an_-exanpl e of S I
af;ggzdﬁ?ﬁﬁﬁam@m9¥qqﬁr%?PIQFea éé;h?i b%nn LQ Q ﬁh§8% ém%gggﬁﬂgé;geral7
erel.n IS woun on cent
ngr g\reg'\t/ el(j*s:gﬁt?? Sth:WQFLb%FFSOIEe% E?J’I:IE%P %gﬁl Qnﬁ Eﬁgr,%& %rlile:]ew tsgaile 20
at “one e of. the s |l e t | g8l
vater Sy AL R T TR ZEQU%'@I@??S%"L by galeaRe b 8 e

to the porous ”Bnbggpane BB OHONCE D DRLHERLE oBRAC S dGriPer eat e whi ch

has pas: rane I's taken out through the center

pi pe .16 SUCHHH? éfﬁﬁapga% _%kafé£ EﬁbUEﬁecéﬁh@%&%aQ siﬁﬁaﬁwmme area

| argér A rane e enent described later, and,

| ig\(l:\g\r/glr n&%t% rﬁ”&’&’f& rftg%?geaﬂaabﬁeCéﬂte?‘ﬁ)ﬂnbi@@(})u&Iebﬂé%tieieﬂyar ge.
-;_hollow flber membrane ‘can be obtalned whlch has the three*"
lemen31onal network structure on the 1nternal 51de and the
‘spher;cal'structure.on the external_srde."
0. . The above-described porons membrane is-used‘as‘a porous
' membrane‘mednie:Which‘is boused,in a case having a. raw water‘-'
inlet,'a-permeate eutlet;'and the'like.b.Afporens'membraned
ﬁiformed in a heliowifiberbmembrane is uses as a.hollowlfiber.‘
3membrane,module; | o |
.S-‘;" Flg 9 shoﬁs an example of the hollow fiber membrane -
:module.  Several hundreds to. tens of thousands of hollow :_
'flber membranes 2 are tled in a bundle to. prepare a hollow '
:eflber bundle 3. The hollow flber bundle 3.is housed in a
| cyllndrlcal case 1 | Both ends of the cyllndrlcal case 1 are!m?
éog-sealed w1th sealants BA and BB secured to the 1nternal walls. =
of the cyllndrlcal case 1. A flltratlon chamber 4 is
}:”[fprOVLded in the space between the sealants 3A.and 3B in. the:
"frcyllndrlcal-case. The hollow flber bundle 3 is- placed 1n _1? o
1{;the flltratlon chamber 4.

:23_ﬂ;~: The hollow flber bundle 3 may be dlsposed 1n a U shape'A'.b




rat her vul nerable to contam nation. It is, therefore, suitable for clean
raw wat er (such as clean sea. water, brine 20 water, d rive (%@ter) '
Fig. 12 shows an exanple of. a plate- and frame el ement. gﬁq é spacer'
28 and a porous nenbrane 29 are disposed in that order on bot h surfaces of
~a supporting plate 27 haV|ng a high stiffness. and the periphery is" :
water-tightly 25, fixed. Each surface"of the supporting: plate 27 has 28"
Novenber 2006 39 protuberances and a recess. .The porous nenbrane 29
filters . out inpunities in water. The3ﬁerneate spacer 28 is intended to
efficiently deliver the perneate filtered through the porous nenbrane 29
to the supporting plate 27 ‘The pernmeate flowing to the. supporting. plate

27 |s taken,out . hith es i gf e aktin late 27
The gé}ﬁ%a e ac%?fﬁ %y§ % pgﬁgﬁgeﬁgnb%gngthngggd|spogeg at only
one surf; oflﬁhfssapggaééaglﬂl 2l R 2%i thHoweugr £ikyddbypesieng them at
bot h 'sur aces nmbrane ~area can be increased. |nsuch an elenent: :
havi ng the, %9&@ Qﬁécéhéﬁdlﬁﬁéﬂ%ﬂrehe hB@1per meBke hihbeneest br dsgh the .
por ous.- menbrane 29 passes through the perneate spacer 28 and the recess_

of the ch:%w %%@' 8kBe?halaBdriscti Bal biiet akeBothl off thepsrnBands .5
outlet 30°to the outside of the elenent. A porous nerbrane nodule is such

that ;a pl uraligey $6a1akeyesalesed i®daet efienhedabg thiposedg. ai Alaitousing,

parallel to one another such as to formspaces between the . surféaces.’ '

thereof :resin into: the 1nterstlces between the hollow fiber :
Tmembranes constltutlng the hollow flber bundle and

"subsequently, solldlfylng the resin. The SOlldlfled resin,

L

'f cbnstituting‘the sealants;3A-and_BB, is 1ntegrated with the';
l:;hollow fiber membranes:3 and'further 1ntegrated with the
internal walls of the cyllndrlcal case 1 (such a seallng‘
'f_manner with a resin is referred to as . pottlng)
When pottlng 1s performed the portlons correspondlng
. to the ends of the openlngs of the completed hollow fiber
S'.membranes 2 actlng as a flnal product, are fllled with a
re31n or crashed to close the openlngs 1n advance so that
f:_the pottlng re51n 13 prevented from permeatlng After
) 7pott1ng, part of the sealants formed by pottlng 1s cut away*nl
such that the prev1ously fllled portlons of the lumens are |
ZO ﬁremoved . | - . |
| CIn thlS draw1ng,rraw water is. supplled to the
":flltratlon chamber under pressure The raw. water reaches
.f.'ithe lumens of the hollow flber membranes through the hollowd;
u:-flber membranes 1n the flltratlon chamber Durlng thls flow,

25 the raw water is flltrated to be permeate The permeate lS




20 A fuel cell menbrane will :now b ) i W
e described with referenc
drawing. Fig. 13 is a schematic illustration of- an NE? ( or tg trod
ngagghy) of. addlrect met hanol fuel cell. An electr Sﬂp%fn#mrg?spggego“e
an anode 32 and a cathode 30. By suppl |

25 fuel, to the anode side, an ele ierrLy e nethanol IR

: ctromotive force is. gen d. '
Novermber 2006 40 . The pores.of the ’ erate e
| € porous nenbrane of the present.
invention is |npregnated with an el ectrol i c

. . yte, such as a polynmer '
ghec%LgLyten Thus, the_porous menbr ané7 s- used as the elgctyolyte nmenbr ane

: present invention will further be described using concrete

eﬁagpggs rgmgg?;rnfgg Fresent invention is-not fimted’ by these exanpl es.
d|aneterdtﬁ0$%§g§ﬂh@F?@aFggggﬁgP ég %Ez%h%fth&%%SflE%&bh@mbi b

exanpl e a cross section-of’ h

por ous nenbrane mas ho% raph 00"
_ {1&&' ¢atined @b 1nO@Boer 16, 00

t hrough an %587 ﬂ@%ﬁf ure |tach| Ltd.). %he goreg SIZgS

and the di -

wer e maglagggt g{;}fjwlﬁghbg?: z.%g%ratbeghp%rﬁéﬁl% gng.‘rgrtso aétre ngmww ?ﬁittﬂr 50 pores

size in the. surfac orQug ne the mean pore
AR td SISS S®afl dd ofh

ebr an SRS Oﬁhé%g'lgahgﬁa& S-magni Fication: of 1,000 of 10, oo%w?hfgﬂgﬁs

th

e POy el 35 ht%fp%%?’%?ﬁé’;‘;&?ﬁw Jodlig @ 1504 es uere
S 0 e wat er perneabi l t

and I’E] %CLI Onu%m%r tey Hgdl;lrbe hqlﬂé)vyafw b,egt@or@tusredarﬂn ametmr‘ga ter . 'ty

- jtank ‘1 is pressurlzed w1th a booster pump 2 and is.
‘isubsequently supplled to the membrane module 3.,eThe‘
"“pressure of the supplled raw ‘water is measured with a
'O'fpressure gauge 4 if necessary The raw water lS separated ‘g'fr
‘lnto permeate and concentrated water through the membrane
“; module 3.. In the apparatus in- the draw1ng, the concentrated o
rWater is dralned outside and the permeate is stored in a |
. treated water: tank 5. 1In the apparatus in the draw1ng, a
tSa:backwash water tank 7 ‘is prov1ded. By: dellverlng water‘ln a:
) dlrectlon reverse to a normal dlrectlon,r ‘the membrane.modulef
3 ‘is cleaned. This water flow is controlled by valves 6a tof'
.?:ﬁd.- As the compre551on means, pressure caused hy the E“?T
dlfference of. water levels may be used 1nstead of the pump.;
ébzf.A pump or a 51phon may be used as the suctlon means
On the other hand, a flat porous membrane 1s used as. a
splral element or a plate andmframe element These elementsi;@:

L are also prov1ded w1th at least compre351on means at:the'rawet

' water 51de or suctlon means at the- permeate 51de As thef

257fcompre551on means, a pump may be used, or pressure Caused by'dt.




performed on a mniature nodule of 200 mmin length including four hollow

fiber menbranes. In the case of the flat porous menbr - th urenents
were perfornmed on a 25 nenbrane which is cut to a C|rc%§ﬁ8 Q§§%ﬁaﬁ%n'-

di amet er ‘and 28 Novenber 2006 - 41 set in. a cylindrical filtration

hol der. Reverse osnpbsis - nenbrane treated water was entirely filtered for
30 minutes by external pressure at a tenperature of 25C and a .
differential pressure of 16. kPa. The quantity of, perneate (nB) . was
converted into a value per hour- (h)-aR8 a-value per effective menbrane-
area (n?) These values were further nultiplied by 50/16 and converted .
into a value at a pressure of 50 kPa. Thus, the mater'perneability was

determ ngd: 4 1MLEL W%@Qﬂfwé%‘%&?tﬁé #3641 ¢l RSphayi g a nean 0

parti.cl m wer € dispersed was entirely’ flltered for- 30

m nut es b lete%%glegnggé&rgga{hg shEPPEH ahHERs Of 25C and. a dlfferentlal;

pressur he rejection property were determned fromthe ratio

of the  Iates 1] § KANGEN L AdrinoTe | S rAVEMRE LT ‘¢ Dethduat . i'NIh 52 per neat e.
These | at ex é%gf e concentratlodgn%re obté%ﬁid by .measuring absorption

coeffi C.!%i i‘érhénfz‘l‘_"f’éet 'pgbbushﬁémﬁgaﬁev\asetenneh af a4bagriikshe -
absor ption oef?lclents of .“ultraviolet- | i ght. having a’ mavelength of 240

ran wer ema:EE?%f W £6h W t feddSRacbroppaterel @r wkpBaaorhemeninf ast wewddby - 20
Hi t achi The fracture ' 'strength and the fracture elongatlon mere

det er m ngd chénﬁéﬁ TplﬁetEﬁt1H5angp&rheznmahﬁetewtth a peemenan_:e\v RTM 100) -
(manuf actured-, oyo. Bal dwi.n) The" .
-spacer 19 in gaps between turns of the membrane. “A brlne_
‘*h'seal 20 is prov1ded at one: end of the splral element . The g
"splral element 15 guides- water supplled, under a prescrlbed
O;“pressure, from the brlne seal 20 51de to the porous membrane
18 through the permeate -spacer 19. Permeate Whlch has
: passed through the porous- membrane 18 is taken out through
.the center plpe 16. p | | |
| - Such ‘an element havrng this structure can have a
.5 membrane area 1arger than that of a plate andnframe element,
'descrlbed 1ater, and, accordlngly the amount of permeate can, |
‘*advantageously be set large. However,-the splral elementrls--
't.:rather vulnerable to contamlnatlon ' It is, therefore,tu‘
‘sultable for clean raw Water (such as clean sea water, brlne
26. water, and r1Ver water) | | |
o F1g 12 shOWS an example of a plate and~frame element;
"'A.permeate spacer 28 and a porous membrane 29 are dlsposed_;'
‘1n that order on both surfaces of a supportlng plate 27 - |
av1ng a hlgh stlffness and the perlphery lS water tlghtlyd

éSfﬂfrxed,- Each surface of the supportlng plate 27 has




tensile.test was performed on five sanples having a 25 neasurenent |ength
of 50 mmat a tensile speed of 50 nm nmin, 28 Novenber ﬁgﬁg 4§ '%g%
obtained fracture strengths and fracture el ongations h

EXAMPLE 1 A vinyl i dene fluoride honmopol ymer havi ng a wei ght average

nmol ecul ar melght of 417 thousand in an anount of 38 percent by weight was
m xed with 31 percent by weight of y: -butyrol actone and 31 percent by

wei ght. of diethylene glycol and dissolved at a tenperature of 200C.. This
resin solution was discharged with y-B&tyrolactone, acting as a D lumen .

formng fluid, froma double co-extrusion head with a tenperature of 190C
and was solidified in a bath with a tenperature of: 12C contai ning an

aqueous sol 0, ,ReLCeRkehY Weiaht pyrbuky nehBehnse29Tiiéltessl ting
hol | ow ?F%gtbgghﬁfsgea gdaan suter di ameter of 1.860 nm-and an inner .5 .

. diameter of ' hathows @Re Mtﬁb@t@gm@ahemfZanlsennteadgdctiOn
of the h% % ﬁﬁBQ%hﬁgn%Pang Fig. Sﬁoms an SEM phot ogr aph of .a section

around.the- gfgg?ﬁghtgmrh@quean@hergrmaathOW5J¢mrﬁENthpbugbgﬁbﬁh of a

sectlon aroun e internal surface. The area .around the external .surface -

“had 20 g Pg%@ Sicomal tRetwer kupbouttinge pdatet 89 .ar Sheaperig¢atiohe
i nternal sur ace had a spherical structure. Hence, it- has been shown that

the t[ir eg d|ARASIBNh e S phiarte -2and.o Haksphenitcamtaidrc ur e -
coexi st. "The méan pore size of the three-dimensional. network structure was

1.63 pm tﬁ%ut;te t%'é fi%&ieshe’arﬁfemtmf sup@osqmerg ‘adlate r2L70t urTélewas 4. 06 pm:.
The

"permeate spacer 28 and the porous membrane 29 are dlsposed
at only .one- surface side of the supportlng plate 27
" However, by dlSpOSlng them at both surfaces, the membranerr
3 area can be- lncreased- | | |
| In such an element hav1ng the above descrlbed structure,‘
the permeate flltered through the porous membrane 29 passes','
'through the permeate spacer 28 and the recess of the | |
“rﬂsupporting plate 23 and is flnally taken out of a permeate
5 boutlet 30 to the out51de of. the. element
N A porous membrane module. is such that a plurallty ofAﬂltjf
above descrlbed elements are dlsposed, in a hou51ng,
't;:parallel to one another such as. to form spaces between ther
ﬁfisurfaces thereof.' | | |
20 A fuel cell hembrane Will now be descrlbed w1th _
t:reference to a draw1ng._ Flg 13 1s a schematlc 1llustratlon
i;of an’ MEA.(membrane electrode assembly) of a dlrect methanol )
fuel cell- * An electrolyte 31 lS dlsposed between an. anodeptlff
;i 32 and a cathode 30 By supplylng methanol, actlng as a ,:d

25 fuel to the anode 51de, -an electromotlve force 15 generated,:"




ﬁg/ggVﬁnbea 2006 4?_ :m?ter pernmeability at 50 kPa and 25C was 0.30 - .
-h e rejection for particles having a partic
was 98% ' The fracture strength and the frac?urepelongatzﬁﬁzﬁﬂﬁF %¥%g3 iy
and 104% respectively. Thus, the hollow fiber nenbrane had a dense
surface. and exhibited excellent water perneability, rejection pfbperties-
strength, and el ongation. EXAMPLE 2 A vinylidene fluoride hormopol yrer - ,
havi ng a wei ght- average nol ecul ar -wei ght of 417, thousand in an ‘anount of -
- 38 7 percent by weight was nixed wt#031-percent by weight of y

butyrol actone and 31 percent by wei ght of ~diethylene glycol and dISSO|Vedf
at a tenperature of 200C. This resin sol ution .was discharged w th

Egi’gigj g%«egﬁs»ofr@s Gt tﬁmgegap%ﬁw i raﬁ"éf“gé’ﬁl%%' u Sred bl dontlon b o

gﬁrgﬁnterlw-’%ﬁfer?g%fi L%fgcﬁrhcetjlo%dcr%%es&ﬁg@nggh%lr %%#tge?nngnb?gne had'“

gngutnﬂete%ré: CtEj]t&mc])%ﬂnd]ﬂm d%ﬁ%if%surfa%é%héiﬁgigﬁﬁéf él)Selt %ﬂn SI?ﬁC?L?g |

rﬁgcgph;?|jf§512?§% Shd %é?% he three- dlnen5|onalpnetmg?k Séi?ﬁb?L?e and
Tglnal s nt q.%%rﬁ:tlon-r%lnfafhrﬂ%@ 15¢ Z@s £r ithed  using

t hr eé-di nensi Wor K structure was 25." 1.73 m and the rean dlaneter'

of the‘%ﬁk%éét% éﬁéﬁﬁi&%e %ﬁmh@y§ﬁbeth809§eséﬂt invention is.not

- llmlted by these examples.

In order to determlne the mean pore size of porous
membranes and the mean dlameter of the spherlcal structure-
) in examples,‘a cross ‘section’ of each porous membrane was
photographed at a magnlflcatlon of 1, 000 or 10, 000 through
‘an SEM (S BOQ) (manufactured by Hltachl, Ltd. ) The pore k
51Zes‘and the diameters in the spherical. 5trUcture of
.arbltrary 10 to 50 pores were measured and number—averaged;u_
5 ~In. order to determlne the mean pore size in the surface of a.
porous membrane, a cross section of the porous membrane Was
“photographed at a magnlflcatlon of 1 000 ‘or 10, 000 through
ir:the aboveumentloned SEM . The pore 51zes of arbltrary 10 to ijfj
50 pores were measured and number averaged | -
iof. o The measurements of the water permeablllty and
rejectlon property of the hollow flber porous membrane were t
i.performed on a mlnlature module of 200 mm in length |
'1nclud1ng four hollow flber membranes . In the case. of the
flat porous membrane, the measurements were performed on a.

25:_membrane whlch 15 cut to a. c1rcle of 50 m 1n dlameter and




was 4.89 m The water perneability at 50:kPa and 25C was- 0.35 nB/n2-h. The

rejection for particles having-a particle size of 0.8 % -The
fracture strength. and the- fracture. elongation were §§§QWﬁ§%§ﬁzg 0% . -

respectively. i Thus, the hol | ow fi ber -menbrane had a dense surface and.
exhi bi ted excellent water perneability, rejection properties, strength,
and elongation. EXAMPLE 3- A vinylidene fluoride honopol yner having a wei ght
D average ol ecul ar wei ght of 417 thousand in an anount of 38 percent by
wei ght was ni'xed with 41 percent by vk ght of y butyrolactone and 21
percent. by wei ght of diethyl ene glycol and di ssol ved at a t enperature of
200C. This resin solution was discharged with y-butyrol actone, acting. as

a.. 5-lungn form fI f req ?({qlbtﬂ %&@@gtrtmmimmﬂsm$ma o
terrperatﬁﬁtelo]f dw%\’?és so fied in a.bath with a .tenperature: of :

L2c cont.al i ng,2 Q1 ypeficlard Tt PO minutes
y=but yr Jlemhy r}'ﬁ]%%%%%ﬁ %%Irmﬂaoﬁ éﬁtl Perx rdy g

& Tesulting hol low  fiber menbrane had an outer dianeter

of 1.54 _nm a Siamgt G\{enqjeﬁhiﬂﬁréﬂ’Of%°(are1adaaound the .
exter nalb%Lﬁ)? %gﬁ%sﬁ'ﬁree di nensi.onal network structure and 'the area

~around-t &.kspherfical qsamtutturef. pespeatei t has
S BRI Ao e

been sh ee-dimensi onal network structure and the spheri cal
structur gmﬁae@fs teonb2e AR ntdb Pora sl zeewfhddie tr eand| arevidtBRaPehiet work
8 No

structyr vermber - 2006 45 1.26 m. and the. mean diangter: of the. .
Sphe“ Caeffect'fvé”xﬁ‘enﬁ%@ Hlean (ifhe. welllers pevaikads | Weye af UsBRRPa and 25C
multlplled by 50/16 and converted into a value at a pressure
ff of fO'kPa Thus, the water permeablllty was determlned.
iWater in which polystyrene latex partlcles hav1ng a mean
d-’partlcle size of 0. 843" um.were dlspersed was entlrely
flltered for 30 minutes by. external pressure at a
"temperature of 25 C and a dlfferentlal pressure of 16 kPa |
"‘The rejectlon property were determlned from the ratlo of the'
"latex particle concentratlon in raw water to that 1n
tSu.permeate These latex partlcle concentratlons are obtalned
.‘by measurlng absorptlon coeff1c1ents of ultravrolet llght u
:ta hav1ng a wavelength of 240 nm The absorptlon coefflclents_ri
j.."'.7of ultrav1olet llght havrng a wavelength of 240 nm were ;d_.-
| measured w1th a spectrophotometer (U~3200) (manufactured by._"
.26 Hltachl, Ltd ) | o | |
I The fracture strength and the fracture elongatlon were:d,_
determlned by a ten51le test u51ng a ten51le tester S
d'(TENSILON/RTM-loo) (manufactured by Toyo Baldw1n) .‘Thez;
'- ten51le test was performed on flve samples hav1ng a “‘;.,‘.5

*éé‘.measurement length of 50 mm at a ten51le speed of 50 mm/mln,;




0.20 nB/n2-h. The rejection for particles having a particle. size of 0.843
mwas 99% The fracture strength.and the i fracture el

ac t|o Mﬁg% 5.5 MPa
and 99% respectively. Thus, the hollow fiber menmbran YRFense surface
and exhibited excellent water perneability, rejection properties,

strength, and el ongation. EXAMPLE 4 O A vinylidene fluoride honopol ymer ..
havi ng a wei ght- average nol ecul ar wei ght of 417 thousand in an -anount of
38 .percent by weight was m xed with 41 percent by weight of 'y

butyrolactone and 21 percent by melgh420% di et hyl ene gl ycol - and dlssolved
at a tenperature of 200C. This resin :5 solution was di scharged w th.
y- but yrol act one, actlng as a Iunen forning fluird, froma double:

co-extrusion head wit f @@@r@eéléﬁ a@iéned i'n a bath
with a andnpbiainee Faﬁﬁgﬁﬁnﬁ %ﬁg“gﬁuéﬁagﬁhs - solut?onof 80 percent..
by weight  y-butyrol actone. The resultlng hol I ow, 20 fi ber nmenbrane had an-
out er . dWgmet éVedPIP56 nm and an inner - di-ameter of 0.98.nm The-area

around the, external surface had a three-dinmensional network structufe-and
the ar eEXPHES the internal surface had a spherical structure. Hence, it

has been shown tha “thr vw&*lﬂ§~§tWQ£@Mte and the
spheri cal stﬁugtﬁyglgggf stugﬁ?h nean 28 Rﬁ enber 2006 46  pore size of

the three di, men5| gl[ a«:guff} J\E 15t FSET AR VRSusdnd2il aandnbletnedn38i amet er
of the G re s 3.51 pin. The water perneability at 50 kPa
and 25Cp%¥%eét:%5rﬁ%{6h@ wasTﬁhiéde@itﬁn3iOpeﬁaehthgswhaghMgoi wartlcle
-"ibutyrolactone and 31 percent by welght of dlethylene glycol
and dlssolved at a temperature of. 200°C. ThlS resin
solution Was . discharged w1th.y~butyrolactone,'act1ng as a
0 lumen formlng fluid, from a double co- extru51on head with a
o temperature of 190° C, and was Solldlfled in a bath w1th a-
htemperature of 12°C contalnlng an aqueous solutlon of 80
percent by weight yﬂbutyrolactone The resultlng hollow
'flber membrane had an outer dlameter of 1.60 mm and an 1nner
.5,-d1ameter of 0. 90 mm. Fig. 1 shows an SEM photograph of an
entlre sectlon of the hollow fiber membrane,‘Flg 2 shows an‘
o SEM photograph of a sectlon around the . external surface, and

':7F1g 3 shows an SEM photograph of a sectlon around the

.'jlnternal surface ' The area around the external surface had

20 a three dlmen51onal network structure and the area around 7

- the 1nterna1 surface had a spherlcal structure ' Hence, 1t

jhas been shown that the three dlmen51onal network structurel

dand the spherlcal structure coex1st.. The mean pore 51ze of |
the three dlmen51onal network structure ‘was -1.63 pm, and_the‘-'

h25-dmean dlameter of the spherlcal structure was 4 06 um- . The .




:size of 0.843 gmwas 98% The fracture strength-
fo _ th-and the
elﬁggatlon were 6.0. MPa. and 23% respectiVeryg Thus, t My '
?e__ rane had a dense surface and  exhi-bi ted excel |l ent \r/%itlg eﬁﬂ?ﬁé@\ lity,
f|Ej ect :jon properties, strength, and elongation. EXAMPLE .5 A vinyli deng’ '
thgg;;ng Igoggpglm);lrjrﬁ: h}avggg a weight- average nol ecul ar wei ght of 417
o] percent by weight was mixed with 31
wei ght of y- butyrolactone and 31 pergcent b percent ¢
y wei ght of diethylen
and di ssol ved at a tenperature of 200G This resin sol ution \>//vas SI gl:hg(r)gedS

froma slit head with a: tenperature
of 190C. y-butyrol actone with a
tenperature of 12C was - sprayed onto on surface of the discharged resin ahd

spr aye caRter Sﬁ%ﬂﬁbgﬁﬂ&tgoa%sgem?ab)an\aelzgjﬂc ofas -0y m3Vaét bre Fhewas

e other sdrface. Thus.the resin was 'solidified. Th .
resultipn Jééﬁ%cge rane had1ast hheknesa qfartlidizs sime Ofe 05~Lﬂ‘¥3ad€“gf the

resin ha ree-di ménsional network structure and-the other surface had

a_ spherj cal 588l UGhW Eradenge, sitiremagbeam stivant
, rafunche kongat :
di mensi onal- "network structure and the 'spherical structure 28 Nov?nzer 2006

s chegga}e he mman el qgegzngtrgsniaf:rﬁmrdk iﬁ?ﬁdaldﬂﬁ; halehaibr k1BeF ucture
Tie v expptaitlo o v Sriomenoussoualo bl ed b alFE ot Fon
~strengt Be%ﬁl@aRQ.lftrﬁg,gt&g&%;:&;eemg;gg78éiwga\gﬁi 9%2/11(1 eqon fe{@fcgrlljr €
EXAMPLE 2 .
. | A_v1ny11dene fluorlde homopolymer havrng a we1ght~
average molecular welght of 417 thousand in an amount of 38
¥ percent by welght was mixed wrth 31. percent by welght of y—‘_._‘-
butyrolactone and 31 percent by weight of dlethylene glycol
"'and dlssolved at a temperature of 200°C. This re51n
solutlon was’ dlscharged w1th y—butyrolactone, actlng as a
:‘lumen forming fluld, from a double co- extrusron head w1th a
.5rltemperature of 180 C, and was . SOlldlfled in a bath w1th a |
'”temperature of 17° C contalnlng an aqueous solutlon of 80
'utpercent by welght y~butyrolactone “The resultlng hollow
faflber membrane had an- outer dlameter of 1 .50 mm and an 1nner .
; dlameter of 0. 92 mm The area around the external surface' '
ib‘ had a three dlmen51onal network structure and the area
t:around the 1nternal surface had a. spherlcal structure.r
| " Hence,- 1t has been shown that the three dlmen51onal network
ﬂ”hfstructure and the spherlcal structure coexrst The mean

’3f‘pore 51ze of the three dlmen51onal network structure was

25;’1.73 um, and the mean dlameter of the spherlcal structure S




and 40% respectively. -Thus, the flat.nmenbrane had a dense surface and .
exhi bited excell ent water perneablllty rej ection properties,- strength,

and el ongation. 3 COVPARATI VE EXAMPLE 1 A V|nyI|dene'H%%ﬁ@%%mﬁb%ggblyner
- having a . weight- average nol ecul ar weight of. 417 thousand was m xed with
di met hyl sulfoxide at & ratio of 20 to 80 percent by melght respectively,
and was dissolved at a tenperature of 70C: 5 This resin solution was

di scharged with an aqueous solution of 50 percent by wei ght dimethyl
“sul foxide, acting as a |unen formng4éluid, froma doubl-e co-extrusion
head with a - tenperature of 50C, and was solidified in a bath with a
tenperature of 50C containing an aqueous sol uti on of 50 20 percent by

wei ght dlnethyl 'sul f oxj,de’ The oy &hbppanBAkr apechadsan - outer
di anet e a6t 41 840 Hiim arﬁhiearv p:nne d{‘%%%gﬂ%f '0.98 mm The exter nal- -surface

of the:resi R Ssq{afﬁ had,atticle ,
asymet @+ r}?'?’?rég i SIO taggmork ?ﬁ%iufb mﬁthqﬁbcr§)v0|ds There -

25 was nq spheri t r gglgtgg th5@nd8 thevenber 2006
48 kPaarﬁ:Fz’fg@éva %fl%#vq'g% 89%% nB8 ng f.Pgél'Eg rej ectlngn for particles-

havi ng ¢ artlcle N @eﬁPQQgthmgo%treegp@etlsengngth and the
fractur ‘? |%€AI§£ (?LKQ &?)ga “and 48% respectively. Thus, -the st tength

was . OWQ%/P%” MPLEs 2 ReMbPyhibdBAE. &l enkde shefapel pmet  Havi ng a

wei ght - cul'ar wei ght of 417 thousand was mixed with . y-
butyr ol acéﬂ}?l@édaeﬁéémeﬁf: w8k %xeeraeamlﬂ% vmpdfrttwn propertlESr

- strength, and elongatlon ‘7
3 ‘EXAMPLE 3 )

A v1ny11dene fluorlde homopolymer hav1ng a. we1ght~-
bt.average molecular welqht of 417 thousand in an amount of 38;7
‘percent by welght was mlxed with 41 percent by welght of y—

butyrolactone and 21 percent by welght of dlethylene glycol
| and dlssolved at a temperature of 200 C. This resin
solution was dlscharged w1th y—butyrolactone, actlng as a-
‘s . lumen formlng fluid, from a double co- extru51on head w1th a’
rd temperature of 160 C, and was Solldlfled in-a bath w1th a edj”_ng
;:tptemperature of 12 C contalnlng an. aqueous solutlon of 80
b”percent by welght 7—butyrolactone - The resultlng hollow f‘
,_flber membrane had an. outer dlameter of l 54 iy and an 1nner
20 | dlameter of 0 93 mm. The area around the external surface |
.'.had a three dlmenSLOnal network structure and the area
'around the internal surface had. a spherlcal structure.
:Hence('lt has been shQWn that the three—dlmen51onal network
structure and. the spherlcal structure coex1st - The mean

25*-Poreﬂslzerof the three“dlmenSlonal networktstructU?e was;.'




respectively,, and was dissolved at a tenperature of 17
sol ution was discharged, with y-butyro[agPone; acting OC Th|s rez;g}n -
flu!d,'fron1a,double co-extrusion head wth a'fenperat %TﬁgQg and.. g
“was: solidified in a cool bath with a tenperature of 20C contalnlng an
aqueous sol ution of 80 percent by weight y-butyrolaCtoneQ The 5 resultin
gpllom/flber.nenbrane had an outer dianeter of 1.01 mn and an inner °
O;agﬁper_of 0.72 mm- Fig. 4 shows an SEM photograph of an -entire section
his, hollow fiber menbrane;. Frg455-shows an SEM photograph of a
section. around the external surface; and Fig. 6. showsan SEM phcto'ra h
of 10-a section around the.internal surface. ThIS nenbrahe‘had onIy'g P

spherical structure vin an_dja ne
BS; trr:sg:osl;az 1R W@F’g’l nrlge%(rﬁmﬁ% (t‘)frif% ﬁpﬁé%ﬁgh%ejggg}[l?g%g?or
ving a particle_size 4
,Soj [ ﬁggéﬂ‘ﬁdz t‘ﬂe@)‘?aot B Yat 8Fo%§mtnfg%§ %ané%ggﬁ/gg%gn§¥%8&5a%gggct i vel y
e enb 2006. ol ety APen @ o
excel 1 erf- %\%t‘% X]r el TSP eE rJehn %%N %e(flongatl on, ﬁl!sﬁ%ﬁetﬁ‘etc]ﬁ]on

properties ver ior. E
(Cata‘-'yﬁ}z%gog %9$ numbvas Bg%ht gPé Fg%?kﬁﬁkaﬁgg%%hghggfggﬁ?egy ‘wei ght -

ggbgﬁ;hagtgghﬂﬁcar nga Eﬁﬁaaeg%eglgtﬁpgdahaagg%qaeﬁbpéﬁtl%eawoduced by

ion- (registered -trade mark) - sol uti on (bought
fromAld chh) Sﬁg émibwt Bepuel &Q&b&ahb%adwes dbrise burHuenianidur e vvag

suff|C|e 0’ piepare
exhlblted excellent ‘water’ permeablllty, rejectlon propertles,
etrength and elongatlon. - '
| EXAMPLE 4
0 '_f A v1nylldene fluorlde homopolymer hav1ng a welght—‘
-average molecular welght of 417 thousand in an amount of 38.
- .percent by welght was: mlxed with 41 percent by weight of y—t
" butyrolactone and 21 percent by welght of dlethylene glycollf
- and dlssolved at a temperature of 200° C. ThlS resin
5 solutlon was dlscharqed with y~butyrolactone,:act1ng as a
L lumen formlng fluld, from.a double co-extrusion head w1th a
c'temperature of 150 C, and was Solldlfled 1n a bath w1th a
'temperature of 14 C contalnlng an aqueous solutlon of 80
'“?;percent by welght yubutyrolactone.u The resultlng hollow m'h
éd flber membrane had an outer dlameter of 1. 56 mm and an 1nner
1d1ameter of 0.98 mm. The area around the external surface
| had a three dlmen51onal network structure and the area
| :around the 1nternal surface had a spherlcal structure._
:'hHence,rlt has been ‘shown that the three dlmen51onal network

257-structure and the spherlcal structure coex1st The mean ‘




a catal yst-polymer conposition. Thi's catalyst-polymer iti

applied onto one surface of-a carbon.paperX.Tcg-FKOGO congﬁiltlon #gfay'
to prepare _an el ectrode base with an el ect rode catalysgfﬁ 2 ortlng-
3 ng/cn2 of. _5 platinum On the other hand, the.. flat nenbrane produced
in Exanple 5 was imersed in a Nafion (reglstered ‘trade mark) . solution .
(bought from Al drich) and subsequently dried to. prepare an ion exchange'
menbrane. Two el-ectrode bases with 20 an el ectrode catal yst |ayer,

descri bed above, were- layered - on bethesurfaces of the resulting ion
exchange menbrane. .  The ion exchange menbrane serves as. an electrolyte -
menbr ane. - Respectlve two el ectrode bases serve as a cathode and an - anode.

Th I
aver i ofsiAnebadse BRFRES éfr?ﬂéé‘r?%ﬂ% e A

hange
menbrane. Thi.s conposiie. was ess excnange
o e ML R B,
rane-el ectrodeinte _
e O AU A B R v, o MBRORI B b v

supplled to t i de_and .t '

S it s R SR WPt oo et
en g p e es hi

oo 11 e AE Do RO bp k88 Sher L anE sk dctbi aslangtac autle B B and the

L:?EOSL th noI t@o gg&é93wh9@ %X@hﬁﬂﬁﬁeuﬁP@ﬁﬁﬁnQekb%%mhh%l@nOde to .
‘_gThus, the hollow frber membrane had a dense surface and - |
:exhlblted excellent water permeablllty, rejectlon propertles,;
_strength and elongation. -
) ._“-EXAMPLE 5. . |
A v1ny11dene fluorlde homopolymer havrng a Welght—
'_raverage molecular welght of 417 thOUSand 1n an’ amount of 38- 
percent by welght was mlxed with 31 percent by weight of Y-
-butyrolactone and 31 percent by welght of dlethylene glycolJ.
5 ,_and dissolved- at a temperature of 200°C. This resrn '
| solution was dlscharged from a sllt head wrth a temperature_:‘"

o of 190° C ‘ Y*butyrolactone w1th a temperature of 12°C was .g'L'

'.1sprayed onto on surface of the dlscharged re51n and an

L aqueous solutlon of 80 percent. by welght ofyebutyrolactoneikrf-"
20 was sprayed onto the other. surface . Thus the resin was‘ij;'
| SOlldlfled.- The resultlng flat membrane had a thlckness of_jy-f'

0. 175 T . One surface of the resrn had a three—dlmen51onal;fﬂ5f

l'r"lnetwork structure and ‘the other surface had a spherlcal

'rstructure Hence, 1t has been shown that the three-':

Zhr.jdlmen51onal network structure and the spherlcal structure




2;e;e;gedlagE?PARAngEafégwﬁhg 3 ?hEIectrode bases with an el ectrode :
_ er e sane conditions a '
{agg;eﬁaoﬂ)bgag ?grzgces of _ani on exchange menbrane nn??%ﬂ““?ﬁﬁgk grggre
_ , . 175 nmin thickness) roduced b
el ectrode bases were di sposed such’ hat | o Y e o ver
! ; A t0 that each electrod
side of..the bases opposes the ion hal ? h o e L ayer
hot - pressed under. the sane condi o Examale 6 Mpyeopost te was
tions as in Exanple 6. Th ’ -
menbr anie- el ec’' trode integrated unit- wak g e
menbr ane-el ectrode integrated.unit wa Dt ot resultlng
s 25 evaluated under th '
conditions as in Exanple 6. The 28 Novenb ¥ sane
2006 51 max
low as 0.1 mW.cn2, This is Vquﬁ; fﬁﬁgh;ggg]pomer o 28
Naf i on, ?®@§F§Fere3hﬁr983n Rﬁ% %gf§ e pihe renbrane

was wel ['ed with methanol "and,

consequent 'y, cross%yer of QERHT
180 . mdAVRLES: e x: tof 16h
EgvrémngemﬁgE s iilrfao oL I | O%!u}l berni'r;&enbrnanes wer e p?repar ed ehya'?ﬂe :
fidalm MMl aNRSef Ronpaaiatl |
to 15 wEPBept SFE %@fethe con ﬁ?%ns shown in- Table 1. zP%y%?ggﬁees ¢

f1uori de _honopol
594830 ’6‘3%9“1&3%@ 6 .sohwentetiecheodi Soal
SO|utIOﬁOW§§adI ed\ﬂtrla. l'unen form ng fFEId f?on1a dgﬁgleThe

co-extrision Jead haaflfi a8l il d nopzgook Bash (Eacim 0w f Ther -
13 perc%nt mﬁre éggength and the. fracture eiongﬁtfogggeiglgthoﬁ goutaln|ng
- and 405, respectlvely Thus, the flat membrane had a dense
'fsurface and eXhlbltEd excellent water permeablllty,f' '
, rejectlon propertles, strengthf and elongatlon.
5,' COMPARATIVE EXAMPLE 1 | |
A v1ny11dene fluorlde homopolymer havrng a. welghte .
average molecular welght of 417 thousand was mlxed w1th
_ dlmethyl sulfox1de at a ratlo of 20 to 80 percent by welght,'aa'
-hrespectlvely, and was dlssolved at ‘a temperature of 70 C._
.b ‘ ThlS resin solutlon was dlscharged with an aqueous solutlon
of 50 percent by welght dlmethyl sulfox1de, acting as a
- lumen formlng fluld from a double co— extru51on head w1th.a S
'temperature of 50 C; and was SOlldlfled in a bath wrth a :l:
ff temperature of 50°¢ C contalnlng an aqueous solutlon of 50 ;:1__5
20 percent by welght dlmethyl sulfox1de The resultlng hollow
| flber membrane had an outer dlameter of 1. 40 mm and an 1nner
dlameter of -0. 98 mm The external surface of the re51n had
| 'a dense 1ayer and the: lnternal surface had an, asymmetrlcal
three—d1mens1onal network structure w1th macro v01ds __There

‘25:;was no spherlcal structure ,The.water permeabrllty at”50‘“




5. of vinylidene fluoride honopol yner havrng a wei ght-average nol ecul ar

wei ght of 284. thousand, 5 percent' by weight of olye
a wei ght -aver age mol ecul ar wei ght o¥ 20 t?housandp 7% : %&%ﬁﬂgﬁgﬁgﬂgﬂﬁvyng
of . di met hyl for mani de, and. 3 percent by weight of water was uniform.y |
applied onto 20.. the-surfaces of the. hollow fiber nenbranes of
Fﬁgggr:trre Exanplgs 4 to 15. These hollow fiber nenbranes were.

ely imrersed in a nmixed sol vent containing 95 . percent
wat er .and -5 percent by wei ght of d+ne$hylfornanrge ‘to Eolldlfybthgelght °
solution. .These are 25 defined as Exanples .7 to 18.- These. hol I ow fi ber
nmenbr anes 28 Novenber 2006 52 each had a three di mensi onal networ k

PR R TR et e R L Rt W e Ao YA

nal “network: structure was . .20 gm
Cper perttelaibiiy o & Aehgd '%ﬁ%@m”?f‘bﬂéitﬁ #h prEpombes Theo tﬁna%d
¥ L it e, 4. CRTRPER R AR 1°38“"‘*“9%e¥“@rc’”’é£°360 v
'% UGFL %uplﬁ gX ﬁéé%%&t{f ¥§7 Ogﬁgs, tﬁbrstréﬂqtﬂ'@as Hbﬁ1n\ﬁ\0 O0O OO
. COMPARATIVE EXAMPLE 2 : -
A vinylidene fluorlde homopolymer havrngla welght—
- average molecular welght of 417 thousand was mlxed w1th y;
‘:butyrolactone at a ratio of. 38 to 62 percent by welght
'l'respectlvely, and was dlssolved at a temperature of 170 C
j.'ThlS resin solutlon was dlscharged w1th y~butyrolactone,,
‘actlng as.a lumen- formlng fluld from a double co extru31on
hrhead w1th a temperature of 100 C, “and was. SOlldlfled 1n a
'cool bath with a temperature of 20 C contalnlng an aqueous
' solutlon of 80 percent by welght'rtmtyrolactone " The
5 _rresultlng hollow f£iber membrane had an outer . dlameter of
1. 01 i and an inner. dlameter of 0. 72 mm Fig. 4 shows an d'_
_ SEM photograph of an entire sectlon of thls hollow flber i& “
‘”;‘membrane, Flg 5 shows an SEM photograph of a sectlon around
.‘the external surface,'and Flg 6 shows an SEM photograph of
ZOc :a sectlon around the 1nternal surface Thls membrane had
‘l”only a spherlcal structure hav1ng a mean dlameter of 2. 75 um
a The water permeablllty at 50 kPa: and 25 C was 0.30 nﬁ/r@ h
‘: The rejectlon for partlcles hav1ng a. partlcle size. of 0 843
"um was 80% 1 The fracture strength and the fracture:'. |

25_”elongatlon were 5 3 MPa and 48% respectlvely Although the'_ra
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" hollow fiber membrane exhlblted an excellent water | o

| Hpermeability, trength and elongatlon, 1ts rejectron
7‘propertiee were inferior.

‘EXAMPLE 6 | | 7 :
ij ' A catalyst supportlng carbon (catalyst 29 2 percent by
L;.Welght of platlnum and 15.8 percent by welght of ruthenlum,

'lcarbon' Vulcan (reglstered trade mark) XC—72 produced by
Q'{Cabot) was added into a Naflon (reglstered trade mark)'

.solutlon (bought from.Aldrlch) such that the weight ratio
0 was 1 to‘l " The mixture'was~suff1c1ently etlrred_to ‘prepare

:a catalyst—polymer composrtlon. -Thie catalyet~polymer |

'_comp051t10n was applled onto one surface of a carbon paper.f
TGP H- 060 produced by Toray, to prepare an electrode base
w1th an electrode catalyst layer, supportlng 3 mg/cm? of
5o platlnum _ _
| On the other hand, the flat membrane produced in. i_‘
'l:Example 5 was 1mmersed 1n a Naflon (reglstered trade mark)
solutlon (bought from.Aldrlch) and subsequently drled to:“'
prepare an ion’ exchange membrane. Two electrode bases w1th
th an electrode catalyst layer, descrlbed above,,were layered
. :on both. surfaces of ‘the resultlng ion. exchange membrane

The " ion exchange membrane serves as an electrolyte membranel¥'

Respectlve two electrode bases ‘serve . as a cathode and an

_ anode. The electrodes bases were dlsposed sueh that each

25 electrode catalystllayer731de of the bases;opposesqthe_lon;
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~ YmYmYmymymyYm+~YYYYYcd ro:aro.a-roam.~ro~ mti ro~
It ro.ma ro~ mnv 10~ Ey. HHO la- Hs O HH4 HH4L HO4 H2 ro
EacE mk Ero Ero EmMETOEro,Ero" 000 .2 . aro aro-aro 0.r0 a,ro
mOro aro o.roa.mro ~ro . EXx E x EOX-E x o w014 0 0 0 0 X0 0" Vv wV w
OWvuUwUwvwv wv wv w28 Novenber 2006 - 54 Table 2 ase hol | o
Cute[ Inne; External Water Fracture Fracture Rejection fiber -di aneter
i amet.e surface. por erneabl ity stren g r ane
(m) (< a,réqmmt?em glsb%’kery ?%bg? VoF R G epE bgeEeRE TS
. 5 99 1.67 1.00
0.03 gg?Plsdb%l%%S 2 g6r é%‘i ' %Qg%n% gh@%hpgpig ’?\’/gm‘fg %e&we 710 0.35

légegrated unlt was prepared.
- The resultlng membrane electrode 1ntegrated unlt.was ‘
3"1ncorporated 1nto a fuel cell - An- aqueous solutlon of 64
‘d percent by welgh methanol and air were supplled to the anode .
'f751de and the cathode 51de, respectlvely E The fuel cell
'},outputs a max1mum power of 0 5 nW/cm? and thus, exhlblted
:"excellently high power propertles.u Thls is probably because
d "the swelllng of the ion exchange membrane w1th methanol is .
_suppressed and the leak of methanol through the ion exchange'
“membrane from the anode to cathode, that 1s, crossover, 1s
prevented.
 COMPARATIVE EXAMPLE 3 |
5¥.c _ Electrode bases w1th an- electrode catalyst layer,
:prepared under the same conditions .as in Example 6 were
: layered on both surfaces of an ‘ion exchange membrane Naflon
d:r:(reglstered trade mark) 117 (0 175 mm in thlckness),.-.
fiproduced by Du Pont The electrode bases Were dlsposed snch di*-
lOHi;that each electrode catalyst 1ayer 51de of the bases opposes |
,the ion exchange membrane. Thls comp051te was hot—pressed
‘-under the same condltlons as 1n Example a. Thus, a .
'Y'dmembrane electrode 1ntegrated unlt was’ prepared
The resultlng membrane electrode 1ntegrated unlt was L

25'_tevaluated under the same condltlons as 1n Example 6 bihe B




Exam | €6 Exanpl e 10 Conparative 1.48 0.92 0.
19 .39
Exanpl e 11 onparative . 1.55 0.89 O. 18 0. 20 - 5. 66 53 20 63 95 Exanple !

Exanpl e ‘12 Conparative 1.32 0.78 0.09 . 0. %%‘ 2o il
. 0.15.4.90 60 9 %&E%ﬁqg ] |
13 onparative 1.26 0.74 0. 09. 0.20 5.76 59 97 Exan1|e'10_E§ghpﬁegl4Exanple

Conparative 1.37 0.99 0.05 0.40 7.10 243 9
9 "Examle 11 Exampl e
Sbgga;aahvg 1053 illg 351;04936 70 96, Examle 12 Exanpl e 1gponpi?at|ve
Exam | e 13. . Exanple 17 Co
0.85 0.04 0.2fi 7.02 63 99 Exam | e~121Ex o PL 38 503 0 06
anpl e 18 onparative 1.38 0.93
0.31 10.69 75 98 Examle 15 Co e
nparatlve -- 1.70 0.99°0.7
Exam |l e 4 Conparative 1.63 1.00.0.69 0.455.. 5.43 68 87 ExgngFeSSSS 7> 8

e S e 43 45700 %2%%?“7"5%’.?’%??‘” is pravepdvaiive -
0.34 6. 3ecause téé gﬁagkcﬁaﬁge membranelNaf:En ?reéistertdsingd%9'4 60
-_;mark) 117 was welled ‘with methanol and, consequently,
:f crossover of methanol occurred _ | f
t TEXAMPLES 7 to 18 and COMPARATIVE EXAMPLES 4 to 15 |
| Hollow flber membranes were prepared by the follow1ng
”method. Flrst, hollow flber membranes of Comparatlve o
_{Examples 4 to 15 were prepared under the condltlons shown in
u_Table 1. Vlnylldene fluorlde homopolymer was mixed w1th a
O' :solvent to be dlssolved. The solutlon was dlscharged w1th a
'ﬁlumen,formlng flurd from a double co- extrusron head and
‘Solldlfled in a cool bath Each hollow flber membrane had
. only a spherlcal structure
Next A mixed solutlon contalnlng 137percent by welght
-Sﬂtof v1nylldene fluorlde homopolymer having a weight-average
'; molecular welght of 284 thousand, 5 percent by- welght of
| polyethylene glycol havrng a welght—averaqe molecular welght
.‘of 20 thousand 79 percent by welght of dlmethylformamlde,u
"ffand 3 percent by welght of water was unlformly applled onto‘
20ﬁ: the. surfaces of the. hollow flber membranes of Comparatlve |
.lExamples 4 to - 15.1 These ‘hollow flber membranes Were |
R fllmmedlately 1mmereed in a mlxed solvent contalnlng 95
:hr percent by welght of water and 5 percent by welght of a
H_ dlmethylformamlde to solldlfy the solutlon.i _These are'i

25 _deflned_as Examplest7 to 18.. These hollow flber membranes |




Conparative -- 1.28 0.78 1.80:0..24 4.85 ~6079 Examle 9 Corrparatlve -
1.22 0.74 1.70 0:34 6. 37 59 '80. Exanpl e 10 Conparati Vv, 9095

©0.68 8.07 243 84 Examle 11 Conparative 1.49 1.15: 4. N‘A’P“l 20 - 70
56 Examle 12 Conparative -- 1.86.1.14 2.10 0.70 3.58 80 77 Exarrpl e 13
Conparative --- 1.40 0.85.0.80 0.445 7.67 63 85 Exanple-14 .. Conparative

-- 1.34 0.93 1.10 0.535 11.94 75 .- 83 Examle 15 28 Novenber 2006 --55- -
EXAMPLES 19 to 30 and COVPARATI VE EXAMPLES 16 to 27 Hollow fiber menbranes
were prepared by the follow ng nethow First, hollow fiber menbranes of
Conparati ve Exarrpl es 16 to 27 were pr epar ed under the conditions shown -in
Tabl e 3. Vinylidene fluoride honmopol ymer was nixed with a solvent to be

di ssol ved. e..sol ution ,wgmréo(s;mﬂ fluid froma
doubl e 866@«??6&%% ﬁ&&d\ggﬁ‘ﬁ%sééq‘aar&g?g%@#% a&c%ol bath. Thgen t he product

was dr.awn. in a. dr. n t s A gEUhplwitg)grxﬁ;ﬁrrmfl &ietenss 0 -
secti oneéFSEﬁ‘&lt ﬁ&%gxtaglréria hss%f%}g%%g%f ng\ﬁgﬁ ow fiber menbrane. prepared in

Conparative Exagpl e L8 merf@smA B. n&ewbrhoktouctiuber wagnbr ane
- of Corrpé‘h"ﬁ’t tgé @gﬁﬁz actk%)ryé%? har%le only a spherical structure. A m xed

SO|Ut'050 pm.. Table 2 show propertles of hollow flber membranes of

Examples 7 to 18 and Comparatlve Examples 4 to 15 Each

| example exhlblted hlgher rejectlon propertles‘than those of

"the'comparatlve examplesi
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Table 2. - o o _ o . , ,
_{Pase hollow] Outer | Inner External | Water Fracture} Fracture [Rejection
) fiber diameterdiametefsurface pore| permeability |strengthlelongation| property
nembrane {mm) {mm) | size {(pm) (n®/m*-h-50 kPa)] (MPa) (%) L)
Example 7 [Comparative|. 1.74 0.99 |- 0.04 | .0.20 _ 3.29 | 15 99
“+ | Example 4: . ) - ‘ R e e
Example § [Comparative| 1.67 1.00 0.03 0.27 5.03 68 ‘ . 9%
» - Example 5 _ . ' NE R o Lo
Example 9 |Comparative|  1.56 o.e8 |- o0.10 | - 0.35 - 6.70 59 97
. { Example 6 3 L - i B T . S
ixample 10 [Comparative| 1.48 0.92 0.19 |  0.39 ©3.90 | 63 LR
| Example 7| . - A ' . : _ N R
Example 11 {Comparative . 1.585 0.89 0.18 ’ . -0.20 - - 5,66 |’ 58 -
© | Example B ' ] ) ) | ‘ L ) 1 .
Example 12 [Comparative| 1.32 | 0.78 0.09 o 6,15 4.40 60 97
' .| Example 9 1. o ' . ~ . 3 TR R
Example 13 [Comparative| 1.26 0.74 0.09 T 0.20 5.76 - 59 37
- : Example 10 . ’ . o ’ :
Example 14 [Comparative] 1.37 0.99- |~ 0.05 . 0.40 - 7.10 243 99
. - |Example il o - . : -
Example 15 |[Comparative] 1.53 1.15 70,17 2.39 2.66 | 10 96
: ) Example 12 : | o : ' 1 : o
Example 16 [Comparative 1.90 1.14 - 0,10 - 0.4% 3.35 ’ 80 97
Example 13 1 - » L _ R ) .
" Example 17 {Comparative] 1.44 0.85 0.04 - 0.26 . | 7.02 -y, - 63 99
- ‘Example 14 2 ' o ‘ e .
Example 18 |[Comparative; 1.38 | 0.93 T0.06 ‘ 0.31 10.69 75 98
) Example 15] ] ' , - -
Comparative - 1.70 S 0.99 0.78 - . 0.35 3.53 75 .| 86
- Example 4 ) o )
Comparativel = --— - 1.63 "1.00 | 0.69 - 0.455% .  5.43 68 - 87
‘Example_ 5 : ‘ : ' ) . R
Comparativel . —- 1 1.52. o.88 | 2.20 © 0.603 1 7.23 59 76
Example 6 1. ' L ) ] '
Comparative -~ 1.44 0.92 . 5.00 0.675 - |.4.27 63 | 50
.-Example 7-} T » o R . ‘
‘Comparativel = -— . 1.51 0.89 | 4.60 .| . 0.3 6:13 |- 58, 53
Example 8 | ~ 1 : ' ‘ . L
Comparativef - - . 1.28 6.78 ©1.80 0.2 : . 4.8% 7| -€0 i R -
Example 9| - .} . - S : . ' i N
Comparative - 1.22 0.74 . - 1.70 - | o 0.34 <1 6.31 .59 - - 80. .
Example 10° L I S L ' ‘ T 1
Comparativel”  -- T 1.33 | 0.99. 0.95 |~ - 0.68 - | 8.07 | 243 . o84
Example 11 e | T S ' : - L
Comparative T {71.43 | 1.15 | 4.30 - { 4.0 5.29 | 710 . |. 56
‘Example 12 B . D : e SR T .
‘Comparative] = -- 1.86 .| 1.14 | - -2.10 T 0.70 . | 3.58 so0 ] - 17
Example 13 . ] - ' . s L
Comparative] -~ -- 1.40 | ©0.85 | - ©0.80 ~o.445 | 7.67 | . 63 85
" Example 14 - © e I , 3
Comparative| - . 1.34 0.93 S 1.10 - - 0.535 - | 11.94 |- 75 . - 83
' Example 15 : S ) : ar v '
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:h?EXAMPLES 19 to 30 and COMPARATIVE EXAMPLES 16 to 27
Hollow flber membranes were prepared by the follow1ng
,dmethod Flrst, hollow flber membranes of Comparatlve )
i,,Examples 16 to 27 were prepared under the condltlens shown
B iiiln Table 3. Vlnylldene fluorlde homopolymer was mlxed w1th
.J;a solvent to be dlssolved.f The solutlon was dlscharged w1th'““
.a lumen formlng -fluid fron a- double co~extru51on head and
:_;Solldlfled ‘in a. cool bath. Then, the product was drawn 1n a o
5draw1ng bath. Flg 7 shows an SEM photograph of a cross
0 ',sectlon around the external surface of a hollow: flber
hmembrane prepared in Comparatlve Example 23, as a typlcal
'example. Each hollow flber membrane of Comparatlve Examples -
f16 to 27 had only a spherlcal structure A mixed solution
o contalnlng 13 percent by welght of v1ny11dene fluorlde
_5-p homopolymer hav1ng a. welght—average molecular welght of 284
_ thousand,-S percent by welght of” polyethylene glycol hav1ng {-d
':ha welght—average molecular welght of 20 thousand, 79 percent'_ifr
h7;iby welght of dlmethylformamlde, and 3 percent by welght of
':'water Was unlformly applled onto the surfaces of the hollow
zdﬁfflber membranes of Comparatlve Examples 16 to. 27. These
-”hollow flber membranes Were 1mmed1ately 1mmersed 1n a mlxed
"Hfsolvent contalnlng 95 percent by welght of water and 5
"[f percent by welght of dlmethylformamlde to SOlldlfy the L
T“:i;solutlon These are’ deflned as Examples 19 to 30. Fld 8

25_;shows an SEM photograph of a cross sectlon around the
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gExample 26 ‘as a typlcal example., Each hollow flber
-.'membrane of Examples 19 to 30 had a spherlcal structure on
'{‘the internal. 31de and a three—dlmen51onal network structure
on the external 51de The thlckness of the three—
dlmen31onal network etructure was 20 um Table 4 show
| rpropertles of hollow fiber membranes of Examples 19 to. 30
- - and Comparatlve Examples . 16 to 27.. Each example exhlblted

- hlgher rejectlon propertles than those of the comparatlvel,

). examp_les .
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Exanmple 27 ative - 1.55 0.95 0.96 3.2 1.75 0.95 -.7.33'55 7" e 16. ative -
-- 1.40.9 0:65 2.4 1.25 1.25 13.57 50 8 e 17 atlve - é q)7§ %} 95 9.8
20?8 Royembes 2¢

- 4.37 1.80 19.05 48 5. e 18 ative.- -- 1.2 0.7 - 2.40
8.02, 502 - 19 -- - ative - 2.350.8. 2.80 - 26.4 8.60-.- 1..05 14 57

. 45 -2 .e 20 - . ative -- 1.07 0.64 1.10 3.0 - 1.82 0.85 '- 8.83 46 -' 7
--23. 8 ative- - 1.16 0.68 0.50 - 5.0, 1.58 - 1.70 9.75 41 Le 22
ative -- 1.52 0.95 -1.30 4.2-. 2.34 2.18 14.68 ' 189 7 Le 23 ative --- -
1.43 1.07 3.00 ° 6.2 4.31 5.00 7.21 AGe ~Le 24 :ative -- -- 1.49 - -0.93
2.50 - 6.0 - 3.87 1.35 .7.56 56 - 6 le 25" . :ative 1.4 ' 0.9 - 3.30 15.1

7.06 1.40 10.97 - 54 3 |Is 26 :ative 1. 95 1.55 1.00 4.1 - 2.02 2.05 , .4.73
32 7 le 27 rI'2_8b]|_\lovlft‘erTber 2006 ’ ‘ S A
‘ able :

Base hollow| Outer Inner | External.| External | External |  Water = |Fracture Fracture [Reject
fiber’ diameter|diameter|  surface surface | surface |permeability|strength|elongation prope:
membrane - | . (rom) {min} |pore widthjpore length|pore size (m’/m h+50| (MPa) %) - B
' ) ' {pm} _{pm) . {pm) kFa) ' R _
. 19 [Comparative| 1.59 0.95 . — ' — 0.04 " o.55 - | 6.76 © 85 - 99
Example 16| o -, I B :
. 20 jcomparative| 1.44 | 0.9 -— ‘ - 1 o0.03 |~ 0.73 12.35 - 50 99
‘ Example 17 ) - ‘ o . o ] ’ R
: 21 lcomparative| ‘1.34 0.75 | .- — ] 0.1z} .. 1.05 17.42 48 97
| Example 18 . o ‘ S ' g . :
:+ 22 [comparative] 1.24 0.7 _— e - 0.18 "1.40 7.27. | 50 . 95
| Bxdmple 19 B o L ' . ~ Nk , ‘
» 23 [Comparative] ' 1.39 0.8 _— - " 0.19 0.61. . | 13.34 45 _ |- 95
‘ Example 20 ] - S 1. ' - -
2. 24 {Comparativef 1.11 0.64 | - v 0.04 . 0.50 . 7.89 46 -
‘IExample 211 . | _ o , L . .
:.25 [Comparative| 1.20 0.68 - - 1 o0.03 | 0.99 ) E.e1 a - 99
Example 22 . - R . ) ' .
s 26 |Comparative] 1.56 | 0.95 | = - - - 0.04 1.27 12.79 189 9¢
Example 23 o ’ - ' { : _
e 27 [Comparativel 1.47 1.07 — - 0.12 ~2.91 - 6.39 46 97
| Example, 24| ; . L - ) ' o N
e 28-/comparative| 1.53 0.93 . e 0.11 0.79 - ] 6.94 - 56 91
. | Example 251 . - ] - . o
e 29 |[Comparative]. 1.44 0.9 . —— S - 6.17 o.82 | 9.8 | 54 . 9¢
Example 26 - - . : ] . ‘ : ‘
" e 30]comparative|  1.99 | 1.55 -_— . - 0.05 1.19 4.25 - 32 9%
) Exaniple 27 - . ) :
rtive e 1.5% 0.95 | o0.96 3.2 1.75 0.95 4 . 7.33 55 ' 78
e 16, , : . L .
ative| - ] 1.4 0.9 0.65 2.4 1.25 - 1.25 13.57 50 8:
e 17 - . ) . ) . ‘ )
ative|.  ~— 1.3 0.75 - 1.95 8,8 - 4.37 1.80 19,05 ° 8 | s
e 18 ' - ‘ . '
ativel = - ] 1.2 0.7 . 3.20 . 18.3 - 7.65 1 - .2.40 g.o2. | 50 2!
e 191 - - ‘ ‘ : ‘ -+ T _
ative] = -—- 1.35° 0.8 .| =2.80. 26.4 . 8.60 .{ . 1.05 . 14.57 . 45 ] oz
e 20 : | : N ‘ : , : o B
Cative] == S 1.07 0.64 | 1.,10° | . 3.0 - 1.82 . 0.85 | 8.83 .48 |1
e 211 L , N L ' : S
ative] = -~ -} 1.1% 0.68 . 0.50 .| 5.0 1.58 | - 1.70 | 9.75 41 8
le 22 N L R : . C e e
ative o A 1.s2 0.95 | "-1.30 4.2 ] =2.34. . 2.18 14.68 189 . 7
Le 23 B R - ] ) . : 1o ) .
ative - 1.43 | 1.07 3.00 -|..6.2 .| 4.3 | 5.00 | 7.22 46 | -5
le 24 ) o ‘ T ' ; o ’ . T
ative] - -- 1.49 }. 0,93 |  2.50 " 6.0 3,87 ©-1.35 7.56 56 - i .8
le 251 ' ' _ o S 1. R 1 -
ative - 1.4 | . 069 |.-3.30 1s.1 [ '7.06 | 1.40 '10.97 © 54 T3
e 26| _ " T Nt ; _ - ‘ . _
ative - 1.95 1.55 1.00 4.1 2.02 2.05 . 4.73 32 ki

le 27




59 EXAMPLES.31 to -42 A solution containing 8 percent by melght of - .

pol yacrylonitrile pol ynmer having a wei ght -average nol ecul ar ht of 400
t housand and ‘92 percent by weight of dinmethyl 3 squOX|%%NQH%mH§ PG6ed onto
t he surfaces of Conparative Exanples 16 to 27. These hol I'ow fi ber" A
menbranes were imediately inmersed in a mxed solvent containing 90

per cent- by meight of water and 10 percent by weight of dinethyl sulfoxide
to solidify the solution. These are O defined as Exanples 31 to 42. These
hol | ow f.i ber menbranes of Exanpl es-359te 42 each had a three- di nmensi onal -
network structure on the external side and a spherical structune on the
internal side. The thickness of the three-dimensional - network structure_‘
was 20 to 30 m Table 5 shOM/propertles 15 of - hol'l ow fi ber menbr anes of
Exanpl esERAMERES 231 gehd? exanple exhi bi ted higher rejection properties than

those of = the conparative e 1.es nt6@gTable 5 Base - -
hollom/outer-ﬁrﬁéghﬁ3ﬁ%w?Qﬁ a t%gnglpﬁg? ﬁ2$§mﬁ§g§ Fracture Fracture ejec
fiber dianeter diameter. surface surf r hReLRRARIJd e iddanrgt h -
eIongatiBﬂlﬁﬁﬁﬁglonlgﬁllﬁe i hﬁ%ﬁsgsg L@%g \ﬁ(ﬂhgiore | engt’h pore

m / mh50 (PI P B HetIBA. 0. 01 -
SI 17 6 ( ssggﬂ ﬁhpﬁé%f(é %%E‘( )‘rﬁ?é%t:f’ %)cf‘%gh .9 -l?}l%ﬂ/%’%z 0. 13@%2 40 53,
9

5':sulf0x1de was applled onto the surfaces of’ Comparatlve
| Examples 16 to 27. These hollow’ flber membranes were
g slmmedlately 1mmersed in a mlxed solvent contalnlng 90 |
.percent by welght of water and 10 percent by welght of
| dlmethyl sulfox1de to Solldlfy the solutlon ' These are‘ -
0 J'deflned as Examples 31 to 42. These ‘hollow fiber membranes -
 of Examples 31 to 42 each had a three dlmen51onal network
--structure on the external s;de and a spherlcal structure on‘
i the internal 51de The thlckness of the three~d1men51onal
:g network structure was 20 to 30 pm. Table 5 show propertles
LS -iof hollow flber membranes of Examples 31 to 42 .Each
I- example exhlblted hlgher rejectlon propertles than those of,-

" the comparatlve examplesf




Exanpl-e 17 33 Conparative 1.35 0.75 - -- 0.02 0:25 17.02 52 9 Exanpl :
34 Conparative 1.25- 0.7.7-- -- 0.01 0.30" 6.99 539 Exanple 19 SED e
Comparative 1.39-0.8 --, -- 0.01 0.18 13.02 41. 9 - Exanpl Bovuntss2¥ipar at i ve
1.12 0.64 0.02 . O. 12 7.97 42 9 Exanpl e 21 37 Conparative 1.20 0.68 -- --
0.01 0.16. . 8.21 44 9 Exanple 22 38 Conparative -1.57 0.95 -- -- .0.01
0.29 12.23 179 9 Exanple 23 39 Conparative 1.48 1.07 --. --,-0.02- 0.34 50
50 Exanple 24 4b. Conparative 1.53 0.93 -- 0.01 0.18 .6.58 54 9 ‘Exanpl e 25
41 Conparative 1.45 9:56 59 9 Exanpl ¢g26 33. 41,1C0nparatiVe 1.99 1.55
0.02 0:27 4.32 Exanpl e-27- EXAMPLES 43 to 54 A sol ution containing 2 -
percent_by wei ght of -5pol ysul fone having a.wei ght-average nol ecul-ar-*

wei ght..of 47 thousand, 6 percent- by wei ght of ‘pol ysul fonehaving a - :
wei ght - aver ad@hbdsl écul ar wei ght of 59 thousand' berdent by “weiight -of

pol yvVi Byslepyanrcol logtenej ansirn gE:eewel rﬁxfewe‘r1 afl @ﬁfre [ fracture Rejec
1200.tho dixme Fapger QLH:{ eab st elongation|prope
per cent mgéi?éﬁfgl gﬁgmpéﬁv\bmfner pcu:be wid engih pog @Engfﬁnnf ?&Y n\‘l@% _ am 1‘ '-‘,.'{%
. Wy | pm) | ey kPa) - N PR
31|comparativel 1.60 | 0.9% - - 0.01 0.17 | 6.85 54 9
| Example 16 o : - ) - R . ‘
3z|Comparative] 1.44 | 0¢.92. [ — T 0.02 : 0.19- 12.40. [ © 53,0 4. 9!
Example 17| ' |- o - : ) - )
33|Comparative| 1.35 | 0.75- P Iy T0.0z |  ©0.25° 17.02 |+ sz |- o
‘|Example 18 | N . o - . e
34{Comparative] 1.25 0.7 —-— T “0.01 .« 0.30° 6.29 - | - 53 o
Example 19 K 0 I B B ' ' ' : R
3s{Comparative; 1.39 | 0.8 Cee - 0.01 " 0.18 13.02 © 41 p 9
- | Example 20 . ) . . 1 - , : .
36lComparativel 1.12 0.64 [..- — . = 0.0z . 0.12 7.97 | 42 9
Example 21}. . 4. - . ) . ] o i . - 1o
37|Comparative| 1.20 0.68 —-— _ -— 0.01 ©0.16" . 8.21 || 44 T e
. |Example 22 ) : ) ) - - L .
38|Comparative| - 1.57 6.95 | -- - . 0.01 0.29 12.23 - 7 ;9
Example 23 ' ] » . ' '
39|Couparativel 1.48 1.07 | - = Sg.02° | . 0.34 - 6.50 - 50 - .9
| Exanple 24 ’ ] . : ' i : . -
‘ablcomparative; 1.53 - 0.83 o — - 0.01° 0.18 ] .6.58 ‘54 . ‘9
. | Example 25 . 1 Sy L N
41)Comparative; 1.45 0.9 ’ - —_— ’ 0.02 . '0.20 9,56 59 . 9
Example 26| oo ) ) N o ' N e
42|Comparative] 1.99 [ -1.5% |- . -— - T 0.02 0.27 4.32 33 E
Example 27] . n :

EXAMPLES 43 to 54 _
| A solutlon contalnlng 2 percent by welght of
SGfpolysulfone hav1ng ‘a welght*average molecular welght of 47
-"_thousand 6 percent by welght of polysulfone hav1ng a‘
'2we1ght*average molecular welght of 59 thousand, '3 percent by::i
‘welght of polyv;nylpyrrolldone hav1ng a welghtwaverage '
1:f olecular welght of 1200 thousand, 88 percent by welght of l
Ldiudlmethylacetamlde, and 1 percent by welght of water was |
'applled onto the surfaces of Comparatlve Examples 16 to 27
fThese hollow fiber membranes were 1mmed1ately 1mmersed in- a

:solldlflcatlon bath w1th a temperature of 40 C contalnlng 10,




applied onto the surfaces’of Conparative Exanples 16 to 27.
menbranes were i mediately imersed in a
tenmperature of 40C containing 10 28 Novenber 2006
of m xed sal vent containing 10. percent by weight of dlnethyl

fiber

percent by wei ght of

to-

di met hyl ,
solidify-the solution.

network structure on the external

hol | ow fi ber

i nternal side.

was :

Exanples 43 to, 54. .E X h hi

those orpﬁxa%e%fa%wa%‘f%@eig‘ﬁ%f 4 SEL AL e ML aNEs thehaCh OB rBRARCRY, o8 L e
er na t.ern t

surf ace W v8E o5 P a§éh§%?%%%i%8ff?§cs$?§ REPRERE by PeLatikageter ol aet el

r t 0
Y Jp@u@g{@mé%ga@oasar g@gvgo pﬁéfcéh%ebgwea%hﬁoo@wao §g8>éo<2 ?{o 56(53) _Q
Exanpl e 268hitY8nl 4#n8s8 are, dbfiBe@Bas x3kpids5336@099

Exanpl-e

TP R

The

acet am de,

nparative 1.35 0.

solidif

W

These hol | ow:

i§§1|on%ba%€5

th a.

wei ght
sul f.oxi de,

30

and 60 percent by weight of vat er
These are deflned as Exanples 43 to 5 54. These

about 30 pm 0 Table 6. show properties of hollow fi-ber

0.02 0.29 17.33 53 99

Exanpl e é@ LeTﬂ@sgbﬂB§l§ﬁ|f@bérzﬁeﬁbfanes of Ex@ﬁpl&s 28 606847&a%%

.:slde and a spherlcal structure on the 1nternal 51de

had a three- dlmen51onal network structure on the external

..The'_ oo

cthlckness of the three dlmen81ona1 network structure was

menbr anes of Exanples 43 to 54 each had a three-dinmensional
t si 68 and a spheri cal
t hi ckness of the-three-di nensional

structure on the
network structure
menbr anes of

 about 30 pm.
0. Table 6 show propertles of hollow flber membranes of
.‘_Examples 43-tq 54. Each example exhibited hlgher rejectlon '
‘. properties than those of'the.comparatlve examples.
Table © ) o ‘ .
[pase hollow] outer | Inner | External | External | External Water - Fracture| Fracture |Reject
1 * fiber ciiameterdiameter ' surfa_ce surface | surface permeablllty strengthjelongation] prope.
"{ membrane {rmm} ' (mm] pore width|pore length] pore size (m’/m *h-50 {MPa) (%) (%)
_tpm) {pm} {pm) kPa) N
.e 43|comparative] 1.60.7 o0.95 . —_— 0.02 0.20 6.23 56 .99
Example 16 ' ' e - -
le 44[Comparative] 1.42 | 0.9 - - -0.03 . 0.21 -12.59 . 60 99
] Example 17| I e ] ) - . : S
le-45[Comparativel 1.35 | 0.75 [ -- . 0.0z | 0.29 17.33 . 53 99
" lExample 180 - ' ' R o N R
te 46jComparative|. 1.25 0.7° — — C0.03 . 0.36 6.68 . 70 |. 99
Example 19| . - o _ - . S '
le 47|Comparative] "1.35 .7 "0.8 L -- 0.02 0.32 13724 | 45 99
" |Example o] ¢ - - s -
le. 48fcomparative] 1.1z | 0.64 - - - 0:03 c0.25 . | m.z3 46 9t
. | Example 21| S ' , : ' : .
le 49)comparative] 1.20 | 0.68 - e 0.01 .| .o0.26 . 8.50 42 KT
- . |ExampYe 22 L : . . S ‘ .
le 50jcomparativel 1.57 | 0.95 - - - 0.02 0.33 | az.10 |- 180 " . 9f
. - |Example 23| _ : o - e _
le Sllcomparative| '1.48- | 1.07 - — 0.02 0.40 6.74 63 9s
" |Example 24 - B . o 8
le 52Comparative] -1.53 0.93 —_— - 0.01 0,20 6.56 |, 58§ 9t
' . |Example 25 ' L _ -
le S3lcomparative| 1.45 0.9 _— —- 9.03 0.36 .} 9.30 73 g
.+ . |Exampie zel . 4. s L
1le 54lcomparative] 1.99 1.55 - - . 0.02 .0.40 - | 4.11 41 KL

Example 27 -




Exa e 19 1le 47 .Conpar at --
20 le. 48 Cbnparatree 1. ngolaz? O s e e ot e e P Exanp) e
49 Conparative 1.20 0.68 -- -- 0.01 0_26.8.50 42 .99 %ﬁ%ﬁgY §§526f 2L le:

gbng?r?tiye 1.57‘0.95 -~ ., -- 0.02 0;33 12.10 180 9"  Exanple 23 le 51

Cgp ative. 1,48 1.07 -- -- - 0.02 0.40 6.74 63 9'. Exanple 24 . Qe 52

> Zgagaglve -1, g3og 8332 8138 %g 6. 56 55 93,'Exa Ie 25 '1e 53 onparative
- - .9! Exa le 26 ,le 54 oﬁparative‘l 99

1.55 -- - . 0.02 0.40 - 9.11 - Exanpl g,27. . 28 November 2006 - 62' EXAMPLE

55 A vinylidene fluoride honopol

yner. haV|ng a wei ght- average nol

xehgrtdof 3?8 thousand, a copol yner of - ethylene tetrafluor?de angcu[ar

Melth en? | uori de (ATCFINA Japan,-. Kynar .(registered trade mar k) 7261.

we gerceﬁtlgy"mglght and cycloheranone were mxed in-anounts of 30, iO and
respectively, and the resins were dissolved-a

Thi s polpgreersolis i-on . was di scharged 0 with 100% cycl.ohexanone, actlhglggca

lumen forming fluid, from a doubl
e co-extru : o
of 145C. " A v1ny11dene fluorlde homopol ymgrohaﬁfgg “‘&QléhESWDefature-~

| average molecular welght of 358 thousand, a copolymer of -
i?fethylene tetrafluorlde -and v1ny11dene fluoride- (ATOFINA 1:
i, Japan, Kynar (reglstered trade mark) 7201, welght ratlo
3: 7), and cyclohexanone were mlxed in amounts of 30, 10, and,;
' p60 percent by weight, respectlvely, and the resrns were" |
._:dlssolved at 165 C. ThlS polymer solutlon was dlscharged
0_‘w1th 100% cyclohexanone, actlng as a lumen formlng flUld,
';from a double co- extrusron head w1th a temperature of 145°C,
_pand was Solldlfled in a. cool ‘bath with a temperature of BO_C
,'_contalnlng an aqueous solutlon of 90 percent by welght
-cyclohexanone.‘ The product was drawn to 3.0 tlmes in water
15 . with a temperature of 80°C to obtaln a hollow flber membrane;'
.A.mlxed solutlon contalnlng 13 percent by WElght of
“=v1nylldene fluorlde homopolymer hav1ng a welght average

;'molecular welght of 284 thousand, 5 percent by welght of

. ’pclyethylene glycel havrng a. welght average molecular welght gf'
20 ﬂof 20 thousand, 19 percent by welght of dlmethylformamlde,,
| 'g and 3 percent by welght of water was unlformly applled onto
"the surfaces of thls hollow flber membrane The hollow 1'
flber membrane was: then 1mmed1ately 1mmersed 1n a mlxed
.h-solvent contalnlng 95 percent by welght of water and 5

'25 . percent by welght of dlmethylformamlde . The resultlng o




and was solidified in a cool 'bath with a tenperature of 30C containing an -
aqueous sol ution of 90 percent -by wei ght cycl ohexanone. r

drawmn to 3.0 times. in water. L5 with a tenperature of- %ﬂo‘t"%‘ g@één

hol | ow fi ber membrane. . A mixed solution containing 13 percent by_merght_.
of .vinylidene fluoride honppol yner havi nga wei ght - average nol ecul ar

wei ght of 284 thousand, 5 percent.by weight of 'polyethylene glycol having
a wei ght -average nol ecular' wei ght 20 of 20 thousand, 79 percent by weight
of - di met hyl formam de, "~ and 3 per cent™ B3 wei ght ‘of water . was unifornly
applied onto the-surfaces of this hollow fiber menbrane. The hollow fiber
~nmenbrane . was then imediately inmersed in a nixed solvent containing 95

percent Fg}mghggikg ﬁgégggg dhgdgg @ﬁfgaudﬁméﬁgiqﬁﬁl(ﬁetﬂdﬁkrwtfornanlde

The resu 63 holl ow fiber nmenmbrane: had a

three-di ne ”S'Cfep% AL WREK oxtlertGlUNE N drte dptielcall deantwr e pier | cal-
structuré SH € Tnternal side. The t hi ckness of the three-dinensional

netvork ghy u;&g&%ﬁ@s 20N . THe thaldiew s et - ttenbrtanee-rdidrensioa er
di anet er mm and an i nner di ameter of 0.90, 'mm The externa

surface Sr’,ﬁth%%kh%kzhcﬁtli'tﬁiﬂéeha@m ane. hathe [tosEsowd £ Iber meambpate tde of
0.11 m e water perneability (conditions: di fferential pressure 50 kpa,. .

25C) yas Q. 4htE3 WBahetEie gfejectd am e Bt inier fdbaneker @f sRr¥hgth and.
t he fracture el ongation were 15.61 MPa and 55%-,  respectively..Thus, the

hol | ow fier . giRmRsaRe i Pike et ati@rito Werier £ Hor FERePF %S Bafection
properties, strength and eIongatlon ' _ : o
pores w1th a mean pore size of 0. 11 um | The water
“'permeablllty (condltlons dlfferentlal pressure 50 kPa,
25°C) was 0.44 m3/m2-h. The rejectlon was . 979. The fracture-
O :strength and the fracture elongatlon were 15. 61 ‘MPa and 55%r
N respectlvely.' Thus, the hollow fiber. membrane exhlblted
-excellent water permeablllty, rejectron propertles, strength
qfand elongatlon
.t _COMPARATIVE EXAMPLE 28 , 7 g
_Sai'r A.v1ny11dene fluorlde homopolymer having a welght—.
r..average molecular welght of 358 thousand, a copolymer of; -
w;,ethylene tetrafluorlde and v1ny11dene fluorlde (ATOFINA ;i
J'e‘Japan, Kynar (reglstered trade mark) 7201, welght ratlo'l'.'
A t3 :7), and cyclohexanone were mlxed in amounts of 30 10, fand
éQ.t<60 percent by welght, respectlvely, and the restns were _:ﬂ

'ddlssolved at 165°C. . Thls polymer solution was dlscharged‘:__:_. -

.3fw1th 100% cyclohexanone, actlng as a lumen formlng fluld,_tfi,;[
'from a double: .co- extru51on head w1th a temperature of 145&C,_ L

Cand was SOlldlfled in a cool bath wmth a temperature of 0° C ;;

25 ;contalnlng an: aqueous solutlon of 90 percent by welght




COVPARATI VE EXAMPLE 28 5 A vinylidene fluoride honmopol ynmer having a wei ght
aver age nol-ecul ar wei ght of 358 thousand, a copolyner of ethyl ene _
tetrafluoride.and vinylidene. fluoride (ATCFINA Japan, R@N@Ymmheéﬂ@ﬁered
trade nmark).7201, weight ratio: 3i7), and cyclohexanone were mxed in
amounts of 30, 10, and 20, 60 percent by wei ght, respectively, and the
resins were “dissolved at- 165C. This polynmer solution was di scharged wth'
100% cycl ohexanone, acting as a lunmen fornming fluid, froma double ‘
co-extrusion -head with a tenperature gi 345C " and was solidified in a cool
bath with a tenperature of 30C-25' contai ning an aqueous sol ution of 90
percent by wei ght 28 hbvenber 2006 64 cycl ohexanone. The pr.oduct was dramn

to 3.0 tinmes in water ‘wWth.a erat ur of8 - 0] hol.l ﬂber
menbr anezyc IRHee#aReme i ngT%IIP ‘E‘P‘be‘?’aﬁeﬁﬁﬁgﬂe é oP et Qﬁ %'at%‘ﬂ! o

only a spher.i.cal-
.structure. This hollow fiber- d an 0 @g thebrindQ. nm
and an iwidr. @lbﬁ@P@FaBPIG .98 ﬁﬁ?& % l%ﬁﬁ ace theehorlom/flber

menbr ane had pores with dth of I 40f, § 6img1and a mean’
equi val efhe ree%htananE?§}°%f gb%rn?e$% %gigrd ol FPt? l(éhndltlons

~differential pressure 50 kP 25 B@Qe&ekﬂﬁﬁiéﬁbﬁww
70% ThesE¥aervre- stFEﬁ@tﬁ ghﬁw g%hgrfram%ure gﬁéggg?ﬁon were 17.15 MPa and

Toj ect| oept L%ﬁ'r%xueelﬁ“@m%{as SRLBRe b o TR ge P ekt >
having a urfgce of the hollow flber membrane had pores w1th a '
: breadth of 1 8 pm, a length of 5.6 um, and a mean equlvalent
round dlameter of 3. 2 pm. The water permeablllty
.(COnditiOhs differential pressure 50 kPa, 25 "C) was 0 75
0 nﬁ/mz h " The . re]ectlon was 709 The fracture strength and
the fracture elongatlon were 17.15 MPa and 55%, respectljely.
‘Thus, thls hollow fiber membrane exhlblted 1nfer10rr
rejectlon propertles.
EXAMPLE 56 | | |
5 _‘A viuylidene fluoride homopolymer having a weight-
average molecular welght of 417 thousand, methyl

' hmethacrylate homopolymer hav1ng a welght average molecular‘

ﬁl':welght of 280, and.ymbutyrolactone were mlxed in. amounts ef
.‘23d;u1', and 60 percent by welght, respectlvely,'and the :
éOd'polymers were dlssolved at a temperature of 170 C.: ThlS L
tj apolymer solutlon was dlscharged w1th 100% y—butyrolactone,;
.actlng as a lumen formlng fluld, from a double co extrusron“d
jhead w1th a temperature of 110° C, and Was. Solldlfled ln a
{cool bath w1th a temperature of 28 C contalnlng an aqueous‘

25 jsolutlon of 80 percent bY welght y—butyrolactone - The .




aver age nol ecul ar wei ght of 417 -t housand,
havi ng:a wei ght - aver age nol ecul ar . melghtn§$h¥g0 nghgacrytﬁtsoronbpgeyazr‘
gbxeglln .amounts of 30, 10, - and 60 percent by wei ght , r%%@' ?§&$and'thg
WaSde Zgﬁra?g\ggr\em Sllhsigl)&es th arglerrpterature of 170C. This polynmer sol ution
acton id
froma doubl e co- extrusion hegd W th aetenggﬁa?grgso? Hugeg fg;glagstU|d,
;glgg:f;ed |nfa cool bath with a tenperature of-28C contai ni ng an aqueous'
2> rogulcgn o] 30 percent by. weight yssbutyrol actone. The 28 Novenber 2006
t pb was drawn to 1.5 times in water with a tenperature of 80C '
0.obtain a hollow fiber menbrane. A mixed solution containing 13 percent

by. wei'ght of vinylidene fluoride
nmol ecul aprowight was 4g8awp Fﬁoﬁsén&lm%go Sg‘rx" rerb%\‘i't'i'lg aﬁé@%;@pﬁo StaMed age

gl ycol' -having - a wei ght - aver ag q%asqphl o erce |
by melgh®f0$0 Cdtﬁe@% ﬁ#BrﬁaﬁPge mﬁ%ﬁgﬁbgfmégaﬁh of . mafggnpercent
uni form y ‘appl ied onto t he r aces LBWerdd Ran @i ane. ¥ﬁs |
hol | ow fEbBEakBABHaRS W&§C?H§ f r#‘rer seec? in A m xed sol veﬁt

~containing 95 ' percent by wei
di met hyl h@mﬁﬁﬁllél@erTﬁévllééulat I]i‘gzlf Ia\c,‘;%\iit @%l%br anlgevﬂgal F V\@f gmtl of

LUF ok or Eoaneangi B BEvaerd BY %Z}h‘*ﬁ BNt 5 oo meavhor |l

ee- di nensi onal
o o o 2on S S R el R Oy 2 g TR et
by welght of . dlmethylformamlde, and. 3 percent by welght of .
water was unlformly applled onto the surfaces of this hollow
'flber membrane The hollow flber membrane was - then
'b‘ 1mmed1ately 1mmersed in a mlxed solvent contalnlng 95
‘percent by welght of water and 5 percent by welght of
dlmethylformamlde The resultlng hollow flber membrane had - |
a three- dlmen51onal network structure on the external ‘side
and a spherlcal structure on the 1nternal 51de.' The
.5 thlckness of the ‘three- dlmen51onal network structure‘was 20;
fum. Thls hollow flber membrane had an outer dlameter of
.1 5§ il and an 1nner dlameter of 0. 95 mm The external
rface of the hollow flber membrane had pores w1th a mean
. ::pore 51ze of 0. 04 um The water permeablllty (condltlons
201' dlfferentlal pressure 50 kPa; 25 C) was 0. 55 nﬁ/m@ h The l.
| rejectlon was 99% The fracture strength and the fracture
“elongatlon were 6 76 MPa and 55% respectlvely._ Thus, the
ﬁy hollow flber membrane exhlblted excellent water permeablllty,z
| rejectlon propertles, strength,-and elongatlon j¥;1 E:f___e:-'

25 ”.COMPABRTIVE.EXAMPLE 23




surface of the hollow fiber nmenbrane had pores with ,a nmean pore size of.
0.04 gm. The. water permeability (condltlons 20, dlfferentlal pressure 50
kPa, 25C) Was 0.55 nB/n2h. The rejection was 99% The % Hevamber 300%ength
and the fracture élongation were 6.76 MPa and 55% respectively. Thus, the
hol | ow fi ber mermbrane exhibited excell ént water perneability, rejection

properties, strength, and el ongation. 25 COVPARATI VE EXAMPLE 29 28 Novenber
2006 - 66 A.vinylidene fluoride honopol yner having a wei ght- average

mol ecul ar wei ght of 417 thousand, netdyl— nethacryl ate honopol yner havi ng a
wei ght - average nol.ecul ar wei ght of 280, and y-butyrolactone were mxed in.
anount s .of - 30, 10, and 60.percent by . wei ght, respectivel'y and the

pol ymer's were dissol ved at_-a tenpefature-of IS | eqh)tner sol ution:
was di'schar gedvismyhidengs ?lBﬁFj}'gg g‘E’E“BRé’lyme ?’9 s % lurten forning .

fluid,-froma double co extru t e yre-.of 110C, and Was
sol i di- faedrageamgléébll aFa i th C%f t‘@% 5 L{Eaehé gg ﬁ

erature of C cont ai ni ng an ‘aqueous

solution of 80 percent by ht r.o @rxﬁély@& Jas drawn to
1.5 t.mtmmamhpﬁwgq“@ﬁ%eﬁau Y 2GS o % "t

o obtain a hollow fiber

menbrane. The resultin - hadk D! Emspierd cof
st ruct umeighii £ 280 | "k?él\é\:l ﬁbraner%a

an outer diameter of 1.55 mm:

and -an_inner_ dia of 0 90 xt §wé§ ghdt bre hol | ow
fiber. m3Por dife ﬁa‘gieréié% h aﬁgg]r ﬂ?{ﬁ@ fé. - S?Iﬁeﬂgth of 3,2 m and

.?CgﬁgptﬁgﬁgéﬁQSQEgagﬁﬁ rﬁséiggdﬁatﬁ ﬂeﬂéef&tﬁ?@ @@tﬁﬂoperneahus|ty
‘polymer solutlon was dlscharged w1th 100% y—butyrolactone,_i
'hractlng as a lumen formlng fluld from a. double co- extrusronr
lhead with a temperature of 110 C, and was SOlldlfled in a
0 icool bath w1th a - temperature of 28 C contalnlng an aqueous‘p
solutlon of 80 percent by weight y—butyrolactone The' |
vproduct was drawn ‘to 1.5 times in water with a temperature |
.of 80 C to obtaln a hollow flber membrane. The resultlng N
:hollow fiber membrane.had only a spherlcal structure This
.gn.hollow fiber membrane had an outer diameter of 1 55 mm and '
-an inher diameter of'O 95 mm. The external surface of the )
E‘hollow flber membrane had pores ‘with a breadth of 0. 96 um,.a
'1-length of 3 2 um, and a. mean equlvalent round dlameter of
u 1 75 um 7 The water permeablllty (condltlons dlfferentlal
éO- pressure 50 kPa, 25 C) was 0 95, n@/m@ h. The rejectlon was
| '79%. The fracture strength and the fracture elongatlon were.
h;”.;T 33 MPa and 55%, respectlvely Thus, thls hollow flber
.membrane exhlblted lnferlor rejectlon propertles. .
| qi'EXAMPLES 57 to 60 and COMPARAIIVE EXAMPLES 30 to 32

'55 . Hollow flber membranes were prepared by the follow1ng




20 pressure 5.0 kPa, 25C) was 0.95 nB8/n2 h. The rejection was ~ 79% The
fracture: strength and the fracture. elongation were a 5@6
respectively. Thus, this hollow fiber menbrane. exhrbr%QQOVW&grggW?
rejection properties. EXAMPLES 57 to 60 andt COMPARATI VE EXAMPLES 30 to 32
25 Holl ow fiber nenbranes were prepared by the. followng -- ---
--- 28 November 2006 67 method. First, hollow fiber nenbranes of ‘ .
Conparative Exanples 30 to 32 were prepared under -t he conditions shown - in
Table 7. A vinylidene fluoride hompddyner having a -weight-average: '
mol ecul ar ‘wei ght of 417 thousand was mixed wth a solvent to be dissol ved
The solution was di scharged Wwth a lumen forning fluid froma double
co-extrusion head and .solidified |n a cooI bata @?ﬁ?ﬁéf“ om1f|ber_
menbr anﬁethasl onIEyrastspﬂner]r]Ga{ f§hare am T uti-on contai ning
13 percent by weight :3 of vinylidene i.de LnDavhdgna |

vei ght - venpdes B8l douldd WRIQGMTBIEY IH% dﬁﬁe g d%?ggﬁ? by wei ght " of
ponetherne gl ycol having a merg aver VWehohty 8f 20

t housand,n M@kfder cent oy iy i ’%i]i f &n&ﬁﬁg%rand 3 per cent by -
wei ght- of water. were uniform applr d_onto synfages fixkhe hol low’
frber|ﬂmsmghuﬁavﬁr&§ﬁnﬁﬁ¥ﬁ¢ i%?é% 361?o£§§u #ﬁese hol | ow fi ber :
menbranes ‘were i nmedi-ately |nners d in X lﬁghgﬁngagoaggbnamgea5 o
per cent withwet gl eenhakerPandt SSpkY Ye@nt a#;bvrggght of ~di nethyl f or mani de to

SOlIdlf%ﬁigﬁe:c{uﬁegnforgyggeffﬁfdzgrgﬁfanaguﬁieEéBHBkﬁﬁuéiohOhﬁad

:r*and SOlldlfled in a cool bath. Each hollow fiber membrane )
u‘fhas only a spherlcal structure |
| Next, A.m1Xed solutlon contalnlng l3~percent by weight‘_.
5. of v1ny11dene fluorlde homopolymer havlng a. Welghtwaverage
tfmolecular welght of 284 thousand, 5 percent by welght of
Apolyethylene glycol hav1ng a welght -average molecular welght
of 20 thousand, 79 percent by welght of dlmethylformamlde,
"'and 3 percent by’ weight of water were unlformly applled.onto'
.5' the surfaces of the hollow fiber membranes of Comparatlye.
",Examples 30 to 32 ‘ These hollow flber membranes were
1mmed1ately 1mmersed in a mlxed solvent contalnlng 95
lpercent by welght of- water and 5 percent by welght of
dlmethylformamlde to solldlfy the solutlon These are
26‘ deflned as Examples 57 to 59
-‘ A mlxed solutlon contalnlng 9 percent by welght of
t“vrnylldene fluorlde homopolymer hav1ng a welght average
'.:molecular welght of 284 thousand, 3. 46 percent by welght of
h polyethylene glycol hav1ng a welght average molecular welght

25 of 20 thousand, 81. a4 percent by welght of dlmethylformamder )

R N




A m xed solution containing 9 percent by weight of vinylidene fluoride
honopol yner haV|ng a wei ght-average nol ecul ar wei ght of 284 thousand 3.46
percent by weight ' of pol yet hyl ene-. gl ycol havi ng a\Mﬁ%ﬁWY

mol ecul.ar wei ght 25 of 20 thousand, 81.44 percent by weight of

di met hyl f or mani de,- 28 Novenmber 2006 - 68 and 2.1 percent by weight of mater
was uniform'y applied onto the surfaces of the hollow fiber ‘menbr ane of
Conpar ative Exanple 32. ', This hollow fiber nmenbrane was then

i medi atel y-i mmersed in a m xed solve® -containing 95 percent by weight of
wat er and 5 percent by weight of dinethylformani de. The resulting nmenbrane
was defined as Exanple 60. These hol | owf i ber nenbranes each had, a'three
di mensi onal -networKk structure on the external cal

st r uct Ugied om. 1 hpeknesknbly wedght ?ﬁewPﬁﬁgkﬁE§% %ﬁé thF%gh§?%9n5|ona

network structure was 20 gm. Tabl how: s of holiow fiber -
nenbr ansstof tEraspréec8? Pé the &Hgléﬁhﬂith @%{Eﬁ ntEJies 30 to 32.. Each

exanpl e . exhi bi ted hi gher ect i rt édgyghéﬁwé@etﬁen
conparamompaenamwbeﬁxampéﬁlél7 SS%Géﬁ 4%;?&(¥% {?SSO|VIHQ Luren f or mi ng.

f|UId Read conposition bath rat- 55355351 dgnp. tenp: (T|m
. (:0 1m(n€)ilgttlalefhtlﬂm5\ﬁtd3/ollns ‘%‘g S_L{))gg%b % | sophorone 30 3.

-aratlvgeLiggg?Egp%eg%ht o%swater and 5 percent by welqht of

: dimethylformamlde."The resultlng membrane was,deflned.as‘“

3=Example 60. : |
l These hollow flber membranes each had a three—

dlmen81onal network structure on’ the external 51de and a

)l spherlcal structure on the internal 51de : The thlcknese‘of

.the three- dlmen31onal netWOrk structure was 20 um._ Table 8.

. show propertles of hollow flber membranes of Examples 57 to

40 and Comparatlve Examples 30. to 32. Each example

exhibited higher rejection. propertles than those,of tne

5 comparative examples.

Table 7 - - _ L | _ .
: . 7 i 3 cool bath . Cool | Drz
803 i i i forming fluid . Head Coo .
* Bolvent ratio of plssolving . Lumer;dhposj-tgon ) Hed]  essieser Cool | D
polymer .*:E:np}-, . e ecr |- SR P e
to C A °CY¥ I - ', 7 S e ;
© .| solvent RN I e - 2 . = { 30| 3.
T " 100 |80 wt3 Isophorone
i : . 185 .7 100 wt¥ Isophorone. . s 2l
arative Isophorone 40._60_ | 155 . i photone . oo |
mple 130 Dimethyl 30770 |~ 95 |90 wt# dimethyl sulfoxide ag|.95 | 90 wlt: f;iii:'ineei:::l e
saratlve] I C3 7 ) % di x ‘ 2 - |
mple 31. sulfoxide . T ra 2t
ut : wt% y-butyrolactone ) ) _
saratively-butyrolactone 38:62 110 100, 7-buty Lac ] % ucyroractons ag

mple 32




aq mple 30 jarative Qetfiyl 80:70 95 90 w % di |
5 90 9
y- nglpgfgy{ 8 1. sulfoxide a nple 31 sulfgiféglggthyl sulfoxide aq .95 90
y |
” 28yNoverrbgPe283662 170 100-wt % y- but yrol act one 95 bﬁéfﬁBYer’éqe6ﬁQO% mol e
Fracture. Rej ecti on ngeTﬁglfoalﬁuLer-dlnner External -\Water Fracture
- { | ber di anmeter dianet
?ﬁéyﬁgﬁgg'fy strength el ongation property nenbrane ?Lnfuzﬁfﬁ? pgfg
i el (1) it vg 8980 8 ob ot Sl 0 558 7
- . 32-0.9%5 99, nple 58 1.99 1. |
Fﬁagg'gbﬁéaraFPbg 594gbgpggaglgg 153 0.. .85 0.05 0.60- 12. 79°: 8291939 Ex
12.79 189 99. A
arative 10.97 54 39 p 1.40 0.90 7.1 1.90. anl'e 30 78 gngéegg S i va

1.95 1. 55 2. Bablgss i parative:.
Base hollow] - Quter - I;mer External Water Fracture Fracture |Rejection
- fiber  |diameter diameter|surface pore permeab;.ln.ty strength]elongation property
. membrane {1om) (mn} | size (pm) {(w/m’-h-50 kPa) (MPa) (%) (%)
|Comparative : i ’ ‘ . o -
mpl.el 57 Example 30 i.44 ‘ 0.90 ) 0_17 . 0 82 i 9.98 54 _ _ 2 e
- lcomparative ‘ - : 1 - - -
unple 58 Example 31 1.99 ..1.55 :  0.05 1_,19 - .4.25 - 7 32 : . 9_9
mple 59 Comparativel g3 | 0.85 - 0.05 |, ~©.e0 . | 12.79-3. 189 .99
"~ | Example 32 . ] . e E ]
Comparative — . o . : . ‘ . o
smple 60 | o oinle 32 1.45 | 0.88 | 0.03. o 03 129 | . 188 - 99 .
parative - 1.40 690 | . 7.1 | - 1.0 ]| 10.97 ©os4 ) 30
ample 30 e ] e o L : 1 - ; T
parativel 1 105 | 165 | 2.0 205 | 4.7 32 .| 78
ample 31 : . . ] .
parative - {1.45. | 0.85 2.3 . ~1.85 | 15.00 189 |- 15 -
ample 32 . : : B ‘ ) . : S

EXAMPLES 61 to 63

Hollow fiber membranes were prepared'in”the same mannert_
.5,"as in Example 26 except that dlmethylformamlde was - repiaced ?
1*w1th the solvents shown in Table 9. The resultlng hollow -
":flber membranes are . deflned as Examples 61 to 63. Each of
V'ﬁthese hollow-flber membranes had a three—dlmen51onal network
‘:structure on the external 31de and a spherlcal structure ont 1
.;di the - 1nternal 51de. The thlckness of the ‘three- dlmen51onal
hc_network structure was - 20 pm Table 9 show propertles of
';hollow flber membranes of Examples 61 to 63. Each example
"t ‘exhlblted excellent water permeablllty,-rejectlon propertles,Av
”-strength_ and elongatlon | L | o

15




amle 31 aparative 1 . g5 0.85 2:3 1.85 15.00 189 75 amle 32 EXAWPLES 61
to 63 Holl ow fi ber- menbranes were prepared in the sane ner
Exanpl e 26 except that dimethylformam de was repl aced- &?ﬂﬂv?ngggéyents
shown in Table 9. The resulting hollow fiber nenbranes are defined as
Exanples 61 to 63. Each of these hollow fiber nenbranes had a -

t hree- di nensi onal network structure on the external side and a spherical
structure on-0.the internal side. The t hi ckness of the three- di mensi onal
network structure was 20 m. Table 9 w properties of hollow fiber
menbranes.. of Exanples 61 to 63. Each exanple exhibited excellent water
perneability, rejection properties, strength, and elongation. 15 28
Novermber 2006 - .70.. Table 9 CQuter [|nner External ,., Water -Fracture -
Fracture Rejeati®io dlaneter di aneter surface pore perneabllltv crrpnnfh _

c§ [lm

el ongatHempPEPERTY nmﬂmmwtem@ﬂrmnﬂﬁwmwﬁ “1%

EjE 1.56/ 0'..95 0.05 . |diabGer}@afgeotgyiicogmres ‘;ﬁggsé “g & i

18997 96| e 63 1.56 0.b5tminy =92 12+=g%‘;*f29 _m.vggt: v 11@ene 98

f | uord ge| Hearbpetafaree habifig la ‘s ght ver-afe ..Lil gctitar yp,ggr )TN TR

t housa2l waeﬂﬁi§gg;mﬁ1hlj@, Hﬁu%yrolact one ht a ratio ¢f 38 fo 62 perlcent

by welgbtr sulfoxide| 1.56 | 0.95 | . 0.07 I NEELE .. 26
EXBMPLE - 64 -

A v1nylldene fluorlde homopolymer hav1ng a we1ght~

l 'average molecular welght of 417 thousand ‘was mlxed w1th v
'butyrolactone at a rat1o of 38 to 62 percent by welght,

- respectlvely, and was dlssolved at a temperature of 150 C:_f
;:Thls polymer solutlon is referred to as A. -In addltlon to A,
i13 percent by welght of v1nylldene fluorlde homopolymer“

0 having a welght averaqe molecular welght of 284, thousand andr
| 5 percent by welght of polyethylene glycol having a weight-.
average molecular welght of 20" thousand were mixed. with 82
:'percent by welght of dlmethylformamlde, acting as a solvent,r"
' and were dlssolved at 150 C. ThlS polymer solutlon is.
.S'Jreferred to as polymer B Polymer solutlons A and B were

.h dlscharged frOm a double co- extru51on head w1th a . |

temperature of 110 c.. An aqueous solutlon of 85 percent by

':'welght y—butyrolactone w1th a temperature of- 6 C and water o
:Iw1th a temperature of 20 C were respectlvely sprayed toi

20 | polymer solutlons A.and B to SOlldlfy ‘the polymers The .

“-resultlng flat membrane had a thlckness of 0. 175 1)1 Onelf




respectively, and was di ssol ved ‘at” a tenperature. of 150C. - This pol yrer
solution is referred to as A In.addition to A . 13 perCent by. wei ht of
V|nyI|dene fl uori de honopol yner 0 having a wei ght - averaﬁeN frenakey 2890 wei ght
of 284.thousand and 5 percent by weight of polyethylene glycol havi ng a
wei ght.- average nol ecul-ar weight of 20 thousand were mxed. with 82 .
percent by wei ght of. dinmethylformani de, acting as a; solvent, and were
di ssol ved at- 150. C. This polymer solution is .5 referred to as polyner B.
Pol ymer solutions A and B were di schét ged froma doubl e co-extrusion head.
wi.th a tenperature of 110C.. An aqueous solution of 85 percent by weight.
y-butyrolactone-with a tenperature of 6C and water with a tenperature of.

S e e o Sy F SShddpnsliAgrd Blto Bol i dify:
t he polyﬁéﬁsOme§e|§§ﬁH rﬁé;ﬁl%t:%%ﬁ¥¥éﬁga S IpE A

rane 'had a thickness of 0.175 mm One

28 Novenber 2006 - de-_of. ld 410 f hat tumntraheche ovleepondi ng’
to the Bldﬁtﬁﬁquﬁjﬁpﬁﬁﬁeﬂg Jﬁ%ﬁﬁha network-structure-and -t hé ot her ‘

' si de corresponding to.the e SPAET A Caphef Tarck Lserudience; it has:
been sh@ﬁ@Qtﬁﬁr??é£?W9t§9 nen3|on2€lnetmork structure and- the spheri cal

structure coexi st rén tzgh@ftﬁheetﬁﬂmnnshemn$l@mbﬁoﬁ t wor k
st ruct uFeely 1+ %Oh‘?ﬁ:kﬁ%elﬁﬂ%hon"grgn d?ameter of the spheri.cal structure was

4.10 m ‘The surface of SifleaDagdt parearuvi tbeaisean Thoreeapze of 0.06
m The\ﬁﬁﬁﬁc %ﬁ%e%%&l?% §550 kPa and 25C was 0. 25 n8/n2h. The. rej ecti.on

str eESI ?é&é%és{‘%%' Prac aféﬁ%%%tgz‘??%ﬁlﬁi‘fg g racture
1. .60 pm and the mean dlameter of the spherlcal structure was
“'V4 10 um The surface of the B side had pores w1th a mean :”~
pore size of 0.06 um The water permeablllty at 50 kPa and -
) 525°C was 0 25 nﬁ/n@-h | The rejectlon for partlcles hav1ng a
\partlcle size of 0. 843 nm was 98%. The fracture strength
and the fracture elongatlon were 7 5 MPa and 40%,
-respectlvely-' Thus, the flat membrane had a dense surface
and exhlblted excellent water permeablllty, rejectlon
5 propertles, strength, and elongatlon
‘.f EXAMPLE 65 o o
Usrng the same polymer solutlons A.and B as in Exampleitlf
. 64, B and A were respectlvely dlscharged from the external |
1.fp1pe and the mlddle plpe of a trlple co- extrusron head whlle.'
éb':'an aqueous solutlon of 85 percent by welght y—butyrolactone,r
‘actlng as a lumen formlng fluld, was dlscharged from the _j
--1nternal pipe. ; The dlscharged materlals were Solldlfled 1n
:‘water w1th a temperature of 6 C The resultlng hollow flber
h}membrane had an outer dlameter of-.1. 56 mm and -an lnner

ZSdelameter of;0-95 . The area around the external surface -




respectively: Thus, the flat nenbrane had a dense surface and.exhibited
excel l'ent water perneablllty ‘rejection 5 properties, n

el ongation.. EXAWMPLE 65 - ' Using the same pol yner solutﬁ%%g %?aﬁﬁgﬂ%bs in
Exanpl e .64, B and A were. respectively. discharged from the external pipe
and the mi-ddl e pi pé of a- trlple co-extrusion, head while 20 an aqueous

sol ution of 85 percent by weight y-butyrolactone, acting as a |unen
formng:. fluid, was di scharged fromthe internal pipe. The discharged
material.s were solidified in wat er_wyp h_a tenperature of.6C The resulting
hol | ow fi-ber nenbrane had an outer dianeter of..1.56 nmand an inner 25

di ameter’ of.0.95 mm The area around the external surface 28 Novenber 2006

72 . .had a three-di mensi onal network -structure and.t} e area_ around ‘t-he-

|nternahaﬁunfameehmmumenﬂuﬂnaiﬂnQﬁWQR#Lﬁ%ﬁucl%ﬁ%ean@t %saﬁﬁﬁn shomn that
t he t hree-dinmensi onal network structure and- t

spher i Calrosindudiher dnicomalstsurfiacerdiaa eo'é@%ﬁ%%fS‘Eﬁ‘éCFHFEe di mensi onal

network ‘structure was - 1.60 pm and the mean dianeter of thﬁ ﬁ@@%&&§3|
Cstruct uHenwas 4 Magpheahehodrerihat St atRr fEgiHBFRELAIER BSNERA por e,

size af . 0.04 pm The water perneabjility at 50 kPa_and 27 nB/th
The rej exdtrivart s qnﬁtﬁhﬁeﬁPhﬁﬁA?ﬂﬂzﬁt%éﬁttttecg?§ésgf Eﬁigﬁ%ﬁﬁ was. 99% .

The fracture strength and the fracture atio 7 a.and . -
189% -  rpesyeectiaselqL tﬂ?ﬁjsth‘{%“q%’ci??‘&%‘??%ie gng%ksgtaggeﬁsgp surface ‘7

2??eﬁgPh?uéﬁgugﬁgﬁgéﬁﬂéﬁngﬁﬁqalﬁﬁr”S?bé% the spﬁéﬁithinsEEBE%h&@E%as

4 10 um The external surface had pores with a mean pOTE .
‘.251ze of 0. 04 pm. The water permeablllty at 50 kpa and 25 c’
,was 1. 27 nﬁ/m@ h The rejectlon for partrcles_hav1ng a:' |

l-.partlcle 31ze of 0. 843 pum_ was 99%. ,uThe fracture,strength“

K and -the fracture elongatlon were 12 79 MPa and 189%,.

- respectlvely Thus, the hollow fiber membrane had a dense
'vsurface and exhlblted excellent water permeablllty,

o rejectlon propertles, strength, and elongatlon.

'Industrlal Appllcablllty - |
The porous membrane of- the present 1nventlon has a hlgh‘
istrength and excellent water permeablllty and re]ectlon‘flh
| propertles Accordlng to the method for manufacturlng the
Ed:“porous membrane of the present 1nventlon, a porous membrane'
l‘can be manufactured through reduced number of steps at a low"‘
| cost,r u51ng a hlghly chemlcal re31stant thermoplastlc re51n.
o The resultlng porous membrane can exhlblt a hlgh strength

3 and excellent water permeablllty and- rejectlon propertles

25 :The porous membrane of the present 1nventlon is sultably




5 Industrial “Applicability The porous nenbrane of.the. present invention has
a high strength and excellent water perneability. and:-regjgctiqgn -
properties. -According to, the nethod for nanufacturing_ﬁ%@ogﬁaﬁ%ggﬁ%"
menbrane of the present invention, .a porous.: nenbrane can be A
manuf actured through reduced nunber of steps at a:low cost, using a highly
chemical -resi stant thernoplastic resin, The resulting porous, nenbrane can
exhibit a high strength and excellent water perneability and rejection
properties. 25 The- . porous nenbrane @B the present invention is suitably 28
Novenber 2006 73 wused for water. treatnment, battery separators; charged
menbr anes; fuel cells, and blood purifi.cati.on nenbranes. 28 Novenber 2006
74 CLAIMS 1. A porous, menpran i o rhibee; dchemsgiednal - net wor k
structul%ﬁ@wﬁ?%i%&FEEiE%?QET?%gtB@%ﬁeg?QA%%g§0usne&bﬁahe according to: . -
Claim1, wherein the _:nean_pore,si f fibaedoti memdbiremss .net wor k
struct urebBaneFy th e}aﬁﬁgﬂﬁf égﬁiﬁ?§8358h%? 3. A porous. menbrane-according
to daim1, wherein the nmean dianmeter of the spherical structure-is in the
range of'. 0.1 mto 10 m 4. A porous nenbrane according.to claim1l, wherein
the three-dinensional network structure and the spherical structure are"
| ayered on each other." T S R




5. A porous nenbrane according to, Claim4, wherein one 5 surface si de

t hereof has the three-dinensional network . structure a the 3 urface
side has the spherical structure. 6.A porous ienbrane EN?F @%ﬁCiaim
1, wherein at |east one surface thereof has a nean pore size of 0.5 mor
?0 less. 7.. A porous menbrane according to aim1, conprising a :
thernopl astic resin. 8. A porous nmenbrane according to Claim1, wherein the
spherical . structure conprises the. thernoplastic resin.. 25 9. A porous -
menbr ane according to .Clainv.or 8, <4 -28 Novenber 2006 75 thernopl astic
resin is a resin selected fromthe group’ consisting of polyethylene
resins, polypropyl ene resins, and polyvinylidene fluoride resins. 10." A’

porous nenbrane according to Clalmé%ﬁ§$§reln the porous: nenbrane has a
wat er . perneablllty in the range of to 10 nB/ n2h at 50 kPa and 25C, a
rejection of 90% or nore . for particles with.a particle size of 0.843 }an
a fracture strength of 2 NPa or nore, "and a fracture elongation- of 15%

nore. 11. A porous’ me ne..mo LRI BOtRreerQuaenBbnabe  as set
~forth in. k!aﬁmPP?B?slﬁgéh qn%g%%§g§$g€6apparatus conprising: a porous -

menbr ane ‘modul e as set fort ] SELEaNps ession. nmeans at a raw
wat er - sREEWEE tﬁ@r TS, aﬁbnbraﬁ%ﬁ%%E ule or 5 suction neans at a perneate

side of. the p°ﬁ§9§o£§”ﬁ£££¥%ne according to Clalm 1, wherein the

'erean bore size of the three- dlmen51onal network structure 1s
in the range of 5 nm to 50 pm. |
| 3.' A porous membrane accordlng to Clalm 1, wherein the
fmean-diameter of the spherlcal structure 1s in the range of
) 0.1 i to 10 pm. | |
| '4.‘ A.porous membrane accordlng to Clalm,l, wherein the
three‘dlmenSLOnal network structure and the spherlcal
: structure are layered on each other |
5.‘ A porous nembrane accordlng to Claim 4, wherein one
5 : surface side thereof has the three dlmen81onal network
structure and the other surface 51de has the spherlcal
.:_structure.' |
‘h'. 6L A.porous membrane accordlng to Clalm 1,_where1n at
:'ieast one.surface thereof has a. mean pore 51ze of 0 5 um or
EOTJless | |
- f A porous membrane accordlng to Clalm 1, comprising-aj
thermoplastlc ‘resin.
8. A porous membrane accordlng ‘to. Clarm 1,‘where1n the
spherlcal structure comprlses the thermoplastlc resrn.

'éS‘ - 9. A porous membrane accordlng to Clalm 7 or. 8 the




modul e. 13. A nethod for producing perneate fromraw.water using an water
separatlon apparatus as set forth.in Claim12. 14 A ba S _
conprising a porous nenbrane as 7?0 set forth in Cla|n1 §§%% ‘ﬁgghgﬁged '
menbr ane conprising a porous nenbrane as set forth in Caim1.. 16. A fuel
cell conprising a porous nenbrane-as set forth in Caiml. 25 17. A bl ood
purification menmbrane conprising. a porous 28 Novenber 2006. - 76 menbr ane
as set forth in-Claim1 18. A nethod for nmanufacturing a porous nenbrane
having both a three-dinensional netwbtK structure and a spherical -
structure, the nmethod conprising the steps of: dissolving a t her nopl astic
resin ina solvent; . and discharging the resin- solution..froman extru5|on

head in L0 i-auiid @ Sqlelstileﬁélf@:ﬂeeslﬂrcmnlthemommereby
prodUC|ﬁ§ Fﬁgggéfggg'&ggngranea'mhereln different conpositions of"the.

cool'i ng Be Al i SRSs qfelmdmc}eemwmn@heaneorous
nenbrangogﬁggkge othe sﬁ??aég'SIde 19. 'A met hod ‘f-or menuf acturing a

porous gﬁﬁg 1f@€H§“¥ﬂﬂ%ﬂ¥aé3ﬁﬁ§mﬂéi ‘wherein the resin sol ution prepared
by di ss ng. he thernoplastic' resin.in the solvent is sinultaneously

di schargeq gwi t B & d RN rictdiaig: fd¢taicd o &o SChisub| b cebexeibsEBR head
into the coollng 't quid to be "solidified, thereby produci ng the’ BOious

Tembr ango; etk shiseite s cookdiner bexpueabil 4y dimasha BRPer At

conposi ti on from

| ‘to’' 10 n@/m? -h at 50 kPa and 25° C,ra rejectlon of 90% or more
amfor partlcles w1th a’ partlcle gize of 0.843 um, a fracture

'strength of 2 MPa or more,'and a fracture elongatlon of 15%

' or more

Y‘.:-ll. A.porous membrane module comprlslng a porous membrane
as set forth ln Clalm 1. : ) : o N | -

12. A.water separatlon apparatus comprlslng. a porous
.hzmembrane module as set forth in Clalm ll and compre5510n

means alt a raw’ water 51de of the porous membrane module or
5e:suction'means'at a permeate side.of'the porous membrane‘
:Ampdule | | |
-13; A.method for produ01ng permeate from raw water u51ng |
ﬁ’an water separatlon apparatus as set forth in Clalm 12
| ,14; A.battery separator comprrsrng a porous membrane as
Zﬁ;f set forth in Clalm 1.
o : 152 A.charged membrane compr1s1ng a porous membrane as
| set forth 1n Claim 1. '

‘ 16 A.fuel cell comprlslng a porous membrane as - set forth

31n Claim 1.

-2$'a‘ 17. blood purlflcatlon membrane comprlslng a porous.”_a;




that of the lumen forming fluid: 20. A method f ‘ I |
menbr ane_having. a0 both a t hr ee- di-nensi onal - ng{mgaﬂugactughpg i porous
fﬁhg;lgahensrrucfure thE net hod conprising the step of£$§$H?W5ﬂgﬁ@9

- di si.onal ‘net wor structure on at |east one
menbrane having the spherlcal structure. 21. A neth03u¥gfcﬁan8;agt5?rgusa
porous nenbrane 25 according to € aim 20, wherein a resin solution is ]
appl i ed. 28 Novenber 2006 77 onto at |east one surface of the porous
menmbr ane having the  spherical structifre; followed by imersing in a
SO|IdIfICatI0n liquid, thereby forning the three-dimensional network
structure.. 22.- A nethodfor nnnufacturlng a por.ous nenbrane.havi ng both a

t hr ee- dlne si onal net q{
1€ And .a spherical structure, ‘th
conpri sFf FﬁBesﬁgpge . nul aneouéry di scharging ‘a resin solutrgnn?éPOd

form ng:tlﬁg ﬁemegior&erk%roq@ rélclscblf@ugmdeﬁbrsﬁenhautugl on. for

to dai reS|n solutlon for .f

_ orm ng -t he thr ee- dlnen3|onal

gfﬁnggﬁﬁ fry %w%, éa w4 i ee f otepor ofngdikeod phagi aal _
si'mul aneous y dlscharged with a lunen:forming fluid froma

;g'ple‘%hé?ﬁ&ﬁfﬂét&é“¥eelﬁﬁaﬂCawabt»eﬁbi|ﬂma|dascbargzagN@henﬁeﬁlgooa )
:;Asolutlon from an extru51on head 1nto a coollng 11qu1d to . |
:*'solldlfy the re31n solutlon, thereby produc1ng the porous
':Lmembrane, whereln dlfferent comp031tlons of the coollng
‘; llquld are respectlvely uses for one surface side of the
i‘-porous membrane and the other surface 51de

19. A.method for manufacturlng ‘2 porous membrane
accordrng to Clalm 18, whereln the. resin solutlon prepared :
'_ by dlssolv1ng the thermoplastlc re51n 1n the solvent lS
."51multaneously dlscharged w1th a lumen formlng fluld from a
5 double co- extru31on head 1nto the cooling llquld to be |
'f:’solldlfled, thereby produ01ng the porous membrane, and -
'u_whereln the coollng llquld has a- dlfferent comp051t10n from e:"
‘that of the 1umen formlng fluld. |
"2720. A.method for manufacturlng a porous membrane havlng
éOh both a three dlmen51onal network structure and a spherlcal
-Astructure, the method comprlslng the step of formlng the :'
hree dlmen51onal network structure on at least one surface'
‘of a porous membrane hav1ng the spherlcal structure
'21 A method for manufacturlng a porous membrane

tQS-_accordlng to,Clalmazor whereln a resrn solutron 1s applled :




ABSTRACT The obj ect of the present.inventi i st id -
me on is-to-provide a '
nbrane having. a high strength and excell ent water i abi porous

Lejﬁct]on properties. The porous menbrane of the prese%?ﬁPwv@ﬁ?¥8ﬁ?has
oth a three-di nensi'onal network structure and aspherical structure. The

porous nenbrane of the present invention. is suitably used for water -

treat.ment nenbranes, battery separators, ch
S ' arged - nenbran : - .
bl ood .purification menbranes, and the,}ike. : es_ ) fuel cells,

:‘onto-at”least one Surfacehorfthe porous"nembrané*having the -
'fspherlcal structure, followed by 1mmer51nq in a B
:solldlflcatlon lquld, thereby formlng the three dlmen51onal .;

= network structure | |

22. A.method for manufacturlng a porous membrane hav1ng
‘”:both a three~d1mensronal network structure and a spherlcal
tstructure, the method compr151ng the steps of
JLf31multaneously dlscharglng a resin’ solutlon for formlng ther
i'_three dlmen51ona1 network structure and a re51n solutlon for
)f-formlng the spherlcal structure from an extrusron head,
followed by SOlldlflCatlon ‘
: 23.: A.method for. manufacturlng a porous membrane
faccordlng to Clalm 22, whereln the re51n solutlon for
formlng the - three- dlmenSLOnal network structure and the
5 ‘.re51n solutlon for formlng the spherlcal structure are
‘d31multaneously dlscharged with a 1umen formlng flUld from a -

E trlple co extrusron ‘head, followed by SOlldlflcathD.f
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ABSTRACT

B The object of the present rnventlon is to prov1de a--°
'{porous membrane hav1ng a hlgh strength and excellent water
”'permeablllty and rejectlon propertles The porous membrane‘z
”nof the present 1nvent10n has both a three dlmensronal
'u‘network structure and a Spherlcal strueture | The porous
membrane of the present 1nVent10n is sultably used for water
treatment membranes, battery separators, ‘charged membranes,

fuel cells, blood purlflcatlon membranes, andethe'lrket_




