DESCRI PTION Title of Inventi on DEFORVED POROUS HOLLOW FI BER MEMBRANE,
PRODUCTI ON .METHOD OF DEFORMED PCROUS HOLLOW 5 FI BER MEMBRANE, AND MODULE,
FI LTRATI ON DEVI CE, AND WATER TREATMENT METHOD | N WHI CH DEFORMED POROUS
HOLLOW FI BER MEMBRANE | S USED Techni cal Fiel.d [0001] The present invention
relates to a defornmed porous hollow fiber 10 nenbrane, a production nethod
of the deforned porous hollow fiber nenbrane, and a nodule, a filtration

device, and a water treatnent net ' | he deformed porous hol | ow
fiber nmenbrane is used. The preseiﬁgsmiﬁl\ipecifically relates to a

def or med por,?,uti hg;l ow f.i ber membrane having asperities on the periphery
and a productfoh ot 1BVER HBd thereof, a module and a filtration device in

L, e SRS AR ORI Y RS ©
2000002] ﬁs?@ﬁmﬁiéﬁ RO F PR QRMERT GRS JEEAOWT ~*
rocovt Pi%?“ﬂ%@f"%@% Mw ?%%@O%EIPW@E%@PS““ "

ul trapure waWe

enzynes, steri Itr ‘{% i"on and ari H%W&rn@r@gﬁ on (PR(?"’@ and

25t r eat ment HfOEtW P‘PBERBWA}@EQS%SEE‘QG- In particular, porous

Technical Field
[0001] The present invention relates to a deformed porous hollow fiber

10 membrane, a production method of the deformed porous hollow fiber
membrane, and a module, a filtration device, and a water treatment
method in which the deformed porous hollow fiber membrane is used.
.The present invention specifically relates to a deformed porous hollow
fiber membrane having asperities on the periphery and a production

15 method thereof, a module and a filtration device in which the deformed
porous hollow fiber membrane is used, and a method of treating water
containing an inorganic substance and/or an organic substance using the
deformed porous hollow fiber membrane.
Baékground Art

20 [0002] In recent years, porous membranes such as ultrafiltration
membranes and micro-filtration membranes are used in various fields
such as recovery of electrodeposition paint, removal of microparticles
from ultrapure water, production of pyrogen-free water, concentration of
enzymes, sterile filtration and clarification of fermentation liquid, and

25 treatment of clean water, sewage, and drainage. In particular, porous

hollow fiber membranes have high packing density per unit volume of



hol | ow fi ber menbranes have hi gh packing density per unit volune of the
menbrane and make it possible to mniaturize a treatnent device, thereby
being widely used. [0003] In the case of filtrating various fluid to be
treated using porous hollow fiber nmenbranes, there is a serious problem
that adsorption, 5 blockage, or deposition of a part of inorganic

subst ances and/ or organi c substances that are contained in the fluid to be
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surface, so-called fouling, decreases the water perneability perforfance.

[0004] As a ﬂm}g&db@ﬁl%c%élylﬁgeag such a fouling phenonenon, a 10 physi cal
washi ng nmet hod (so-called afr scrubbing) to introduce air into a receptacle

of hol | ow fi fggy03TeRpiiRNessd of \ilkaah x}drmusdﬂh&sit@%etﬁeat@aqmﬁggjcﬁow as to
remove mcroparticles adhering to the surfaces of the hollow Tiber

merbranes i sh@ile® Gived menitrhaes, PRe&NBNE skrioWet pesBl¥ni Thatt Rdssipsiong type

nodul es as described in Patent Docunent 1 but also 15 for, for exanpl e,

non- cgsi ng thleekageer depositivpe)f apdet eirtorgheicofuitswantes hnidioVBigdnic
menbrane bi oreactor) and the |like, a nethod of controlling fouling by

i ntroduci ng @ilbistdrcey thae abocbamingd ihehodtiideto be gmatedocyutrigd indiduever ,
this nethod has a problemthat, although it is possible to effectively

i nhi bit foul fheg safalt heembrhnanpsresaor 26n ptienanembrand $uréacep ndw-salled comi ng
into contact with each other to block small pores on the nmenbrane outer

surface, so-fmilirey decresdses iy watenpsrmenllbve perfoamances a result, the water
perneability perfornmance of the menbranes decreases in a long-term
operation. [0G0JoAs FTonmmthadcef tdomtafliingt sutht i fording grenbennn, aa
menbrane with a 25creative shape is also disclosed. In Patent Docunent 2, a
membi@ne i s physicebwashimguniethod(do-calléd berssrabking) éoiinedduie air into a
serpenti ne-shaped crinps so as to inhibit a decrease in treatnent
per f or mance rassptadlegof rieollow fiber f Mesnkranssi ty vibratec biquadtingideh thach
other to | ower the nenbrane surface area and fromretention of fluid.
receptacle so as to remove microparticles adhering to the surfaces of the
hollow fiber membranes is disclosed in Patent Document 1. Not only
for the casing type modules as described in Patent Document 1 but also
15 for, for example, non-casing type (immersion type) modules to be often
used in MBR (a membrane bioreactor) and the like, a method of
controlling fouling by introducing air from the bottom of the module is
generally used. However, this method has a problem that, although it
is possible to effectively inhibit fouling of the membranes, a
20 phenomenon of the membranes coming into contact with each other to
block small pores on the membrane outer surface, so-called “fretting”,
tends to develop and, as a result, the water permeability performance of
the membranes decreases in a long-term operation.
[0005] To enhance the effect of this air scrubbing, a membrane with a
25 creative shape is also disclosed. In Patent Document 2, a membrane is

disclosed in which hollow fibers are provided with serpentine-shaped



[0006] In Patent Docunment 3, a nenbrane is disclosed in which mnute
protrusions are provided at a part of the peripheries of the hollow fiber
menbranes so as to enhance the effect of air scrubbing. In Patent Docunent
4, a menbrane of the sane shape as that in Patent Docunent 3 to be used in
dialysis is disclosed. Disclosure of the Invention 10[ 0007] Patent Docunent
1: Japanese Patent Application Laid-Open Publication No. Sho-60-19002

Pat ent Docungiinpd’ sd aRafe $EhiBHt aNdedBiMd ttidimenlt héphsimMvdY keiliinp No.
Sho-57-194007 Pat ent Docunent 3: International Publication

No. WO 152008682 Hiflow fiberSa¢@ninddftoreshtatt Withos®de obadretd 14wet ithat i on
Lai d- Open Publication No. Sho-58-169510 Sunmary of Invention Techni cal

Probl em 20[ OR@hbrH@eaxefacel dreg anddroMerct@itibit bafluad. enough ef fect can be
obtained with the nenbranes di sclosed in Patent Docunents 2 to 4 in terns

of i nprovenef(006] IhPatht écurheni B, efehbidig Brdistlokediit iveltichfmimaet i ng.
[0009] Wth the shape disclosed in Patent Docunent 2, it is inpossible to

contr§l flowpadtrudians drd brovidedudt 4 bartneihticaperipherfies of tke hodlova fitler i mp
interval in the longitudinal direction of hollow fibers is as long as a few
mllineters tmendorames s asiid ienbbrcs thodeffest af rads WerubbimgunihoPatent
Document 4, a membrane of the same shape as that in Patent Document
3 to be used in dialysis is disclosed.
Disclosure of the Invention
10 [0007] Patent Document 1: Japanese Patent Application Laid-Open
Publication No. Sho-60-19002
Patent Document 2: Japanese Patent Application Laid-Open
Publication No. Sho-57-194007
Patent Document 3: International Publication No. WO
15 2008/62788
Patent Document 4: Japanese Patent Application Laid-Open
Publication No. Sho-58-169510
Summary of Invention
Technical Problem
20 [0008] However, it cannot be said that an enough effect can be obtained
with the membranes disclosed in Patent Documents 2 to 4 in terms of
improvement in the effect of air scrubbing and inhibition of fretting.
[0009] With the shape disclosed in Patent Document 2, it is impossible
to control flow of liquid throughout the membrane surface because a
25 crimp interval in the longitudinal direction of hollow fibers is as long as

a few millimeters to dozens of millimeters and, as a result, nonuniform



fouling occurs, whereby it is inpossible to obtain an enough effect.
Furthernore, the angle of the nenbranes conming into contact with each ot her
may change, or the menbranes may be bent to cone into contact with each

ot her due to air scrubbing, and thus, the effect of inhibiting 5fretting is
small, and it is inpossible to inhibit a decrease in water perneability
performance adequately. [0010] The nenbrane disclosed in Patent Docunent 3

has protrusi Motal | e ' [ e
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be i nhibited adequatel’y. [0011] In addition to these problens, in the case

of non-casi ngtﬁdﬁﬁayidﬂmg_éj @ﬁtﬁe'ﬁfémmwsqﬁa{(dfevbw © comRULRRdntatal so a
probl em As for hydrophobic nenbranes, when they are dry, water does not

pass 15 throuthehdle othi@l Hueabeasir 4ohestsingl ahd ahesstie effecepplihkibitiapd
therefore hydrophilization treatnent with liquid of | ow surface tension

(ethagol , fofregtkegmibkesmil, raduitr 8dimidesbibéeaopinddbitt 8 duceeadd ém whtred and
shipped in a state in which they are inpregnated with noisturizing fluid
such as gl ycpeaheability perfoamiaact adeqaately. be ready to filtrate at |ow
[0010] The membrane disclosed in Patent Document 3 has protrusions
only at a part of the circumferences constituting the peripheries of the
hollow fiber membranes, and thus, the effect of improving its
10 performance on actual liquid is small and fretting cannot be inhibited
adequately.
[0011] In addition to these problems, in the case of non-casing type
(immersion type) modules, drying of membranes is also a problem. As
for hydrophobic membranes, when they are dry, water does not pass
15 through the small pores unless high pressure is applied, and therefore
hydrophilization treatment with liquid of low surface tension (ethanol,
for example) is required. Membrane products are often stored and
shipped in a state in which they are impregnated with moisturizing fluid
such as glycerol or a surfactant so as to be ready to filtrate at low
20 filtration pressure without requiring hydrophilization treatment carried
out before use. However, if it takes a long time to take the membrane
module out of a bag and install it to a filtration facility before starting
filtration (in particular in the case of a large facility), the membranes
may dry. It is impossible to use dried parts of the membranes for
25 filtration, and therefore there have been occasions in which efficient use

of the entire membranes in practical use was not achieved. As for the



20 filtration pressure w thout requiring hydrophilization treatnent carried
out before use. However, if it takes a long tine to take the nenbrane
nodul e out of a bag and install it to a filtration facility before starting
filtration (in particular in the case of a large facility), the nmenbranes
may dry. It is inpossible to use dried parts of the nmenbranes for
25filtration, and therefore there have been occasions in which efficient

use of the | r the
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to produce the effect of holding noisturizi and t he nenbrane
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t he circunf erences has protrusions Thus, a porous hoflow fi ber

nenbr ane havioninibranet ®&iscEbetdEabPitchy IR frRenBB dRisolittRCéfadt béciwisd, hi gh
fretting resistance, and further drying resistance has not yet been

obt ai ged. [O a pafr ethersitcurhferentessiadyrdthesiongsent invention is to
provide a 10 defornmed porous hollow fiber nmenbrane that is suitable for

treatment of |iqui m*hugntaalpumgs aholloar ditserc rﬁ@thbrmeheanﬂ%ohlg&ﬂ wagni ¢
subst ance, is obtai ned at | ow cost, has high water per meabi lity

per f or mance, exmﬂezibmﬁjn@terfmmanmrmadtdaiéiqmdgh@s %eesmthrﬂeyhnd
resi stance, a production nethod of the deformed porous hollow fiber

menbrane, anfurilser deydug eesistahce hagtiodiyetlbeen @bt@indda wat er treat ment met hod
I n which the deforned porous hollow fiber nenbrane is used. Solution to
Probl em [ 001F)0 e Appesidem tonbersobved byvthe mesentninvestion isdegaovide a sol ve
10 deformed porous hollow fiber membrane that is suitable for treatment of
liquid containing an inorganic substance and/or an organic substance, is
obtained at low cost, has high water permeability performance, and
further has improved fretting resistance and drying resistance, a
production method of the deformed porous hollow fiber membrane, and
15 a module, a filtration device, and a water treatment method in which the
deformed porous hollow fiber membrane is used.
Solution to Problem
[0013] The present inventors have made intensive research to solve
these problems and, as a result, found that it is crucial for a porous
20 hollow fiber membrane composed of a thermoplastic resin to have
continuous asperities on the periphery in the longitudinal direction of
the membrane and to have a shape including a continuous projected and
depressed parts on the periphery of the hollow fiber membrane in order
to improve the water permeability performance on actual liquid, the
25 fretting resistance, and the drying resistance. Thus, they have now

completed the present invention.



t hese problens and, as a result, found that it is crucial for a porous 20
hol | ow fi ber nmenbrane conposed of a thernoplastic resin to have conti nuous
asperities on the periphery in the longitudinal direction of the nenbrane
and to have a shape including a continuous projected and depressed parts on
t he periphery of the hollow fiber nmenbrane in order to inprove the water
perneability performance on actual liquid, the 25fretting resistance, and

t he drying r@m’rﬁﬂag%?ﬂrdmgggé%?weg&\( @%&pfg)é ﬂwwe present invention.

[ 0014] Accor |nven ifon 1S as (1) A deforned
Gont i nuous. a0 e'r.b?y er%ﬁ%Zﬁggﬁ%ﬁ%‘%ﬁﬁa@E@onﬁé 4 Bl ect on
"nl udes contiemsple %@EO?Q%PQ AR gD 2 ConBuble AP PIRRTRINERD  ous
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fromthe cenP | ber e ranetothetopo

projested p faén?H@?x B ik HoMore fie@Mhfbradl iACRIdRE Xntidif te@! | ow
fi ber nmenbra he bottom of the depressed part is snorter than t he
center-to-cegh@de f@gg@ f the porous hollow fiber menmbranes adjacent to

each other, (3) the def rred porous hol |l ow fi ber nmenbrane according to (1)

or (2), in waxh the @@fbﬁﬁeﬁmdr&uéwdmﬂvfﬂbvmrﬁeﬂbwm htdordinglep(Epsad parts
which the sum of the distance from the center of the porous hollow fiber
membrane to the top of the projected part and the distance from the
10 center of the porous hollow fiber membrane to the bottom of the
depressed part is shorter than the center-to-center distance of the porous
hollow fiber membranes adjacent to each other,
(3)  the deformed porous hollow fiber membrane according to (1) or
(2), in which the asperity is formed from a plurality of depressed parts
15 and a plurality of projected parts that are provided on the periphery, and
the pore ratio of the depressed part is higher than the pore ratio of the
projected part,
(4)  the deformed porous hollow fiber membrane according to any
one of (1) to (3), in which the difference between the height of the
20 bottom part and that of the top part of the asperity is 1 Om to 320 Om.
(5)  the deformed porous hollow fiber membrane according to any
one of (1) to (4), in which, as for the outer surface of the deformed
porous hollow fiber membrane, the value resulting from dividing the
pore ratio of the outer surface of the depressed part by the pore ratio of
25 the outer surface of the projected part is 1.01 to not larger than 2.00,

(6) the deformed porous hollow fiber membrane according to any



15 and a plurality of projected parts that are provided on the periphery,
and the pore ratio of the depressed part is higher than the pore ratio of
the projected part, (4) the deformed porous hollow fiber menbrane
according to any one of (1) to (3), in which the difference between the
hei ght of the 20bottom part and that of the top part of the asperity is 1
Elmto 320 Elm (5) the deformed porous hollow fiber nenbrane according to

any one of (éﬂ?fogeﬁ(ﬁ)&é’ n@a ;}}gm{ﬁﬁh%ef@g ett¢ i?%ﬁhe?%&ﬁPﬁl@@lﬁﬂaﬁt)ﬁ%ffor”ed

por ous hol | ow e value resulting fromdividing tthe pore

rati o of thedomeased® paitdGRdothet %ﬂ?@réﬁﬁg%e%&%ﬂxs the Ber@ovidddolf 25the

outer surface of the projected part s 1. to not larger than 2.00, (6)

the def or mediROp&Sh ,hﬁWthé@Qﬁomé%ﬁ?fa%gﬂ)’réis% ot JepreBfedpartl) to
(5), in which the aspérity is formed fromthe plurality of ‘depressed parts

and the plurg iHat iRth®projeetedichadis 8.3 ftal 5are provided on the periphery,
and the ratio of the surface pore size in the depressed part to that in the

proj ested pa(7) i s fhebdeforindd pbfdis helldef ditee dmeatlufie hicbedink Reanyenbr ane
according to any one of (1) to (6), in which the asperity is tormed from at

| east the dephess(lpast(®)pinvwhath the tdpepey iiBhforhedafitbrhhgt pegpahki on of

the depressed part to the'entire periphery in a cross section of the

nmenbr ane al odgpitessediipaetst provided pemahe Weriphary] aed thegiptoslbmain difrtket i on of
the 10nenbrane is not |ower than 5% and not higher than 100% (8)the

def or med por depresséd partftolihe emeire peniphecy on diorgss seativn ofitheofmepibrane (7) ,
I n which the proportion of the projected and depressed parts to the length
of the peri pakmg ihe tdirections pegmrtdicomanftot the dedgitmdidap alirscsiomobff ahvef i ber
rrerrbrl?)ne ' Ir;;)etmll)roavr\leeristngirl]ogvg;/?than 5% and not higher than 100%, |
(8)  the deformed porous hollow fiber membrane according to any
one of (1) to (7), in which the proportion of the projected and depressed
parts to the length of the periphery in the cross section of the deformed
porous hollow fiber membrane is not lower than 30%,
15 9) the deformed porous hollow fiber membrane according to (1) to
(8), in which the deformed porous hollow fiber membrane is a porous
membrane having an isotropic three-dimensional network structure,
(10)  the deformed porous hollow fiber membrane according to any
one of (1) to (9), in which the aspect ratio of an outer surface pore of the
20 deformed porous hollow fiber membrane is 0.3 to 3.0,
(11)  the deformed porous hollow fiber membrane according to any
one of (1) to (10), in which the width of the asperity is 1 Om to 500
Om,
(12)  the deformed porous hollow fiber membrane according to any

25 one of (1) to (11), in which the asperity number on the periphery that is

the number of the asperities is not smaller than 1 and not larger than



15(9)t he defornmed porous hollow fiber nmenbrane according to (1) to (8), in
whi ch the deforned porous hollow fiber nenbrane is a porous nenbrane havi ng
an isotropic three-di nensional network structure, (10) the deforned
porous holl ow fi ber nmenbrane according to any one of (1) to (9), in which

t he aspect ratio of an outer surface pore of the 20defornmed porous hol |l ow
fiber menbrane is 0.3 to 3.0, (11) the deforned porous hollow fiber
menbrane accgygli ng to any one of (1) to (10), in which the width of the
asperity is1 Onto 500 El m (12) the deforned porous hollow fiber

menbrane ac Bgi NGhEFBYMEdP6roRls KdllowOrfibél ImenBriht aBcéitin@dSBCAMY Y

nunber on th eri phery that 1s the nunber of the asperities Ts not” smaller

than 1 and ngie | 8 9¢T) taN(12300in (Blch hehdlefiprfRiplaqioureshe! invubiEber

menbrane according to any oné of (1) to (12), in which the thernoplastic

resin incl uqﬁﬂ?rpfﬂ)MYddi%|ﬂQ@ﬂQefahaC§if)@E/(ﬁéﬂn_a pol yol efm 5(14) A production
o] I b

nmet hod of a ‘deforried porous hol |l ow er nmenbrane by thermally induced

phases separ 8@!49n | ACprsdunetich safaliad nefaaf defarmdd epetisphodiert €det ai ni ng
a thernoplastic¢ resin and an organic liquid through the orifice of a hollow

To Ir 23 lrJ ;:I 0 (r]I ImS gﬁgflgjexgnm thezmatly i@doiced phaird sepatationyimduding disshagikpeaded
a fusion kneaded product containing a thermoplastic resin and an
organic liquid through the orifice of a hollow fiber-forming deformed
nozzle, cooling and solidifying the fusion kneaded product discharged

10 through the deformed nozzle to form it into a hollow fiber-like material
having a deformed cross section at a cross section vertical to the
discharging direction, and then extracting away the organic liquid from
the hollow fiber-like material to obtain the deformed porous hollow
fiber membrane, in which an inorganic fine powder is kneaded in the

15 fusion kneaded product,

(15) the production method of a deformed porous hollow fiber
membrane according to (14), in which the shape of the deformed nozzle
at the side for forming the periphery of the hollow fiber-like material is
formed with a plurality of depressed parts and projected parts being
20 alternately and circumferentially arranged,
(16) the production method of a deformed porous hollow fiber
membrane according to (14) or (15), in which a continuous protrusion
part is provided on the periphery of the hollow fiber-like material and
the porous hollow fiber membrane in the longitudinal direction of the

25 membrane,

(17)  the production method of a deformed porous hollow fiber



10 through the deforned nozzle to formit into a hollow fiber-like materi al
havi ng a defornmed cross section at a cross section vertical to the

di scharging direction, and then extracting away the organic liquid fromthe
hol l ow fiber-like material to obtain the deforned porous hollow fiber
menbrane, in which an inorganic fne powder is kneaded in the 15fusion
kneaded product, (15) the production nethod of a deforned porous holl ow

fiber menmbrapenageRedicesrdifgtdy ybﬁ!e‘Mifi(M?]wﬂ§ﬁ4ﬁ®vmthtth@_p1€§ﬁr€%_ nozzl e
at the side for formng the periphery of the holTow fiber-like material is

formed with gn Rutled!dd disehafRPof she dusiant lenditédopidit 86 nealbsvepehas
20alternately and circunferentially arranged, (16) the production nethod

of a defornem@m@q&gd)ﬂmgh&lﬂ%ngeoﬂ@m according to (14) or (15), in
whi ch a conti nuous protrusion part is provided on the periphery of the

hol I ow fiber¢lg)ke fiet grodhictéon ieehgdr ofisa hddfoemetl peroueisléow ifiberhe

| ongi tudi nal direction of the 25nmenbrane, (17) the production nethod of a
def or fred pormesbwaineoxcdoriarg toemy ane o (b4 itod 179, anwltich tife fdsiont o
(16), in which the pressure at an outlet on discharge of the fusion kneaded
product is nkheddeterprotact passdsPahmmghndhe haighgap tafter deihg Riiscl{drgpdt he
production nmethod of a deformed porous hollow fiber 5 nembrane according
to any one ofhrotigh the defdtmed nowblecind befdredicing kenetatbangsotdifiepandes
through the air gap after being discharged through the defornmed nozzle and
bef ore bei ngirctint adr gap, the fukibndheaddd produce isibloyapat aheertaini anglkneaded
product is blown at a certain angle fromthe direction that is not parallel
to the pass friomotiyh ditiectionitbat sfnatiparalielt the parsdbeough divectipn (fthet he
production nmethod of a defornmed porous hollow fiber nmenbrane according to
any 6fe of (fimion&neadsd produdti ch the thernoplastic resin is conposed of
pol yvinylidene fluoride, a polyolefin, and a blend of polyvinylidene
f1uoride and(H)pol the arpduction” method of a deformed porous "hollow fiber

membrane according to any one of (14) to (18), in which the

thermoplastic resin is composed of polyvinylidene fluoride, a polyolefin,

and a blend of polyvinylidene fluoride and a polyolefin,

15 (20)  the production method of a deformed porous hollow fiber
membrane according to any one of (14) to (19), in which plasticizer is
hydrophobic,

(21)  the production method of a deformed porous hollow fiber
membrane according to any one of (14) to (20), in which both of the

20 resin temperature at the time of supplying the fusion kneaded product
from an extruder toward the deformed nozzle and the resin temperature
at the time of discharging it through the orifice are higher than the
torque inflection temperature of the fusion kneaded product measured
with a plastomill,

25 (22)  ahollow fiber membrane module including the deformed porous

hollow fiber membrane according to any one of (1) to (13),



15(20) the production nmethod of a defornmed porous hollow fiber nenbrane
according to any one of (14) to (19), in which plasticizer is hydrophobic,
(21) the production nethod of a deformed porous hollow fiber nmenbrane
according to any one of (14) to (20), in which both of the 20 resin
tenperature at the tinme of supplying the fusion kneaded product from an
extruder toward the deforned nozzlie and the resin tenperature at the tine

f disch e ' | n e e | ection
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25(22) a hol r cl udi ng the deforrred or ous hoI | ow
fIE) )nenbraﬁr}gﬂ%%fggk@énﬁgm?oﬁg% o%uﬂoe‘z ?1) uto ?13) (23) a ﬁenbrane

filtration dewhoe AnGldigh iebdthiRndohloetts 19@Iud{§gbﬁi’tﬁ‘§til’ri%dé”1$?ﬁ‘ic grgkng to

(22). (24) A treat ment nethod i ncl uding ltrati to be
treated Contﬁéﬂbﬂ%cﬁftaﬁﬁﬁgfat PRt Vel AR %A gc SUBSKRhABE ndth 6 a?ﬁéla“' ¢

5substance using the nenbrane filtration device according to (2
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i nvention, it is possible to obtain a production nethod of def or med

porous hol | oydfvlalm{l P ERté bfInventignt abl e for treatment of liquid
containing an i norganl c substance and/or

[0015] According to the present invention, it is possible to obtain a

production method of a deformed porous hollow fiber membrane that is
suitable for treatment of liquid containing an inorganic substance and/or
10 an organic substance, is obtained at low cost, and has a high surface
pore rate, namely high water permeability performance, the deformed
porous hollow fiber membrane, and a module, a filtration device, and a
water treatment method in which the deformed porous hollow fiber
membrane is used.
15 Brief Description of the Drawings
[0016] [FIG 1] FIG. 1 is a schematic view showing an example of an
embodiment of a deformed porous hollow fiber membrane according to
an embodiment of the present invention.
[FIG. 2] FIG. 2 is a cross sectional view showing a cross section vertical
20 to the longitudinal direction of the deformed porous hollow fiber
membrane in FIG. 1.
[FIG. 3] FIG. 3 is an enlarged view of a part of the cross sectional view
in FIG. 2, which is a view showing the height and the width of an
asperity.
25 [FIG. 4] FIG. 4 is a scheme view of a three-dimensional network

structure of the deformed porous hollow fiber membrane according to
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10 an organi c substance, is obtained at |ow cost, and has a high surface
pore rate, nanely high water perneability performance, the deforned porous
hol | ow fi ber nmenbrane, and a nodule, a filtration device, and a water
treatnment nethod in which the deforned porous hollow fiber nenbrane is
used. 15Brief Description of the Drawings [0016] [FIG1] FIG1 is a
schemati c vi ew show ng an exarrpl e of an enbodi nent of a defornmed porous

hol | ow fi bertH@éFﬁb@Hﬁn@ﬁﬁ@fﬂi %V%Hﬁgﬁ' ment of the present invention.

[FIG2] FIG 2 1s a cross se view showi ng a cross section vertical

20 to the | ofgoich g rlaﬂGdSVECtd %Ehé‘ﬂhet VoW eberdmgrantatensiBhbPmdthRek

menbrane in [FIG3] FIG3 is an enlarged view of a part

sectional Vi gpodtrEld® fhe AforhedSparotseNobANGBer iiembehdhodstdihhigow dt

of an asperity. 25[FIG 4] FIG Is a schene view of a three-di nensional

net wor k st r ugicusboetirhbat ggﬂ@ﬁ@gemtlbgll ow fiber menbrane according to
t he enbodi nent of the present invention. [FIG 5] FIG5 is a schene view of

a t hr ge- di me[Bl® 6] FIGk oM Kschicmie vitw offa §piecritef] sumeturesfthe dudblmedf i ber
menbr ane according to the enbodi nent of the present invention. 5[FIG 6] FIG

Fibor monbr ane AeCOrti G L6 1 he anped nEnt of ko pr esent i hyent: on [ FI G
7] FIG 7 is presehtimtentionepr esentation of an arrangement of a

[FIG. 7] FIG. 7 is a schematic representation of an arrangement of a
hollow fiber membrane-forming device according to a production

10 method of the deformed porous hollow fiber membrane according to the
embodiment of the present invention.
[FIG. 8] FIG. 8 is a scheme view showing an example of a hollow
fiber-forming deformed nozzle for producing the deformed porous
hollow fiber membrane according to the embodiment of the present

15 invention. |
[FIG. 9] FIG. 9 is a view showing an arrangement of a hollow fiber
membrane module.
[FIG. 10] FIG. 10 is a representation of an arrangement of an example of
a filtration device for pressure filtration.

20 [FIG. 11] FIG. 11 is a torque curve resulting from measurements with a
plastomill of a fusion kneaded product discharged in Example 1.
[FIG. 12] FIG. 12 is an electron microscope photograph of a cross
section of a deformed porous hollow fiber membrane obtained in
Example 1 at a magnification of 60 times.

25 [FIG. 13] FIG. 13 is an electron microscope photograph of the vicinity
of the top of a projected part on the outer surface of the deformed

11



hol | ow fi ber nmenbrane-form ng device according to a production 10met hod of
t he defornmed porous holl ow fi ber nmenbrane according to the enbodi nent of
the present invention. [FIG8] FIG8 is a schene view showi hg an exanpl e of
a hollow fiber-form ng defornmed nozzle for producing the defornmed porous
hol | ow fi ber menbrane according to the enbodi nent of the present
15invention. [FIG9] FIG 9 is a view show ng an arrangenent of a holl ow

Do et BRIl ol bSPTIR T B3, o,

arr angenent exanpl e ce for pres

20[ FI G 11] F LS e resulting fromneasurenents with a
pl astom | | ol#lggﬁﬁljésal?%@ éﬁggggéﬁgé%duct di scharged in Exanple 1. [FIG 12]

FIG 12 [ s anslceola|opayi £ 956ARc0RBhIN@RRcohe PLEfAAPASS! R vRinfly

def ormed porous hol'l'ow fi ber nmenbrane obtain e lat a

gﬁgt”:);'r SSLi 8& ?ﬁ% %t&?ﬁ?@ﬂzéf Fl GeptbsddCpart bh e hR&t SBFfalk CoPIREPE
5 deformed porous hollow fiber membrane obtained in Example 1 at a
magnification of 5000 times.
[FIG. 15] FIG. 15 is an electron microscope photograph of a cross
section of a porous hollow fiber membrane obtained in Comparative
Example 3 at a magnification of 60 times.

10 [FIG. 16] FIG. 16 is an electron microscope photograph of the outer
surface of the deformed porous hollow fiber membrane obtained in
Comparative Example 3 at a magnification of 5000 times.

[FIG. 17] FIG. 17 is an electron microscope photograph of a cross
section of a deformed porous hollow fiber membrane obtained in

15 Comparative Example 5 at a magnification of 60 times.

[FIG. 18] FIG. 18 is a table showing preparation conditions for hollow
fiber membranes according to Examples.
[FIG. 19] FIG. 19 is a table showing preparation conditions for hollow
fiber membranes according to Examples.

20 [FIG. 20] FIG. 20 is a table showing preparation conditions for hollow
fiber membranes according to Examples.

[FIG. 21] FIG. 21 is a table showing preparation conditions for hollow

fiber membranes according to Examples and Comparative Examples.

[FIG. 22] FIG. 22 is a table showing evaluation results of various
25 physical properties and performance on actual liquid of porous hollow

fiber membranes according to Examples.

12



of the top of a projected part on the outer surface of the deformed porous
hol | ow fi ber nmenbrane obtained in Exanple 1 at a magnification of 5000
times. [FIG 14] FIG 14 is an el ectron m croscope photograph of the vicinity
of the bottom part of a depressed part on the outer surface of the

5def ormed porous hol |l ow fi ber nmenbrane obtained in Exanple 1 at a

magni fication of 5000 tines. [FIG 15] FIG 15 is an el ectron m croscope

Corparat 1 ve IASHET 9 3 5 4 negni Freat hBE 60 hoar aoffly @iy gpfihg 167 "
I ' i f d
porous. ol | S G PRBSETan Ao ariaytse B S Bt TiGRRE of pordfs HIRAT™
magni ficati Offib&fné%ahéérﬁéeordhflg k& E<ahfbles! G 17 is an electron microscope
0

phot ogr aph a cross section of~a defor d porous hol | ow fiber nenbrane
obtai ned in @@”P@I G 024498 @bk %h@vmg%bhlﬁw@&eﬁlﬁ%ﬁﬁ LaEpus[ FI G

18] FIG 18 is a table showi ng preparation conditions for ow fi ber
menbranes acsiydtslOpidpelicdmrh@Sperformance on actual liquid of porous hollow
fiber membranes according to Examples.
[FIG. 25] FIG. 25 is a table showing evaluation results of various
physical properties and performance on actual liquid of porous hollow
fiber membranes according to Examples and Comparative Examples.
10 Best Modes for Carrying Out the Invention
~ [0017] Embodiments for carrying out the present invention (hereinafter,
referred to as embodiments of the present invention) will be described
in detail. The present invention is not limited to the following
embodiments and can be used with various modifications within the
15 scope of the present invention.
[0018] <Deformed porous hollow fiber membrane>
First, a deformed porous hollow fiber membrane according to an
embodiment of the present invention is described referring to FIGS. 1
and 2. FIG 1 is a schematic view showing an arrangement of a
20 deformed porous hollow fiber membrane according to the embodiment
of the present invention. FIG. 2 is a cross sectional view showing a
cross section vertical to the longitudinal direction of the deformed
porous hollow fiber membrane in FIG. 1.
[0019] A deformed porous hollow fiber membrane 1 according to the
25 embodiment of the present invention is composed of a thermoplastic

resin and, as shown in FIG. 1, is a porous hollow fiber membrane that

13



[FIG19] FIG 19 is a table show ng preparation conditions for
menbr anes accordi ng to Exanpl es.

hol | ow fi ber
20[FIG 20] FIG 20 is a table show ng

preparation conditions for hollow fiber nenbranes according to Exanpl es.

[FIG 21] FIG21 is a table show ng preparation conditions for
menbr anes according to Exanpl es and Conparati ve Exanpl es.

Is a table show ng evaluation results of various 25physical properti

per f or mance

Exanpl es.
physi cal

menbr anes according t

actual liquid of porous hollow fiber ne

pr

I S EyPhoneiP ol tpama naeycceqys
SRR ORI T A St upylob

eval uation rigsiiHe! RHr@htudaidl Qs AR S| ‘qaérriﬂﬁ&@erﬁlbﬁﬁs Woﬁ%rfﬁrfﬂﬁ%;[f‘agg

ranes according to Exa

25] FI G 25 i§f ghé aidroustyiaw et yakmdiah@s U The Olongatudavsl Blhésti6a?
properties and performance on actual |iquid of porous hollow fiber

nenbrenes aceends Nhet Qirbiow | mepandicodids aheveuteraiptenfertdBessf Mhees for
Carrying Qut the Invention

10

15

20

25

deformed porous hollow fiber membrane 1 (namely, the extending
direction of the aperture 2, which is the direction shown by the arrow X
in FIG. 1). “Includes asperities that are continuous in the longitudinal
direction” means that cross sections at any positions along the outer
circumference direction, which is perpendicular to the longitudinal
direction, of the deformed porous hollow fiber membrane 1 (hereinafter,
referred to as a cross section of the deformed porous hollow fiber
membrane 1) have substantially the same asperity structures. Each
asperity extends along the longitudinal direction of the deformed porous
hollow fiber membrane 1. Therefore, the cross sections of the
deformed porous hollow fiber membrane 1 are formed to have
substantially identical asperity structures regardless of the cutting
positions.

[0020] With such a membrane shape, it is possible to obtain the effects
that (1) high water permeability performance on actual liquid can be
exhibited because the flow at the membrane surface at the time of
filtration is irregular, (2) a decrease in water permeability performance
due to fretting can be inhibited because the positions at which
membranes are likely to come into contact with each other are limited to
projected parts, and (3) drying resistance improves because depressed

parts easily hold a moisturizer.
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[ 0017] Enbodi nents for carrying out the present invention (hereinafter,
referred to as enbodi nents of the present invention) wll be described in
detail. The present invention is not limted to the foll ow ng enbodi nents
and can be used with various nodifications within the 15scope of the
present invention. [0018] <Defornmed porous hollow fiber nenbrane>

First, a defouned porous hollow fiber nmenbrane according to an enbodi nent

of the prese iV A_Rt 4 i I K [alss I i G1lis
a schematic &Og&qsﬁgﬁogghg?@ﬁ%%g nentaﬁgsﬂh E Iﬁg)éééc}gf& rnec]iﬂcgg?ggénﬁg | ow

fi ber rrenbraagyte?gg,glrigﬂ RO dr8sd hecashodirnay ®ifoihedPpessid AdlYeR!t imer FIG 2

isS a cross se vi ew show ng a cross section vertical to the

h
| ongi t udi nal nfiiniegiieon, #bafththat pfesRbBRIRLthdBLIsHe bifliks Pk %@m%ﬂ' n FIG

1 [ 0019] A deforned porous hollow fiber menbrane 1 acCording to the

25enbodi ment tipf nidigbirines@Nteditn ehti htés of VIRVSREe O Whidleismmdidstthe resin
and, as shown in FIG 1, 1s a porous hollow fiber nmenbrane that has a

subst gnti al | gedphémydot ded defrpeedputong bollewefiber meinbianet ) kerdfefredart and
t he periphery of which includes asperities 3 that are continuous in the

| ongi t udi nal taliag ecprajoctedReart Bgratid aepars thineisodémessed badee patsidoloft he
porous holl ow fi ber nenbrane. "The |ongitudinal direction” 5 neans the

di rection pethgepdtiphesy dfothehenembeaneci(a et etheeceardtet hef dafertorgd ofor ous
hol | ow fi ber nmenbrane 1 (nanely, the extending direction of the aperture 2,
whi ch is thewdiicledsi ontsideothe perigherprobthX defofih€d 1pordusnhblides fasperi ti es
that are continuous in the longitudinal direction” neans that cross

sections at mrempesict ilgnis sdforrgdt te asubedepiBsed rpantf Fdenddowd tleatt ann,
whi ch is perpendicular to the longitudinal direction, of the deforned
por ol€ hol | oasperityrisnferiednen the¢ peripheny een if efither aof the deprassadopartsect i on
of the deformed porous_hollow fiber menbrane 1) have substantially the sane
asperity straoduthss. projetiedsparti iy mott enavideidongFone ekamgple,udvired thier ect i on
of the defornmed porous 15 hollow fjiber penbrane 1. Therefore, the cross
sections of phejedisdoprud grer bok provided, ftheciopseab thecdeprasseds partecareo have
substantially identical asperity structures re%ardl ess of the cutting
positions. adjacent to each other toform pointed parts having a hump-shaped cross
section between the depressed parts, however, these pointed parts are
15 not the projected parts because these are not the regions the centers of
curvature of which are inside the periphery of the deformed porous
hollow fiber membrane 1. On the other hand, when the depressed
parts are not provided, the bottoms of the projected parts are adjacent to
each other to form V-shaped slots between the projected parts, however,
20 these slots are not the depressed parts because these are not the regions
the centers of curvature of which are outside the periphery of the
deformed porous hollow fiber membrane 1.
[0022] In the case of a membrane with a small number of asperities, the
membrane to be obtained has a circumference (line) that is concentrical
25 with the inner diameter, as in the case of an ordinary circular membrane,

at a part of the periphery. In this case, the peripheral part concentrical

15



[0020] Wth such a nmenbrane shape, it is possible to obtain the effects 20
that (1) high water perneability performance on actual |iquid can be

exhi bited because the flow at the nenbrane surface at the tine of
filtration is irregular, (2) a decrease in water perneability performance
due to fretting can be inhibited because the positions at which nmenbranes
are likely to cone into contact with each other are limted to 25projected

parts. and (i ﬂﬁ@g{;@%ﬁ#@ﬁg&g& B EHeAnABRIRRS PP ARNGRS! | v

hol d a noi sturizer epressed part and‘theé projected
part includegdid i } i rous
ol 1 ow 11 ber Cicangy STAGRALTONIIR frofected pale BDNed BY LRI RoAS, N
peri phery of ; ( i nt f L is
Phsi ot he. . o (L RS Pl e 6y T RpRaRel pdtahl 15 1

referred to gg rcg_é@dea £ v hoXArcidfiterenBial part Natludedd aPisassblatot he
out si de of the periphe of the nenbrane (a region the center of curvature

of whkch is Qeﬁi%kréeligh?epﬁﬁhﬂﬂﬁexbrpécﬁlapﬁqa{cpaﬁ@@rMﬁgltésib@hbew fiber

menbrane 1) is referfed to as a depressed part 3B. Nofe that an 10
asperity is {@0263jd(Skupeef ®gydrithpry even if either of the depressed part
and the projected part is not provided. For exanple, when the projected

parts are not prOVNé&d,,thtefa%péﬁqst@be_tfbgnédmreﬁ@ege@phé@ &ff theadbfoemet to

each other to form pointed parts having a hunp-shaped cross section between

the depressegopsus hollowvefiber rhéebeamei htwill fsy tdeseribed 15 FIG. 3hig phoj ect ed
parts because these are not the regions the centers of curvature of which
are inside tbalapged wiewywiod phiteoftidieocroas sporions view awFIGh2r(thendyriane 1. On
t he ot her hand, when the depressed parts are not provided, the bottons of

t he phoj ect ed parrosndeé tadphermite longamtl shéwtrdash finesy, Wisichpigda stiews

bet ween the projected parts, however, 20 these slots are not the depressed
parts becausehOWélsgﬂwgeirghtandéhee?giiddmsfahaspeﬁbers of curvature of which
are outside the periphery of the deforned porous hollow fiber nmenbrane 1.

[0022] |n t h§0@24k Adthaughenbisinepassible tomdlatiyndebime Ofe hegahti andsthet he
menbrane to be obtained has a circunference (line) that is concentrical
25wi t h t he i mvidth of amstsperitynenidrihe manebercofoprajecteddindadspressesupants wanbr ane,
the periphery of the membrane by the total length of the periphery or the
15 height and the width of an asperity of the hollow fiber membrane, these
are preferably within the range to be described below in order to fully
exhibit the effects of the present invention.
[0025] The height of projected and depressed parts is preferably not
~ smaller than 1 ym and not larger than 320 um.  The height of projected
20 and depressed parts described herein refers to the length from the point
at which the membrane thickness of the deformed porous hollow fiber
membrane 1 (the distance from the inner face of the aperture 2 to the
periphery) is smallest (generally the bottom of a depressed part) or,
when a circumferential part with no asperity is formed, from the surface

25 of the circumferential part, to the top of a projected part. As shown in
FIG. 3, it is possible to represent the height of projected and depressed
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at a part of the periphery. In this case, the peripheral part concentrical
with the inner dianeter is referred to as a circunferential part, which is
clearly differentiated fromthe projected part provided by a protrusion as
descri bed above. When the periphery includes the depressed part and the
projected part with no circunferential part included, it is possible to
5achi eve high performance on actual liquid and fretting resistance. [0023]

(Shape of asggté W¥dcribed hefitas thEBQuASBE thd Meff,‘ht_tl‘?a beaedia A FoRaki Phery
of the deforned porous hollow fiber nenbrane I will be described. FIG3 is

an enl ar ged yipyiRledpRB(thObréjeetcd a8 3R GHTTAGH. Viadd 2)add Ghe BeldHie
regi on 10Y suﬁgjundeedpby %I tgr%ate |1g%1§ and short dash Iines),evﬁ%ﬁ Is a

vi ew showi ng(ddpghhaiighf andgldiethmtdidingd tiae depiessel Ypart 4] Whéhaueh it is
i npossible to flatly define the height and the width of an asperity and the

number of prigetked thethspepire s adt Rafdiferaahhie LRer tHSgsossitle theexiEBHir ane by
the total Iength of the periphery or the 15 height and the width of an

asperfty of hiph teovery titeevasbivy and, fréthieperesistanues hadabhyn thé heiptthe
range to be described below in order to fully exhibit the effects of the

B; ;sgp; b: SVﬁi(r)s:m@Inlargél&héh IDeuhs iighy pedsiplecoqrickdnentbrdass ass @dagtcdls i s
packing rate on modularization. More preferable is not smaller than 5
pm and not larger than 200 um, and further preferable is not smaller
than 10 um and not larger than 160 um.

10 [0026] The width of projected and depressed parts is preferably not
smaller than 1 pm and not larger than 500 pm. The width of projected
and depressed parts described herein refers to the width of a region that
forms a projected part and a depressed part and, as shown in FIG. 3, is
represented as the sum of the width Wa of a projected part and the width

15 Wb of the depressed part of the deformed porous hollow fiber
membrane 1. On actual measurement, the linear distance between the
bottoms of depressed parts that are adjacent to each other may be
measured. When the width of an asperity is not smaller than 1 pm,
protrusions do not collapse on external pressure filtration, and therefore

20 it is possible to adequately inhibit fretting of a depressed part. When it
is not larger than 500 pm, it is possible to effectively inhibit adhesion
and deposition of an inorganic substance and/or an organic substance
onto the tip of protrusions by a complicated flow of fluid in the vicinity
of the membrane surface. The width of an asperity is more preferably

25 not smaller than 5 um and not larger than 400 pm, and further
preferably not smaller than 10 pum and not larger than 300 um.
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smal ler than 1 mand not |arger than 320 m The height of projected 20 and
depressed parts described herein refers to the length fromthe point at

whi ch t he menbrane thickness of the deforned porous hollow fiber nmenbrane 1
(the distance fromthe inner face of the aperture 2 to the periphery) is
smal | est (generally the bottom of a depressed part) or, when a
circunferential part with no asperity is forned, fromthe surface 250f the

ci reunf er ent {@> HaptefetablyNhd R VRbRIPA QitippEsdoal fart AS oAbt C 3. 11
is possible to represent the height of projected and depresse parts

descri bed heffd fhagsmiung vale ef tﬁé‘%ﬂﬁi%dﬁ%&sﬁfofécﬂeﬁ%zﬁﬂ dd®thd RETPhta
projected part (the projected part 3A in FIGS and 2) ‘and the hel ght

(depth) Hb ofzdof a9pRijeétBat pdrofisot Hargenthanseeé Jﬁ?@i?ht:i% dfw@fde??&sl%éi ght of
the asperity is not  sfraller than 1 m 1t is possible to exhibi 5 high

recovery af tgmm%@ﬁ BRdshamist bi@ pesjestednpart and aMdeprédiedgarghirei s not

| arger than 320 pm it is possible to pack nenbranes at a practical packing

rate §n nodutelaiedatd osnchMotleerpuef desabibedi aboeé, somtdcerofl llae topport ahd not
| arger than 200 pm and further preferable is not smaller than 10 pm and

not |arger tprjedted purt 320M6t2tle Bdteom oif theadepresieticpad 381 peveasskd parts
is preferabllyy not snaller than 1 pmand not |arger than 500 pm The wi dth
of proj ect edaadecrdase dasecitgapesmeabilitybperfoemanoe ratf ¢hies Haitdrheofiitieh of a
region that fornms a projected part and a depressed part and, as shown in
FIG 3, is rdppessed pdrt3B thbestansed biyhrettingt s pievohted girdyjasct eduftant and

the width 15 W of the depressed part of the defornmed porous hollow fiber
menbrane 1. Qecreesedn wedeupermetbilitiepéiforaande sifathue dedommed pdr@usot t ons
of depressed parts that are adjacent to each other nmay be neasured. \Wen
t he W0dt h of haHows plgbért ynembnane shaisl enhibited. 1 Furtheonoos,i anstertmsnatf
col | apse on external pressure filtration, and therefore,Z 20 it is possible
t o adequat el ymaistuiriger holding reppertity, deith esmdd shapes, theeinfluence obtthear ger
than 500 pm it js possible to effectively inhibit adhesion and deposition
of an i nor gamembignesaubbingagainsaeady gher duwsingtransportifion ané the ket
protrusions by a conplicated flow of fluid in the vicinity of the nenbrane
surface. Thetiramever mayistsizers held onnthe memabeangopyrizesds sepallareandnan 5
m and not | arger. than 400 pm and . further preferably not smaller than 10
Bm and not | g‘p%gforpﬁghs B@@lgl@,to exhlélt 1’1111'1:%61‘ ?ugher rylr)llg resistance.
15 [0028] The asperity number on the periphery of the deformed porous
hollow fiber membrane 1, which is the number of the projected and
depressed parts, is preferably not smaller than 1 and not larger than 300.
When it is not smaller than 1, it is possible to prevent adhesion and
deposition of an inorganic substance and/or an organic substance onto
20 the membrane surface by generating a complicated flow in the vicinity
of the membrane surface, and when it is not larger than 300, it is
possible to accurately form protrusions on the periphery of the hollow
fiber porous membrane. More preferable is not smaller than 8 and not
larger than 200, and further preferable is not smaller than 12 and not
25 larger than 150.

[0029] The shape of an asperity is not particularly limited and examples
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[0027] Preferably, the wwdth Wb of a depressed part is not larger than the
maxi mum val ue of the width Wa of a projected part, and the height Ha of a
projected part is not larger than the height Hb of a depressed part. Wen
the shapes of a projected part and a depressed part are 5 related to each
ot her as described above, contact of the top of the projected part 3A with
the bottom of the depressed part 3B is prevented, a decrease in water

per meabi | t Yo Po/Hieh THERRIAVatifgs QH%;B@%Q&h e ¢BRVER %ge R a Fricavee
caused by fretting is prevented and, as a result, a decrease in water
perneabilityb@@(fornance of the deforned porous 10 hollow fi ber menbrane 1
is inhibited” "Furthernore, in ternms of noisturizer holding capacity, with
such shapes, [003®]i At dRiee iR FIGed meetfoanhe dspefiied tedbé Tokmedchn ahber
during transportation and the like to renove noisturizers held on the

menbrane surp@ishérsy oftld ééforand poisliiwliowtiiber pesshiahe I ahexinpiof
further higher drying resistance. 15 [0028] The asperity nunber on the

peri phery of thehkengeh almednpaheuserhed IOwittheedefoemwdaperdus Wolleky ifiberhe
nunber of the projected and depressed parts, is preferably not snmaller than

1 and not | amgetbrahan DA, 1BNem thé to ofithe prejdoted pherBA, and the lamghi bl e to
prevent adhesi on and deposition of an inorganic substance and/or an organic

subst ance ontdfro2f thbeemerbCanetirudéforenday porner holloy fibeompdmbedred1f | ow i n
the vicinity of the nmenbrane surface, and when it is not larger than 300,
it is possib{lAIB atx thethetiorh csirthe depressed spart 3Bas peefqrhbly snfalldre

hol | ow fi ber porous nenbrane. More preferable is not snmaller than 8 and not
| arger than @0, thedefterttbecenperidestante i detroeesrhiel porausaholladvwaribarot

25l arger than 150. [0029] The shape of an asperity is not particularly
liml8d and mecanlpianss 1#% andi IdB adjadenti¢o wach etbers hapesoxling taghis, ewenex t ype
and a concave type. [0030] As shown in FIG 4, as for the asperities to be
formed on t hif therdefemmed gorons halpwr fiber paembearies| 1 adjacenkto eacthother 1, the
sumof 5 the length rl1 fromthe center C of the deforned porous hol |l ow
fiber nmembran# agamat eagh oshemdue 6p vabration or thebkedcpatact 94 thadop 1o | engt h
r2 fromthe center, C of the deforned paorous hollow fiber nenbrane 1 (1A 1B)

to the bottotheoprejestetemast el wath: thiy hoftgimept ths| Jepiessed parh 3B tise

center-to-center distance L between the porous holl ow fiber
preventeci T%erefore, the rt]re’c‘cmg esistance of the (ieformed porous

15 hollow fiber membrane 1 is enhanced, a decrease in water permeability
performance at the bottom of the depressed part 3B to be caused by
fretting is prevented and, as a result, a decrease in water permeability
performance of the deformed porous hollow fiber membrane 1 is
inhibited.

20 [0031] It is possible to measure the distance from the center C of the
projected part 3A of the deformed porous hollow fiber membrane 1 to
the top of the projected part 3A, the distance from the center C of the
deformed porous hollow fiber membrane 1 to the bottom of the
depressed part 3B, and the center-to-center distance L between the

25 deformed porous hollow fiber membranes 1, as follows. First, two

microscope photographs of cross sections of the hollow fiber
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10 menbranes 1A and 1B adj acent to each other. According to this, even if

t he defornmed porous holl ow fi ber nmenbranes 1 adjacent to each other rub
agai nst each other due to vibration or the |like, contact of the top of the
projected part B3Awith the bottom of the depressed part 3B is prevented.
Therefore, the fretting resistance of the deformed porous 15 hollow fi ber
menbrane 1 is enhanced, a decrease in water perneability perfornmance at the

bot t om of t hghIRBFpesateNtebar®l.t OTRE MmapsaHitaon’ bethé fhots yemiaed and,

as a result, a decrease i'n water peuneabrlity performance o he defornmed
porous hol | opefd AploniBedticat Whishidtiirei dross seCiNBaT thé membRaRiskre to

measure the distanCe fromthe center C of the projected part 3A of the

def ormed por oiiibleo! | Awthédeetivaphibianaphs of drbss sawiods dihdephehfihags part

3A, the distance fromthe center C of the deforned porous hollow fiber
menbrane 1 tiddmrabd Ho@@%m hisheiagebe asedd opapliotdBrapsind shbwige differdra- cent er
di stance L between '?jhe 2 dfgformeg por ous hoﬁ)ow Eirber rrenbrlgt%es 1, as

foll ofs. Firphrtstmay bearsed asdenglastthgrapinbrafechaws ssestantaldy dic saehol | ow
fi ber nmenbranes are prepared. The magnification of the photographs may be
a magni f i cat swuchtresincthee bongitudinab disenticronsThésd revomphibtegraphsar &re
visible. As these two phot ographs of cross sections of the nenbranes,

i denti cal phstunlrtptardbegrdeat tsed baok sides, apdamiescittadongghdiderplearies 5
parts may be used as |long as the nenbranes have substantially the sanme
structures i oftthe hemgbrands maithdscisseisoto behased timopfost ofranphal arassst uck
to cardboard at their back sides, and are cut along the peripheries of the
menbr anes wi séctiensedthe memleransed Forghacentsi-taccaner distarces goe poirt of t he
menbr anes. For  the center-to-center distance, the point 10 of intersection
of tH® | ongepfdntarsecsiomnd thadosger déamatexrand uth@rsgnger ikainetesr anlioaget er s
is used as the center point in each cross section _of the nenbrane. The two
cross secti ofe dmnemdiametpisaiseusqd Ae the €eatercpeingin gachnenoss seadenfaphs)
are rotated to determ ne the arrangenent in which the distance between the
two center péheieembranee il hefvg crass sgedionspalthremembranes dbhe dieeas- cent er
di stance is actually neasured vm'trhq ruler. After that, conversion to the
actual di st afbk oy dhg phatograp! saﬁ%éﬁmﬁ"%é@id@?@‘fWﬂett PrRIIEEREhs to
determne the cepter-to-center distance L. In additi.on,.on the sane

phot ogr aphs, 1 H¥ &%endmtari%hpm%ertéﬁ@ éwopsmﬁertpplatsp%so'}m@@nw,

Fromithe confB SOHIUERIS o hrBSEER SSAT QEHECEAR AL eApaabary
Cent or -t o- cofftBHoH ShAREANES S0 VERUOR I P 1A oICoTR AMAIALASEREM  above
can, b0 L1 A0t JRIRSHEOnL Al SR GePh ST AR i 50
the Tike, 1t 48,38 520 f tagdﬁ%n, on the same photographs, the length rl1 from

the center point to a projected part (namely, the point farthest from the
20 center point) and the length r2 from the center point to a depressed part

(the point on the periphery closest to the center point) are measured to

compare the lengths of the center-to-center distance L and the sum of rl

and r2. The measurement above can be suitably made even in the case

of small membranes. Unless there is a problem such as that the hollow

25 fiber membrane is too small to handle and the like, it is suitable to cut

out two pieces of actual cross sections of the membranes as thin slices

20



out two pieces of actual cross sections of the nenbranes as thin slices to
be nmeasured with a m croscope. [0032] The value resulting fromdividing the
center-to-center distance L by the sumof rl and r2 is preferably not
smal l er than 1.01 and not larger than 1.50, nore preferably not smaller
than 1.03 and not larger 5 than 1.25, and nost preferably not smaller than
1.05 and not larger than 1.15. Wen the value resulting fromdividing the

center-to-c tﬁ%g%éﬁh%%i@&ﬁ%ﬂ?sc%ﬁg of rl and r2 is not |arger than
e € a

1.50, a bundle € pac I NS menbrane nodule is not too thick and,
packi ng. rat 00320 TRE SR} Rk R et SR o
Uhe. | ongi tudrharedracet h e ehaSRRE ALy 3RI Bhufey PhafREraid v 7
por 1 or mance SYETHELIB 0, ER0N, PRCR-FE, hOP AT Thah 1,03 214 Rl TR 1Y

remar kabl e. t{}ﬁﬁ?r;glzsl An@"HSSt ﬁ&féﬁsgnggt %ﬁfalﬁ&ﬁﬁigtlmyﬁna%t%f%&ffﬁgnpor ous

hol | ow fi ber nmembrahe 1, an ‘arrang t having a layer for supporting the
porous body ang/ Or%@Rﬁ@rﬁalﬁéc%ﬁﬁtiﬁ%aﬁ@wmﬁ/ﬁkﬁnﬁﬂ% ée@ﬁ@r—ﬁ#@@nﬁ% the

aperture 2 of the deforned porous hollow fiber ne ane 1 may be

consi dered. JfphdeE rotRd ol QiR #101d 9ot k& thERMRS 8L blinkdfe & be
mul ti-layered nenbrané, the thickness of the outernost |layer that has

asperities npycleql #RidOhMmeRbrafe niddelenigsotaboahiclonnd, ahaweseh, & is
projected part is formed may be larger or snmaller than the thicknhess of a

region in whpessiblede@asedn RebhonticAldy addquate[Hedfirand packing @séi c resin)
The thernoplastic resin (thernoplastic polyner) that constitutes

10 [0033] When the above relationships for cross sections vertical to the

longitudinal direction are satisfied at any position along the longitudinal
direction of the deformed porous hollow fiber membrane 1,
improvement in fretting resistance and improvement in water
- permeability performance of the deformed porous hollow fiber
15 membrane 1 are remarkable.
[0034] In order to improve the strength of the deformed porous hollow
fiber membrane 1, an arrangement having a layer for supporting the
porous body and/or a support such as braid on the inner face side of the
aperture 2 of the deformed porous hollow fiber membrane 1 may be
20 ~ considered. When the deformed porous hollow fiber membrane 1 is a
multi-layered membrane, the thickness of the outermost layer that has
asperities may be uniform, or the thickness of a region in which a
projected part is formed may be larger or smaller than the thickness of a
region in which a depressed part is formed.
25 [0035] (Thermoplastic resin)

The thermoplastic resin (thermoplastic polymer) that constitutes

21



t he deformed porous hollow fiber nenbrane 1 is a resin with properties of
being less likely to be defornmed and having elasticity and no plasticity at
normal tenperature, of undergoing a reversible change in which it exhibits
plasticity with adequate heat applied to becone easier 5 to be fornmed and
transforns back into an elastic body when it is cooled to have a | ow
tenperature, and of not undergoing a chem cal change in its nol ecul ar

commi 1 eo of TEG oPEEArof etk TR ShpirbreheNGR 4 Rl Sy Bropprtiey’
edi tion, Kyo(‘i{]g)%tiﬁgh}%ﬁaﬁk% toLb- deﬂﬁméﬁ%ﬁi;q%ﬁﬁg%la%ﬁ 3y ah@OR6]

Exanpl es of t rmopl astr'c resin can I nc esi ns scribed in

14705 of ChepiagabitfrRadisingall {EMepSaRNeC JF Q@%érgo@g a %évférsib?@@ﬁan%'eggﬁr the

cat egory of ernopl astics (pp.- 1069 fo 1125), the resins descri in

Kagaku Bi nraghidly petiabits Eﬁaﬁhg%kvﬁfh cHeghste Neat gl foCEéddine ¥aERION) |
3rd Revision (edited by The Cherical Society of Japan, Maruzen Conpany,

Li mited, 1986 be PBrm88 IndLPanFBENE Macki ikeo abxslagiebodf when sPrcéddledname
t her eof include polyethyl ene, polypropyl ene, polyvinylidene fluoride,

et hyl ene- vi ny havé€ aliehw @eﬁﬁgéﬁa@f@? andobyact dadergedhy &f dlsmioal @@ange in

pol ystyrene, polysul fone, 20pol yvinyl al cohol, pol yphenyl ene et her,

pol yphenyl enigs suibldcdtar stehdtuteo e thediled durimpdthrotoragsiplochanigt edhedng
t hem pol yet hyl ene, pol ypropyl ene, pol yvinylidene fluoride, ethylene-vinyl

al cohol COpob%f neydstorizd! yoommitted c ool Eneyudopbdial | Khithiva, nEroyedépedinni ty
can be suitably used in terns of strength to be exhibited. Furthernore,
anong 25t hes€himysd, BthiRedudedr editibas KiyoritsaiStuppandCopHotdi cpe.r 860 ahdi ne
t hernopl astic resins including polyolefins such as pol yet hyl ene and
pol yipOopyl en®67a1@6Pp! yvi nyl i dene fluoride, which are high in water
resistance due to their hydrophobicity and can be expected to exhibit
durabi | ity ofdG3d]t Eaamplesofofothie niveymaplastics resiquicdnc amclibde ntiree resiinisabl y
used. Furthernore, anong these hﬁquphobic crystalline thernoplastic 5
resins, pol ydesoribatbie ¥F4706 iofeCheniical Psoduwets! (e GhenivaliDaily dioabi l ity
such as chenical resistance, can be particularly suitabuﬁbused. Exanpl es of
t he pol yvi nyLidieB006) undetithe aategary of thennaeplastics (pp.dk06bbeddR§hethe, and
vinylidene fluoride copolynmers with vinylidene fluoride ratios of not |ower
than 50 nol vsesEx@apsaibest in Kagakn Bingam&uyou Hen (Handbook of Chemistry
15 Application Version), 3rd Revision (edited by The Chemical Society of
Japan, Maruzen Company, Limited, 1980), pp. 809-810, and the like.
Examples of the specific name thereof include polyethylene,
polypropylene, polyvinylidene fluoride, ethylene-vinyl alcohol
copolymers, polyamides, polyether imides, polystyrene, polysulfone,
20 polyvinyl alcohol, polyphenylene ether, polyphenylene sulfide, cellulose
acetate, and polyacrylonitrile. Among them, polyethylene,
polypropylene, polyvinylidene fluoride, ethylene-vinyl alcohol
copolymers, polyvinyl alcohol, and the like having crystallinity can be
suitably used in terms of strength to be exhibited. Furthermore, among
25 these crystalline thermoplastic resins, hydrophobic crystalline

thermoplastic resins including polyolefins such as polyethylene and
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10 fluoride copol yner can include copolyners of vinylidene fluoride and one
or nore species selected fromtetrafluoroethyl ene, hexafl uoropropyl ene,
chlorotrifluoro ethylene, and ethylene. As the polyvinylidene fluoride,

vi nyl i dene fluoride honopol yners are nost preferable. 15[0037] (Porous
structure) (Isotropic three-dinensional network structure) The
def or med porous holl ow fi ber nenbrane 1 according to the enbodi nent of the
present inv i } r : UG BB j an | iC
three-dinen??gkgﬁnﬁgfag?Eﬁgtéégﬁﬁﬁgg%&%g%}sotrdplc ﬁggﬁng' hggg%%gﬁniform

structure thakidtsn&TBLE toNtHEF Bydlkds aﬁehgtm daf 5@%@5&&4&1%%&%%0“ on

of the nmenbrane and in the longitudinal dfrection of t menbr ane and

i ncludes no gwMELAVS fn flltiabion! sL6FUNAY %q[db%é igilid cahfBeehtite Suitibl
structure that is oOrientated in the | ongitudinal direction of the nbr ane

as typicall yusfealundth&%ﬂé@Maﬁﬁn@gJﬁ{ds@@dr@?ﬁabic%ysﬁdmné HREPndoslakHet ur e

wth great pore size variation in the di'rection of "a cross section of the

nmembraine andresiriy; lpedyviaylidene fiotkde, whieh i8fekcelleanid cheitidal dueabidiey vent
i nduced phase separation. Wth such a uniformstructure, it is possible to

efficiently sigh the shehieds rediskoick, t bendérr gsatiduiaty suidablye werl.ect ed

part at the tinme of filtration. In addition, parts that are [owin strength
5 such as neExem@lels ofr thed podyvinktident oflberideenictdde aridylilenef haeride i s
possi bl e to enhance the mechanical strength of the porous hollow fiber
menbr ane suchomepohemprsessnd evinglidehanfleonidel eopaiyrhedsniwith tViaylideae
permeability. [0038] Isotropic refers to satisfying both of that (1) no
void with a flafridearstosof oot howes tiedr 60 mbir. 1EpampldssofSthienviaytideas
section in the direction of the nenbrane circunference, and that (2) (a
por el@i ze i nflubedeoragialyhien alandinodedé wopolymbes oEntinghdynd flumrister endi ze in
the thickness direction of the nenbrane) (hereinafter, referred to as a
degree of oroeit atdron)monea cypesessecselentdadn t Mo ongictrafivoadettiviens,i on of
the 15 nenbrane_is small. Wen the degree of orientation is within the
range of 0. 2bexafluo@psepyleney ehdotadriflveiroetbylendi endmgthiybeneai d Ao the
isotropic. Having such a degree of orientation, the deformed porous holl ow
fiber membr apelyyiewkidenchifbiarids, gyiingdidanep Suesidsi hiomopelsmes savel mastas
descri bed above,

preferable.

15 [0037] (Porous structure)

(Isotropic three-dimensional network structure)

The deformed porous hollow fiber membrane 1 according to the
embodiment of the present invention is formed from a porous
membrane having an isotropic three-dimensional network structure.

20 Isotropic means to have a uniform structure that is small in pore size
variation in the thickness direction of the membrane and in the
longitudinal direction of the membrane and includes no macrovoid.
This structure is distinctly different from a structure that is orientated in
the longitudinal direction of the membrane as typically found on

25 drawing aperture formation, and from a structure with great pore size

variation in the direction of a cross section of the membrane and
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20[ 0039] The degree of orientation is nore preferably 0.3 to 3.0 and
further preferably 0.5 to 2.0. Measurenent nethods of the degree of
orientation are not particularly limted and appropriate nmethods may be
used. For exanple, as described in International Publication No. WO
2001/ 53213, a transparent sheet is overlaid on a copy of an el ectron
25m croscope i mage of a cross section of a deformed porous hollow fiber

nenbrane in i ; i i di i h - : is
[11hed T i PRy ehlfoRsis) Wikh R Shen SR 1ot SBIPAKCRRCRS' *
transparent sbPardiohn! Catvath Gich a BhEBenPistifeti@, AarRr 869si8fe e

distinctly erentiate the pore part as black froma non-pore part as

white and t heff; 6@y WsBeht RErdees oF KithaheeddibsRa ﬁét&%dcﬂ{@?fcﬁé&lehy 5
avai | abl e i mage anal yzing software. As the el'ectron m croscope fmage to be

used in the sRARERIhe oFTiliraiR. t B §€0RN, Partbhibeh ats |dWEnCRAdAAL part
of a nenbrane thickness portion is used unless there is a specific problem

[0040F The tQicte-di ARerdwids 4ot WesKlikélyues Wee coamed) bad irteforergfrrs 10
to a structure in which resins forman uUnlimted nunber of colunmns the both

ends of whi chodgible teshdite the fichhaidahseengtirefthe piroat hivtlow €ibdr t he

t hr ee-di nensi onal network structure, alnpbst all the resins contribute to

f or m col uMmsmemfldranesiuth aipise prbistibe aesistapedwhileamattaglihgdhephatdrcal
structure in an unlimted nunber, are hardly visible. 15 A cavity part of

t he three- di peraéabitity.network structure is surrounded by the thernoplastic
resin colums, and each portion of the cavity part communi cates with each
other. In thjG038&ylsottopistrefdns thaatieBiing beihnofuhat (d9me ivwitewith tor m
colums that can contribute to the strength of the hollow fiber menbrane,
and f0er ef or didnhetes @oasot Bhealler fleoml® 20 ewdst3r ane biges sectidm émgthle. | n
addition, the chem cal resistance inproves. Though the reason for the

i nprovenent directiemiofdhe mesmbraneeircumfetencecand that (29 (8 pose dizedia thisat

| arge nunmber of colums can contribute to the strength and therefore, when
a part of thlongitudingl direationadethebmennleraned!/ @gpones sizehia theethitknessr engt h
of the nenbrane i;s not 25largely affected. On the other hand, in a
spherical st directipn, of ébe nmegabiase) t Greroinaficnnpelered dodes a Kegmearndr of

the columms relatively, . . L. . .
orientation) in a cross section in the longitudinal direction of the

15 membrane is small. When the degree of orientation is within the range
of 0.25 to 4.0 and no void is included, this may be said to be isotropic.
Having such a degree of orientation, the deformed porous hollow fiber
membrane 1 can exhibit high water permeability and durability as
described above.

20 [0039] The degree of orientation is more preferably 0.3 to 3.0 and
further preferably 0.5 to 2.0. Measurement methods of the degree of
orientation are not particularly limited and appropriate methods may be
used. For example, as described in International Publication No. WO
2001/53213, a transparent sheet is overlaid on a copy of an electron

25 microscope image of a cross section of a deformed porous hollow fiber

membrane in the longitudinal direction of the membrane, a pore part is
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smal ler and therefore render the strength lower. For this reason, it is
consi dered that, when a part of the colums is attacked by chem cal agents,
the overall strength of the nenbrane is likely to be affected. By formng
such an isotropic three-dinensional network structure, it is 5 possible to
mai ntain high strength even at a projected part and, as a result,
deformation of a projected part does not occur during use to nake it

bossible to fREALA BithlafkqREOE BIACRIRE! bl Yhé Tike, LAAGstREALLAGy tRoScheme

view of an isotropic three- sional “network stracture 1s's I'n FIG 5.

AS_shown i {rhfeparefIOIHERS |2 duplifatedl bRENA fiddd ‘of whitePBibeldsof to

reference, a schene view of a Spherical strocture is sho InF

shown in Fl GligrinsyediffdrbRSate MeCpORNPatY apaslked ftomPadon-Ppose ?%E%F
bet ween the spherulites c-densel y-packed parts are cavity parts d 0041]

(Surface porghitataf) tHafdetdrain®ile deprée bfVHdntMion hi%iﬂ§%@ﬁ{rﬁ9rd%§ﬂfhby the
, e

present inventors, in the defornmed porous hollow fiber nenbrane

surfage poreavaaldb}e@;&lagngﬂgm’lﬁggeﬁmt s die Ehetiosr mphesyopdahaps hi gher

than the surface pore ratio of the projected part 3A has been proved to be

preferable ito berusedin akpreessnrenvrgh ani irhagé ithe @aitéoofewbictang theo
inhibiting a decrease, in a long-termuse, in water perneability

per formance ¢ditttali part aifSednbmbiramd thicknedh@odiion 6s sedparitesSBheiesiy hbed
herein is a region the center of curvature of which is outside the defoined

porous hol | oypdcifieproblda.ane 1, which is the region shown by the arrows in
FIG 3. The projected part 3Ais a region the 25center of curvature of which
i's inside th@0d¥] ol hedhmerdinsermbhalnétvumk steudiueadedcrivdd hbreia refisr egi on
surrounded by the depressed part 3B in FIG 3. Though the reason why the
surf h@e por etor atstrmctidret inewhaghr pessesd foram tan3@nlomitedenyeabep lodroplumat the hi gher
than the surface pore ratio of the Eroj ected part 3A inhibits the decrease
in water perbethbends of pehichrjotmtegdthente formaa thiee-dimensienal estartture. be
inportant that the pore 5 ratio of the depressed part 3B that is higher
than that ofIn hﬁleprtgr@:danemonabmmks stmstaree nelinostn adbrther aesins
t hroughout the nenbrane surface, and further causes a situation in which
not all the eemisiie toufemeceolamnsysanl fresinf lumpa; ivpicht arehdowrdeint e and
whereby the surface to be used in filtratjon shifts over tinme fromthe
depr essed pa$@-c@iled spherical structure in an unlimited number, are hardly visible.
15 A cavity part of the three-dimensional network structure is surrounded
by the thermoplastic resin columns, and each portion of the cavity part
communicates with each other. In this way, almost all the resins being
used contribute to form columns that can contribute to the strength of
the hollow fiber membrane, and therefore it is possible to form a
20 membrane high in strength. In addition, the chemical resistance
improves. Though the reason for the improvement in chemical
resistance is not clear, it is considered that large number of columns can
contribute to the strength and therefore, when a part of the columns is
attacked by chemical agents, the overall strength of the membrane is not
25 largely affected. On the other hand, in a spherical structure, resins

gather to form lumps to render the number of the columns relatively
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10 high pore rate to a part of the projected part with a relatively | ow
pore rate. [0042] The depressed part 3B is, as described above, a surface
that is high in recovery after washing on air scrubbing or shearing and
also is less prone to fretting. Therefore, it is considered that the
depressed 15 part preferably has a higher pore rate, nanely high water pet
neability performance, to nmake it possible to maintain higher water

per bl Oy BTGB YeRAE 1 SRR Gt KRy 95ast o
p

period of t pPOSSI f the

def or med_ por gyaigld ikl DHCATBTBEANGE In X oIERRY S BAURPEACKahIG 20 ©f

a pore part Using inage analyzin ware as 1 n the case

easur ement | glokleqdegree. PlnbANA IRNARANENEAR 1IEIPLE U ARELE] 0scope

phot ogr aphs € use surenen a depres part and a

proj ected papy. ek BRE 1AIRIRE (BROLAGKARSLA! nbRgoNOLABRFBS]: Rart of

a depressed part and~the top part are use rati o of

t he sgrface i d ; r iq of a
or i oot od_ pabtoletd oy nRRIPACHARE Eheh Ot RPRAESRE AL R Al 8 ) Bo.

Wen it is “@sultowfoh’ﬁaﬂoéhgﬂ a 'girojbéte!aoﬁaftbﬂéei hdtxoedirt ditHas wed /6

permeabi | ity performance, when it is" not higher than 2.00,” not only the

depressed pagfakBUt paksiBld ieniifiAf the sRapE ofiad akpREt) 9h af IonbiRiiPAsd.0 Ji ve

the effect of an aSperity to inprove the 5 outer surface area, whereby it

i s possibl e poséhdihbivieW 6 anelsetropes eadd-dirhyndlehhbhepietk sttairerigf er abl e
is not lower than 1.08 and not higher than 1.80, and further preferable is

not |ower thgiownlif FIGH 510t ARighieern ih#IGL 55@oluR@4 3 joiheoHor@ 4 @hvRyof each

of the projected and depressed parts may 10 be suitably determ ned
depefdi ng onpihe.puFposefetetite, 3 subienparidw o kphéticalt stelicthreoin §lewn

viewpoint of filtration consistency for fluid to be treated contai ning
suspended subsFHBcés amdshidvenlin BIG. 6) spserml kéecaie Yenselyl pavkedtingrar 0%
nore preferably not |ower than 23% and further preferably not |ower than
25% From t hand i spages rictwkernthensphregulites c-densely-packed parts are cavity

parts d.

[0041] (Surface pore ratio)

15 Furthermore, as a result of the research made by the present
inventors, in the deformed porous hollow fiber membrane 1, the surface
pore ratio of the depressed part 3B on the periphery that is higher than
the surface pore ratio of the projected part 3A has been proved to be
preferable in terms of expressing high filtration performance and

20 inhibiting a decrease, in a long-term use, in water permeability

. performance that is caused by fretting. The depressed part 3B
described herein is a region the center of curvature of which is outside
the deformed porous hollow fiber membrane 1, which is the region
shown by the arrows in FIG. 3. The projected part 3A is a region the

25 center of curvature of which is inside the deformed porous hollow fiber

membrane 1, which is the region surrounded by the depressed part 3B in
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15 nechani cal strength of the surface part, the pore ratio is preferably
not hi gher than 80% More preferable is not higher than 70% and further
preferable is not higher than 60% [0044] (Proportion of depressed part)
The defornmed porous hollow fiber nmenbrane 1 of the 20 enbodi nent of the
present invention preferably has a proportion of depressed part to the
total length of the periphery of as high as possible within the range not
mpai ring theldl st tMbugds sl AA56n W (HERUFBEE HoPa htidSTAHRRABSI& N |15
t he region sﬁ(l)wn by Tt‘}ﬁ)e %xrsrows !gn FIG 3 as nent iq)oneé_ albove, 'ea_n rgﬁegc}ge
number of thp,AepRessak Péfibher fHat B%{erztﬁﬁﬁrtﬁers%&fa%% Gatib GOHT Pl e to
express high water permeability performance and fretting resistance.ln
addi ti on, thgréj@efe_df hghrt MAStiHhitaey Stiaf edbideaky R beake! hedtndd flity
depressed part,” which has a higher pore ratio (nanely a larger nu r of
pores) and i peflopARince idmbot d¢lsamriefieicabbRleréd &80 iMpoftat 'ﬁﬁhtrt%%ﬁr%fé‘ce as
well. The proportion of depressed part varies depending on the n er of

asperties oratid®f theh@éprebsahgaith®Bvilat hs dligher dapethdtyof fHephsjeprsd i on of
depressed part to the total length of the periphery is preferably not |ower

t han 5% and gatt BiAgeusdshimpb&emont én ppefeeraid throuighouethet AesmbaAaend not
hi gher than 80% and further preferably not |ower than 15% and not hi gher

than 70% 10kQffa6¢, hnd tioetheasausés defitnatish porwhichhabt elt flidetemBrdiic@nes to
be used in dialysis disclosed as in Patent Docunent 4 and the like in which

protrusions soefapevurctaskd for filieatiorr aptie sfmetene andnghttebsatde suafackher e
tightly each other, the nunber of protrusion parts that are fornmed dense
and | ow i n péobeabidd iy fHiration-gnfts eonerpimeefroap thetdepresssd et evishly as
15 smal|l as possible within the range not inpairing the effect. As a
resull0, a nehiglapere matehicch paroof dke @rejented pamlwd&datrelmivmby fowf potes

ordi nary annul ar periphery is comon. On the contrary, in the case of the
def or med por v@fe. hol | ow fi ber nmenbrane 1 according to the enbodi nent of the
present invention that has isotropic network 20 structures throughout the
nenbrane, a {eQ42hddei depreseed perindBbis, iasydgseribednabree, cosurfabetthat by
protrusions is relatively small, or rather the nenbranes are less likely to
rub agai nst bagh intreeevery afier washig et b serBnEng Oreshaasing, and plsghis
proportion of depressed part to the | ength of the_ periphery is preferable
because it i $e§50BEINS &0 tisetiimgnt al heneifgre, it is considered that the depressed

15 part preferably has a higher pore rate, namely high water permeability
performance, to make it possible to maintain higher water permeability
performance throughout the membrane surface for an extended period
of time. It is possible to determine the surface pore ratio of the
deformed porous hollow fiber membrane 1 by measuring the area ratio

20 of a pore part using image analyzing software as in the case of the
measurement of the degree of orientation above. As the electron
microscope photographs to be used in the measurements of a depressed
part and a projected part, electron microscope photographs of the
bottom-most part of a depressed part and the top of a projected part are

25 used. The ratio of the surface pore ratio of a depressed part to the

surface pore ratio of a projected part is preferably not lower than 1.01
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25wat er perneability performance for an extended period of tine. In
addition, although the reason for that is not clear, the recovery after
washi ng on nenbrane surface shearing is high at the time of air scrubbing
or cross-flow filtration, and therefore it is possible to exhibit higher
wat er perneability performance. [0046] (Surface pore size) 5As for the pore
size in the outer surface of the deforned porous hollow fiber nenbrane 1,

the value regii honidHepThah 9.60.NOWhEn B AgioRRE AhahZeni Mids GRipteed par t

by the surface pore Size in a projected part 1s preferably no er than

0.5 and not (hacgRibit Mgh 2altcrBEANEASHRY AWTolads, 8@ When! Ak Gof and

not larger than 1.5, a furt 10 prefierable 1s not smaller than 0.8 and

not | arger tigfied in WD ridinily QBE'depREssell fdie bl rdBfSJosicdpdrp 2

depressed part to the surface pore size in proj ected pa isn | ower

than 0.5 andyBofsdd %kemﬁr@@@n%oggi_v@m effeet OF e’ h&peritonNtd mPYeoWhe t he

menbrane i s adequately small and it is possible toexhibit high rejection

per f o mance. outer aggifi¢ceonaren) wherdts pit efserdystbleeeausghibie hshuegatef the
filtration resistance of a projectéd part 'and the filtration resistance of

a depressed panmieadiitycpeforraatdcé heMbry proferable ponst bbwet thaf 1108 &nd | y_use
both of the projected part and the depressed part for filtration. [0047] As

for the porensthiaipher nthafd .80yt end Surthec preferatle ideadst ksver #npdrigusndol | ow
fi ber nmenbrane 1, the aspect ratio of a pore on the outer surface is

pref erabl y nuodt Higher thareh50. 3 and not hi gher than 3.0. The aspect ratio of
a pore on the outer surface that is not lower than 0.3 is preferable
because, whef)0gB1eFke porapatio ed dachtdfetheomwijectdd rmld depressedpartt hég hol | ow
fiber in air scrubbi ngﬂ:nd the like, the outer surface that Is 25a
rej etdi on | dyesuidably determirerkdepehdingrat theepurgposeeand & noeparticudarly
rejection performance for an extended period of time. The aspect ratio
limited. From the viewpoint of filtration consistency for fluid to be
treated containing suspended substances and the like, it is preferably not
lower than 20%, more preferably not lower than 23%, and further
preferably not lower than 25%. From the viewpoint of enhancing the
15 mechanical strength of the surface part, the pore ratio is preferably not
higher than 80%. More preferable is not higher than 70%, and further
preferable is not higher than 60%.
[0044] (Proportion of depressed part)
The deformed porous hollow fiber membrane 1 of the
20 embodiment of the present invention preferably has a proportion of
depressed part to the total length of the periphery of as high as possible
within the range not impairing the fretting resistance. The depressed
part described herein is the region shown by the arrows in FIG. 3 as
mentioned above, and a large number of the depressed parts with higher
25 pore ratios make it possible to express high water permeability

performance and fretting resistance. In addition, the fact that
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of a pore on the outer surface that is not higher than 3.0 is preferable
because, in the case of sway in the direction of the nenbrane circunference
in air scrubbing and the |like, a decrease in water perneability performance
due to fretting is inhibited. The aspect ratio 5 of a pore on the outer
surface is nore preferably not |ower than 0.4 and not higher than 2.5, and
further preferably not |ower than 0.5 and not higher than 2.0. The aspect
ratio of a RALEAAZERCARHIRE]P 46 MBS hel@Sh! ihRedepiRissed '}9}& urface
pore size in tﬁsgeﬁgngi tud|l na][ysgélsr ec?ll on of the %%wﬁﬁgwu; ags%rface
pore size i mibher fofefati@ tngthelng lardr SuhbEr 6f B6£3) @hd!i8 rBﬁE't@"Hrfiz" ber) in
the outer sur?acegof t he g%forr%};d por ous hol | ovﬁfi bgr merrg)rane 1. The outer

surface of tRe,desabled, ey s lavrédibanceribyane Hﬂ@Qg«g;z?&idrybﬁd to

include a projected part, a depreSsed part, and a circunf ial part, and
al' | of thesejqyreificaayt vatiks Widgendihgeon ahgengmbeieopbRperifiepest thatio. As

for 15 fretti'ng, the defornmed porous hollow fi ber nmenbrane 1 sways in the
direcsion ofhdight ahdatstwidhas af asperityel | T proportimmbl dhpraisetiigut i e of
air scrubbing, "and therefore the influence of fretting in this direction is
great. Becausetheftotdlalengihef thd epiphery ig préferablpoict owdmthanl % andr f ace
in the direction of the circunference is small, the influence of 20 pore
bl ockage is gitehigheantharh90&6ontore pesfeesisly not Watver thanme@¥bs landy not
performance is likely to occur. It Is possible to determ ne the aspect
ratio of a peighepnthaheB(94; endsfintlesrepfeforatilpenctr laverethan 1586 afd aspect
rati o of each pore using inmage anal yzing software as in the case of the
measur enent logheheéhate@0%e of orientation above. Wien the pore size is 250.1
jimto about 1 pim it is appropriate to use an el ectron m croscope inmge
at al@ragni f i [@iS¢nnotheabase of @e@otmed poroiis tlowasfiber nmedmbrames t®hbpe in
the inner surface of the aperture 2 of the deforned porous_hollow fiber
menbrane 1, wdes msgiatysis discboses] an vt Batent PDocumentivd andihe likeh sdchot

hi gher than 4.0 in tetins of expressing nechanical strength. Wen the
aspect rati opiotrusipes areoproviided forethe pusnastafeprieyentng|tbugadstthadieres, it

is possible to obtain adequate strength in the |ongitudinal direction of
the hol | ow flighily maehrather, themunyben of prossesipnipartsothas ase fermaeé dessei | e
strength, and when it is not_higher than 4.0, it is possible to enhance the
strength in andlowinmerseshiliylassonrsadventgphase separatsm wiprefersblyesbr ane,
nameI%/ the conpressive, 10 strength and the burst ﬁtr gth that are

i npot?ant nmedRaHiasossible vt theggnse aatitmpeiing 4he 6hleClrhe AssbErsuli ati o of
a pore on the inr?lgr sur face f’ls nore, preferably not |ower than 0.3 and not
hi gher t han 3IBCIRRANG Ui Fh prefrEs KHISyATeaPTqVE t9 faRal. of U @rdinaryi gher
than 2.0. Wen the defqrned. porous hol I&?W fhipber menbrangfll i S coP'pgsed of
one |ayer, |gnOulgr;per biSe CPBIRERe (W ENENEOER Lt I} 8¢ £a5F QL J8fe on

the inner surface of the a tyre 2.Using a scanni el ect,ton n crpscope
phot ogr aph of€ q%nnEPr%{ﬁfeé%ﬁo‘é's fiber hgn@é‘géa‘&ﬁ ﬁﬁea‘é“s‘ﬁgﬁgréﬁ’i &gﬁf g
ore on the outer,.surfacg.  Wen the deforned poroys holl.ow fiber nmegbrane 1
P ormed fr SRPRIBERLIGE thén e, dRvanton Bt fhs tietpbice Ttwork

20 structures throughout the membrane, a decrease in water permeability
performance contributed by protrusions is relatively small, or rather the
membranes are less likely to rub against each other at the depressed
portions. Therefore, a high proportion of depressed part to the length
of the periphery is preferable because it is possible to maintain high

25 water permeability performance for an extended period of time. In

addition, although the reason for that is not clear, the recovery after
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20 provided, the aspect ratio may be determ ned using scanni ng el ectron

m cr oscope phot ographs of a cross section of the inner face-side surface in
the |l ongitudinal direction of the nmenbrane and a cross section in the
direction of the nmenbrane circunference, of the nenbrane that is the

out ernost | ayer. 25[0049] (Average pore size and maxi num pore size) The
average pore size and the maxi mum pore size of the def or ned porous hol | ow

fib nb i
and the meaxi pgfgﬁéﬁé%@?%ﬂen%“?%ﬁ% sttty NORRH 18 HEURGE BPIAD Z€
resistance Oécrhﬂgug 3 gé“) ﬁY’(r@t%h aéiﬁﬂ'tﬁ’él% {RNis @»%rsgfiwgb'esmlbn

performance 1s o when I’s not arger “‘than 1

menbr ane thaﬁl%}%r%a"c@r ﬁﬁéé}ﬁﬁ&xb@rﬁﬁgﬁh@é] on perfornance i's obt ai ned. Mre
preferable is 02 1. nd further preferable is 0.05 to 1 pm

When the ave mgp(;&ﬁf@ eﬁoﬁrsqz dhe maxi num pore size are not smaller than
0.05 pm it Ts preferable to nmeasure the average pore size and the maxi mum

pore size by the AQ foRthopopesie inethel Gutbp sitface b the defbaned r@‘é@rage

pore size is smaller than 0.05 pmand high pressure is require t he

measur enent , helkbr it gierabranee] Jhebraane résgiting frogh dpvidsse tige vsﬁrface

probl ematic, and therefore the measur enent can be performed by filtrating

marker subst iz@iih desressaibpirt Uyetld s@sfacapdralsizerin Hprejetted patticle
size 15 of the marker substancg for}EtV\hi ch thepr ej ection PSQSO% a%p@{the

average por eissipzeferably hbe pasliércitbarsi @S ahdt het narger tisabst.encevioge Wwhi ch
that is 1% as the maximum pore size. [0050] In addition, the value

resul ting frorefeiableiisgothematber them OOF endi zet Imgehehavdrigm@cﬁlmmze i's
preferably not larger than 2.0. The 20 value resulting fromdividing the
maxi i@m por eprafermbly is ot smalkgethzor 6.8 and net krgenthamtia3. sNéhémghe
uniformty in pore sizes of the menbrane, and the nenbrane has nore uniform
pores as t hi propairtieni of thoserface HoreTsieevial aedepresded partf toothalisuificeg t he
maxi mum pore size by the average pore size to be described bel ow i ncreases
as the rati opofe g&eha atprbﬁacéecgpaﬁ isi net lower e 8s%@ddpaot highertthani n a
projected part described above increases. This is because pore size

di stri buti on2d¥ pwre size distribution throughout the membrane is adequately small

and it is possible to exhibit high rejection performance. In addition, it
15 is preferable because the values of the filtration resistance of a projected
part and the filtration resistance of a depressed part are close and
therefore it is possible to efficiently use both of the projected part and
the depressed part for filtration.
[0047] As for the pore shape in the outer surface of the deformed
20 porous hollow fiber membrane 1, the aspect ratio of a pore on the outer
surface is preferably not lower than 0.3 and not higher than 3.0. The
aspect ratio of a pore on the outer surface that is not lower than 0.3 is
preferable because, when stress is applied in the longitudinal direction
of the hollow fiber in air scrubbing and the like, the outer surface that is
25 a rejection layer does not crack and therefore can maintain excellent

rejection performance for an extended period of time. The aspect ratio
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depressed part is different fromthat of a projected part and therefore
pore size distribution throughout the nenbrane becones broader. Wen the
val ue resulting fromdividing the nmaxi mum pore size by the average pore
size is not larger than 2.0, it is possible to obtain high 5rejection
performance. Mdre preferable is not larger than 1.9, and further preferable
Is not larger than 1.8. [0051] (Porosity) The porosity of the

def d I ' [ 299 th
detored porgus okl VRl PRURSERSHE 0Bt RLEKEPP T LopRition Lhe
th 20% ity i.bl t t o ' @l t

R 205 1Ll BESSitge  eagPLal TSR REC OB XEA! gt

ossible to | i Ch S h ti  t he
P O@P{:\%h?ﬂ%nﬂgnﬁ{ afje g\eﬂutsbmgt dnE dhe ‘Hllﬁ,‘gét deE2B8s i Syatef

enbodi ment e present invention, | S poss 15 nmeasure the
porosity of the,dafinperernee WRid @VrEtRes iITRIHABE. 1 e Sipdcdirhgot he
di f ference b%tween tﬁggmass In a wet cond:ﬁ%on and t he massgﬂtl?prfJI an a%sol ut e

dry conditi ogf 8fdr8dnPRieOdisteP Al e fik RESreBrdiERBEy hbdlower kA 6gnahgd with
water in its small pores except for in the hollow part, by the volunme of

t he menbr anengxhidhér tah B Shahldofirfisr! prefSia®hp 2lot (1WA than 0.5 and h@ti nner

di aneter of the defornmed porous hollow fiber nmenbrane 1 (the dianeter of

t he apert ur ehidhet sthane2e0.abiThel adpsen ki Gfma Poes dhetheneterdisaficer i s
not smaller than 0.1 mm it is possible to control pressure loss that is

To b | ow, and ahen 1L T ot Targar han s M L1 S pesai bl g Lo enhance
t he menbr anedipactkomof the hollow fiber) / (a surface pore size in the direction of the
10 circumference of the hollow fiber) in the outer surface of the deformed
porous hollow fiber membrane 1. The outer surface of the deformed
porous hollow fiber membrane 1 is constituted to include a projected
part, a depressed part, and a circumferential part, and all of these
preferably fall within the range of the above aspect ratio. As for
15 fretting, the deformed porous hollow fiber membrane 1 sways in the
direction of the circumference of the hollow fiber membrane at the time
of air scrubbing, and therefore the influence of fretting in this direction
is great. Because of that, when the pore size of a pore on the outer
surface in the direction of the circumference is small, the influence of
20 pore blockage is great, and therefore a decrease in water permeability
performance is likely to occur. It is possible to determine the aspect
ratio of a pore on the outer surface from the arithmetic mean of aspect
ratio of each pore using image analyzing software as in the case of the
measurement of the degree of orientation above. When the pore size is
25 0.1 um to about 1 um, it is appropriate to use an electron microscope

image at a magnification of about 5000 times.
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density per unit volune, and therefore mniaturization can be achieved.

More preferable is 0.3 mMmto 4 mm and further preferable is 0.5 mMmto 3
nm [0053] The nenbrane thickness of the deforned porous hollow fiber 5
menbrane 1 is preferably 0.05 mmto 2 mm Wen the nenbrane thickness is

not snaller
strength th
filtration,
t he menbran

than 0.05 mm it is possible to obtain adequate conpress
at is required for a porous hollow fi ber nenbrane for out

SRESIRS Ao G0 b Ple s B b 1 P32 g

and not 1 ar gutorfine i6tefs BeBE] ol afaRbit; FoUR ashsPLladR bR

and not | ar
por ous hol |
el ongati on
15 nmenbr ane
scrubbi ng.
not |ewer t
fi ber menbr
preparing t
enbodi nent
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20
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possible to enhance the tensile strength, and when it is not higher than
4.0, it is possible to enhance the strength in the membrane-thickness
direction of the hollow fiber membrane, namely the compressive
strength and the burst strength that are important mechanical strength in
outside-in filtration. The aspect ratio of a pore on the inner surface is
more preferably not lower than 0.3 and not higher than 3.0, and further
preferably not lower than 0.5 and not higher than 2.0. When the
deformed porous hollow fiber membrane 1 is composed of one layer, it
is possible to determine the aspect ratio of a pore on the inner surface of
the aperture 2 using a scanning electron microscope photograph of the
inner surface as in the case of the aspect ratio of a pore on the outer
surface. When the deformed porous hollow fiber membrane 1 is
formed from multilayer, namely when a support and the like are
provided, the aspect ratio may be determined using scanning electron
microscope photographs of a cross section of the inner face-side surface
in the longitudinal direction of the membrane and a cross section in the
direction of the membrane circumference, of the membrane that is the
outermost layer.
[0049] (Average pore size and maximum pore size)

The average pore size and the maximum pore size of the
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[ 0056] (Organic |iquid) An organic liquid that is a potenti al

sol vent for the thernoplastic 25resin to be used in the present
specification is used. In the present specification, the potential solvent
refers to a solvent that hardly dissolves the thernoplastic resin at room
tenperature (25C) and can dissolve the thernoplastic resin at a tenperature
hi gher than roomtenperature. It has to be liquid only at fusion kneading

hecbesar 1y dopRRUbdtouk ol B fekirah s, B 1S *%Bffbf 10%8??‘ on t he
h I [

;ﬁé’l" SEE h%%e?ifﬂ%%‘zeféﬁéé%%@as (ind, PR, (18 SPAOAR f ﬁ%%fi”d
loctyl p ”F}ﬁ*?ﬂ pateuﬁ Mﬁﬁe@dg reélgﬁﬁlc@ts tﬁé'ﬁ%g&gméepi@t fakahgd an

ditridecyl sebaC| Cc acid esters suc as utyl sebacate
adi pi ¢ acid bAHiliv peFfoP@afice i bBRAihed) snRWHELR ISt SUCh as
trioctyl trinmeltli tate osphate eSters such as tributyl phosphate and

triocgyl p qaa%@ﬁmglw naeﬁ{&ﬁsramcﬂq@cslsorawle@;@engﬁwmlséiﬂa?é\ﬂ%ﬁte and
propyl ene gl ycol di ol eat “paraffins such as liquid paraffinsy and a

mxture t her ormah &0 38lobikieRd! hevibhe 'prefirabld ¢s 0602 urhStoP Sl M, Nyhd dene

fluoride, exanples of the organic |iquid can include phthal ate esters such

as di net hyl ﬂﬂtﬂ@';ﬁ%ﬁeraﬂleeitsm’OSﬂbtlh tewﬁe@ﬂwhv g@ _ﬁ%%lZ@hﬁ&Qh@heXW
pht hal at e, di heptyl phthal ate, dioc pht hal at e, - et hyl hexyl)

phthal ate; beazdaum ¢orersize ¥ed ms ﬁ’ﬁbﬂﬁif th@@@esqmﬂdtesfmbf&abw%e; 20
phosphate esters such as triphenyl phosphate, tributyl phosphate, and

tricresyl phegphatethketvengse porb size7ahdt theoheationan poty Isére tyarthenat e,
propyl ene carbonate, cyclohexanone, acetophenone, and isophorone; and a
m xtupe thermethod ki@@ﬁ%ecl imA§EM &:Bil 6eBowdéhgn the average pore size is
smaller than 0.05 um and high pressure is required in the measurement,
deformation of the membrane due to high pressure is problematic, and
therefore the measurement can be performed by filtrating marker
substances with known particle sizes, and determining the particle size
15 of the marker substance for which the rejection is 50% as the average
pore size, and the particle size of the marker substance for which that is
1% as the maximum pore size.
[0050] In addition, the value resulting from dividing the maximum pore
size by the average pore size is preferably not larger than 2.0. The
20 value resulting from dividing the maximum pore size by the average
pore size is an indicator showing uniformity in pore sizes of the
membrane, and the membrane has more uniform pores as this value is
closer to 1. The value resulting from dividing the maximum pore size
by the average pore size to be described below increases as the ratio of

25 the surface pore size in a depressed part to that in a projected part

described above increases. This is because pore size distribution of a
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25Exanpl es of inorganic fine powder include silica, alumna, titanium

oxi de, zirconia oxide, and cal cium carbonate, and fine silica powder with
an average prinmary particle size of not smaller than 3 nmand not |arger
than 500 nmis particularly preferable. Mre preferable is not smaller than
5 nmand not larger than 100 nm Hydrophobic silica fine powder that is
less likely to aggregate and is excellent in 5 dispersibility is nore

; bl e, Z i t I ) |
o “not I over SRR PEETR, Siffuchf Bt (ot JfH (PRI ARE pal ahf bty ivke el e
d i bed h aN b s t Suﬁﬁ* i 4 I BEifa t t
yv(eatsgr; h: po%(gfre.n ng:)eec(li1 I catft?], Iﬂtﬁﬁg/ﬁ%%ltﬁglngrﬁet er m’Bn@gg}rBé; p?ﬁggi@%g gi I>/i ca
i n dei oni zedynghe @vﬂue%%{%hﬁg%ﬁggﬂldigidiﬁghﬁeﬁhaﬁﬁhﬁm n@hﬁe Kl gy Hﬁﬁg'

while stirring, obtaining the in % Dby volunme of thanol 1t

aqueous sol Lﬁxifé%a%@t drBesibé 118 ﬂmera@%é%éay_msa B pobsibke b CEbtRIEGiPh t at es.
[ 0060] As for th ddition anount of the inorganic fine powder, the nass

ratiosof t herdéé@fcﬁﬁ'}ie@f&ﬂﬁ&dé@“@ﬂoré Npieféabl® s knerdaepr O@AUCY 9 Sand 5
preferably not | ower than 5% by mass ‘and not hi gher than 40% by nass. Wen

the proportifptir préferabl BaiitdafdeneheWor is not |ower than 5% by mass,
the effect of kneading-in the inorganic fine powder can be fully expressed,

and when it [0031 t(gtjrggﬁey)than 40% by mass, it is possible to spin
consistently. 20[0061] As for the m xing proportion in fusion kneading, the

ratio of vol une t Hfhe ipproitpiofeatiedefoimedi poromssisolbywsfiber frictnlgramei 1y i s
preferably within the range of 15% by volune to 50% by volunme for the

For The fotal T the proant o 1ot d and the oot san e e ouder V35in
t er nt0of t hehbAbwnfibebatemslorartehk isavetower theab?0v4,)it pe pbssibinteobtuint he
strength of the hollow fiber to be obtained and in terns of
a membrane with excellent water permeability performance, and when it
is not higher than 90%, it is possible to obtain a membrane with
practical strength properties.
In the embodiment of the present invention, it is possible to
15 measure the porosity of the deformed porous hollow fiber membrane 1
by dividing the difference between the mass in a wet condition and the
mass in an absolute dry condition of the porous hollow fiber membrane
that is impregnated with water in its small pores except for in the hollow
part, by the volume of the membrane excluding the hollow part.
20 [0052] (Others)
The inner diameter of the deformed porous hollbw fiber
membrane 1 (the diameter of the aperture 2) is preferably 0.1 mm to 5
mm. When the inner diameter is not smaller than 0.1 mm, it is
possible to control pressure loss that is generated at the time when

25 filtrate water flows through the hollow part to be low, and when it is not

larger than 5 mm, it is possible to enhance the membrane packing
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consistency in the spinning process that is a nelt extrusion process. As
for the thernoplastic resin, it is preferably not |ower than 15% by vol une
in terms of the strength of the porous nulti-layered hollow fiber menbrane
to be obtained and of spinning consistency. It is preferably 5 not higher
than 85% by volunme in terns of the water perneability performance of the
porous nulti-layered hollow fiber nenbrane to be obtained and of spinning

consi st ency. it i £ oafd i n
constst enoy. abAQRPhofli y Ao, ddprpIcnaRRTERToral b dRLaN N9
product to WyI&R prrPEEBI 5 6 BNk evdemnh Sadl $edhéprifeide {0 ARA tgut | et

to obtain a deforned porous hollow fiber nenbrane,” the surface pore rate of
depressed pagtna the outer surface largely inproves conpared to the case
of the outer surface of an ordinary perfect circle hollow fiber 15

menbrane. ThpoGsB ]t MherWafditahe thidkdess oMtie 8bRAmed botGunhoUdRd fthe fact
that inorganrc fi'ne powder exists on the outer surface of a depressed part,

nanel § a reghmbfﬁecm%eﬁbr&ér Iy VRO i ftovi @iin i s WHesitHe fleeni@nkephery
of the defornmed porous holl ow fiber nmenbrane, affects the inprovenent in

pore rate. 2f{jiekn&gchusse ghallbethidn 0l0snimg, &f isgsdssibleitoosistain adédirgeponder ,
a nenbrane having an isotropic three-dinensional network structure is
likely to becotipréssive astength ahnesisl trequireds foossi pbeouw lexdhowi tfibergh
mechani cal strength. (3) On preparing a deformed porous holl ow fi ber
menbr ane accarabgnsfor dutsideninofiitration,dind whiepriesenot largenthan? mhe

nmol di ng consi stency significantly decreases as the height or the nunber of
asperities itis possible to enhance the membrane packing density per unit volume,
10 and therefore miniaturization can be achieved. More preferable is not
smaller than 0.1 mm and not larger than 1 mm.
[0054] The elongation at break of the deformed porous hollow fiber
membrane 1 is preferably not lower than 50%. When the elongation at
break is not lower than 50%, the deformed porous hollow fiber
15 membrane 1 has adequate durability against physical washing such as
air scrubbing. More' preferable is not lower than 80%, and further
preferable is not lower than 100%.
[0055] <Production method of deformed porous hollow fiber
membrane>
20 Next, examples of preferable production methods of preparing
the deformed porous hollow fiber membrane 1 according to the
embodiment of the present invention will be described.
[0056] (Organic liquid)
An organic liquid that is a potential solvent for the thermoplastic
25 resin to be used in the present specification is used. In the present

specification, the potential solvent refers to a solvent that hardly
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increases and therefore it is difficult to obtain a porous hollow fiber
menbr ane havi ng enough projected and depressed parts on the periphery.
However, by addi ng inorganic fine powder, the viscosity of the fusion
kneaded product increases and the nol ding consistency 5 significantly
inproves. As a result, it is possible to easily obtain a defornmed porous
hol | ow fi ber nmenbrane that is high in proportion of depressed part on the

peri phery of ra mjog,q) S CQS] L k@_eir,a ct) The
vi scosity of d%sﬁglﬁgﬁ gnﬂ%nea e%%ocr g%ﬁjuété)[(s)fnd%flg%ﬁgr geﬂ"lﬁg Oég?ﬂleﬁ?ggl y
within ther 1000 Ra : e | oNer an 1
Pa.sec, it i gﬁgglsvg 6%%3?18ﬁg§g£aﬁggl g&éﬁt %flsﬁdc'gc %@gfe%tﬁ%d}ﬁggglgrth y s%dége, and

when it is npinhighek. t Hahak0R Ba-1s@sid bhly at %ﬁ%hbkﬁeécﬁngit%_ rdfukhe
fusi on kneaded product consistently. As the nmethod of inproving the

viscosity, aggh bl off tHhdaibslabtid reBRAAE 1tSelfhanliURi ABt nbeeldpnged
product is preferable. CGenerally, in order to increase the viscosity,

i ncregsi ng p%quimdﬁpmeighi@htﬁanﬁaltﬁhp&amol ymer with a high nol ecul ar
wei ght is often perfornmed. However, porosity that contributes to filtration

decreases i n[0(57]f Whe tlk&sRernadyslaptioblesit® iss yolyeathy kabeekhnpledlodithe are
likely to occur in the latter case. By adding 20 i1norganic fine powler, it

i s possible brgdrﬂ@rlﬂ?«ﬁdt ben ihekuelel plitteflatehesters isach kare ditatyb rpddbiglatey t hout
limtation of the nolecular weight and the concentration of polyners so as

to inhibit ddflepipl i phtleflatehe dispwili tphthabpe, wdi(Reethiythd:ud) ophitheladed
product is in an air gap after being discharged through the outlet and

bef ore bei ngdiisodesy]phihalase, andsdiesdecey] plithaltgoebableadid estéraisach adef or med
porous holl ow fiber nmenbrane consistently. The viscosity on di scharge can

be olfai ned Ujbutybisabacatecadigit epidmstersesmlr esadiocil adipatecttriaielkitiear rate
(shear speed) at the tinme of discharge through an outlet. The viscosity of
t he fusion kaeidestersr athicas tmoctiyt thioredltates plosphateesteapsycmas tiibukyl t han 2
Pa.sec and not hi gher than 800 Pasec, and further preferably not |ower
5than 5 Pa. spbosphitaoandityiestyl phospbatepaglycerinoesais sneh hasi propylemsi on
kneadi ng and extrusion) ) o

glycol dicaprate and propylene glycol dioleate; paraffins such as liquid

paraffins; and a mixture thereof.

15 [0058] When the thermoplastic resin is polyvinylidene fluoride,
examples of the organic liquid can include phthalate esters such as
dimethyl phthalate, diethyl phthalate, dibutyl phthalate, dicyclohexyl
phthalate, diheptyl phthalate, dioctyl phthalate, and di(2-ethylhexyl)
phthalafe; benzoate esters such as methyl benzoate and ethyl benzoate;

20 phosphate esters such as triphenyl phosphate, tributyl phosphate, and
tricresyl phosphate; ketones such as fy-butyrolactone, ethylene
carbonate, propylene carbonate, cyclohexanone, acetophenone, and
isophorone; and a mixture thereof,.

[0059] (Inorganic fine powder)

25 Examples of inorganic fine powder include silica, “alumina,

titanium oxide, zirconia oxide, and calcium carbonate, and fine silica
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As for the m xing proportion in fusion kneading, the ratio of volune that
is obtained by dividing mass by specific gravity is preferably wthin the
range of 15% by volune to 50% by volune for the 10 thernoplastic resin and
wi thin the range of 50% by volune to 85% by volune for the total of the
organic liquid and the inorganic fine powder, in terns of the bal ance of
the hollow fiber to be obtained between the water perneability performnce

and the str j i b Ry i nel t
ng %gis% ggwe%ag@ %ﬂ{lﬁ?{_} Eﬁfgﬁgé N8 f MR &%l ldr Ban § rin

extrusi on process. r the sticresin, It 1s preferably not

Lower than 1594 pt Yalgdfhar) SHOHR fpdrtieuRkTyhedfiratle! NABR! BiFehle oW

fi ber menbrane to be~obtai ned and of spinning consistency. It is preferably

not hi gher tRapoOARAMEr MBLH Al 4rkd ﬂ%tqfaréé_ieth/@lt €00 Pemeai Htdphobic
performance of the deformed porous hollow Tiber nenbrane to”be “obtained and
of spi nni ng dfleanfhétipder HPASH] 1dsdsiiRalykie agiohgoAtt AMe it heicaliRhRSA| C

resin with the organi'c Iiquid and the indrganic fine powder can be
perfosned usdispemmibilitgriy s oprefaradlé, nandeaydropliobidsilicd Writh sc MW

extruder. 0066] Schene views of a hollow fiber nmenbrane-producing
devi ce the 29nethangtresttabdlityhhiaibie ofitioy dewesn than BO% biybalufiey 19 fagtheezz| e
are shown in FIG 7 and FIG 8. FIG7 is a schematic representation of an

arrangenent pfeferabléol The MWervatesbdesveitpdo tieceingidehe cealuanth PoGhg shows
an exanple of an orifice of the hollow fiber-form ng nozzle. A hollow fiber

menbr ane- pr odolume of evéthandDthmb completdly Grétsithe pomadart utSpecificaliy|thde an
extruder 11, a hollow fiber-formng nozzle 12 5 (a hollow fiber-form ng
def or med nozMW) vahesisaletamihedi e pling sdocd imdetvatined satemand, whkr- up
roller 15. In the hollow fiber menbrane-producing device 10, a fusion
kneatl@d pr odadding methznodbelowrthe Hluiddevelowhilelstirsing sbteingeithenvalugh t he
hol | ow fi ber-form ng nozzle 12 to E)z_iss through the air gap while receiving
cool i ng air fr&mbyovokine ofimethasel de the aquedus Isehutionl ef goe sinto svhdrat hi ng
in the cooling bath 14. The fusion kneaded product is then solidified, and
t he hol | ow f 5B%r byirkassweif theislica poecipvhtesi fied is taken up with the take-up
roller 15. [0067&; As for the hollow fiber-form ng nozzle 12, the fusion
kneaded prod[QA6Gupsl fasdtlie edditien axeunrtepl the fingvganip,bngpawdes ghee

rovi ded
P mass ratio of the inorganic fine powder in a fusion kneaded product is

15 preferably not lower than 5% by mass and not higher than 40% by
mass. When the proportion of the inorganic fine powder is not lower
than 5% by mass, the effect of kneading-in the inorganic fine powder
can be fully expressed, and when it is not higher than 40% by mass, it is
possible to spin consistently.

20 [0061] As for the mixing proportion in fusion kneading, the ratio of
volume that is obtained by dividing mass by specific gravity is
preferably within the range of 15% by volume to 50% by volume for the
thermoplastic resin and within the range of 50% by volume to 85% by
volume for the total of the organic liquid and the inorganic fine powder,

25 in terms of the balance between the water permeability performance and

the strength of the hollow fiber to be obtained and in terms of
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15 inside the extruder 1 and inside the hollow fiber-form ng nozzle 12, and
i s discharged through a ring-shaped, which is not annular, orifice 17 that
is provided at the lower end of the hollow fiber-form ng nozzle 12. At the
sanme time, hollow part-formng fluid such as air and high boiling liquid
passes through a columar through slot provided at the central 20 part of
the hollow fiber-formng nozzle 12, and is di scharged downward through the

orifice for : p shdth i i i fd .
[0068] The siﬁgség‘%%‘b?ﬁg B fSPce 1@%‘?#&% tﬁgﬁ%ﬁs PREL fuston preess, 12 i's
not particul Akl fhrl fhl thRemBpRIHEeEsiR ATt istprefer@dlP iR dowdrahanest, Byherein
refers to that the 1 nner periphery and the periphery of a hollow fiber

menbrane ar eyHRimE MRS bE e Hchgtheo Sthel SerousanRi-Mdydrbe holRiW IRy 1S
different fromthe surface shape of the inner periphery. Nanely, it is not

par ticul arl ypidniibiag@ tBrisey bbenédahdasiPesinhligs censiswneyl ddedipprdfepalilyt er

circunference of the orifice 17. Therefore, Tor exanple, it Tay be a shape

in whfch senhei higleerdtigire®58d Parvsludie inSteraismed e ageropefhieability
circunference as shown in FIG 8 (a), it nmay be a shape in which senicircle

depressed papéfoanant®ofeicqsorone multtlaygired Undléswniibeasneshbidne tb beG 8
(b), or a projected part provided on the outer circunference side may be
rectangul ar @btagiedvand ofsplaring cpnsidsericy. a hol I ow fi ber nmenbrane according
to the enbodi mrent of the 10 present invention, the pore rate of depressed
part on the [062jhArdditidntof inorganict fimer posvdear hias uther Ifpllomghg dnge
therefore a nozzle in which depressed parts or projected parts are arranged
tightly w thadvarstpge® on the outer circunference is nore preferable so as
to increase depressed parts of the defornmed porous hollow fiber nenbrane
that 10s to bél) Surprisipglydbysdisghatgingoh | msidn dareadednpraguet ztol eviizh | n
addi tion, considering durability that does not allow projected and

depr essed painargehic haeppowder ioladdedfthveughentetorened ovélet ¢o apetdiora br oken
during the actual use in filtration, the orifice 17 in_ which semcircle
proj ect ed padeformes fporovs kellewi dipesumesnbianed| theosutfase oporsr rate of
circunference as shown 20in FIG 8 (a) .is nost preferable. [0069] As for the
di schar ge of depeessed st Ruethgeauisr cairéace largalyh iImpeoyes compared toftheni ng
nozzle 12, the resjn tenperature Te _on di scharge fromthe extruder 11,

nanel y at a gesg lothepouter pytage ofs apr er@nany esiefiesireleahotlne fegr

tenperature Ts on di scharge .t hrough the orifice 17 o
w 15 membrane. T gugh the rgason %or that is not clear, it is assumed the

fact that inorganic fine powder exists on the outer surface of a depressed
part, namely a region the center of curvature of which is outside the
periphery of thé deformed porous hollow fiber membrane, affects the
improvement in pore rate.

20 (2) Because of the thickening effect of inorganic fine powder, a
membrane having an isotropic three-dimensional network structure is
likely to be obtained and, as a result, it is possible to exhibit high
mechanical strength.

(3) On preparing a deformed porous hollow fiber membrane according

25 to the embodiment of the present invention, the molding consistency

significantly decreases as the height or the number of asperities
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25(outlet), nanely at a position P2 in FIG 7. By discharging with such
resin tenperature profiles, the tenperature of the outer surface of the
fusi on kneaded product to be discharged is low and, as a result, it is
possible to obtain a hollow fiber nenbrane having high formability of
asperities and having a high surface pore rate of depressed part.
Furthernore, Te and Ts are preferably higher than the torque inflection 5

tenperature fRrdsdshgnd ttﬁe&moi@@ta@he%ﬁi&ﬂv% dBant egodsnhalIBkAHWE |1 in
order to forma consistent asperity shape, iInprove the surface pore rate of

depr essed paiomBheddnaascohbiz! bHojRRP AR VEEPrdsSal SPRHICEIDONE Si zes

in a depressed part and in a projec part. The torque inflection

tenperature pgriphersphadeweses s hadideimeahly Bnefpovider, ﬂl&b{rt&b@ﬂ%m‘eaded
product containing silica. The t or que |nf ection tenper ature can

neasured by {Hee fhgidnoineadedt pastiuch oinceeaes! and NareIntolding Usordistenegded
product (once solidified) is kneaded with a plastom || at a tenperature not

| ower 5t han t signitanthy ipgiroved.absut a LRGN 1t ivepossilde oo sagidy Yobtai adene
fluoride resin, as a guide) to nelt 15 uniformy, and then the tenperature
is raised todefmmmbﬁar@lsnhgﬁomf biegundmbdrtthe tthet ihhigho ph ggbportiess iof,
thereby increasing the torque. Wen the tenperature exceeds a certain

t enper at ur e, depueseed partod theupetiphetytdethehmemiphast i ¢ resin incorporate
uni formy, subsequently a decrease in viscosity of the thernoplastic resin
becones pr ed 063 Vis2osianof fosiontmeadedrprbdndt) t he torque decreases. At
this point, the tenperature at which the torque is the maxinumis referred
to as the torque i hheeviscosity evpthetfuson kogaded irdusbtdn alischergeessi n
tenperature Te on discharge fromthe extruder 11 and the resin tenperature
Ts odOdi schapgfferahlyughhnhﬂl&fangefoﬁé Bs¢ota 1609 Ra-semot Wit ishwot t he
torque i nflectl on tenperature, is possible to obtain, with excellent
formability, laweet Pagsscoitss poss1ble to precisely obtain the desired asperity

shape, and when it is not higher than 100 Pa-sec, it is possible to
discharge the fusion kneaded product consistently. As the method of
improving the viscosity, addition of inorganic fine powder to the fusion
15 kneaded product is preferable. Generally, in order to increase the
viscosity, increasing polymer concentration or using a polymer with a
high molecular weight is often performed. However, porosity that
contributes to filtration decreases in the former case, and problems such
as defective molding are likely to occur in the latter case. By adding
20 inorganic fine powder, it is possible to improve the viscosity of the
fusion kneaded product without limitation of the molecular weight and
the concentration of polymers so as to inhibit deformation of the
asperity shape while the fusion kneaded product is in an air gap after
being discharged through the outlet and before being cooled and, as a
25 result, it is possible to obtain a deformed porous hollow fiber membrane

consistently. The viscosity on discharge can be obtained by, using a
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hol | ow fi ber menbrane that is high in quality without defects due to
aggregated silica contamnants and the like, is uniformin the pore size at
a cross section, and has high conpressive strength, a high surface pore
rate of depressed part, and a small pore size distribution (nanmely 5 high
rejection performance). The resin tenperature Tmand the resin tenperature
Ts are nore preferably higher than the torque inflection tenperature Tp by

5C or nore, p'?%ggit)%ét remggﬁi@ Yatthe 1 Qr Tm;a[{eraté r(%ér%e%hw%et of

suitably ex ove effects. [0071 e pressure-at the tip of

the hol I ow iy ?Jf“ﬁiﬁdh@r%@ztﬁf&l%ii dihSutld. t i TRe ofistbsitPaboi the SIE%OIIUSi on

kneaded product is preferably not |ower than 100 kPa and not hi r than

900 kPa. |n Raeidead Hro@iNoRY dithbhRaudl fidee Shaleradly andol bR fthRgr 2
menbrane is defined by the shape of a hollowfiber-form ng nozzle having

asper i Ui &S apahe shidnPtiighel (hilP 800'PLc MR fiBePpATEHIHY dlotlBRki P | S

not enough, resins are no 5 adequately ‘distributed to the projected and

depressed paghan § P R@rddabtHightPtharp600 Pa-de@r M a proj ected part of the
hol I ow fi ber) of the nozzle. In this case, as a result, only small

asperities rg0s4]v@Methddyeoffnéon kiesdiapearnf exthesionyzl e for di scharging

through an outlet are provided to the hollow fiber nenbrane. Nanely, a
menbrane in whi ch Asdfipr ghes adxiid) ppeportion shafuston kamepdiiggcthedrfify tofi s | ow,
and the top of the projected part and the bottom part of the depressed part
on the peri phelymef thaeisrestitaared dyradividiage endssctbywi specéfac hgaivigr iss
likely to be obtained. As for the pressure |loss at the discharge tip part,
al t hough t hepeeferadily owithin theirange lo€rléd6 bysvelump te 40846 byi wolumepfoasthbl e to
suitably use, within 25the scope of the present invention, the val ue that

i s cdDcul at ethermoplastih resin anedwithim ¢he frange ife5 guby alodumedioa8®Yebyof an
annul ar channel, flow speed on discharge, and nelt viscosity of resin, as
descri bed i nvehmmpifesthertqsaleat theeorganithdiquad 2nd thepnprganiofineqprowderr t han
100 1(13a is_ preferable for form ng a suitable asperity shape in which the
bottom part bf termefepf dbe dlanaet ofitlie hiodlowo fibst ta he obtained hesweeddhrot cone
into 5 contact when the nenbranes approach to the closest with each other.
Wien it is nwtatern perencatilify pedormance aadiheistiengilel and censistearydn thise
surface and a decrease in elongation during spinning do not occur and
therefore itSPENYaEsPHGESs othahi is cansnelt epxirysionheprocessur Aat fameheip i s
nore preferahly not | ower .than, 150 kPa _and not hi gher tpan 800 kPa, 10and
furtBér pref HaBIGPIARc resiay 1t isaprefomblpnainlowen thayhero traKokuoe kpa.

terms of the strength of the porous hollow fiber membrane to be

obtained and of spinning consistency. It is preferably not higher than

50% by volume in terms of the water permeability performance of the

deformed porous hollow fiber membrane to be obtained and of spinning
20 consistency.

[0065] Fusion kneading of the thermoplastic resin with the organic

liquid and the inorganic fine powder can be performed using ordinary

fusion kneading means such as a twin screw extruder.

[0066] Scheme views of a hollow fiber membrane-producing device the
25 arrangement of which includes a hollow fiber-forming nozzle are shown

in FIG. 7 and FIG. 8. FIG 7 is a schematic representation of an
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[0072] The draft ratio that is resulting fromdividing the take-up speed
(nanmely the take-up speed with the take-up roller 15) VL of the porous
hol |l ow fi ber-like material (the fusion kneaded product that is solidified
15 and fromwhich organic liquid or the like is not extracted) by the

| i near speed VS on di scharge of the fusion kneaded product through the
orifice 17 is preferably not lower than 1.1 and not higher than 5.0. Wen

|t s not | ohntdialnd of thé holld %g%@%&aﬁéﬁﬁ}%ﬂﬁcﬁl[gdﬁ{;gﬁgegnﬁq“ S0 iy

hol | ow fi ber rane consistently, en | S no et than 5.0,

is 20 possiple i gﬁ;@%&il?@ensmaaﬁﬁbe dﬁﬂféﬂh@u@wm%nﬂﬂi% Bgle high

surface pore rate, erence between the surface pore sizes In a

proj ected papt hamdw lrﬁ@eld%pérﬁsﬁﬁﬁ- dudifg Sd®}ite POKHIVen PRr FI6 ZP is

di stribution is snal More preferable is not lower than 1.5 and not higher

than 4, and EamdifRfedtehRalk an Sxthgder DI HolloRy ﬁb%rfﬂiﬁnﬂgg ndzghe225t han
3. [0073] A pass through tine after the fusion kneaded product is

di schgrged t{r ddlowhéibeplfbanidd tdufofmed nozaly)z!£ sidtiond desid €3,t ai s
solidified in the cooling bath 14 nay be optionally set in order to adjust

the pore sizgogling hbatienbt,anadand thke-up kelleandsi s pi efiey ddliow. Hegcond to

about 2 seconds in order to allow sufficient phase separation to make 5

t he menbr anentenbrenebpriduethddeeiceno0gh At kivadedepredatt YA suppliedr mal |y
i nduced phase separation and non-sol vent phase separation in which silica

i s not addedfronbehei sxtosddry 10fist dschatged throughbthalhetloav destrforhdng and
therefore projected and depressed parts di sappear when the pass through
tine is | ongnomdeed@ito pass itbrougdstlid airt gapvapbe eeceitinlg owolifgidie fromnbr ane
with a consistent asperity shape by adding silica. [0074] In an air gap L
af t el Ot he di fehsugeon llevigeh 18 haendrthehcendezgaes coel dathinigein theecedlingi n t he
cooling bath 14, cooling air is . preferably blown fromthe direction
vertical to bath t.scHlegfustprkneadddproductrisighen solidiftesy andhhesholiawe pore
rate of depressed part. Though the reason for 15 that is not clear, it is
estimat ed t hfiberhikermatasial tus solkdtiaghispaken uat withdhbdaksdiptiolled 1i5s t he
effects that, due to the cooling air blow fromthe direction vertical to
t he di schar glMpHi Asctarathe hellewr fipenforming-neraleet2i theafisipndamwadegart to

suppress evaporation of solvent, or that a depressed part does not receive

ai r direct | ypeaduatissipglisd dromohesgarederpbl 8owmthraagh the space provided

15 inside the extruder 1 and inside the hollow fiber-forming nozzle 12, and
is discharged through a ring-shaped, which is not annular, orifice 17 that
is provided at the lower end of the hollow fiber-forming nozzle 12. At
the same time, hollow part-forming fluid such as air and high boiling
liquid passes through a columnar through slot provided at the central

20 part of the hollow fiber-forming nozzle 12, and is discharged downward
through the orifice for the hollow part-forming fluid that is not the
orifice 17.

[0068] The shape of the orifice 17 of the hollow fiber-forming nozzle
12 is not particularly limited provided that it is deformed. “Deformed”
25 herein refers to that the inner periphery and the periphery of a hollow

fiber membrane are not concentrical and the surface shape of the
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20surface is not likely to occur. [0075] The hollow fiber fusion kneaded
product extruded through the orifice 17 (outlet) is cooled and solidified
whi | e passing through air or a cooling nediumsuch as water, and is taken
up with a reel and the like (corresponding to the take-up roller 15 in FIG
7) where appropriate. 25During the cooling, thermally induced phase
separation of the hollow fiber-like material is induced. In the holl ow
fiber-like | f Hefferen® e sefdcdi §i Ofﬁgnﬁﬁﬁ;rr Xg@ yner
partial phase rgél}%&g %oﬁce%rte?lagégﬂlor gani c %ci qu}}éjﬁpart lal p as@é ist fnely
di vi ded. V\hqqahf&y' 93015 hioRepRUNARArTY SIAAMEI frovided hae AGUARR Grbi ne
powder is fine si Tca powdgarl,) tJhe fi%e silica powder is unevenly
di stribut ed Oé]&v@@e&%hethe‘:’ohfértdiﬁnﬁﬁﬂﬁ@ﬁ&é dfeHe AgABE A 7.1 APhékeBddd ifdk phase.
By extracti removal of the organic liquid fromthe cooled and solidified
hol | ow fi bereldngleTHt %_?_2' be thehapacianwiatle kephddil€ profisdted RRase aperti on
becomes an enpty hole. us it is possible to obtain a deformed porous
hol | ogv fi berforaidd enehe Cigeesircagifbmoceistadwalint FEGi 8qa aimlrﬁa:{r]lb&eapowder
10is al so preferably performed fromthe viewpoint of further enhancing the
wat er per meadlidpet yn pehich wendeirele depresssdr paes tarebforoiédioredhe [ @éeg] The
extraction renpbval of the organic liquid and the extraction renoval of the
i norgani c figiecurafelencean diwwerihdfi@dS ¢bicor aemiojyctpd partipdotided ohe
extraction renoval of both can be perfornmed with the 15sane sol vent.
General | y t hiheamgtenicirchintferehcenglde meay bergetangulamas phowrarinufidsrg) ¢c).
extraction renoval separately. [0077] In the extraction renoval of the
organi c |i quAd, for 4 ihpliot siberahiembraneeadaoadinigobo tthatembodimentbb€ thet h t he
organic |liquid w thout dissolving )

present invention, the pore rate of depressed part on the periphery of the

hollow fiber is particularly high, and therefore a nozzle in which
depressed parts or projected parts are arranged tightly without space on
the outer circumference is more preferable so as to increase depressed
parts of the deformed porous hollow fiber membrane that is to be
15 prepared using the hollow fiber-forming nozzle 12. In addition,
considering durability that does not allow projected and depressed parts
of the porous hollow fiber membrane to be scraped or broken during the
actual use in filtration, the orifice 17 in which semicircle projected parts
are formed sticking out outwardly on the outer circumference as shown
20 in FIG. 8 (a) is most preferable.
[0069] As for the discharge of the fusion kneaded product through the
hollow fiber-forming nozzle 12, the resin temperature Te on discharge
from the extruder 11, namely at a position P1 in FIG. 7, is preferably
higher than the resin temperature Ts on discharge through the orifice 17
25 (outlet), namely at a position P2 in FIG. 7. By discharging with such

resin temperature profiles, the temperature of the outer surface of the
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or nodifying the thernoplastic resin to be used is used. Specifically, it
20 is performed by causing contact using imersion or a simlar technique.
The liquid is preferably volatile so as to be easily renoved fromthe

hol | ow fi ber nenbrane after extraction. Exanples of the liquid include

al cohol s and nethyl ene chloride. It is possible to use water as the
extraction liquid provided that the organic liquid is water sol uble.

25[0078] T heﬁ%ﬁqﬁfehaedrﬁaaﬁg{ t@‘;bré ggsaéhn%fgea%%w d,PaYdetedut, ggngral Iy

per formed using aqueous |1 qui en the i norganic’fine

pouder i s i pddblel fo GBRAIPA RENOR! fIBEr Merhblate. RAVIAW MIBHCRRIAMiLiYY bR an

al kaline solution to 1 nverse t Ica into silicate, and then | ow ng

contact W t hypbRiest ahderbyaed | P hichmyatace! pbhe raitd | 6RLER ré%aggaﬁhe
extraction renoval of the ordganic NMquid and the extraction 5 renoval of

t he i nor gani EyfABrieY&ere Hﬁ&ﬂemw\;}bﬁ&&%@y HiglesPei e ®rqhbenfledgsn VWen
the organic liquid is’inmscible th water, it is rather 'preferable to

per fosm t he exip@atiren TEeN aheoffution diaded product fhéesduraddwifienaper form
the extraction renoval of the inorganic fine powder. The organic liquid and

t he i nor gani glakidifilpdnderdegerefaithya déhsistent abperityt hhap@,HQQPm@é qHeor gani c
liquid partial phase in a mscible manner to nake the extraction renoval of

the i nor gani surfagepomnetae ofrdepeesbednpeat,ind detreasbyhddiffigrende betwgenus.
[0080] Thus, it is possible to obtain the porous hollow fiber nenbrane by

the extractithe sufacapord sizbs inrggdeprestédipart andlin heprofeotgdpact. f i The
15powder fromthe cooled and solidified hollow fiber-Iike extrudate. [0081]
To the hol | oterfjubanflectien tamperasturais the phaseesepardtion|tentiperatire iof the
possible to suitably performstretching of the hollow fiber-like nateri al
in the |ongi fusiomakndadettpadumt eonteningf dihiea.st dfhe (oiqueefinflection
extraction renoval of the organic liquid and the inorganic fine powder,
temperature can be measured by the following method, for example.
Namely, a fusion kneaded product (once solidified) is kneaded with a
plastomill at a temperature not lower than the melting point (about
190°C in the case of a polyvinylidene fluoride resin, as a guide) to melt
15 uniformly, and then the temperature is raised to incorporate organic
liquid with the thermoplastic resin, thereby increasing the torque.
When the temperature exceeds a certain temperature, the organic liquid
and the thermoplastic resin incorporate uniformly, subsequently a
decrease in viscosity of the thermoplastic resin becomes predominant
20 and, on the other hand, the torque decreases. At this point, the
temperature at which the torque is the maximum is referred to as the
torque inflection temperature.
[0070] When both of the resin temperature Te on discharge from the
extruder 11 and the resin temperature Ts on discharge through the
25 orifice 17 (outlet) are not lower than the torque inflection temperature, it

is possible to obtain, with excellent formability, a deformed porous
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20 (ii) after the extraction renoval of the organic |liquid and before the
extraction renoval of the inorganic fine powder, (iii) after the extraction
renoval of the inorganic fine powder and before the extraction renoval of
the organic liquid, and (iv) after the extraction renoval of the organic
liquid and the inorganic fine powder. In general, on stretching a 25porous
hol | ow fi ber nmenbrane in the |ongitudinal direction, the porous holl ow

fib nmb ' [ : ; i qﬁﬁ% th
e: oﬁgja{? onr 2{?8%?%2?'6% %%@%E%ﬁ?%ﬁ ?%gggh rretlﬁnb Lghglet??@qhg\%t an &F h%\(?% 3r eet he
el ongati on | Si1+ | t 2L Ry s nﬂégﬁ t,he wat er
per rrgab: | t?% gé}?}egﬁgegr %&%bﬁ%ﬂt%ﬁ?@gﬁraﬂ&t rgﬁg’ ﬁ)ﬁl%lg) 0 tlgll ne %13&9%1%@

duct i £ . . : : I , ¢
B cak and con Be ooy (b R e St hatP sBRBRE O By

per for mance grd Riio RS AéfSreSid battavaided shelll pord ishar diswibuADS (naRfayes, as

well as the strength in ection vertical to the longitu

di recki on ofhigrﬁré]@éﬂi@fwgekﬂﬁ—mmmypl VfHehfésﬁthgéﬁdﬁdﬁe Tth el thexpskifhe

burst strength, décreas 10 Thus, the stretch ratio is nore preferably
not |over thgmnderbtiren®s @80mRRE Hrief@iebly ipher thaeshe Toeqss riaflebtipat i o

descri bed herein refers to the value resulting fromdividing the holl ow

fiber |engthtepfip&iatiierEp dlyesP(hyr hlerehaht durthieh prefeedisiy by #02C @rshosd, ched.

For exanple, in the case of stretching a hollow fiber froma hollow fiber
length of 10from tiee @iclapsiht ofishithly ¢éemessingfthe@bore difeetstretch ratio is 2

times by the following fornula. 20 cmi'10 cm = 2 Heat treatnent nmay be
per formed on[G0E nMEhbressueé tag the tipedf e het oas fiber-fohmngenbheecartheessi ve

strength, where appropriate. Generally the 20heat treatnment tenperature is
sui t 401 y not tihiggbédisdhangingetheefusiog kpeaded product is preferably not lower
than 100 kPa and not higher than 900 kPa. In ordinary spinning,
although the shape of a hollow fiber membrane is defined by the shape
of a hollow fiber-forming nozzle having asperities at the tip part of the
outlet, when the pressure at the tip is not enough, resins are not
15 adequately distributed to the projected and depressed parts (in particular,
the part to form a projected part of the hollow fiber) of the nozzle. In
this case, as a result, only small asperities relative to the asperity shape
of the nozzle for discharging through an outlet are provided to the
hollow fiber membrane. Namely, a membrane in which a depressed
20 part is shallow, a projected part is low, and the top of the projected part
and the bottom part of the depressed part on the periphery of the
membrane come into contact with each other is likely to be obtained.
As for the pressure loss at the discharge tip part, although the actual
calculation thereof is complicated, it is possible to suitably use, within

25 the scope of the present invention, the value that is calculated in an

abbreviated manner from the equivalent diameter of an annular channel,
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of the thernoplastic resin. In order to inprove the strength, a production
nmet hod of bondi ng a support |ayer for the porous body and/or a support such
as braid on the inner surface side of the porous hollow fiber menbrane of
the present 25invention is also a preferable enbodi nent. The techni que of

t he bonding may be either coextrusion by bonding in a nolten state or a

met hod of coating after solidification. [0082] <Module, filtration device,

Ehus. obt ar nef1OF: Shegh o discharets, fifd BhFRREOINE ofentl 44 Offe T ifn”
reatnent (SCAatmtey ol st e it REA Rt pATR AR loSrordin PP |
| i ke. [0083];d g dehe ol Ovh Adind HuBAbIOWsHARE SIBIDEARIERIHE Botfom

filtration

part of a depressed part and the top of a projected part do not come into
5 contact when the membranes approach to the closest with each other.
When it is not higher than 900 kPa, shark-skin (melt fracture) of the
surface and a decrease in elongation during spinning do not occur and
therefore it is possible to spin consistently. The pressure at the tip is
more preferably not lower than 150 kPa and not higher than 800 kPa,
10 and further preferably not lower than 200 kPa and not higher than 600
kPa.
[0072] The draft ratio that is resulting from dividing the take-up speed
(namely the take-up speed with the take-up roller 15) VL of the porous
hollow fiber-like material (the fusion kneaded product that is solidified
15 and from which organic liquid or the like is not extracted) by the linear
speed VS on discharge of the fusion kneaded product through the orifice
17 is preferably not lower than 1.1 and not higher than 5.0. When it is
not lower than 1.1, it is possible to prepare a deformed porous hollow
fiber membrane consistently, and when it is not higher than 5.0, it is
20 possible to obtain a membrane in which a depressed part has a high
surface pore rate, the difference between the surface pore sizes in a
projected part and in a depressed part is small, and the pore size
distribution is small. More preferable is not lower than 1.5 and not
higher than 4, and further preferable is not lower than 1.8 and not higher
25 than 3.
[0073] A pass through time after the fusion kneaded product is
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met hod and the filtration device using the hollow fiber nenbrane nodul e

w Il be described. As the hollow fiber nenbrane nodule, 10 various aspects
are envi si oned, however, a casing type nmenbrane nodul e for pressure
filtration will be described in the follow ng description as an exanpl e.
[0084] FIG 9 is a view showi ng an arrangenent of the hollow fiber nenbrane
nodul e. As shown in FIG 9 (a), a hollow fiber nenbrane 15 nodul e 20

Lgflg?ﬁi. ;Ff%i&%ééeflﬁsugﬁr@%@k%%%?fgﬁ% iz fd iyl @ﬁ%%tei;gd par
Sob Eurt herpliditeed I TR BANE1 £ Tndy B Wﬁhﬂﬂ? et a0 ane
22a and 22b ﬁ{eﬁpé&cﬁkX%?thQ aﬁt?]mgpar% RRd ‘thé‘?ik‘éaﬁh&gf ﬁf’%fek%lé/k@flrﬁ%'cbﬁﬁ’ fiber

menbr ane nod aving s an arrangenent trated L is

supplied to peh (1%5@0 mZ;sE@oﬁd’sslrf‘Src?eQr t%r@lm\k}esdiﬂbi&wynaéérsemo@n@u Rdl e 21

fromthe base downward direction in th I gure) to be

Filt rﬁt ed L {ie fxﬁérhb?érﬁdté mé)%lfaﬁlea B O eiREghorpaguRel | ehdhfy, TRNDrane

1 with 25pressure applied, and the perneate iS transported via a”header

pl pe or the ihéfﬁ'la‘lbﬂhld@e&%atsé%@Pﬁra%RﬁY%& ﬁr@nhgxﬂkz@ﬂt hh&s séparhtiafanmodul e
As shown in FIG 9 ,on fiftration, the fluid to be filtrated L

I nSI de the hw}h@HVSméaers ﬂ@m@d@é&? theddkeosify bf thé hhdtatiatl té beodigbhidped

def or med porous hol | ow fi ber menbrane 1 fromthe outer surface side toward

the inner sufsf Reg, @m&@h@%féﬂee?méa@a 4l deprdskbén amn@lrsappealr whehothgh 5
hol es 24 are prOV|ded inth | Xi ng parts 22a an 22b for” supplying the

fluid to be pasd thaoeghltimrdisalong, hdweverit ihossiblego JFepatt hhigoliew! ow
fi ber nmenbrane bundl e 21, and air scrubbing for the hollow fiber nenbrane

bundll 21 i Sﬁbefhmmbf.hnerwithea bodistent abperityeshapentey addirgesifidaby suppl yi ng
air fromthe through holes 24. 10[0085] The nodul e packed with the deforned
porous hol | of0074jekn an air gap L after the discharge through the orifice 17 and
before the immersion in the cooling bath 14, cooling air is preferably
blown from the direction vertical to the discharging direction in order to
improve the surface pore rate of depressed part. Though the reason for
15 that is not clear, it is estimated that the reason for the high pore rate to
be exhibited is the effects that, due to the cooling air blown from the
direction vertical to the discharging direction, an air pool is generated in
a depressed part to suppress evaporation of solvent, or that a depressed
part does not receive air directly and therefore blockage of pores on the
20 surface is not likely to occur.
[0075] The hollow fiber fusion kneaded product extruded through the
orifice 17 (outlet) is cooled and solidified while passing through air or a
cooling medium such as water, and is taken up with a reel and the like
(corresponding to the take-up roller 15 in FIG. 7) where appropriate.
25 During the cooling, thermally induced phase separation of the hollow

fiber-like material is induced. In the hollow fiber-like material after
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menbrane 1 is also envisioned in other aspects, which are not limted to
the casing type descri bed above and may be a non-casing type, for exanple.
The cross-sectional shape of the nodule may be circul ar as above (a
so-called cylindrical nodule) as well as square (a so-called 15 cassette
nodul e) and the like. Raw water that is the fluid to be filtrated nmay be
directly filtrated through the porous hollow fiber nenbrane 1, or may be

filtrated thsouph the dsherTRe BOcQHSrodiba pbiiter TRERRRhake?bh8r 2

pretreat nent I'ng an oxl di zi ng agent s as cdag

filtration n@&@ce(ﬂtf&eaidrgéﬁfd Hﬁgéfgtﬂagﬂ%)lr gﬁ@sé@kizﬁeﬁﬁe diviged. fivgpcegti on

node, a cross-flow filtration ssure filtration node,

suction filtypirbanicBee Bo%érh@ c@ﬁ@.ﬁﬁéa%d%bhﬁdggﬁié RS poRdeg igffeback
pressure washing to be used for renoving filtered-out materials deposited

on the menbr §iliRagpiwase (Heinesibih ywaer AenaeAmiishilABe b IRNidte AS the
liquid to be use

in 25back pressure washi ng, oxidi zi ng agents such as

sodi ug hypoci the Edncetiitagéd Begatiiotiqiad partabglae. c By kxtsictioalemossgd.
[ 0086] Next, the filtration device Tor "pressure filtration will be

described. Fb5tAO drganic Hyukd dromt ihencoedlednaad rsobigifiedthsilownfibyalikee of

the filtration device for pressure filtration. As shown in this figure., as

a filtrationnogeiisle B@, cancentrated porpdrdedligiidh ghapelnf@oﬁfbrf deconsyang 5
pressure on the holl ow fi ber nmenbrane nodule 20, a tank 32 for storing the

fluid to be émpty dicdd, Thuanit i83pdwiblet tr obtpihhe defdtmed eporand lallsowa
chem cal solution tank 34 and a feed punp 35 to be used in back pressure
washi ng, a pfibpr 3tethbrarmeupple rgtractioneguicwa dfithei nosganibhfimg popiderng 37
for draining waste liquid fromair scrubbing and backwash, 10and the |ike,
wher &0appr opis alse, preferdbdy erfained drmu. tHe)OBRYpoimt tdfe firthér enhamcingt hod
(the water treatnment nmethod) according to the enbodi ment of the present
i nvention, itha wapsrsxirineabilityaperifermance ofithwstenprangttodre abidingdo a
| ong-term consi stent operatjion by using the holl|ow fiber nmenbrane nodul e
20, the filt[@AT@nThevextraction ramovaleo! the forganistlignidnanddbe extractibnwhi ch
include a | arge nunber of the deformed paorous holl ow_ fiber nenbranes 1.
Exanpl e 1 [ oo@spvah of Hhefigorganiagiine ioadee cas be pettorpred soncumestyi on
will be
provided that the extraction removal of both can be performed with the
15 same solvent. Generally the organic liquid and the inorganic fine
powder undergo extraction removal separately.
[0077] In the extraction removal of the organic liquid, a liquid suitable
for extraction that is miscible with the organic liquid without dissolving
or modifying the thermoplastic resin to be used is used. Specifically, it
20 is performed by causing contact using immersion or a similar technique.
The liquid is preferably volatile so as to be easily removed from the
hollow fiber membrane after extraction. Examples of the liquid
include alcohols and methylene chloride. It is possible to use water as
the extraction liquid provided that the organic liquid is water soluble.
25 [0078] The extraction removal of the inorganic fine powder is generally

performed using aqueous liquid. For example, when the inorganic fine
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specifically described by Exanpl es and Conparative Exanples. 20 However,

t he enbodi nents of the present invention are not limted to these Exanpl es.
Measur enent nethods to be used in the enbodi nents of the present invention
are as follows. Al of the follow ng neasurenents were perforned at 25C

unl ess otherwi se indicated. In the follow ng, evaluation nmethods are

descri bed, and then production 25net hods and eval uation results in Exanpl es

and Conpar at [ (1)
Torque infl té%‘%gﬁ@?g%gz?aé%?gﬂsi&;)u& grrlllelgngg%t pr og& c%g’(a?ie%\fiﬂ{jg?

fusi on knead d a |41, di d om |1
(manuf acture agh ‘?’o%/{ghtsﬁe)lhkfo ‘isﬂz\?esrg%}hgh%h@g ﬂfﬁ@ s‘ﬂgé‘%@d&h 63%64{%%?03}@

tenperature maﬁﬁﬁﬂﬂwta@erlt%ﬁ)‘éxu%%ﬁ@h feﬁﬁ)\ia‘irﬂﬁhéfsﬂ'i&ité ose, the prOdUCt WaS
kneaded at 50 rpm for about 10 mnutes followed by raising the tenperature

to 270C at alOoo. Thedtfiddnt RIRSVAL Of ﬁx@bréﬁﬁé”l‘icﬁ\!ﬁﬁean@'ﬂﬂe leRratAohn
tenperature at which the torque was the maxi mum was defined as the torque

inflestion 1R4RHDEr of ﬂ[@m&?@&&] fihe)pdveddrmiag WwF@fMeﬂemmpébﬁcsaﬁge from
extruder (C), resin tenperature Ts on di schafge through outlet (O

Cemper at Ur e on 6 Sehar gt h aUghoan outhof wer'e measured by 18 hesriing a
type K ther npgtheppeefetehionogieeform the extraction removal of the organic liquid
first and then perform the extraction removal of the inorganic fine
powder. The organic liquid and the inorganic fine powder generally
10 coexist in the concentrated organic liquid partial phase in a miscible
manner to make the extraction removal of the inorganic fine powder
proceed smoothly, thereby being advantageous.
[0080] Thus, it is possible to obtain the porous hollow fiber membrane
by the extraction removal of the organic liquid and the inorganic fine
15 powder from the cooled and solidified hollow fiber-like extrudate.
[0081] To the hollow fiber-like material after cooled and solidified, it is
possible to suitably perform stretching of the hollow fiber-like material
in the longitudinal direction at either of the stages (i) before the
extraction removal of the organic liquid and the inorganic fine powder,
20 (ii) after the extraction removal of the organic liquid and before the
extraction removal of the inorganic fine powder, (iii) after the extraction
removal of the inorganic fine powder and before the extraction removal
of the organic liquid, and (iv) after the extraction removal of the organic
liquid and the inorganic fine powder. In general, on stretching a

25 porous hollow fiber membrane in the longitudinal direction, the porous

hollow fiber membrane breaks without stretching to the desired scale

48



[0091] (3) Equivalent radius of outlet orifice [mm The circle equival ent
radi us was cal cul ated by the follow ng fornula accordi ng to Kagaku Kogaku

- Kai setsu to Enshu- (Chem cal Engi neeri ng - Expl anation and
Exercise-) (edited by The Society of 20Chem cal Engi neers, Japan, new
| ssue, the 20th issue, 2005, p. 35). [0092] [Fornula 1] Equi val ent

radi us of a nozzle orifice [mmM = 2 X Cross-sectional area of a nozzle

orifice [ mﬂdvhf:n RRE ieﬁglfgefﬂod sopfém&&; theRBNBS fibeFImérhbran! W dhe

cross-sectional area a nozzle orifice was determ ned by narizing a

m croscope AherdRraRc! dbapafioArmd bedl 61a56 ihortinicoh! Afe@hinid Fopoz2! e

by i mage anal ysi s. Mel't viscosity on“discharge (Pa-s

B
to be obtained by a production method of the present specification is
5 high in elongation at break and can be suitably stretched. | By
stretching, the water permeability performance of the porous
multi-layered hollow fiber membrane improves, as well as the strength
in the direction vertical to the longitudinal direction of the hollow fiber,
namely the compressive strength and the burst strength, decreases.
10 Thus, the stretch ratio is more preferably not lower than 1.1 times and
not higher than 3 times. The stretch ratio described herein refers to the
value resulting from dividing the hollow fiber length after stretched by
the hollow fiber length before stretched. For example, in the case of
stretching a hollow fiber from a hollow fiber length of 10 cm to a
15 hollow fiber length of 20 cm, the stretch ratio is 2 times by the
following formula. |
20 cm/10 cm =2
Heat treatment may be performed on the membrane after stretched so as
to enhance the compressive strength, where appropriate. Generally the
20 heat treatment temperature is suitably not higher than the melting point
of the thermoplastic resin.
In order to improve the strength, a production method of bonding a
support layer for the porous body and/or a support such as braid on the
inner surface side of the porous hollow fiber membrane of the present
25 invention is also a preferable embodiment. The technique of the

bonding may be either coextrusion by bonding in a molten state or a
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5during spinning into about 2 mmlong with scissors were used in
nmeasurenents. A capill ograph manufactured by Toyo Sei ki Seisaku-sho, Ltd.
was used as a measurenent instrument, the nelt viscosity at six shear rates
bet ween 100 sec-1 to 8000 sec-1 was neasured at the actual resin
tenperature on discharge through an outlet, and then 10 representative
viscosity mand an exponent n in the exponential equation for viscosity

(the Rabi nOV\Méﬁgdwgﬁﬁ%if#é}%dﬂmgﬁ‘?ﬂefOrm“ a (2)) were cal cul ated by

the | east square netho sequent melt viscosity at the shear rate

on spinning_ (AN<Modite, SRk Bavide knyaueslofhaid 151 0095) [ For mula

2] Melt visc [ Pa-sec] = Representative viscosity m[Pa-sec] X (Shear

rate) 11-1 (2) [0096k dctorneb@dHorbas Gollbve fiber membrane 1 thus itailedals rate

was cal cul ated by the Rabinowitsch correction 20equation (the follow ng

formul a (3))yugedendi Aallbey Rire!@embrandiModalddes ififtatiBhrdsvite iKeasiag-
(Design for Rheology and Die - Theory and Cal cul ation-) (Japan Soci ety of

P2 4o AN s chin ) midd i gum sy (o en
[mB/sec] / treainiefithaethiad )ewithrthdifilrationadevdze| andttief like
[0083] In the following, the hollow fiber membrane module, a filtration
method and the filtration device using the hollow fiber membrane
module will be described. As the hollow fiber membrane module,
10 various aspects are envisioned, however, a casing type membrane
module for pressure filtration will be described in the following
description as an example.
[0084] FIG. 9 is a view showing an arrangement of the hollow fiber
membrane module. As shown in FIG. 9 (a), a hollow fiber membrane
15 module 20 includes a bundle of the porous hollow fiber membrane 1
(hereinafter, a hollow fiber membrane bundle) 21. The upper end part
and the lower end part of the hollow fiber membrane bundle 21 are
fixed with fixing parts 22a and 22b. Furthermore, the hollow fiber
membrane bundle 21 and the fixing parts 22a and 22b are received in a
20 pipe-like casing 23. In the hollow fiber membrane module 20 having
such an arrangement, a fluid to be filtrated L is supplied to between the
casing 23 and the hollow fiber membrane bundle 21 from the base
(from a downward direction in the figure), the fluid to be filtrated L is
filtrated through the deformed porous hollow fiber membrane 1 with
25 pressure applied, and the permeate is transported via a header pipe or

the like that is positioned above the hollow fiber membrane module 20.
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[mn]) 3(3) [0098] The exponent n detem ned in the above (4) was used as
n. The di scharge anount of fusion kneaded product [mmB/sec] was determ ned
by actual nmeasurenent. [0099] (6) Pressure at the tip of outlet [kPa]
5Usi ng the equival ent radius of a nozzle orifice calculated in (3) and the
melt viscosity calculated in (4), pressure at the tip of an outlet was
cal cul ated by the following formula (the Hagen-Poiseuille equation) (edited

by The Soci ' i ) . . ,
Shos.p-oey S ST ETFLS, RSN BdAPRR IRV SEMMenIEL g o,
Melt vi i _ e o f | _ (8,
on di ;’Lﬁg?;;héybgﬁ f%%t? % %%énw;}?é ec %)dﬂ} © qlﬂ% l/fg]u%ﬁéd rtgglmd%ﬁ( (l)dfi‘é %@@ge >

ori fice [m g)grauslﬂogo\ég%%g%}%ﬁﬁaher?ﬁ@%ﬁéhﬁn&ﬂ SedheoBRRUOVRRAhe

di scharge of“fusion kn uct as calculated by the oW ng
(5) using thiRetyakice SRRSHE B Por6heHRIANOEHEr ﬁ{erﬁHﬁdr&“lk“qar%ﬁ%%]OdUCt

[ mB/sec] and the cross-sectional area of discharge at an outlet |

det er gi ned byoldxeme a?é‘@ké@iid%d ﬁ%@lﬁ’%é 5@1&@@'2@ &ld QQB%&‘_S@?@MH Sthign
di scharge at an outlet [misec] = D scharge anount of fusion Kneaded

g | oTohatio T el g 28 gt ol

fornula (6) fiber membrane bundle 21, and air scrubbing for the hollow fiber
membrane bundle 21 is performed in the hollow fiber membrane
module 20 by supplying air from the through holes 24.

10 [0085] The module packed with the deformed porous hollow fiber
membrane 1 is also en{/isioned in other aspects, which are not limited to
the casing type described above and may be a non-casing type, for
example. The cross-sectional shape of the module may be circular as
above (a so-called cylindrical module) as well as square (a so-called

15 cassette module) and the like. Raw water that is the fluid to be
filtrated may be directly filtrated through the porous hollow fiber
membrane 1, or may be filtrated through the deformed porous hollow
fiber membrane 1 after pretreatment of adding an oxidizing agent such
as coagulants and ozone. The filtration mode (the filtration method)

20 may be a dead-end filtration mode, a cross-flow filtration mode, a
pressure filtration mode, or a suction filtration mode. As the operation
method, air scrubbing and back pressure washing to be used for
removing filtered-out materials deposited on the membrane surface may
be performed separately or concurrently. As the liquid to be used in

25 back pressure washing, oxidizing agents such as sodium hypochlorite,

chlorine dioxide, and ozone can be suitably used.
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25usi ng the take-up speed VL of a take-up nmachine and the |inear speed VS
on discharge. [0102] [Fornula 6] Draft ratio = Take-up speed VI., [m mn]
/ Linear speed Vs on discharge at an outlet [mmn] (6) [0103] (8)
Presence or absence of fiber dianmeter variation, defect, and 5coil

The presence or absence of the occurrence of a fiber dianmeter variation and
a coil was identified by visually observing the air gap and a take-water

part at the gy I BRL NE: orj-a: defeqt , I Lher -l itke | ded
product obt aﬁdgﬁ]?ﬁgﬁesgﬁﬁnﬁt&éﬁﬁé gte?é%ihgﬁ. é%l%g{)tght %8%81 r?#dr%i(nld e and
at a stretc ] f ' | ! Heark of the
occurrence o ésg Hig:lglcé)r %ggyafg?r%ﬁ%%%gglbﬁeasurezént&?)%&{?\ﬁg?ggﬁgﬁeter

(mm), outer gl | et t5 1@ on. an b ' f a
depressed pa(?{ ﬁ{(éﬁ‘})ﬁ?aﬁn gg?{)drarr%g I%%?%ﬁé ﬁhlgl I ovr\} f i%ggﬁnﬁbﬁaﬁg?%gﬂggée wer e

cal cul ated fiomfilRatidhi ddviss 3o, Wiéﬁ}@%ﬁuea Wit phigpf 91 If@%?ggﬁﬁg mul ae
I'lo ct

(7) to (9), by slicing a porous ho fi ber menbrane in the d on

el 2o pebesa sl ae oot paamisnisat 5 mrssasige (he
di aneter of whepfloi@abebe HHtfatedins thhle 3B1tfoF storing the filtrate, and also a
chemical solution tank 34 and a feed pump 35 to be used in back
pressure washing, a pump 36 for supplying air required in air scrubbing,
piping 37 for draining waste liquid from air scrubbing and backwash,
10 and the like, where appropriate, can be suitably used.
[0087] In the filtration method (the water treatment method) according
to the embodiment of the present invention, it is possible to achieve a
low cost operation and also a long-term consistent operation by using
the hollow fiber membrane module 20, the filtration device 30, and the
15 filtration method, all of which include a large number of the deformed
porous hollow fiber membranes 1.
Example 1
[0088] In the following, embodiments of the present invention will be
specifically described by Examples and Comparative Examples.
20 However, the embodiments of the present invention are not limited to
these Examples. Measurement methods to be used in the embodiments
of the present invention are as follows. All of the following
measurements were performed at 25°C unless otherwise indicated. In
the following, evaluation methods are described, and then production
25 methods and evaluation results in Examples and Comparative Examples

are described.
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20 di aneter of a depressed part, using a mcroscope. The outer dianmeter of
a projected part described herein is the dianeter of a concentric circle to
the inner dianeter, the concentric circle passing through the top of the
projected part. The outer dianeter of a depressed part is the dianeter of a
concentric circle passing through the top of the depressed part (a 25part

at which the nenbrane thickness is the mninmum. [0105] [Forrmula 7] |nner

di t ' ' t + Short i di t
damet ef LolQ@d|LeReaAitReetgERter (M + Shorter |nner diareter [nunl)

(Lonac, out et STERRTo e e Rossent ARy brroigpmles g GCoet o
oo ct a0 part | mhpo lspesanonusssath rste sy gt el
Ellipticity pf adphBorfdsteeniol $naufemfdd ey ToyBr 88ki Seisaku-sho, Ltd.,
5 model 30C150), and the temperature was raised to 190°C. After the
temperature rose, the product was kneaded at 50 rpm for about 10
minutes followed by raising the temperature to 270°C at a rate of raising
temperature of 14°C/minute, and the resin temperature at which the
torque was the maximum was defined as the torque inflection
10 temperature.
[0090] (2) Resin temperature Te on discharge from extruder (°C), resin
temperature Ts on discharge through outlet (°C)
The resin temperature on discharge from an extruder and the
resin temperature on discharge through an outlet were measured by
15 inserting a type K thermocouple thermometer.
[0091] (3) Equivalent radius of outlet orifice [mm]
The circle equivalent radius was calculated by the following
formula according to Kagaku Kogaku -Kaisetsu to Enshu- (Chemical
Engineering - Explanation and Exercise-) (edited by The Society of
20 Chemical Engineers, Japan, new issue, the 20th issue, 2005, p. 35).
[0092] [Formula 1]
Equivalent radius of a nozzle orifice [mm] = 2 X
Cross-sectional area of a nozzle orifice [mm®] / Peripheral length of a
channel [mm] (1)

25 [0093] The cross-sectional area of a nozzle orifice was determined by

binarizing a microscope photograph taken from the discharging
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The ellipticity was calculated by the following fornmula (10) using the
| onger inner dianmeter and the shorter inner dianmeter derived fromthe above
(1). 15[0109] [Fornula 10] Ellipticity [-] = Longer inner diameter [m] /

Shorter inner dianmeter [m] (10) [0110] (11) Measurenent of the height
H(pm and the width W(pm of asperity and the nunber of projected and
depressed parts of defornmed 20porous hol | ow fi ber nmenbrane A

phot ograph t idﬂbftl?eﬁ&fil@%%hﬁé%& ﬂg}sfgi_croscope at any magnification

at which the shape of an asperi'ty on the”periphery of a cross section of a

porous hol | qgofg%l?ggplmgﬁrﬁg& I{)gig%}oéé\aggé,geé)denti fied was used. In the

phot ogr aph, ence betweén the ter ‘of a concentric circle to

the inner dianeterfot heyrfARC AW | S1abdridll @oPASSIiAENS husshind Eﬁé&g?és,mi ch
t he nenbrane thickness is mninmum(generally the top of a depressed part)

and the di angfgples! resul@AgeMdThC chiting Cuhextiditell NiesmBtAER! QliscHaAtsed
concentric circle passing through the top of a projected part (a part at

whi chst he medipfiagespihighdato igbot@x2 Nl Mag Feils WsessasdweRs tseielned to
as the height 5 of an asperity H The width of an asperity was defined as

the wi dth ofmeapirentsited paAt aapidlageaplh whenefdcdbherddei bt Toyan Seikerity H
fromthe m ni mum nenbrane-thi ckness position falls to half. As for the

nunber of pr$¢isekedhand tdepwassestdoast 8, measirehgentoinstrurashi,r thet nosls
section of the nenbrane was taken, and the nunber of projected and

T besti e e S ST e o
hol | ow fi beratnrbactnal resin temperature on discharge through an outlet, and then
10 representative viscosity m and an exponent n in the exponential
equation for viscosity (the Rabinowitsch equation: the following
formula (2)) were calculated by the least square method.
Subsequently, the melt viscosity at the shear rate on spinning (shown in
the following (5)) was calculated.
15 [0095] [Formula 2]
Melt viscosity [Pa-sec] = Representative viscosity m [Pa-sec] X (Shear
rate) ™1 (2)
[0096] (5) Shear rate (1/sec)
The shear rate was calculated by the Rabinowitsch correction
20 equation (the following formula (3)) according to Rheology to Die no
Design -Riron to Keisan- (Design for Rheology and Die - Theory and
Calculation-) (Japan Society of Plastics Processing Technology, p. 60).
[0097] [Formula 3]
Shear rate [sec’] = 3n + 1) / n X (Discharge amount of fusion

25 kneaded product [mm?/sec] / 7 )x (Equivalent radius of a nozzle orifice

[mm]) > 3)
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The deionized water perneability was determ ned by the follow ng formula by
sealing one end of a wet hollow fi ber nenbrane 15 of about 10 cm | ong,
placing a needle in the hollow part of the other end, injecting deionized
water into the hollow part via the needle at a pressure of 0.1 MPa, and
measuring the anmount of the deionized water perneated through the outer
surface. An effective length of the nenbrane refers to the net nenbrane

Length of thRouw)OkRe halgdiint 1P et AR 91 Shexaboll 19) Lo R@Fg 1%111".‘“ ch

the needl e i erted, "and n refers to a circular constant.

[Formul a 11]The dR%h@fgezeﬂnag]a?ﬁ;oip%@fﬁﬁpikﬁé@aehtflﬁgaﬂéﬂ Emh?%]ef:l(ﬁ gqfage/ hr] x

Amount of perneated water | X Menbrane 1 nner di aneter ective

25l engt h of gEehnanRl bylackudviasssirtgent ™ [mnute]) (11) [0113](13)
Center-to-center distance L [nm, distance to projected part rl [nm, and

di stance to URIESE PR re 2 the®b of outletikPa]. two mi croscope
(manuf actured by ENCE CORPORATI ON, VHX100) ~“phot ographs of two cross

sectigns of hol | oUkinethaedqitivaies radies bakenosde arithantilcadite@inaB)whi ch
entire 5 cross sections of the nenbranes were visible. These two

phot ogr aphs gid thessels/dsdosity edlctilgedint{dynpressareastheckptef aarcifiar d at

t he back sides of the photographs, and were cut al ong the peripheries of

t he menbranesawi tdalqdateglorsy t thde foleding fdoanalof (thet Udhgen-Podseadliti ons of
t he menbranes. For the center-to-center distance, the point of 10

e di amet ot wag Ueed ae Lho. conter poi nl I each croct cactTon of the
menbr ane. Thssteywther2(th isert 200S, pf 39he nenbranes (the pieces cut out of
t he phot ographs) were rotated to determ ne the arrangenent in which the
di st hce bet [Femmulaet]}t wo center points was the mininum and
Pressure at the tip of an outlet [kPa] = (8 x Melt viscosity [Pa-sec] x
Length 1 of the tip part [mm] x Linear speed Vg on discharge at an outlet
[mm/sec]) / (Equivalent radius of a nozzle orifice [mm])* x 107 4)
(7) Draft ratio
15 The ﬁnear speed VS on discharge of fusion kneaded product as
calculated by the following formula (5) using the actually measured
discharge amount of fusion kneaded product [mm’/sec] and the
cross-sectional area of discharge at an outlet [mm’] determined by
image analysis.
20 [0100] [Formula 5]
Linear speed Vg on discharge at an outlet [mm/sec] = Discharge amount
of fusion kneaded product [mm®/sec] / Cross-sectional area of discharge
at an outlet [mm”*] (5 )
[0101] Next, the draft ratio was calculated by the following formula (6)
25 using the take-up speed VL of a take-up machine and the linear speed

VS on discharge .
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15 subsequently the center-to-center distance was actually neasured with a
ruler. After that, the nmeasured di stance was converted to the actual

di stance based on the magnifications of the photographs to determ ne the
center-to-center distance L. In addition, on the sanme photographs, the
length rl fromthe center point to a projected part (nanely, the point 20
on the periphery that was farthest fromthe center point) and the length r2

fromthe cen i epressed part (the point on the periphery that
was cl osest [gfg%g[}g%%@glra% int) were neasured. [0114] (14) Pore ratio of

depressed pagy ft”fhtﬂfﬁj"%k%eﬁ bEd V) APIONT PLieHr GfeRdoV G8f @ or ous
hol | ow fi ber r%.gnbrane (99 25 %?surméf]t \/va(i)lgT madlzé%y the net Elo Sg%s i bed in
| nt er nat i onakt RHRJIeR hgﬁlnh? 2001/53213. First, onto a copy of an

el ectron m croscope irmage of t outer surface of the top of a projected

part and the t[(lr)]’g(‘)?»EQSPPr@seﬁ@BrcﬁS&%‘énEérdf fibat diifiefcrkeridiR ddfsctdiahgct i on

vertical to outer surface using a scanning electron m croscope at a
magni &i cati ogogt whi ch the shape of as many as possible 5 of pores can be
distinctly identified, a transparent sheet was overlaid. Then, a pore part

was filled in wthTheagteseat®draabreack dfetheobcélitehdikof alibes Whap@uant |y
the transparent sheet was duplicated onto a piece of white paper to

di stinctly divhfiatientdral & coflewasriéermtified by visasRy atdetvingrthpaiegagandas
white. After that, the surface pore rati o was 10determ ned using

commer ci al | y aatekielwhter paregs theatinwi of sphiningl e. Af Abtd def&), Sthisligih at
break (MPa), elongation at break (% The strength at break and the

el ongat i on afiberdie melded preduitrddainedtfrent spihamg wdsastrattlaad 4fl2hownd (13)
using the load and the displacenent at break obtained by stretching a wet
hol I A® fi ber 5009 mémimzeeanst atza sthetckh rdtistaliiz.6 tahes to martifyahegrssdces peed
of 20 cmimn using an Instron-type tensile tester (manufactured by SIEMADZU
CORPORATI ON, oA@GbBsai)e ofither oscursenxe ofnaffibar bacafagehe nmenbrane was det er mi ned
by i mage anal %si s of a mcroscope fp_hot ograph of a cross section of the
nmenbrane. 20[0104] (9 Fddeaduwenrint of inner diameter (mm), outer diameter of a
projected part (mm), and outer diameter of a depressed part (mm), of
deformed porous hollow fiber membrane
15 These were calculated from the arithmetic mean resulting from
the following formulae (7) to (9), by slicing a porous hollow fiber
membrane in the direction vertical to the longitudinal direction of the
membrane with a razor or the like, and measuring the inner diameter of
the cross section, the outer diameter of a projected part, and the outer
20 diameter of a depressed part, using a microscope. The outer diameter
of a projected part described herein is the diameter of a concentric circle
to the inner diameter, the concentric circle passing through the top of the
projected part. The outer diameter of a depressed part is the diameter
of a concentric circle passing through the top of the depressed part (a
25 part at which the membrane thickness is the minimum).

[0105] [Formula 7]
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Strength at break [MPa] = Load at break [N] / Cross-sectional area of

menbrane [n2] x 10-6 (12) [0117] [Formula 13] El ongation at break
[ = Displacenent at break [cml / 5 [cm x 100 25(13) [0118] (16) Latex
rejection (% Uniformlatex of a particle size of 0.208 imm

(manuf actured by JSR Corporation, trade nane: STADEX, solid content of 1%
by mass) was 100-fold diluted with a 0.5 mass % SDS (sodi um dodecy!l

sul fate) aq : i pr : j |at giet=ip} ration
of 5 0. Ol%ulgy rra(gls. étg I ieﬁ?%ﬁ%ﬁné of S@g%gg@(ﬁlusgﬁﬁn vvag pl aced
in a beaker,dpa%?etg@ pl4 ed a wet hollow fiber of an effective length
of about 12 cmitr its outer rface at a linear speed of 0.1 ms and at a

pressure of Mdh peristaltic punp while discharging perneate
t hrough bot hR)elg);ﬂ qopen toat he at nosphere) of the 10 hollow fiber to

per form filtORidOfiaMetbPBfla2d&resHPpaR! [ﬁﬁnﬂEthgiﬁ%BF@h&rVéﬁén{e%ﬂéﬂﬁd into

the beaker to performthe filtration ina flui sed system Feed was
sanpl ed fromgé sﬂﬁl?&ﬂt[ﬁuﬁg%ﬂﬁbﬁ@ﬂo’h’t&%ﬂm&@ﬂbfﬁ résed arh fiber
and fromthe beaker 10 m nutes after filtration, and the absorbances at 600
nm wer e nmeasuped u(sg')ng an l1l5absorption spectroneter to determ ne the | atex
rejection by the fol'lowng fornmula (14). [0119] [Fornula 14] Latex

rej ection [ 4OROA|{Fobeglaiance of perneate / Absorbance of feed) x 100 (14)

Outer diameter of a projected part [mm] = (Longer outer diameter of a
projected part [mm] + Shorter outer diameter of a projected part [mm]) /
10 2 9)
[0108] (10) Ellipticity of deformed porous hollow fiber membrane
The ellipticity was calculated by the following formula (10)
using the longer inner diameter and the shorter inner diameter derived
from the above (1).
15 [0109] [Formula 10]
Ellipticity [-] = Longer inner diameter [mm] / Shorter inner diameter
[mm] (10)
[0110] (11) Measurement of the height H (um) and the width W (um)
of asperity and the number of projected and depressed parts of deformed
20 porous hollow fiber membrane
A photograph taken with a scanning electron microscope at any
magnification at which the shape of an asperity on the periphery of a
cross section of a porous hollow fiber membrane can be distinctly
identified was used. In the photograph, a difference between the
25 diameter of a concentric circle to the inner diameter, the concentric

circle passing through a part at which the membrane thickness is
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20[ 0120] (17) Conpressive strength (MPa) Wth one end of a wet holl ow
fi ber of about 5 cmlong sealed and the other end nade to be open to the

at nosphere, deionized water at 40C was pressurized at the outer surface to
di scharge perneated water through the end that was open to the atnosphere
by dead-end filtration 25nethod. The pressure for pressurization was
increased from0.1 Mia by 0.01 1V1Pa while being held at each pressure for

end"that was 4RI (RRBPAT G 18p BT ARRRE N YHOLatd TRE SRRERE YRR ol ow
part of the {6’111 e?l gﬁf‘gledﬂﬁhé‘%n%i)'dﬁﬁﬁer the @&?@rﬁh@ &?Plé”bzg{ %he

perneated I Nncreases as the pfessure or pressur

LB%Siiifvi”ﬂ%rreﬁg?ﬁfe fort N8 B BUERd] BarPlE It 1ot Shtiith THES %})%r%@eand
bl ockage st afiskA&s9s OUWWS etk hﬁHewﬁfETPé{'%heQ{ftJ he 1heh

wat er decreases even t e pressure Oor pressurization incre es. The

pressgre for Péﬁ%@géhﬁgﬂ ONTRE Wildit brtdiea W a8RHBY a8ftht Reid! {ﬂgweat ed

water is 10t he max was defined as the conpressive strength. 121] (18)

Maxi mum por eg m?réféc& art at a rf;?agg 5 wilesrentheasi ghR &F aap@@A%&h@gH Broph

measur enent t hod of "nmaxi nmu re size descrl bed in TM"F316- 86 (aI o)

known as t hepfithh® PokhibreBéiRIbkneds eposition” akat tovdsalper f AEMEsE ahea
hol | ow 15fi ber nmenbrane of 5 cmlong using ethanol as liquid and conpressed

air as gas fgaimbeessilUpidjeticdnandidepbésseddpais, caigmper 6f ianCema® Bfpskat e of
0. 05 atnfsecond. The maxi num pore Size was cal cul at ed by the foll ow ng

formul a (15)sawldig of he hubhiteaneiwis paless uiel di auasser 6P b2djecidpand! a 15]

10 depressed parts was counted by visual observation.

—

[0111] (12) Measurement of deionized water permeability (L/m*/hr) of
deformed porous hollow fiber membrane
The deionized water permeability was determined by the

following formula by sealing one end of a wet hollow fiber membrane
15 of about 10 cm long, placing a needle in the hollow part of the other

end, injecting deionized water into the hollow part via the needle at a

pressure of 0.1 MPa, and measuring the amount of the deionized water

permeated through the outer surface. An effective length of the

membrane refers to the net membrane length of the porous hollow fiber
20 membrane excluding the part at which the needle is inserted, and =

refers to a circular constant.

[0112] [Formula 11]

Deionized water permeability [L/m?*/hr] = (60 [minute/hr] x Amount of

permeated water [L]) / (r x Membrane inner diameter [m] x Effective
25 length of membrane [m] x Measuring time [minute]) (11)

[0113] (13) Center-to-center distance L [mm], distance to
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20Maxi mum pore size [p,n] = 2860 x (Surface tension of the |iquid used
[dynes/cm ) / Bubble point pressure [Pa](15) [0123] Wen the liquid used is
et hanol, the surface tension at 25C is 21.97 dynes/cm (Edited by The

Chem cal Soci ety of Japan, Kagaku Bi nran Kiso Hen (Handbook of Chem stry
Basic Version), 3rd Revision, 25pp. Il -82, Maruzen Conpany,
1984). [0124] (19) Average pore size (an Measur enment was made

according t I?]ikf‘c ”E%’ I ' Iﬂﬁﬁcri bed in

ASTM F316- 8 Sth I’IOV\III?II S t]gghﬁgﬁ?- rcg\fﬁggﬁged?e&%ﬁgﬂ%[asu ement was

performed on a hO'Fi?%Y,“R% eARESRORY  rhAhhRREE NGyet RV ERE ! qui d
o n

and nitrogen as gas

r 5 pressurization, at 25C and a

ap

Limted,

ressure

i ncreasi ng reDRPORWPIORL mﬁqod%eglﬁgﬁog@@eoﬂ)% Lré8s atiodlsClrat ed by

the following formula (16) using t

of the liquid used 10[dynes/cn]) / Half-dry preSsure [Pa]

y average pressure obtai ned.

[0125] [For mbigowbliber membriREAWErdIRISHE & ﬂl@giﬁfﬁagﬁ»ﬁoa@(mﬂﬁt)eﬂ&fe@ﬁi@et ension

(16
5 cross sections of the membranes were visible. These two photographs

10

15

20

25

of cross sections of the membranes were stuck to cardboard at the back
sides of the photographs, and were cut along the peripheries of the
membranes with scissors to be used in place of actual cross sections of
the membranes. For the center-to-center distance, the point of
intersection of the longer diameter and the shorter diameter among the
inner diameters was used as the center point in each cross section of the
membrane. The two cross sections of the membranes (the pieces cut
out of the photographs) were rotated to determine the arrangement in
which the distance between the two center points was the minimum, and
subsequently the center-to-center distance was actually measured with a
ruler. After that, the measured distance was converted to the actual
distance based on the magnifications of the photographs to determine
the center-to-center distance L. In addition, on the same photographs,
the length r1 from the center point to a projected part (namely, the point
on the periphery that was farthest from the center point) and the length
r2 from the center point to a depressed part (the point on the periphery
that was closest to the center point) were measured.
[0114] (14) Pore ratio of depressed part and projected part on the outer
surface of deformed porous hollow fiber membrane (%)

Measurement was made by the method described in

International Publication No. WO 2001/53213. First, onto a copy of

59



[0126] (20) Preparation of pressurized hollow fiber nmenbrane nodul e A
pressuri zed holl ow fiber nmenbrane nodul e of a nenbrane surface area of 50
n2 was prepared as follows. A plurality of porous hollow fiber nmenbranes
were tied in a bundle and then the hollow fiber 15 bundle the hollow parts
at the one end part of which were sealed was received in a polysul fone
cylindrical nodule casing of an inner dianeter of 150 mm and 2000 nm | ong.

e S SRR 1 O Lo
d

outer e sished bATARPEBHLE oA HGASEALS gﬁﬁt%{ 2 %r e

casi ng. | nSt kel bt DERANIoNd \aRlubD alifgegnasitl catedoho

centri fugal casting wth a two- pac epoxy resin centrl f ugal
casti ng, 8 and,

fol |l ow ng tﬁ‘g@‘gﬂggﬁgﬁ%ﬁgm@ﬁc ngﬁg% su ?Iﬂ(t:llétrab%t %é/ ﬂar%e Sngﬁngﬂg end
part ghat wagf ?%?éseéal‘i"f’&e aistinedl ?)aﬁlérﬁlﬁézpea[‘ tfa?ﬁgﬁf@ﬂt%e%t Reds B%ﬂﬁiﬂ part.

Thus, a pressurized hollow fiber membrane nodule including a hollow fiber
menbr ane bunﬂh@n"‘@go?@ s filled in WitH B¥cK ddings BpakepeRdbrahenagat i ve

pressure hol I ow ¥fi nbrane 5nodul e A négative pressure hol’l ow

fi ber menbr age] RRBSuRHt A tHE HRAOSPLErehi rsh@@tevaerseauphc&%dr@nmaﬁ 551&@@@‘1‘6(1 as
in the method described i'n I nternational Publication 2004/ 112944.

white paper to distinctly differentiate the pore part as black and a

non-pore part as white. After that, the surface pore ratio was
10 determined using commercially available image analyzing software.
[0115] (15) Strength at break (MPa), elongation at break (%)

The strength at break and the elongation at break were
determined by the following formulae (12) and (13) using the load and
the displacement at break obtained by stretching a wet hollow fiber

15 membrane at a chuck distance of 5 cm and a tensile speed of 20 cm/min
using an Instron-type tensile tester (manufactured by SHIMADZU
CORPORATION, AGS-5D). A cross-sectional area of the membrane
was determined by image analysis of a microscope photograph of a
cross section of the membrane.

20 [0116] [Formula 12]

Strength at break [MPa] = Load at break [N] / Cross-sectional area of
membrane [m?] x 10 (12)

[0117] [Formula 13]

Elongation at break [%] = Displacement at break [cm] / 5 [em] x 100

25 (13)

[0118] (16) Latex rejection (%)
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[0130] Nanely, both ends of a plurality of porous hollow fiber 10

menbr anes were adhesively fixed wwth an urethane resin to prepare a
cylindrical hollow fiber nenbrane nodul e the periphery of one end part of
whi ch was provided with a cartridge head fixed liquid tightly and
adhesively and the periphery of the other end part of which was provided
with a lower ring fixed liquid tightly and adhesively. The 15 effective

di stance between f{it ' i - t i ' | ayers
on the cartridge hgggfog*%gﬁg%g‘{g%?%%?&%?n%{g@% @gg@ééﬁ%’nﬁéﬁﬁgy g
di t f el ' f I fib
nero about 1O BARLYE, Yrade Solno ARTIDBX, N E0Anpof 7% BY hAY) ote

was prepar edyw20[@l3dld GAdledENREY artﬁ?tem%séj% (SES L(%bﬂﬁlﬂi"%(ﬁfec?grsﬂ%%%égfn

amount of hollow T1ber nmenbrane nodu pressuri zed) The hol Fow

menbr ane mdﬁ%ﬁe(ﬁfg abRgR 'ﬂog?x‘\%gaf/@% $5dns R ofi ¥ QhteXUEDACEH B ARG WaL er
of turbidity of 5 to 10 and ter tenperature of 18 to 25C was

used §s raw payi®h.- bPSniaE. t ke sidfiefent SRROIRAL 6O Tha UL .sukpendiBheivas _
perneati on anount was increased stepwi se in a dead-end filtration node with

external prephised aPR iRdkew fid awBsBuppiied theal wegdisllowt fibepesfmaat i on
anount at which the pressure difference between nenbranes did not rapidly

552, e se gl BB e o el R 412
of 0.1 m/s and at a pressure of 0.03 MPa with a peristaltic pump while
discharging permeate through both ends (open to the atmosphere) of the

10 hollow fiber to perform filtration of the latex suspension. The
permeate was returned into the beaker to perform the filtration in a fluid
closed system. Feed was sampled from the permeate discharged
through both ends of the hollow fiber and from the beaker 10 minutes
after filtration, and the absorbances at 600 nm were measured using an

15 absorption spectrometer to determine the latex rejection by the
following formula (14).

[0119] [Formula 14]
Latex rejection [%] = (1- Absorbance of permeate / Absorbance of feed)
- x 100 (14)

20 [0120] (17) Compressive strength (MPa)

With one end of a wet hollow fiber of about 5 cm long sealed
and the other end made to be open to the atmosphere, deionized water at
40°C was pressurized at the outer surface to discharge permeated water
through the end that was open to the atmosphere by dead-end filtration

25 method. The pressure for pressurization was increased from 0.1 MPa

by 0.01 MPa while being held at each pressure for 15 seconds to allow
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5 (backwash and air bubbling). Each cycle was of a filtration/ (backwash
and air bubbling) cycle tine of 29 mnutes/1 mnute, the backwash flow rate
on backwash was 2.3 L/ m nute/ nodule, and the flowrate of air on air

bubbl i ng was 4.6 NL/ m nut e/ nodul e. [0133] (23) Experinment 2 of
measuring water perneation anmount of 10hol |l ow fiber nenbrane nodul e
(negative pressure) The holl ow fiber nenbrane nodul e obtained in (21)

d and.wasi: ' ' 8 mB.
Fndust i el viLTRL B Ry PEfRs At AT ARRGPLL Sa R HTERRh | oo
concentrat! ofy it fiodfierd QuFfeSinedns sulonds X eidile AROHOIION pdrt dfithe A5 Tor

t he vvfater. perneati on . , t_ e wat er pgarmeati on anount was | ncreased
stepwi se i n RoASRARBRE ddek tAdH ESMapRAGHM {Hkolixe Arbuaw ﬁén{l@ﬁeﬂ‘e”br ane
made to be at negative pressures I ng a suction punp, and the [argest

wat er per neay ; i k 2066 JRbr anes
did not rapi g‘}laﬁ?}&i nggeﬁ%ﬁ%bggiigﬁgg%?%& zs;s\%\glgk on ;al%%g%@gasi 3) was

measused. [ O04fdy th@ﬁrefsjmhﬁerﬁiri;ﬁ@smaﬁdrpax@@‘as&héw@&@ﬁwmg% of
filtration/ backwash while aerating air of an aeration anount for nenbrane

of 6 N8/ houthehoBbly fib8EThe Hoflohw HareEo 10498 CiEEBIDCRUEE Stdrtd o Wabur

filtration/ backwash: 9 mnutes/1 mnute, and the backwash 25fl] ow rate on

backwash waswiegelsptBe fARvlutat #masnt v tHeoperdtatednwiitért datieabes elveha35]
(24) Proportion of projected and depressed parts to the peripheral length

of the peri ptiRsugh %he pressur® Fbptmesapizdtakeringtdaies sTdrniphsselrecforon

m croscope at any nagnification at which the shape of an asperity on the

periphery of peessurigatior et ivwhichf the pbgaluse haldwow ¢f tiey pernbatedewasst ise
distinctly identified was used. In the photograph, a circunferential part,
a depfessed tlar maxandnawasasfiieebaptire cowpeesdivd stremgthat ed, and t he
proportion of the projected and depressed parts to the peripheral |ength of
t he peripher 01&l CE8)MaximdnbpotdisizEdumow ng fornula. 10[ 0136] [ Formul a

vl Measurement was made according to the measurement method
of maximum pore size described in ASTM:F316-86 (also known as the
bubble point method). The measurement was performed on a hollow

15 fiber membrane of 5 cm long using ethanol as liquid and compressed air
as gas for pressurization, at 25°C and at a pressure increasing rate of
0.05 atm/second. The maximum pore size was calculated by the
following formula (15) using the bubble point pressure obtained.
[0122] [Formula 15]

20 Maximum pore size [um] = 2860 x (Surface tension of the liquid used
[dynes/cm]) / Bubble point pressure [Pa] (15)
[0123] When the liquid used is ethanol, the surface tension at 25°C is
21.97 dynes/cm. (Edited by The Chemical Society of Japan, Kagaku
Binran Kiso Hen (Handbook of Chemistry Basic Version), 3rd Revision,

25 pp. II -82, Maruzen Company, Limited, 1984).

[0124] (19) Average pore size (pm)
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Proportion of asperity to the peripheral Iength of the periphery [A4 =
(Peripheral length of projected part [nm + Peripheral |ength of depressed
part [mm]) / (Peripheral |length of projected part [nm + Peripheral |ength
of depressed part [mm + Peripheral |ength of a 15circunferential part
[mM]) x 100(17) [0138] [Fornmula 18] Fretting resistance [% = Deionized
wat er perneability after fretting evaluation [L/n2/hr] / Deionized water

per reabi | 11y bef orerd ikt R431 Ak SRb MR/ 5 he kP BRG] (20)

Ret enti on of the hel pr o] ec part er ret

hei ght of a Bf%)v@fagegpgg%gml@;ﬂ%cggﬁ wswmmge QAR khBil b 1A

sanpling the nenbr ubsequent | etention of the

hei ght of a t et L 19k]&@h1édsﬁiféﬁ1€ﬁt hﬁﬁggﬁh@a% SRRy | CerOW' ng

formula. 25[ 40 [ For nu Retention o ei ght of projected part

after frettipgrbans &5 ¢ 191&%%3@ @ﬂ?eﬁkﬁfhspl@di&ldaéﬁ&hltfrégéﬁ 'aF%ﬁ%V@r“at lon

[pm / Height of a projected part before fretting eval uat
(19) §0141] prebbulbHiidg, S25t@NaRd at a Jpressure Ti8BrdaslioWatd bef grBIDr anes

of 15 cmlong were dried in a dryer b5at C for 24 hours, and then the
dei oni zed wai®h/seesR@abThect ¥véhgkhpore size was calculated by the following
formula (16) using the half-dry average pressure obtained.
[0125] [Formula 16]
Average pore size [um] = 2860 x (Surface tension of the liquid used
10 [dynes/cm]) / Half-dry pressure [Pa] (16) ‘
[0126] (20) Preparation of pressurized hollow fiber membrane module
A pressurized hollow fiber membrane module of a membrane
surface area of 50 m” was prepared as follows. A plurality of porous
hollow fiber membranes were tied in a bundle and then the hollow fiber
15 " bundle the hollow parts at the one end part of which were sealed was
received in a polysulfone cylindrical module casing of an inner diameter
of 150 mm and 2000 mm long. The end part that was sealed was
installed only with a bonding jig, and the other end part was provided
with 24 in total of polypropylene rods of an outer diameter of 11 mm
20 parallel to the porous hollow fiber membrane and was then installed
with a bonding jig liquid tightly.
[0127] The module casing installed With the bonding jigs at both sides
was subjected to centrifugal casting with a two-pack epoxy resin.
[0128] After centrifugal casting, the bonding jigs and the polypropylene
25 rods were removed and, following the epoxy-bonded part being

sufficiently cured, the bonded end part that was sealed was cut so as to
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menbranes after dried was neasured as in (12). Subsequently, the drying
resi stance was cal culated by the follow ng formula. [0142] [Fornula 20]
Drying resistance [%4 = Deionized water perneability after drying

10resi stance evaluation [L/n2/hr] / Deionized water perneability before
drying resistance evaluation [L/n2/hr] x 100 (20) [0143] <Preparation and
evaluation results in Exanples 1 to 31 and Conparative Exanples 1 to 5>

Exanpl es 1 (0P (HRd Ry 6 Bolp, AR s & et B RO e ane

The. 1ol | bw noceay 2 eofhodis SR i, Ao holeRy e ARC AT A, B’

menbrane accgpdiifgyto each Exanple and Conparative Exanple 20 and the
conposition ratio thereof are showmn in FIGS. 18 to 21. In FIGS. 18 to 21,

each mater i afsohli%msg}‘ngﬁJsaﬁ‘aﬁé{m ngPaMe Bitle¥ireAhbl1bhe ﬂ’dé&fp&%hiﬁr‘_é%er atios

t hereof are s part. Theérnoplastic resin: : (R
Vi nyl §dene fhuphilde honopol ymer (manufactured by KUREHA

A negative pressure hollow fiber membrane module of a
membrane surface area of 25 m> was prepared as in the method
described in International Publication No. WO 2004/112944.

[0130] Namely, both ends of a plurality of porous hollow fiber

10 membranes were adhesively fixed with an urethane resin to prepare a
cylindrical hollow fiber membrane module the periphery of one end part
of which was provided with a cartridge head fixed liquid tightly énd
adhesively and the periphery of the other end part of which was
provided with a lower ring fixed liquid tightly and adhesively. The

15 effective distance between filtration part interfaces of the adhesively
fixed layers on the cartridge head side and the lower ring side was 2000
mm. The diameters of the adhesively fixed layers at both ends of the
hollow fiber were about 150 mm. Thus, a negative pressure hollow
fiber membrane module was prepared.

20 [0131] (22) Experiment 1 of measuring water permeation amount of
hollow fiber membrane module (pressurized)

The hollow fiber membrane module obtained in (20) was used,
and river surface stream water of turbidity of 5 to 10 and a water
temperature of 18 to 25°C was used as raw water. As for the water

25 permeation amount, the water permeation amount was increased

stepwise in a dead-end filtration mode with external pressure applied
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25CORPORATI ON, trade nane: KF#1000) (R-2) Hi gh density pol yethyl ene
resin (manufactured by Asahi Kasei Chem cals Corporation, trade nane:
SH300) Organic liquid: (R 3) Polypropylene resin (manufactured by Tokuyama
Corporation, trade nanme: PN110 G 5(R-4) Cellul ose acetate butyrate pol yner
(Mv = 65,000) (L-1) D (2-ethyl hexyl) phthal ate (manufactured by CG ESTER
CORPORATION) (L-2) Di butyl pht hal at e ( manuf actured by CG ESTER CCRPCRATI ON)

élcj)lrgoz:ﬁgnmi gaw ?Fgggtrl sal{ctﬂgé llfge%’é h%h%? ne SI |ca po b?ﬂrranu actur ed
by N ppon Ae{)fé;sghrec‘?hiif%{cé}gr Opc%}t'i@ééﬁ Hg:gﬁbraﬁ%@c@ﬂd-n@?gmdﬁf' l?ﬁfé’as‘éa(ﬁdtd e

size of abou nm l'ic additive:
exceeding 10 kPa/week on a 25°C basis) was measured.
[0132] The filtration operation was a cycle operation of filtration/
5 (backwash and air bubbling). Each cycle was of a filtration/
(backwash and air bubbling) cycle time of 29 minutes/1 minute, the
backwash flow rate on backwash was 2.3 L/minute/module, and the
flow rate of air on air bubbling was 4.6 NL/minute/module.
[0133] (23) Experiment 2 of measuring water permeation amount of
10 hollow fiber membrane module (negative pressure)

The hollow fiber membrane module obtained in (21) was used
and was immersed in an activated sludge tank of a volume of 8 m3.
Industrial waste water of BOD of 750 mg/L. was used as raw water.
The MLSS concentration in the activated sludge was fixed at about 10

15 g/L.  As for the water permeation amount, the water permeation
amount was increased stepwise in a dead-end filtration mode with the
hollow part of the membrane made to be at negative pressures using a
suction pump, and the largest water permeation amount at which the
pressure difference between membranes did not rapidly increase (not

20 exceeding 10 kPa/week on a 25°C basis) was measured.
[0134] The filtration operation was a cycle operation of
filtration/backwash while aerating air of an aeration amount for
membrane of 6 Nm’/hour at all times. The filtration/backwash cycle
time was filtration/backwash: 9 minutes/1 minute, and the backwash

25 flow rate on backwash was the same flow rate as the flow rate on

filtration.
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(P-2) Hydrophilic additive (polyethylene glycol, weight average nol ecul ar
wei ght of 35000, manufactured by Merck Ltd.) [0144] [Exanple 1] Melt
extrusion was performed by using a vinylidene fluoride 20 honopol yner
(rmanuf actured by Kureha Chem cals, trade nanme: KF#1000) as a thernoplastic
resin, a mxture of di(2-ethylhexyl) phthal ate and di butyl phthal ate as
organic liquid, and a fine silica powder (manufactured by N ppon Aerosi

Fusi on knead O PUpF AL RO R qmpsaran! AR, AspkoReo iRty oF e °
ponder 2 5aPGpAGE SRR | T0)aY 2" uston kneaded product
o, be, 9 e sachapfoameilan e b LR Loy nricupon s
LoV 19 10,1 saraduner i SHLO0S DALEIALtY DpCeoamass g
ocust L0165k Tengeiar heppesa ioncon hac nesbonls e busgangngaces.
through an oiddriifievswadSsedTheld ohguphewsp@phesall divélemferential part, a
depressed part, and a projected part were differentiated, and the
proportion of the projected and depressed parts to the peripheral length
of the periphery was calculated by the following formula.
10 [0136] [Formula 17]
Proportion of asperity to the peripheral length of the periphery [%] =
(Peripheral length of projected part [mm] + Peripheral length of
depressed part [mm]) / (Peripheral length of projected part [mm] +
Peripheral length of depressed part [mm] + Peripheral length of a
15 circumferential part [mm]) x 100 (17)
[0138] [Formula 18]
Fretting resistance [%] = Deionized water permeability after fretting
evaluation [L/m*hr] / Deionized water permeability before fretting
evaluation [L/m*/hr] x 100 (18)
20 [0139] (26) Retention of the height of projected part after fretting (%)
The height of a projected part after fretting was measured as in
(11) by sampling the membrane used in (25). Subsequently, the
retention of the height of a projected part after fretting was calculated by
the following formula.

25 [0140] [Formula 19]
Retention of the height of projected part after fretting [%] = Height of a
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10 from nmeasurenent of the discharged fusion kneaded product with a
plastom |l is shown in FIG 11. The torque inflection tenperature was 235C.
[0146] The hollow fiber-Iike nol ded product obtained was nade to pass
through the air gap for 30 cmwhile being blown with cooling air 15 from
the direction vertical to the discharging direction, and was then
introduced into a water bath at 30C to be cooled and solidified, followed

FTber -1 ke detieaettadh aef Bietdhe STty i T ARt R LR olfled P
Sﬁ Lgf;g,n ;ﬁ#&&g?q?ﬁ%g'egéﬁ%agfo%i%{}e%?Rgbﬂ ﬁgehglntjowzgi gialr)utrglnbrane was

i mersed in @lﬁq%)mgy]érﬁﬁngggﬁgﬁicgt hanol solution for 30 m nutes, and was
in r—f'or

t hen i nmerse mnutes to get wet. Subsequently, it was

i d i 20 0 Utd ;
ersed 0220 s NCHORGNSaS SR 1o IRCARL aficlHy g3 s
powdes . Prepgra “@’fo?@ﬂdhé‘%l}]‘é?%nﬁgpehﬁﬁe@éib dd RekerBaRh a1 g,rﬁhem In

FI G 18, and evaluation res S vari ous physical propertie
qhtai ned

per for mance QRnASHa kG| f e I ) be Hyégg{
are shown inﬁgl G 2%.%[%%%Fﬁgas‘éxggn?%gggﬁ@c??oﬁpm%)r os%gpe e(?;l'lt;ﬂ?é|raph of a

cross secti aiyihg hbhspAceuadhlalibd bihETRMoNIagoimuted at

magni fi cati on~of ~60 times i s shown 12, "a scanning el ectron

m croscope p rgm}ngﬂat top of a projected part on the outer surface
at a nagnifi“ggﬁzgn of SOOOZthi mes is shown in FIG 13, and a scanni ng

el-ectron ni CD@??%%&BM@VE%] of Ddientett wvatearjeraicabiligpadesedrdast at a

magni ficati on of 5000 times iS shown in FIG 14. "The surface pore rate of
depr ggsed 10tb%i§tahwreﬁg]mhtﬁﬁpﬁ&ﬂ%/h}’] ¢ dDpivreged aviteatpepfnaabiligcbefbrear t .

[0148] [Exanples 2 to
drying resistance evaluation [L/m*/hr] x 100 (20)
[0143] <Preparation and evaluation results in Examples 1 to 31 and
Comparative Examples 1 to 5>
[Raw material]

15 Materials constituting the hollow fiber membranes in Examples
1 to 31 and Comparative Examples 1 to 5 and hollow fiber membrane
modules prepared using the hollow fiber membranes are each selected
from the following materials. The material for preparing the hollow
fiber membrane according to each Example and Comparative Example

20 and the composition ratio thereof are shown in FIGS. 18 to 21. In
FIGS. 18 to 21, each material is shown by a symbol shown below. All
the composition ratios thereof are shown by a mass part.

Thermoplastic resin:
(R-1) Vinylidene fluoride homopolymer (manufactured by KUREHA

25 CORPORATION, trade name: KF#1000)

(R-2) High density polyethylene resin (manufactured by Asahi Kasei
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Porous hol |l ow fi ber nenbranes were prepared as in Exanple 1 except that the
speed on di scharge through a hollow fiber-form ng nozzle and the take-up
speed were changed to nodify the pressure at a 15 nozzle tip part.
Preparation conditions in Exanples 2 to 9 are shown in FIG 18, and

eval uation results of various physical properties and perfornmance on actual
| iquid of the porous holl ow fiber nmenbranes are shown in FIG 22. Wen the

pressure at i t s i shape was slightly |ess
likely to be@h%?%d%gﬁ@d,ﬁ%%ﬁ@%éf@@ however, defornmed porous
hol | ow fi berogﬁﬁ&wdpr ovided with asperities were obtained. The
depressed par a I'gh surface pore ratios as in Exanple 1. [0149]

[ Exanpl es 10 @\1 : i r r

pr epar ed asq(lﬁng%xglr)wwgoaylfggxrcees& mak ta E{éﬂrélg\r/\b trl?(gl%uo h@eﬁ%‘%ﬁﬁg’ air
within the al ' 0, 30, 450, and 60 to the direction parallel
to the di scﬁﬂéé%ﬁgﬁgm f?ggﬂooﬁﬁ (sucked from above the orifice). Preparation

condi4ions f -4pﬁ%lg?b§@%éﬁ@5%§§?@§;ﬁﬂgﬁ1&r@4§}m% @)(‘5'03; ?Orlgianggdon et ual

eval uation resufts various p ropevties and

liquid of t*%Pzr‘%igﬁizf&h&%ﬁ%fghﬂﬁmagﬁﬁm?@fa@hﬂ% Bp TQUESTHR G 23,

5[ 0150] [ Exa us holl f1 ber nmenbrdne was prepared as
in Exanpl e 1CORPORATRONHhe tenperature setting of an extruder barrel was
nodified so as to obtain the resin tenperature on discharge from an

extruder t o&gg;ZO@iﬁ?ﬁypar g,qﬁmaf@ndi(h{aﬁﬂfaétgfed he Hyol | owrsf i bES TRRYDr ane

are 10 sho ih FIG 197 and eval uation results of various physi cal
properties a0ORPORATHDRG on actual liquid of the porous hollow fiber

menbr ane obtai ned are shown in FI G 23.

10 Inorganic fine powder:
(L-3) Triethylene glycol (manufactured by Wako Pure Chemical
Industries, Ltd.)
(P-1) Fine silica powder (manufactured by Nippon Aerosil Co., Ltd.,
trade name: AEROSIL-R972, primary particle size of about 16 nm)

15 Hydrophilic additive:
(P-2) Hydrophilic additive (polyethylene glycol, weight average
molecular weight of 35000, manufactured by Merck Ltd.)
[0144] [Example 1]

Melt extrusion was performed by using a vinylidene fluoride

20 homopolymer (manufactured by Kureha Chemicals, trade name:
KF#1000) as a thermoplastic resin, a mixture of di(2-ethylhexyl)
phthalate and dibutyl phthalate as organic liquid, and a fine silica
powder (manufactured by Nippon Aerosil Co., Ltd., trade name:
AEROSIL-R972) as inorganic fine powder. Using a fusion kneaded

25 product having composition of a vinylidene fluoride homopolymer :

bis(2-ethylhexyl) phthalate : dibutyl phthalate : fine silica powder =
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[ 0151] [ Exanple 16] A porous hollow fiber nenbrane was prepared as in
Exanple 1 15 except that the tenperature setting of the outlet was
nodified so as to obtain the resin tenperature on di scharge through an
outlet to be 210C. Preparation conditions for the hollow fiber nenbrane are
shown in FIG 19, and evaluation results of various physical properties and
performance on actual I|qU|d of the porous hollow fiber nmenbrane 20o0bt ai ned

requoncy o35 33884 500 RS, FB@@%?*’%&&“;G& 4 fifil Kobalediblictt Be | e,
nenbr ane was e doiidlo t e%@ e ttings
of an extrudg&bgﬁ% and e out (gltdl“Z[S 1?Om)dl ? e%ﬁls(%) as to{%*%t‘a@% theg

resin te”pergéﬁb%n@ﬂ éi@ﬁﬁﬁ’f 98tib oI, %h%ﬁ%l'ﬂ%eﬁoﬂ@wbﬁbgﬁ hfgsleesin
tenperature on discharge through an outl to be 210C. Preparation

condi tions fﬁévﬁlgg %ﬂﬁ&éﬂ%&%@@&@;&@h% 400HLE Hdeddd the

eval uation resul rious physical I es and performance on act ual

s et actubmngpatooma dseidtolowtia i 22
[0153] [ Exanpigidé@broduct.

[0145] The resin temperature on discharge of the fusion kneaded
product from an extruder was 250°C, and the resin temperature on
discharge through an outlet was 245°C. The torque curve resulting

10 from measurement of the discharged fusion kneaded product with a
plastomill is shown in FIG. 11. The torque inflection temperature was
235°C.
[0146] The hollow fiber-like molded product obtained was made to
pass through the air gap for 30 cm while being blown with cooling air

15 from the direction vertical to the discharging direction, and was then
introduced into a water bath at 30°C to be cooled and solidified,
followed by being taken up with a reel at a rate of 30 m/minute. The
hollow fiber-like extrudate obtained was immersed in methylene
chloride for extraction removal of bis(2-ethylhexyl) phthalate and

20 dibutyl phthalate, and was then dried. Subsequently, the hollow fiber
membrane was immersed in a 40% by mass aqueous ethanol solution
for 30 minutes, and was then immersed in water for 30 minutes to get
wet. Subsequently, it was immersed in a 20 mass % NaOH aqueous
solution at 70°C for 1 hour, and was washed with water repeatedly for

25 extraction removal of fine silica powder. Preparation conditions for

the hollow fiber membrane are shown in FIG. 18, and evaluation results
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A porous hollow fiber nmenbrane was prepared as in Exanple 1 except that the

conposition of the fusion kneaded product to be di scharged was a vinylidene

fluoride honmopol yner : bis(2-ethylhexyl) 10 phthalate : dibutyl phthal ate
fine silica powder = 40.0 : 30.8 : 6.2 : 23.0 (mass ratio). Preparation

conditions for the hollow fiber nenbrane are shown in FIG 19, and

eval uation results of various physical properties and performance on actual

30,251 L SRS R Rt el bt d 1,23

or ous er nenprane obtarned as

raht Kasei RRoH oo\t InGRLAGRE LIRA KR R T 22 s the
ther mopl ast | o i R scabhiti bloptbRahRiBs g5 PSRN BE 0@ LEgNFd, 2

20 polyethyl®ene resin : utyl pht ica powder =
56.0: 24.0 (g gafodsahbﬂbw Ter Aeafbradd bbtined?4PG ﬁﬁ{g?i%?&ﬁz%&g){f g0 d

further the product was taken up with the reel at ara m nute. Tp

of the fusi ofmeaqadedvai 98 IHIG IBs 24 anifts eERéh %i&@gtsﬂrgézgﬁétof&@?%ﬁ gfe

hol | ow fi ber nmenbrane are shown in FIG 20, and evaluatio res

various physpfele RpPBEa!l projecad peef barthensaee Busfateak o Mgheﬁ@itidﬂlafpor ous
hol | ow fi ber nmenbrane obtained are shown in FIG 24. [0155] [Exanple 20]

Bot h ends of 500@ thaks dw shokeai h i KKG.ND3 dedd pr edaredingbélrictior micfoseopee 1 (in
a solidified state at which organic liquid and silica fine powler were not

renmoved) of gRotorashofwhe doeind payt bfadiepressed part sit retipedfitation bifber

| ength of 20 cm and then the both ends were freed of the hands.

Subsequent | y50@Xttiraes iioshosnmwalFIgh tde Phesturfaceeposndatehef depeessedi ca
powder was perfornmed as in Exanple 1, and then heat treatnment was perforned
at 130C for gartimprovedappafentiyngprapatedetodthabbfprejeveedparie to obtain a
porous holl ow fi ber nmenbrane. The final 10 fiber length was 12.5 cm (the
final stretcf0l4R]i [ExwmuplesZstd 9hes). Preparation conditions for the hollow
fi ber nmenbrane (the sanme conditions as in Exanple 1) are shown in FIG 20,
and eval uati on resBotausoioNawi Dber presbaales premeptepasedns ipdixampbnte on
actual liquid of the porous hollow fi ber nenbrane obtained are showmn in FIG
24. 15[ 0156] exeepdnthas thk] speed on discharge through a hollow fiber-forming

nozzle and the take-up speed were changed to modify the pressure at a
15 nozzle tip part. Preparation conditions in Examples 2 to 9 are shown
in FIG. 18, and evaluation results of various physical properties and
performance on actual liquid of the porous hollow fiber membranes are
shown in FIG. 22. When the pressure at a nozzle tip was low, the
asperity shape was slightly less likely to be formed compared to
20 Example 1, however, deformed porous hollow fiber membranes
provided with asperities were obtained. The depressed parts had high
surface pore ratios as in Example 1.
[0149] [Examples 10 to 14]
Porous hollow fiber membranes were prepared as in Example 1
25 except that the direction of the cooling air within the air gap was 0°, 15°,

30°, 45°, and 60° to the direction parallel to the discharging direction
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A two-| ayer porous hollow fiber nmenbrane was obtained as in Exanple 1

except that two extruders were used, and a m xture with the conposition in

Exanple 1 as an outer |ayer and a fusion kneaded product of a vinylidene

fluori de honopol yner : bis(2-ethylhexyl) 20 phthalate : dibutyl phthal ate
fine silica powder = 36.0: 34.8 : 5.0 : 24.2 (mass ratio) as an inner

| ayer were extruded concurrently through the nozzles for coextrusion to

oot LB s SARREE, AR WRIIBL o
oroper {1 ¢ o PRI hIRASSoRASAChRLG! | kth o o ARCRIERYS: BRI oo
Poroue, 1oL1 Bl PEROSRERae R EhAANE Skt ENAR o 5 ST
i oh and 400, AW iFeARCHIFaREL LBRRHYA Ao UHGwoAndERENAY 97 1 part vas used

as the hol | ow r-fTormng nozzle. Preparati on conditirons for the holl ow
fi bersmenbra SSOT@E)&HQ% 1:§1JOFI G 20 and evaluation results of various
physi cal pr og@rtl es and periormance on actual liquid of the porous holl ow

fiber nenbranes obpajnedHAGHABr Refll? é.wﬁégg?g%%kgﬁ@iﬁgfé%to 28]

Por ous hol | ow fi ber nbranes were obtal ned as | exce hat a
hol | ow fi bergs i i i pm 300
o m Cor | 400, SRRk Bhibci B e 0OLE SR batreh w o i S 0
Lhe di schar ghiig RiAINYES 138 tepeRAuRo bhodtschindd Boin kol skPadaoRzbe,

Preparation conditions for the hollow fiber nmenbranes are shown I n

(Exanpl es 2509@°27) P&egaﬂaﬁoﬁl Conditi Bl etheBholldRe BY¥& YAbIPRafeSitht s Of

vari ous physical properties and performance on actual liquid of the porous

111 1L BRI SD sl ot 6 il parrapossr) o
and performance on actual liquid of the porous hollow fiber membrane
obtained are shown in FIG. 23.
[0151] [Example 16]
A porous hollow fiber membrane was prepared as in Example 1
15 except that the temperature setting of the outlet was modified so as to
obtain the resin temperature on discharge through an outlet to be 210°C.
Preparation conditions for the hollow fiber membrane are shown in FIG.
19, and evaluation results of wvarious physical properties and
performance on actual liquid of the porous hollow fiber membrane
20 obtained are shown in FIG. 23. A fiber breakage due to a defect
occurred at a frequency of 2 times/5000 m.
[0152] [Example 17]
A porous hollow fiber membrane was prepared as in Example 1
except that the temperature settings of an extruder barrel and the outlet

25 were modified so as to obtain the resin temperature on discharge from

an extruder to be 220°C and the resin temperature on discharge through
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A porous hollow fiber nmenbrane was obtained as in Exanple 1 except that a
cel lul ose acetate butyrate polynmer (Mv = 65,000) as the thernoplastic resin
and triethylene glycol (manufactured by Wako Pure 25Chem cal Industries,
Ltd.) as the organic liquid were used. Preparation conditions for the

hol | ow fi ber nmenbrane are shown in FIG 21, and evaluation results of
various physical properties and perfornmance on actual liquid of the porous

hol | fib b bt ai h in FLG 25. .[ 0160 30] 5A
por ous. hol | G PHEET e B AHD Gras PERRHRHEE Handinomiafpl d1a. hollp: Hbhe: &

I I [ f act Kk ti trade. ;
PNLLD & s TORGIORHGS 8| BIOWE HodTItY ald: AMBLEYIIUBHORa PR REAORIT ed by
CG ES1ER CORPORATI .th Lc liquid d.. P ti
Conit ons DSk e o) SRR e 5 Sl B TR BB
eval uation rei | ts.of variqus ph g cal ,propefties .ang erfpr ncF on act ual
liquid of tH® tﬂ%’o ko I“fipgeg Iﬂ%ﬂ%‘#a"i‘r@ éb?‘é‘frhéﬂ JQ’ vmn%n 1peG 25,

016 Ex le 31] ;A | | fib b -obt al [

Bans] o 1 BRedkingts e UeTedbosiitrod a8 ARGy nbadl oK Eh out er

di anet er Ofe@ 5 nd nli ner dianeter of 1.3 nmof the depressed part
and 20 proj El é%&“@f’ §80 pm hi gh and 400 pm wi de on the peri phery of
t he di sch [ t t I ' - i Q- I d
further the pr oduce RSG0s SRREFHr SOt s dore bt B9 g o

20 P ti iLi f | fi in FIG
21, and eval SREPbtEb o coBipdsifiolot e S RERAARE BIEREIM AT e
on actual 1 gyithiBka Was AU iYtidaak! MitofillB HorBABIAE OBidR08tyRiGyTfovn 11
10 phthalate : dibutyl phthalate : fine silica powder =40.0 : 30.8 : 6.2 : 23.0

(mass ratio). Preparation conditions for the hollow fiber membrane are
shown in FIG. 19, and evaluation results of various physical properties
and performance on actual liquid of the porous hollow fiber membrane
obtained are shown in FIG. 23.
15 [0154] [Example 19]
A porous hollow fiber membrane was obtained as in Example 1
except that a high density polyethylene resin (manufactured by Asahi
Kasei Chemicals Corporation, trade name: SH800) was used as the
thermoplastic resin, dibutyl phthalate was used as the organic liquid, a
20 polyethylene resin : dibutyl phthalate : fine silica powder = 20.0 : 56.0 :
24.0 (weight ratio), Te = 245°C, and Ts = 240°C were applied, and
further the product was taken up with the reel at a rate of 20 m/minute.
Tp of the fusion kneaded product was 228°C. Preparation conditions
for the hollow fiber membrane are shown in FIG. 20, and evaluation
25 results of various physical properties and performance on actual liquid

of the porous hollow fiber membrane obtained are shown in FIG. 24.
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[0162] [Conparative Exanple 1] 25A porous hol |l ow fiber nmenbrane was
obtained as in Exanple 1 except that the conposition of the fusion kneaded
product to be extruded was a vinylidene fluoride honopol yner

bi s(2-et hyl hexyl) phthalate : dibutyl phthalate = 34.0 : 46.0 : 20.0 (nmass
ratio), the passing through tinme at the air gap was 0.01 seconds (the air
gap distance was 5 mm), and further Te = 240C and Ts = 230C were appl i ed.
Tp of the ﬁgﬁﬁ%hqgggne % product was 210C. This fusion kneaded product
cont ai ni ng i"Hi orous holl ow fiber nmenbrane in which asperities

NS RREIGE s I T A R A RS
o U100, HRAL JPBEE IO ATOURL Sy YRR, Ul U g SR 1
Shoun |1 1 s b /RUALATCATSH 16 O HAE S5 RIS B ghen hes anc

are sfiown irgtgétaﬁéé to lCHBS 14 RIS icm,ég&m@péeﬁ iﬁé b%ﬁ@eﬂtﬂﬁgxyéﬁﬁjeéé?w fiber
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10 fiber length was 12.5 cm (the final stretch ratio was 1.25 times).
Preparation conditions for the hollow fiber membrane (the same
conditions as in Example 1) are shown in FIG. 20, and evaluation results
of various physical properties and performance on actual liquid of the

porous hollow fiber membrane obtained are shown in FIG. 24.

15 [0156] [Example 21]

A two-layer porous hollow fiber membrane was obtained as in
Example 1 except that two extruders were used, and a mixture with the
composition in Example 1 as an outer layer and a fusion kneaded
product of a vinylidene fluoride homopolymer : bis(2-ethylhexyl)
20 phthalate : dibutyl phthalate : fine silica powder =36.0 : 34.8 : 5.0 : 24.2
(mass ratio) as an inner layer were extruded concurrently through the
nozzles for coextrusion to obtain a two-layer structure. Preparation
conditions for the hollow fiber membrane are shown in FIG. 20, and

evaluation results of various physical properties and performance on

25 actual liquid of the porous hollow fiber membrane obtained are shown

in FIG. 24.
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except that an annul ar nozzle the periphery of which was circular wth no
asperities was used as the hollow fiber-form ng nozzle. Preparation.
conditions for the hollow fiber nenbrane are shown in FIG 21, and

eval uation results of various physical properties and perfornmance on actual
liquid of the porous hollow fiber nmenbrane obtained are shown 5in FIG 25.
An el ectron m croscope phot ograph of a cross section of the porous holl ow
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non-sol vent Trduc phase separation. en 't ance exceeded 3
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righypgafter Wl%]a[r&&rhﬁfe@%‘t@%})u“ﬁ to make spinning difficult, and the
Porous hollow fiber membranes were obtained as in Example 1
except that a hollow fiber-forming nozzle having 16 projected parts of
50 pm, 100 pm, 300 pm, or 400 pm high (all of them are of 400 um
wide) on the periphery of the discharging part was used as the hollow
15 fiber-forming nozzle. Preparation conditions for the hollow fiber
membranes are shown in FIG 20 (Examples 25 to 27) and in FIG. 21
(Example 28), and evaluation results of various physical properties and
performance on actual liquid of the porous hollow fiber membranes
obtained are shown in FIG. 24 (Examples 25 to 27) and in FIG. 25
20 (Example 28).
[0159] [Example 29]
A porous hollow fiber membrane was obtained as in Example 1
except that a cellulose acetate butyrate polymer (Mw = 65,000) as the
thermoplastic resin and triethylene glycol (manufactured by Wako Pure

25 Chemical Industries, Ltd.) as the organic liquid were used. Preparation

conditions for the hollow fiber membrane are shown in FIG. 21, and
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menbr ane obtai ned was a porous hollow fi ber nenbrane on the periphery of
whi ch asperities were not uniform Preparation conditions for the holl ow
fi ber menbrane are shown in FIG 21, and evaluation results of various
physi cal properties and performance on 5 actual liquid of the porous

hol | ow fi ber nmenbrane obtained are shown in FIG 25. In the tables, the
outer dianeter of projected part was resulting fromdoubling the distance

depressed poytalagopoBshtf & ¥Rl un i Brioertief At BBl aft or o
hei ght vas AP REbET of IR LR SR T BhE PSR e R

[ 0166] [Conpﬁ{?ggv% Exanpl e 5] A porous holl ow fiber nmenbrane was
obtained as Tn EXanple 1 except that, with reference to Exanple 1 in

Japanese Pat gyt 1At 15 No. 2009-033866 specification (TIPS2-A
di scl osed in@ég}p%‘ 1r?(rjlblrp Meeting (Yokohama, 2009) E122), the
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uni form A sc ~electr m croscope” phot ograph of a cross 25section of
the porous hgd @‘t‘%_aiﬂi@elﬁctpﬁ‘iﬁ”bsfeﬁ‘é‘%s‘é!at ai Pyepaddtich TRaditibeRttbPRhOThGfbowy mes i s
shown in FIG 17. The water perneation anounts of actual liquidin (22) and
(23) 1per e | ofibePheaabadreofreCstisivh iRMEIG. 011, tdiRl EedluarohiresiltsremRiagiorsar
shown in FIG 21, and evaluation results of various physi cal properties and
per formance physiehlaropetiigsdand péodonananvs owldoeuall iliegid nefhhengoiisai ned
are showmm 5 in FIG25. In the tables, the outer dianeter of projected part
was resul ti npofloantiberhienigranbestasicdnae showm ihEIGePfer to the top of a
projected part, the outer dianeter of depressed part was resulting from
doubl i ng t he[@liGljafErahple3the center to the point at which the menbrane
thickness is mninum and the asperity hei ght was a hei ght

A porous hollow fiber membrane was obtained as in Example 1

15 except that a hollow fiber-forming nozzle having an outer diameter of
2.3 mm and an inner diameter of 1.3 mm of the depressed part and 20
projected parts of 200 pum high and 400 pum wide on the periphery of the
discharging part was used as the hollow fiber-forming nozzle, and
further the product was taken up with the reel at a rate of 45 m/minute.

20 Preparation conditions for the hollow fiber membrane are shown in FIG.
21, and evaluation results of various physical properties and
performance on actual liquid of the porous hollow fiber membrane
obtained are shown in FIG. 25.

[0162] [Comparative Example 1]
25 A porous hollow fiber membrane was obtained as in Example 1

except that the composition of the fusion kneaded product to be
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10of a protrusion having the highest projected part. Industrial
Applicability [0167] According to the present invention, it is possible to
obtain a deforned porous hollow fiber nenbrane that is suitable for
treatment of |iquid containing an inorganic substance and/or an organic
substance, 15 and has high water perneability performance, fretting

resi stance, and drying resistance, a production nethod of the deformed

ater tr 2'a'th e e G, Sy s RS horobbliidth o st féﬂb@%ﬁiﬂ?ranf
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menbrane, wherein the perlp ery of the hollo ber me

R o e R R e

parts. er nmenbrane according to claiml1,

wherein a sugydrifesivetIRELY foPdis@ppEAY BENPATEN isRRAPESHROh SR Wnf diRRdt
to make spinning difficult and further the ellipticity of which was high.

In addition, the water permeation amounts of actual liquid in (22) and

10 (23) were low. Preparation conditions for the hollow fiber membrane
are shown in FIG. 21, and evaluation results of various physical
properties and performance on actual liquid of the porous hollow fiber
membrane obtained are shown in FIG. 25.

[0163] [Comparative Example 2]

15 A porous hollow fiber membrane was prepared as in
Comparative Example 1 except that the passing through time at the air
gap was 0.60 seconds. The porous hollow fiber membrane obtained
was a porous hollow fiber membrane the asperities of which
disappeared and the periphery of which was circular. Preparation

20 conditions for the hollow fiber membrane are shown in FIG. 21, and
evaluation results of various physical properties and performance on
actual liquid of the porous hollow fiber membrane obtained are shown
in FIG. 25.

[0164] [Comparative Example 3]
25 A porous hollow fiber membrane was obtained as in Example 1

except that an annular nozzle the periphery of which was circular with
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10 nenbrane to a top of the projected part and a distance froma center of
t he porous holl ow fi ber nmenbrane to a bottom of the depressed part is
shorter than a center-to-center distance of the porous hollow fi ber
menbranes adj acent to each other. 3. The deforned porous hollow fiber
menbrane according to claim 151 or 2, wherein the asperity is forned
froma plurality of depressed parts and a plurality of projected parts that

B L T e
notl on 11 bere FRINCACSRRSHRTHiey' RLeri oty el fhuh 19 BIGUEI G 2,
the asperity.da,dibh Me%&léc%)& rrgg}liéF% riﬂm}%%éel: gﬁ%&ﬁ@?%&‘g@ﬁ‘%ﬁh@roﬁ mbrane

according to any oné o as for an outer surface of

the def or ned, GRR0YiHS] BEHKEWolrbRE hollRHPFANS manHthHe dHsieli 8 di

dividing a pore rat outer surface o epressed part by a pore
ratiosof thep FIG 25. An electron microscope photograph of a cross section of

the porous hollow fiber membrane obtained at a magnification of 60
times is shown in FIG. 15, and an electron microscope photograph of the
outer surface at a magnification of 5000 times is shown in FIG. 16.
[0165] [Comparative Example 4]

10 Using polyethylene glycol of a weight average molecular weight
of 35000 (manufactured by Merck Ltd.) as the hydrophilic additive and
dimethylacetamide (manufactured by KISHIDA CHEMICAL Co., Ltd.)
as the organic liquid, a vinylidene fluoride homopolymer
dimethylacetamide : polyethylene glycol =27 : 57.5 : 15.5 (mass ratio)

15 was dissolved at 70°C. The dissolved product was discharged together
with a 90% by mass aqueous solution of dimethylacetamide as the
hollow part-forming fluid at a resin temperature of 70°C, flowed an the
air gap distance of 3 mm, was then immersed in a water bath at 80°C for
solidification, and was taken up at a rate of 30 m/min to obtain a porous

20 hollow fiber membrane derived from non-solvent induced phase
separation. When the air gap distance exceeded 3 mm, the projected
parts disappeared to provide an ordinary annular product. The porous
hollow fiber membrane obtained was of an asymmetrical structure that
had a dense skin layer in the outer surface part and a void in the cross

25 section. Specifically, the asperities were likely to disappear right after

discharge through an outlet to make spinning difficult, and the
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outer surface of the projected part is 1.01 to not larger than 2.00. 6. The
def or med porous hol |l ow fi ber nenbrane according to any one of clains 1 to
5, wherein the asperity is forned fromthe plurality of
depressed parts and 5the plurality of projected parts that are provided on
the periphery, and a ratio of a surface pore size in the depressed part to
a surface pore size in the projected part is 0.5 to 1.5. 7. The deforned

orous hollo ']51&?] m%m)ga[ ordi ' t wher ei n
EOt he asperi yefnills grrre ]’?regm a Iae S%?O]%ﬁe ge%%?sge% %ﬁgﬁgeov%e_ on the
periphery, apginhery 8fPLAREA! 'é%@beﬁftiekhew&%orﬁ §eﬁn%§&x.t° PPﬁpﬁﬁ%ibhe
periphery in"a gro?’s section of the nenbrane along a directio
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20 9. The deforned rous hol l'ow fiber nenbrane according to clains 1 to 8,
wherein the geffqGrezs porwubehableyy thebstiteredingéter i prajectds pAEmrane

havi ng an isotropic three-di nensi onal network structure.
resulting from doubling the distance from the center to the top of a
projected part, the outer diameter of depressed part was resulting from
doubling the distance from the center to the point at which the
10 membrane thickness is minimum, and the asperity height was a height
of a protrusion having the highest projected part.
[0166] [Comparative Example 5]
A porous hollow fiber membrane was obtained as in Example 1
except that, with reference to Example 1 in Japanese Patent Application
15 No. 2009-033866 specification (TIPS2-A disclosed in SCEJ 74th
Annual Meeting (Yokohama, 2009) E122), the composition of the
fusion kneaded product to be extruded was a cellulose acetate butyrate
polymer : triethylene glycol = 20.0 : 80.0 (mass ratio), the passing
through time at the air gap was 0.01 seconds (the air gap distance was 5
20 mm), and further Te = 170°C and Ts = 170°C were applied. The
asperities were likely to disappear right after discharge through an outlet
to make spinning difficult, and the membrane obtained was a porous
hollow fiber membrane on the periphery of which asperities were not
uniform. A scanning electron microscope photograph of a cross

25 section of the porous hollow fiber membrane obtained at a

magnification of 60 times is shown in FIG. 17. The water permeation
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10. The defornmed porous hollow fiber nmenbrane according to any 25one of
clains 1 to 9, wherein an aspect ratio of an outer surface pore of the

def ornmed porous hollow fiber nmenbrane is 0.3 to 3.0. 11. The deforned
porous holl ow fi ber nmenbrane according to any one of clains 1 to 10,
wherein a wdth of the asperity is 1 pmto 500 pm 12. The deforned porous
hol | ow fi ber nmenbrane according to any 5one of clains 1 to 11, wherein an

asperity nu t ip t:hagHr9 f pepi.t.i ‘LS hot
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1014. A produg{iientight RAAIS! of vaeiodk REAOPFoK feQVard RREFIFRIHHRNENPY
thermal Iy i nduced phase separation, the production method conpri sing:

i schan 15, Sl Ao ong o R BRIl OB o
nozzl g; in FIG. 25. In the tables, the outer diameter of projected part was
resulting from doubling the distance from the center to the top of a
projected part, the outer diameter of depressed part was resulting from
doubling the distance from the center to the point at which the
membrane thickness is minimum, and the asperity height was a height
10 of a protrusion having the highest projected part.
Industrial Applicability
[0167] According to the present invention, it is possible to obtain a
deformed porous hollow fiber membrane that is suitable for treatment of
liquid containing an inorganic substance and/or an organic substance,
15 and has high water permeability performance, fretting resistance, and
drying resistance, a production method of the deformed porous hollow
fiber membrane, and a module, a filtration device, and a water treatment
method in which the deformed porous hollow fiber membrane is used.
The present invention has industrial applicability in a field of water
20 treatment.
Reference Signs List
[0168] 1... deformed porous hollow fiber membrane, 2... aperture, 3...
asperity, 3A... projected part, 3B... depressed part, 10... hollow fiber
membrane producing device

25
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cooling and solidifying the fusion kneaded product discharged through the
deforned nozzle to formthe product into a hollow fiber-like nmateri al
having a deformed cross section at a cross section vertical to a

di scharging direction; and 20extracting away the organic liquid fromthe
hol l ow fiber-like material to obtain the deforned porous hollow fiber

menbr ane, wherein an inorganic fine powder is kneaded in the fusion kneaded
product. 15. The production nethod Of(ﬁ;ﬂﬁﬁ@§”9d porous hol | ow fi ber
menbrane according to claim 14, wherein a shape of the defornmed 25n0zzl e at

s, Sp00 ot 87 1S e Aokl odid WRIRR) o d ek dphcial g of T
o LU UGS e dhe JErorhel PRORHES150IRP ok by ed
conL VoS PEGKRASIAR eeshingols o g fiseaRe rben kel av
I 'ongi sudi nal digififdingl dfectibh HETRE dimbrane, wherein the periphery of the
hollow fiber membrane in a circumferential direction includes
continuous projected and depressed parts.
2. The deformed porous hollow fiber membrane according to claim
1, wherein a sum of a distance from a center of the porous hollow fiber

10 membrane to a top of the projected part and a distance from a center of
the porous hollow fiber membrane to a bottom of the depressed part is
shorter than a center-to-center distance of the porous hollow fiber
membranes adjacent to each other.

3. The deformed porous hollow fiber membrane according to claim

15 1 or 2, wherein

the asperity is formed from a plurality of depressed parts and a
plurality of projected parts that are provided on the periphery, and

a pore ratio of the depressed part is higher than a pore ratio of
the projected part.

20 4. The deformed porous hollow fiber membrane according to any
one of claims 1 to 3, wherein a difference between a height of a bottom
part and a height of a top part of the asperity is 1 ym to 320 um.

5. The deformed porous hollow fiber membrane according to any
one of claims 1 to 4, wherein, as for an outer surface of the deformed

25 porous hollow fiber membrane, a value resulting from dividing a pore

ratio of the outer surface of the depressed part by a pore ratio of the
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17. The production nethod of a deformed porous hollow fiber nenbrane
according to any one of clains 14 to 16, wherein a pressure at an outlet on
di scharge of the fusion kneaded product is not |ower than 10100 kPa and not
hi gher than 900 kPa. 18. The production method of a defornmed porous holl ow
fi ber menbrane according to any one of clains 14 to 17, wherein

the fusion kneaded product passes through the air gap after being
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deformed porous haj kgih [dfPe5urface pore size in the depressed part to a surface
pore size in the projected part is 0.5 to 1.5.
7. The deformed porous hollow fiber membrane according to any
one of claims 1 to 6, wherein

10 the asperity is formed from at least the depressed parts provided
on the periphery, and

a proportion of the depressed part to the entire periphery in a
cross section of the membrane along a direction perpendicular to the
longitudinal direction of the membrane is not lower than 5% and not

15 higher than 100%.

8. The deformed porous hollow fiber membrane according to any
one of claims 1 to 7, wherein a proportion of the projected and
depressed parts to a length of the periphery in the cross section of the
deformed porous hollow fiber membrane is not lower than 30%.

20 9. The deformed porous hollow fiber membrane according to
claims 1 to 8, wherein the deformed porous hollow fiber membrane is a
porous membrane having an isotropic three-dimensional network
structure.

10.  The deformed porous hollow fiber membrane according to any

25 one of claims 1 to 9, wherein an aspect ratio of an outer surface pore of

the deformed porous hollow fiber membrane is 0.3 to 3.0.
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menbrane according to any one of clains 14 to 20, wherein both of a resin
tenperature at the time of supplying the fusion kneaded product from an
extruder toward the deforned nozzle and a resin tenperature at the tine of

di schargi ng the product through the orifice are higher than a 5torque

I nflection
pl astom || .
por ous hol |
menbr ane fi
according t
a fluid to
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cl ai m 23.
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tenperature of the fusion kneaded product neasured with a

22. A hollow fiber nmenbrane nodul e conprising the deforned
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12.  The deformed porous hollow fiber membrane according to any
one of claims 1 to 11, wherein an asperity number on the periphery that
is the number of asperities is not smaller than 1 and not larger than 300.
13.  The deformed porous hollow fiber membrane according to any
one of claims 1 to 12, wherein the thermoplastic resin includes
polyvinylidene fluoride and a polyolefin.
14. A production method of a deformed porous hollow fiber
membrane by thermally induced phase separation, the production
method comprising:

discharging a fusion kneaded product containing a thermoplastic
resin and an organic liquid through an orifice of a hollow fiber-forming
deformed nozzle;

cooling and solidifying the fusion kneaded product discharged
through the deformed nozzle to form the product into a hollow fiber-like
material having a deformed cross section at a cross section vertical to a
discharging direction; and

extracting away the organic liquid from the hollow fiber-like
material to obtain the deformed porous hollow fiber membrane, wherein
an inorganic fine powder is kneaded in the fusion kneaded product.
15. The production method of a deformed porous hollow fiber
membrane according to claim 14, wherein a shape of the deformed
nozzle at a side for forming a periphery of the hollow fiber-like material

is formed with a plurality of depressed parts and projected parts being
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alternately and circumferentially arranged.
16.  The production method of a deformed porous hollow fiber
membrane according to claim 14 or 15, wherein a continuous protrusion
part is provided on the periphery of the hollow fiber-like material and of
the porous hollow fiber membrane in a longitudinal direction of the
membrane.
17.  The production method of a deformed porous hollow fiber
membrane according to any one of claims 14 to 16, wherein a pressure
at an outlet on discharge of the fusion kneaded product is not lower than
100 kPa and not higher than 900 kPa.
18.  The production method of a deformed porous hollow fiber
membrane according to any one of claims 14 to 17, wherein

the fusion kneaded product passes through the air gap after
being discharged through the deformed nozzle and before being cooled
and solidified, and

in the air gap, the fusion kneaded product is blown at a certain
angle from a direction that is not parallel to the pass through direction of
the fusion kneaded product.
19.  The production method of a deformed porous hollow fiber
membrane according to any one of claims 14 to 18, wherein the
thermoplastic resin is composed of polyvinylidene fluoride, a polyolefin,
and a blend of polyvinylidene fluoride and a polyolefin.
20.  The production method of a deformed porous hollow fiber
membrane according to any one of claims 14 to 19, wherein plasticizer
is hydrophobic.

21.  The production method of a deformed porous hollow fiber
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membrane according to any one of claims 14 to 20, Wheréin both of a
resin temperature at the time of supplying the fusion kneaded product
from an extruder toward the deformed nozzle and a resin temperature at
the time of discharging the product through the orifice are higher than a
torque inflection temperature of the fusion kneaded product measured
with a plastomill.

22. A hollow fiber membrane module comprising the deformed
porous hollow fiber membrane according to any one of claims 1 to 13.
23. A membrane filtration device comprising the hollow fiber
membrane module according to claim 22.

24, A water treatment method comprising filtrating a fluid to be
treated containing at least one of an inorganic substance and an organic

substance using the membrane filtration device according to claim 23.
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