0 3 MAR 2004 Porous Hol | ow Fi ber Menbranes and Met hod of Making the Sane
BACKGROUND OF THE I NVENTION (Field of the Invention) 5 The present

i nvention relates to porous hollow fiber nmenbranes for use in fi 103 M4k 30
of untreated water and a net hod of maki ng such porous hollow fiber

menbr anes. (Description of the Prior Art) In recent years, a filtering
technique utilizing filtering nmenbranes 1o having a pernsel ectivity has

made a remar kapheo e PRYIRAG -FiE@PMeﬁlbIréﬁéé A Wﬁ%ﬁmﬁiﬁg%{e 'S Y

utilized in practice 1n nunerous applications I ncl or exanpl e,
production of ultrapure water, preparation of nedicines, sterilization and
finalization of brewages and purification of drinking water. The use of the

filtering BADKGROUVED OFIEHE NVENTIO to neet with the requirenent to
refine 15 water (a high degree treatnent), inprovenent in sanitation and

i mpr ovenent(Fi¢ld afthe ivemtiondf the various filtering nmenbranes, the holl ow
fi ber menbrane has a feature in that the space for installation per

uni tary snenbr ane ar #heqaesdig invertionerklates we vierous hollewnfiberf ntemebragss fon of
filtering operation, sand filtration 1is still the nminstream For exanple,
an over whelusenig fikjationt of witreated water2andma tmaethed mfl makingrsushrpceusibellow a
conbi nation of a flocculating pool and a sand filtering pool. On the other
hand, as f dibersmemdranss! i cation of the filtering technique in service

wat er supplé}i s .cancer.ned _su(lg‘srgquent to the mass crisis of

Crypt ospori %Wﬁ?ﬁ&ﬁgmpﬂﬁh roke in 1996 in a town in Saitam
Prefecture, 25 Japan, the issue of_."distasteful setvice ter"” rgﬁﬁ_lti ng

from degradation of Hch’rﬁu}ﬁqf%yadﬁ-ﬂ_t‘H@%&hX%q 9 gq HotTngr WETHgaes -~
e OO el W, FeH b sl B il 1
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for example, production of ultrapure water, preparation of medicines, sterilization
and finalization of brewages and purification of drinking water. The use of the
filtering membranes has widely circulated to meet with the requirement to refine

15 water (a high degree treatment), improvement in sanitation and improvement in
precision.  Of the various filtering membranes, the hollow fiber membrane has a
feature in that the space for installation per unitary membrane area can be
reduced. However, in terms of the system of filtering operation, sand filtration
is still the mainstream. For example, an overwhelming majority of service

20  water supply plants make use of a combination of a flocculating pool and a sand
filtering pool.

On the other hand, as far as the application of the filtering technique
in service water supply is concerned, subsequent to the mass crisis of
Cryptosporidium syndromes that broke in 1996 in a town in Saitama Prefecture,

25 Japan, the issue of “distasteful service water” resulting from degradation of the
quality of headwater brought about pressing demands for improvement in
sanitation and quality of the service water in metropolis. The existing
waterworks facilities equipped with the flocculating pool in combination with a

sand filtering pool have now come to be unreliable in terms of sanitation.
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In contrast thereto, with a filtering technique using the separation
menbrane, it is possible to separate a substance to be filtered wiffMAR 2004
precision that a particle cutoff is only 1/100 of that exhibited by a sand
filtering and, therefore, the filtering technique using the separation
menbrane is highly reliable. 5 For this reason, mainly in a small water
supply system it is a recent trend to shift fromthe use of the standard
sand filtering equi piedhtadt thgetdsenith 2 filRiRpafRhnig letﬁfihgslhe%ﬂfmibh and,
as a new water purifying system the use of the nenbrane filtering

t echni que imembramemtit ys poskbleproesepangte d pubstenceoter be fillee¢d ofith a preasion t hat
the systemin which the separation 10 nenbrane is used has not yet been

wi de- spr eadha ai particte titlffl inforiyne/3@d ifcthat exhibitedubypl o/ sayd tfdtering bedause,
while with the sand filtering systema flow at which the water is filtered
per uni t ar ytherefers; itheyfilienng itechoaqis wring ey sepiagatirf membeamenysl aghly rebiable.
nB/n2/d at a slow filtration or 120 to 1,500 nB/n2/d at a rapid )
filtration)Eorthiyreasemn mainbow a suralk watsu supplyasysiem, ribkst reopat @end tonshifte
case of the 15 standard nmenbrane filtration although having high ability of
purifying tiFem DevesR @evﬁ%@fargﬁeé@m oAuipmERt tas thejusq of agnewhrang
pernmeate flpowis extrenely l.ow (for exanple, 0.5 to 2 nB/nR/d), resylting
in high coddii$TaRg; GBUPIMENT 3ndyi3%e a3 NEW WalRI) PHEOENS FYStEMe HEaRsS r?g he

L e S
cost requlred Lo T SROREcAte Mk Seshenefls ARRT ko I SRR,
oL 9 SESERthude . LEEN o SRS BlacHRERGAY RO BB Whial | on

obtained WvhizpWapPR/ Sestél BCEQAuSe, White Gvith the s@id ﬁl‘tegﬂglz%@{e?ﬁl aMIbGF a@nd a

safety factor is “al'so high. b. Conplicated nmaintenanc h as replacement
of a mass ofhighnthd svatért isl filtetedv perv aditand filtefind naEaAtis Yonsiefibly | gh (fre
di sposed is m nimal. -t2>30 3 MAR 2004

example, 3 to 10 m /m*/d at a slow filtration or 120 to 1,500 m’/m%/d at a rapid

filtration), resulting in low cost to purify an untreated water, in the case of the

15 standard membrane filtration although having high ability of purifying the
untreated water as compared with the sand filtration, a permeate flow is
extremely low (for example, 0.5 to 2 m*/m?/d), resulting in high cost required to
provide a purified water.

In the meantime, the separation membrane has the following

20 advantages as compared with the sand filtration and, therefore, if the problem
associated with the high cost required to prepare the purified water due to the low
permeating speed were to be successfully removed, the separation membrane
appears to wide-spread as a mew technique capable of superseding the sand
filtration.

25 a.  Since the permselectivity is sharp, a stable filtered liquid can be obtained
without being affected by the quality of an untreated water and a safety factor is
also high.

b.  Complicated maintenance such as replacement of a mass of sand is little

involved and the amount of materials to be disposed is minimal.
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c. Wiile the sand filtration requires coagul ating and sedi nenti ng

equi pnents in order to inprove the pernselectivity, the CoaQU|athi%Aﬁ?ﬁ&
sedi menting equipnments to be used in association with the nenbra
filtration can be dispensed with or may be sinplified, thus nmaking it
possible to mnimze the 5 space for the systemand also to sinplify the
processing steps. d. Since the filtrate recovery rate is high and the

vator” e an WG WA OCRER i ol R SEhuRghS PR "
Phan that  ainoErfedcbiipioyes S FEFRERERI, (he' CObl i BRCSARhan
the conven'difmeARPES Ad WedTHPhARIMUCil? HE! ASRA AIalibf (Al Dol an

ultrafiltrat menbr ane or mecro tration nenbran aving the particle

cutof f not geeaiel WitANoOndy W shnplPté® ﬂﬁfs%alﬂﬁg”i??g%sifbl@% in%n%h%ﬂfé ly

| ow because the small particie cutoff and betau I mpurities an

suspended ngabeforMitsysiafand alsbeo YihpEA! fid éﬂ?&&rsil%sge > trapped al nost by

t he separation nenbrane with the conseqguenc hat t ure water perneate

flow i s furdherSimeahediliratetie€oferg garf isthigh hadithé dRfifagdBPERbIRkwashihg
I mpurities and others. In contrast thereto, the fractionating precision of

the sand fwhter @ mimima, distiain of iee barkgeashingvatdr used cad Be simplifiedur e wat er
perneate flowis originally high, and even in the presence of the
i mpurities and suspdwsdédceBedubore, the tdasom thatethe qubrmeater flowhexhibeted ey
penetrated if the size thereof is not reater than 5 .t m Therefore, the
sand filtr atheomembrang filganen 15 wensiderabdy lpwer tham thati endubidetl by thieesand
impurities and others and, therefore, can maintain a_high perneate flow.
Al t hough wi fikratioa appears  tor pat hesausenwith tthe scanygniond scparatipn gpempbrane 25
I's not greater than 5.N in cannot_be trapped, i t of the applications
the  curr enVRieh (S | PESHYLGES y I gheqfomRont 4 WEREHTAtRD CBEBBFAS & dhd
sedinmenting_.faciklities angl the sand filtration e ?ti I itze i n_conbi nati on
woul d wor k TIPS RGN, MErybrane the Pﬁ’é‘cﬁﬁu&i“ﬁ@% e tan Particle
cutoff is w.thi e e bout. 5.1 1 ng 4 ears. t hat e
qual ity of We‘%ag?g meé@lggﬁbf}g@ﬁﬁ'gélgm%o\yg%%%sea 09 thé sFiRH par%cfe gutqu
and because impurities and suspended matter contained in the untreated water are
15 trapped almost by the separaion membrane with the consequence that the pure
water permeate flow 1s further lowered in the face of the resistance imposed by
the impurities and others. In contrast thereto, the fractionating precision of the
sand filtration is within the range of about 5 to 10 pm, the pure water permeate
flow 1s onginally high, and even in the presence of the impurities and suspended
20 matter in the untreated water, they can be penetrated if the size thereof 1s not
greater than 5 pm. Therefore, the sand filtration is less sensitive to the
resistance imposed by the impurities and others and, therefore, can maintain a
high permeate flow.
Although with the sand filtration impurities and others of which size
25 is not greater than 5 pm cannot be trapped, in most of the applications the
currently utilized purifying equipment in which the coagulating and sedimenting
facilities and the sand filtration are utilized in combination would work
satisfactorily in terms of the quality of water if the particle cutoff is within the

range of about 5 to 10 pm, and it appears that the quality of water achieved by
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the mcrofiltration or the ultrafiltration region may not be necessary.
Also, in applications other than the service water, the sand filtration is
effective to satisfy a requirenent sufficiently in terns of the quial MARyZ208¥
water and it is suspected that there are sone applications in which the
quality of water achieved by the 5 mcrofiltration or the ultrafiltration
regi on may not be necessary. O the applications other than the service
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wat er. lsn rpReefiltyRSer ﬂl@%lﬁuﬁitféthbanegid?ﬂﬁhﬁﬁlrﬂo@be‘ﬁ%&@ésa%ﬂd groundwater is
15 getting worse as a result of pollution of"the water source and, in view

of this, it is incCfagiengiplicationyditiadthiaf thecyteliee tWisteialRéreaRdtelr for a
I ncrease the safety factor. Accordingly, with the conventional physical

separ at i ng sveishmirngiposlcpubsi baths, spaaap! suatinen, sanks ffot tagahiio mnimalst raat i on
with a filter aid, coagul ation and sedinentation or pressurized floatation
it often ocmnlanthused e plampsj bede) pumdsfanchso oon evdekired tohke ipupidiedd ed

wat er cannot, be attained. Also, the sand filtration, the coagulation and
sedi ment at i dFcwWatiom epypifacaiion pracdssois genorallyasised yr ovhieh porticmatoft e
separation precisiqon is not smaller than 10 R mand no _suspended

mi cr opat® i cimpowsded watex 1§ lakew randy, after tthe daken tvaten has dbeenrapbisctedate fough
the filtration.with a filter aid is a p.rgé:eSﬁ I n which a pre-coating | ayer
25 of the fRIYSEalSepaciing QReiatign ol acbolomealeadimng treatingnt suchs @ss fete

ouch 22 8 1L ah T Tk SR B SEART B e
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waste to be disposeqy ReGR" Jif9) he qiffyPof iMiRBuzA0water and groundwater is
15 getting worse as a result of pollution of the water source and, in view of this, it is
increasingly recogmzed to recycle the water and to increase the safety factor.
Accordingly, with the conventional physical separating technique such as, for
example, the sand filtration, filtration with a filter aid, coagulation and
sedimentation or pressurized floatation 1t often occur that the required
20  purification level of the impounded water cannot be attained. Also, the sand
filtration, the coagulation and sedimentation or the pressurized floatation has a
problem in that the separation precision is not smaller than 10 pum and no
suspended microparticles of a size greater than it is difficult to remove.
Although the filtration with a filter aid is a process in which a pre-coating layer
25  of the filter aid such as diatomite is formed on a filtering surface such as a
filtering cloth and filtration is effected through this pre-coating layer,
complicated procedures are required to introduce the filter aid into the
pre-coating layer and the untreated water and to replace the filter aid and,

moreover, the filter aid itself constitutes a waste to be disposed. Accordingly,
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the filtration with the filter aid has a problemin that disposal of the
filter aid would eventually lead to environnental pollution. On thﬁ gﬁﬁgmﬁ
hand, if attenpt is nmade to purify the inpounded water using a bio g C
oxidizing process, a relatively long time is required to purify the
untreated water and a relatively large 5 space for installation is required
to conpensate for it. There are other problens such as conplicated

mai nt enancetheNARAARAEMtATME fiReH [l B ﬁﬁobi’é?n %ﬁﬁﬁh@ﬂi‘s’iosﬂ%f IRMAKeNdid
suspended matter after the treatnent. In the nmeantine, "a technique in which

in place of woltd eventeslly fwadlto e&ﬂmnfnelnm?ﬁdlmﬂoﬁnd Oehef dtheF BAND RS ¥itéhipt he
filter aid, hollow fiber nenbranes are O used to purify the i npounded
wat er such ssmadeao purifyathewnigoundedoohter misingl h Biological oxidie: rdcesdna f or
exanpl e, the Japanespe Lgi d- open Pat ent Publ lid‘?lations No. 59-% 91, No.

8- 323396 anttlatovely Gorig fififeds 18ierckhmepesty thaiwitepted Watee ahd Rublativelyi largeNo.
59-206091 discloses purification of the inpounded water (pool water) with
the use of $picedar indallationsismeqbnedhts compensate firiikt r Thexenare eghemproblemshe
standard hol | ow fi ber menbranes having such a small separating precision
are used, repbyas compboatsd Taamtengnee,opanagesnen andacquiremenhdf 8o apparatus be
achi eved sufficiently and a stable and_  high quality water can be obtai ned.
However, acturemeynbsuspended matigraftegthedreatment.n thi s Japanese Lai d- open
Pat ent Publication ., 59-206091, since the 2Q filtering eed is so | ow
that treatment of awﬁéhgénaﬂm%wt%q 1640 Uh duchan glaces %‘%Soﬂmonﬁbr a

L L R e
other niho, El 0 BHARCUA Bapueb 8l Chet Aot BB MBI AR 58145 8 o
No. 10-1217 ' ) ' ' ' o

weter 15 11 Fierane SrPaih 100 - mblh il JafBieRt LNERpHA Palln 2iflcaiBEL "
filtration WS9@O|§OO@1PW&. B@jﬁrﬁﬂbe_s}%gﬂ?%Qd by the use of hollow

fi ber nmenbranes. wever, wth this net the proportion of the

amount of filtrati ofhe fupanede Lhﬁl—%éd Pateht PRBLERIGH A S9-2H6091V8istRosthe
MAR 2004

entire anount of the -<5> 0 3
purification of the impounded water (pool water) with the use of hollow fiber

15  membranes for ultrafiltration region. If the standard hollow fiber membranes
having such a small separating precision are used, removal of suspended
microparticles, bacteria and so on can be achieved sufficiently and a stable and
high quality water can be obtained. However, according to the technique
disclosed in this Japanese Laid-open Patent Publication No. 59-206091, since the

20  filtering speed 1s so low that treatment of a large quantity of impounded water
such as water for a swimming pool requires the use of an equipment having a
large membrane area and, therefore, this known technique is impractical because
of the cost incurred in preparing the equipment and the high running cost.

On the other hand, the Japanese Laid-open Patent Publications No.

25 8-323396 and No. 10-121759 disclose a method in which a major quantity of the
impounded water is filtered by circulation through a coarse filtration such as sand
filtration and only a portion thereof is purified by the use of hollow fiber
membranes. However, with this method, if the proportion of the amount of

filtration through the hollow fiber membranes relative to the entire amount of the
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| npounded water is low, the water quality cannot be inproved and,

conversely, if the proportion of the anount of filtration through tfd MAR 2004
hol | ow fi ber nenbranes relative to the entire anount of the inpounded

water is increased, the water quality nmay be inproved, but a problem
associated wth the increased cost for 5 the equi pnents woul d occur and,
therefore, no satisfactory result cannot be necessarily obtai ned. SUWARY

vy IRp B sl O LEqsiln DUROSCIISOISHY, S5y

vi ew of the robl ens and |1 nconveni en

i ntended tothy piipRtian of MeRAROMR SOLIPNidI BROuPRTRE ?H&ﬂo@sﬁﬁlblér fiﬁérﬂgﬁn%

maki ng the sane, 'in which the filtering perfornmance is excellent, e cost

for preparipglatisé @6 the étive anphncaf ith® infpduhlied Ussterhe ificreRsed aRE water
filtration or the like has been enployed in view of the cost can easily be

achi eved, aqdaktyemeycled iraptovgdalbiut v gob¥ah erssediatedi with uhenheeatdd cédtafor
obtained by the sand filtration in terns of the water quality and the
safety 15 f#wt equipanerite worldaveciicand; shierafdry, aodsaistdviory aésuloggimdtobe f or
i ntended for use in dezynotization such as achieved with the standard

hol | ow fi beneexssambnatsainethe porous hol | ow fi ber nmenbrane of the present

I nvention that is effective to resolve the foregoing problens is

char act eri zSUMMARY OF BHEaNVENIIONit of f within the range of 1 to 10 m
and, preferably, within the range of 2 to 5. 20 gm and the pure water
perneate flow equal AecBamglyribe presentsnventson hap /been eyisedainamgw of the

preferably, 1QQ, 000 L/n2/hr/100 kPa. The term "particle. cutoff' referred
her ei nbef or BTYHEMSEANS; IRGPRYGNIETCES hscygead ﬁ%;e}@mge and lwt@il&i-t%pw &3 of

DA b B E A B e, Bk B
25 A e LR B R T G0
L1 Par et 66 . (e Gird B, st G0 R ooy B A G e

constant delg§ifceh dlSé\‘/& HevdPUnldi the Eﬁwtmli@? wHt& that EJéli’ﬁe?i%r hgsed

on two or nore measur al ues &f the ng rat
that obtained by the sand filtration in terms of the water quality and the safety

15 factor can be prepared consistently and stably, although not for intended for use
m dezymotization such as achieved with the standard hollow fiber membranes.
The porous hollow fiber membrane of the present invention that is
effective to resolve the foregoing problems is characterized by having a particle
cutoff within the range of 1 to 10 pm and, preferably, within the range of 2 to 5
20 pm and the pure water permeate flow equal to or higher than 30,000 L/m*/hr/100
kPa and, preferably, 100,000 L/m*/hr/100 kPa. The term “particle cutoff”
referred heremnbefore and hereinafter is intended to means the particle size (S) of
particles with which the hollow fiber membrane can exhibit a blocking rate of
90%. This particle cutoff can be determined by measuring the blocking rates of
25  two kinds of particles having different particle sizes and determining the value S
at which in the following approximate equation (1) the parameter R (i.e., the
blocking rate) can attain 90.
R =100/(1 — m-exp(- a-log(s))) «------- (1
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Al so, the pure water perneate flowis nmeasured in the followi ng mnanner.
Specifically, using a single-open ended hollow fiber nmenbrane 5 npd Iﬁ
having an effective length of 3 cm and using pure water as untreaﬂaéhA 2004
wat er, the amount of the pure water perneated per unitary tinme when
filtered (extra-pressurized filtration) fromoutside to inside of the

hol | ow fi ber nenbranes under a filtering pressure of 50 kPa at a

t enper at ur epwferdn ac(n'u?i hida c&lﬂm&&%ng@kgﬁgg gﬂg‘gn{év;t?ﬁthﬂ%rglpéar}{eei -

anount of pure water perneated per unitary ne

and uni t ar yarl Sesial@ilafedMa88@Bh Twbhi tRfcEn¥Riied PALED Y ﬁaef bIQ%kinkrhfest Ni s
| ow fi me

structure, by using the porous hollo ber ranes aving a parficle

cutof f within the raige e puko wilerMpeRfledtBFIOW R HRLSIred PRI
equal to or higher than 30,%00 L/ n%]?Erlloo kPa, any posgﬁgﬁeﬂ%?@e%\bu% I on

in flow ratmanesul t Specificahy,chefig ng sﬁ?%]e%eﬁuﬁﬂd@ﬁslﬁﬂldwrﬁﬁél Yméffrahe Ni gh
filtering fl ow can be attained and nai ntai ned. Such porous hollow fiber

menbr anés caodble havingaat uffectivey lengthef T8 dnt; hvdagding | pare vitef Q5 Rintehitd,
whil e a spinning dope containing a base polynmer as a material for formng

t he porous Waterothef amenntrefitthapare avaterd getmeaste® Qeti smitafp tinia ovhent fltered a

phase separation of the spinning dope, a solvent conpatible wth both the

base pol ynelextracpressurgdi ffiltratiomd fromeasmtsifle nite r oyside i of ethe hoHowubfikert o

the conpatible _solvent and uniformy dispersed in a |iquid nmedium and

havi ng an derdgangsapnden @ fdtermngprasswret ok SPfpe abfa temperawore jof, 276 i

coagul ating |i qu%& for formng, the hollow fiber nenbrane is used, a step of
1

25 forni ng PRASUEH owf PPERIGA e Gnverted nite othe amountt of ppurgi Mpteret hod
i cropalti SRSBeal e PRI RETRBHI0RES: b B can B S BresBus
%ngbp;m ioCll%ﬁge,s%ﬁtﬁrtﬂfébﬁ%gﬁérﬁi@gat%m@g%: xz Eﬁedinigl \[;gl ;Pnear. The spi nni ng
Sope eterred Lo, abayy auPRLERE b e o AOEIRARTRE Pebhubls, o "
polymer, tNeaAgi 4 iphRiARLuEE withif Bhe TABALED! G0 U0 AP anldNfhe pure water
permeate flow equal to or higher than 30,000 L/m*hr/100 kPa, any possible
15 reduction in flow rate resulting from clogging can be suppressed markedly and a
high filtering flow can be attained and maintained.

Such porous hollow fiber membranes can be manufactured by a
method characterized by comprising, while a spinning dope containing a base
polymer as a material for forming the porous hollow fiber membrane, an additive

20 used for facilitating a phase separation of the spinning dope, a solvent compatible
with both the base polymer and the additive and a mass of microparticles
insoluble to the compatible solvent and uniformly dispersed in a liquid medium
and having an average particle size within the range of 1 to 20 pm, and a
coagulating liquid for forming the hollow fiber membrane is used, a step of

25 forming the hollow fiber membrane according to a dry-wet spinning method or a
wet spinning method; and a step of extracting and removing the microparticles
by immersing the hollow fiber membrane, which has been spun, into an
extracting solution effective to dissolve the microparticles, but ineffective to

dissolve the base polymer. The spinning dope referred to above is preferably
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base pol yner and the additive are dissolved, phase separation takes place,
but addition of the microparticles suppresses the phase separationUEﬂARZM4
enabl e spinning 5 of the hollow fiber nmenbrane. BRI EF DESCRI PTI ON OF THE
DRAWNGS In any event, the present invention will become nore clearly
understood fromthe follow ng description of preferred enbodi nents thereof,
when taken in conjunction with the acconpanying drawi ngs. However, the 10

enbodi ment %nﬂ:ﬂg#t!“?n @%msoia%emge taksg Sé(arOR‘EQg Q%o?tgﬁﬁlt%n 'Jll i%flat i on

and expl anat’i are not to scope “of

present i nughtn 8flly he HHY¥ Wn&\*‘%ﬁéﬁﬂ(‘lﬂve i E SORRIAE cbfnp%ebhee Fro " dned

by the appended cI ains. I'nthe acconpanyi ng ravm ngs, re erence

nuner al s a_rbfaseliﬁli)gh@r draqhe dddittve BAY HES&I'%&UEHQ&F sdpagaticly eAIRS n;i?l!a@é"’soutand
15 Fig. | is a schematic |ongitudinal sectional view showng o éxanpl e

of a hol | owddlither ofrereoméciepamididsesupprdssad the ]ﬂ‘lé@l‘: %Eﬂég‘aﬁ)ﬁn% en@bleyinniAgr

menbr anes according to the present invention, I's an el ectron

m cr ogr aph of ahe hoHowxfilsd, meinbydrieg an out er surface of a hollow fiber

menbr ane according to the present invention; 20 Fig. 3 is an el ectron

m crogr aph BMEEE\&S&RMI@H@F iT@IEDth“HNG&urface of the hollow fi ber
menbrane according to the present invention, Fig. 4 is an electron

m crograph taken atlnxzsy eyvhoti the eprt!a?msumeneonsmﬂl becarhe t wréotieanlyt i ber
nmenbrane accqrding to the present invention; .. 5 is a characteristic

gr aph showitigersteqd deorsy thei fallosying d@guﬁnoszcafﬁfmséomhom ghereof, t he
present invention and a conparison, Fig. 6 is a.flowhart show ng th
sequence of%¥i%% é&% OBnE“fheiléﬁTﬁF%mBPalbYlﬁgr I“BP% OWERET, n@

t”ﬁte:ggd cncayteiedia i HCHaNing Brceiveiophe [ hé maipii of W-Gatiof #iing”
t t t 2004 Fi 8

T owohart  SORGORHAE afi ERGR b AKPER Riting s fenpecpiiineatesept nhtigh *
circul at ed ;Hepyrahy WhatSebod VARER sEois kS bter}feta"h’ﬁﬁ?&"by' ¥ PpLRdd claims.

In the accompanying drawings, like reference numerals are used to denote like

parts throughout the several views, and:

15 Fig. 1 is a schematic longitudinal sectional view showing one
example of a hollow fiber membrane module utilizing a plurality of hollow fiber
membranes according to the present invention;

Fig. 2 1s an electron micrograph taken at x600, showing an outer
surface of a hollow fiber membrane according to the present invention;

20 Fig. 3 1s an electron micrograph taken at x600, showing an inner
surface of the hollow fiber membrane according to the present invention;

Fig. 4 is an electron micrograph taken at x250, showing a transverse
section of the hollow fiber membrane according to the present invention;
Fig. 5 1s a characteristic graph showing results of filtering tests

25 conducted on Example 4 of the present invention and a comparison;

Fig. 6 is a flowchart showing the sequence of treatment showing one
example of a circulated depurating method according to the present invention;
Fig. 7 is a flowchart showing the sequence of treatment showing one

example of a circulated depurating method according to the present invention;
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and Fig. 9 is a characteristic graph showing results of filtering tests 5
conducted on Exanple 10 of the present invention and Conparisons 1 and 2.
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Herei nafter, preferred enbdpj AR08,
of the present invention will be described with reference to the
acconpanyi ng drawi ngs. Material for a porous hollow fiber nenbrane of the
present invention 10 is not specifically limted to a particular materi al
and any of cell ul osg;: 7y SN r: Ltrl Loy | yi.m de

ol ymers.  palyan de” iy oy drowelBRt YRRHL IR bR SOt Bens Mokicthe

pol ymers, 1Ay, | O I Lyet Ryl o .S, . and
their denaltqﬁd r‘%zplgo‘%@ﬂe%hgeﬁ%@?eﬁﬁﬁ{t%&mgwgr Jé%b?) r@@% @eﬁ%oﬁl\%g%@ew@ﬁﬁ%ed as
a material 4n@r the porous hollow fiber 15 nenbrane of the present

i nvention. O those materials, polysulfone polyners is preferred since the
use thereof resultsFig Bhi BotRAactRekliOVErhhRhoWERB RYAIts AV Kil@riaghledfy heat
resi stance, a high resistance to acid and al kaline; a high phy3|§al
property andndubteghon Exampinte of ethd presentiifiaitivh AaPCbmpaiasR pan@h. t he

pol ysul fone pol yners include those having a repeating unit which are
expressed RETAILEREDESCRIR TN GIRTEHE ENBOADIMENTSr (11): so n so, n
(11) D 3 MAR 2094 A base material for the hollow fiber nmenbrane of the
present invention Heyeweficyipreferteddenpodineanty of ythe presenoinention wilhdret a
functi onal i(iﬁ% .such as a wettability with water and a resistance to

cont ani nat idsi§chibed math eedenengeto thesadcempanyieg drawingine. Exanpl es of the

hydr ophi l'i ¢ pol ynmer _i ncl.ude 5 pol yvi nyl al cohol, a copol yner of ethyl ene and
vinyl al cohol, a co%‘?ﬁﬂ]rte%fa P@OHy he @wmrwmba@@ttaﬁép present mvention

pol yvi nyl pyrrolidone, pnolyethyl eneoxi.de, polyvinyl acetat ol yacrylic
boi 0 anll & aeRysaratically Jiered i Aguricdr maizal and any of cellulbse polymers,
polyacrylomitrile polymers, polyimide polymers, polyamide polymers,

polysulfone polymers, polyvinylalcohol polymers, polyvinylchloride polymers,
fluorine polyethylene polymers, and their denatured polymers and a mixture
thereof can be conveniently used as a material for the porous hollow fiber
15 membrane of the present invention. Of those materials, polysulfone polymers is
preferred since the use thereof results in the porous hollow fiber membrane
having a high heat resistance, a high resistance to acid and alkaline, a high
physical property and a high resistance to the oxidizing agent. Examples of the
polysulfone polymers include those having a repeating unit which are expressed

20 by the following chemical formula (I) or (II):

{0 0O =04
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hydrophilic pol ynmers, polyvinylalcohol containing a relatively |arge
variety of denatured conponents is preferred since the functionalig MA 2004
appropriate to the lo intended purpose can easily be inparted to the holl ow
fi ber nmenbrane. In order for the functionality to be effectively inparted
to the hollow fiber nenbrane w thout properties of the base pol ymer being
adversely affected, the content of the hydrophilic polyner is preferably

chosen to be withinA Neaseanii@erddl fort fhel ChollWO fibéy RAthbRMEAbf the besent
preferred that the base polynmer which is polysulfone 15 polyners ts aﬁded

with | to lvettiowimipheohtaiti apiydrophibiel petomer AardridettRihpart a functionality

pol yvi nyl al cohol pol yners). \Were the hydrophilic polynmer is added to~the
base pol ynmesuchrasar settabiity midh watdreaniduncdsistaadel toycontmhination ftothexiRhgs t he
wettability to water, the hydrophilic polynmer nay be added to the spinning
dope. The fhallawi fibenentensbranes akaampldse dfn thérehfdrophiic poimet imeiddeane,
20 a tubul ar menbrane and a hollow fiber nmenbrane. The holl ow fi ber

mermbr ané i polxwiyaleehola\ee capolyatenref ethyldnst andeinylasleohal; 4 wepalyiwri ofh per
unitary nmenbyane area_ can be reduced and js_therefore advantageously used
parti cul ar ISth¥l§8ee aand e| atnylar¢tatear gepaiyvnyinyralidons: er polyetbyleneaxide, be
treated. The .porous hollo fiher nbrane_of the present inventigon has an
i nner di am¥ h:%creé?tpy Yesnicoacidang ardrnagired polymep thereahd Qh thoser

di aneter g of 0.4 to.5 mMm A, f making the

lly. within th t hod
por ous hol ﬁﬁ&ﬁgp lrcwﬂ‘é Inﬁ&ﬁele’%@g%' alaghel, contgming é’s@r‘@nﬁﬁgg{gegﬁaﬂ?tb’l Ohow

2 S A S, A LR
o, b A e B N e
present 1 nvent o e B TR, PRI e Ry A Rt e

present i nweithbanplopBrties ofidite Bhsd pelyaiirbing sdeBReROREEH NtheBciRERt of
pol ynmer which is a raw material for the porous holl"'ow fiber nmenbrane,

addi tives, thesloydrephilwopplghidilie preficrdbly hvsamdo dermithirofhentamipe sl 1 it6| BB
insoluble in the solvent and unifornmy
wt%. In particular, it 1s preferred that the base polymer which is polysulfone

15 polymers 1s added with 1 to 10 wt% of the hydrophilic polymer (particularly,
polyvinylalcohol polymers). Where the hydrophilic polymer is added to the
base polymer m order to impart the functionality such as, for example, the
wettability to water, the hydrophilic polymer may be added to the spinning dope.

The filtering membrane is available in the form of a sheet membrane,

20  a tubular membrane and a hollow fiber membrane. The hollow fiber membrane
1s known to have a feature in that the space for installation per unitary membrane
area can be reduced and is therefore advantageously used particularly where a
relatively large quantity of water is desired to be treated. The porous hollow
fiber membrane of the present invention has an inner diameter generally within

25  the range of 0.2 to 2 mm and an outer diameter generally within the range of 0.4
to 5 mm.

A method of making the porous hollow fiber membrane according to
the present invention will now be described. The method which will now be

described is generally similar to that disclosed in the Japanese Laid-open Patent
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di spersed in the solvent and having an average particle size within the
range of 1 to 20 m in conbination with a coagulating liquid for fﬁ W ﬁ%
the holl ow fiber 10 nenbrane. This porous hollow fiber nenbrane maki g ARZ004
met hod of the present invention includes a step of formng a hollow fiber
menbrane by the use of the dry-wet spinning technique or a wet spinning
technique and a step of imersing the spun hollow fiber nenbrane into an

extracted |Pablichtihn Noki7apbIsugaphblished tH 3995 WhADwR& Bk%@fﬁ%ighgé ?f tl?é]d
t particles

i ncapabl e of dissolving the base polyner, so 15 that e mcCr (
can be renopeseityirventien bandiffere tharofioft iihAnthe fconlifosARGE oP Phe/ Eﬁh{ﬁ% SO
0

chosen that not only can a sufficient strength required by the

fi ber menbrdowe bas heemimmdified umdaimproved gbr He) pupale df Ihe Presehf adlenvishy and
efficiently formed in the hollow fiber nenbrane. Al though the

concentr at i bhe gforons hdloav fihey nmvembaariee snalépg nelethed26f alie tpresenpaaivéition
conposition of the base polyner, it is generally chosen to be wthin the
range of° 5 Makep useophihe sputingdgpeniconiamingea rtaseg odfmed whichSiswh Yaw
Addition of one.or. nore additjves is effective to enhance a phase

separ at i on ‘Baterd fepithe paEpusochellowiikes reombrane, ladditaes) a solvent eomgpatible of
the hollowfji b&r merrarane ha\f_i ng a relatively |arge pore size. The

addi ti ve may'ifethenland d,gass of microparticlss dasolyble; m thessnlventpards endarmly

o5 SRS 9N A SR 8 Bl
oropanor any o1 Jan i ChBEhA g 8ioBlutReiedd B foruaidhe RoHEWORbR ¢
o S T AN TR L WS
amount |- thersor hams 0 be” Syt Ao canep A AR Py dbe PR R B 8 s on'

occurs whendryowey spiddirgote¢hique GRAWeP seinhth PREANIGIE HASE Eﬁﬂlm@g&% he

additive is 5 dissolved, mxture of the mcroparticles w
suppr esses theespimabellowefibératriepibrane iRV ad@xtriactedonPUENEOY kiAd i APaRE &ope

effective to facilitate spinning.

dissolving the microparticles and incapable of dissolving the base polymer, so

15 that the microparticles can be removed by extraction.
The concentration of the base polymer is so chosen that not only can
a sufficient strength required by the hollow fiber membrane be attained, but a
through hole can also be effectively and efficiently formed in the hollow fiber
membrane. Although the concentration of the base polymer varies depending
20 on the specific composition of the base polymer, it is generally chosen to be
within the range of 5 to 40 wt% and preferably within the range of 15 to 25 wt%.
Addition of one or more additives is effective to enhance a phase
separation of the spinning dope, which eventually results in formation of the
hollow fiber membrane having a relatively large pore size. The additive may be
25  either in a liquid phase or in a solid phase and includes, for example, water, one
or more glycols such as ethylene glycol, propylene glycol and polyethylene
glycol, one or more esters such as methyl acetate and ethyl acetate, one or more

alcohols such as ethanol, propanol and glycerin, one or more diols such as

butanediol, one or more inorganic salts such as lithium chloride and magnesium
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Any kind of solvent can be enployed in the practice of the present g3 MAE 1004

I nvention, provided that the solvent used is effective to dissolve In both
the base | o polynmer and the additive. Exanples of the solvent conpatible to
both the base polyner and the additive include, for exanple, N,

N-di met hyl f ormam de, N, N-dinethyl acetam de, N-nethyl pyrrolidone,

N-vi nyl pyrrol i done, dinethyl sul foxi de and dynet hyl sul forane. The

i croparti ,fatd, Apal A Rligtuir® théto ONRRhHMIE tOhMOTAt N tHeUsRTitivé 8 beliyed
exanpl e, nmetal oxides such as silicon oxide, zinc oxide and al um num oxi de,

metallic mﬁﬁ@@ﬂdﬁeﬂﬂﬁ% shcd specific| caxapositionCof teppdditiveresedankle almounmum
and inorgani c conpounds such as sodi umchloride, sodium acetate, sodium
phosphat e, thaleof shouldr bosatchpsanthat @iven whoughd thexplise sEparationwtcusnshiehe
specific conposition of the mcroparticles to be used in the practice of
the 20 presmiy theveoliveon compatible iosboths the disisy pelymedi and che t additpedisti ¢
conposition_ of each of the base polyner and the additive. The

ni cr opabt i cligsolveds pheneer abithe nuerepariiclas vavh ihe sohegh snppiessas Bieupkasef or ce
that can be exhibited anong the, mcroparticles within {he, sol utti ori, and

al so havi n§cpastigpe ks iRIGVIgE theahomegeneous Apioming <opg effectivge to facilitate

m croparticles, mcroparticles of silicon oxide, i.e., a silica 25 powder

i s nost pr SPEMHBE because they have a relatively small average particle

e teadi Ty avarl abry RRACHESChPCRA B nfuBYed ay L ERIER Y BE edplT

in the spi %%%ﬁg&ﬁ@%@f@%&%ﬁ%%g@?{ EfEiRdiStalYe % bRE Bk bage

coagul at ed. size € m Ccropar €S I'S preferably

wi thin jhe ﬂr%ﬂg%f %;’dlzﬂ’{’ gdﬁgiv@, i E : 1806E the“dodvet hPtitiO P4 bBF}?Pﬂééﬁﬁey

wi thin the m e average particle size o

m croparti Qi@igmied AP AdERRR thehde). fof &akipit ON, INDEmeMRTRiraienideY INIg @
| ar ge partﬁ%c?gﬂecut of fowill hardlcy be bt aiakr}ieiid.’ O1 the otHer hand, where

the m cropdtdih@ieplabeuinide,an aveNogtethdpyholidoseze exceaddimgprrolidene,
used, the 5 greater the average particle size is, the lower the capability
of coagul atdingthylsulfogpdeaad, dymecthyksulfgrame. a t endency to formthe

het er ogeneous hol Il ow fi ber nenbrane containing relatively |arge voids. For
this reason, it is Addceusappartigles insoluble in the compatible solvent includes, for
15  example, metal oxides such as silicon oxide, zinc oxide and aluminum oxide,
metallic microparticles such as silicon, zinc, copper, iron and aluminum, and
inorganic compounds such as sodium chlornide, sodium acetate, sodium
phosphate, calcium carbonate, and calcium hydroxide. The amount and the
specific composition of the microparticles to be used in the practice of the
20  present invention may be chosen suitably depending on the specific composition
of each of the base polymer and the additive. The microparticles are preferably
of a kind having a high intermolecular force that can be exhibited among the
microparticles within the solution and also having a propensity of coagulating.
Accordingly, of the microparticles, microparticles of silicon oxide, 1.¢., a silica
25 powder is most preferred because they have a relatively small average particle
size, because the silicon oxide microparticles of varying particle sizes are readily
available in the market, because they can easily be dispersed in the spinning dope,
and because they have a propensity of being coagulated. The average particle

size of the microparticles is preferably within the range of 1 to 20 pm and more
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suitably mx particles of a relatively small average particle sizes and/or
to increase the anount of the additive to be used so that the coadid MAR 64
action of 10 the mcroparticles can be enhanced. It is to be noted that the
term "insol uble"” wused hereinabove and hereinafter in connection with the
m croparticles is intended to nmeans that the solubility exhibited at a
tenperature at which the spinning dope dissolves is not greater than 0.1 g

(m cropar t ippbReaBIIORithin tHeSfd )2 145 S PRt iié)gsée idd§ Odrpg.ition
descri bed ggove ig, 1gener all;l\g@;t%tertéhlzgpﬁré Eleﬂe‘ﬂrl}b?fgjgas egjﬁftlg?ggﬁgr ge ¢

through a mozédparttics i auidllr thag 1 $in, Whé WoHoNAbeS nfehIads HAVing & sed
In a coagul ating bath to formthe hollow fiber nenbrane. As far as e

hol | ow f i berarnelebrcatedf nedll nhardist Hssl olstainednc e Onedhe ebtheer hake Wheravethe

spi nning nethod in which the spinning dope 20 di scharged through the nozzle
i s once pagsitoparpickedebaving rexd average hparhiclwugizeaéxceedimg Ssp trhare uséd, oghi¢ced
into the coagul ating bath, or a wet spinning nethod in which the spinning
dope di 8chgreater the divgragehpamiolez bigeiis, ithe dowec ¢he dapahitity of coaghhating is
coagul ating bath may be enpl oyed. However, the use of the dry-wet spinning
method is g@&@h@hg&s@m& phaét teslenpe c busormn that heterogeneons drollewt Uiiber25 of
t he resul tant Bol | ow fi ber Eanb}rléne can easi | i; be controlled and, al so,
because t héD$BPTAG ¢QTHAWIRG Klalvely Hatgenyors gh &or ubis deagsy, b ihnesessaryda be

factured. en the holl ow.fi ber nepbrane,is to be n, .the c latin
o a1 AR e PARtRIe R OhcR TELRHYEIY rsavalb Aptagss ARG s scaaE o

o car asa BN i b M SARE BEOREAE AINER MG RRLIRIR A5,
Cooor! 38, [ Ing RRfofimtRE AR LA T £ 1o e hiedRRAP Y GrSORLRY, LN
coagul at i nqlsba%{e&ma%o%meai reindelel ﬁpecoﬁﬂké’tﬁfl{/ n\gfraﬁ pﬁg n%gg@gagﬁéleg flope

and has a capability of coagulating the base po at1 ng

liquid of dfendedtRbhRaf9TRASIHE SSlubAfty DEHIBRN aPG FRYpRSHSERIOVBR it t he
formof, for exanple, a liquid at | east one selected froma group consi st

of spinning dope dissolves is not greater than 0.1 g (microparticles)/100 cc
(solvent).

15 The spinning dope of the composition described above is, generaily
after having been degassed, discharged through a nozzle of a double ring
structure and is subsequently immersed in a coagulating bath to form the hollow
fiber membrane. As far as the hollow fiber membrane making method is
concerned, erther the dry-wet spinning method in which the spinning dope

20 discharged through the nozzle is once passed a predetermined length through air
and 1s then introduced into the coagulating bath, or a wet spinning method in
which the spinning dope discharged through the nozzle is introduced direct into
the coagulating bath may be employed. However, the use of the dry-wet
spinning method is advantageously practiced because an outer surface structure

25 of the resultant hollow fiber membrane can easily be controlled and, also,
because the hollow fiber membrane having higher water permeability can be
manufactured.

When the hollow fiber membrane is to be spun, the coagulating liquid

1s generally introduced inside the nozzle of the double ring structure for the
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wat er, al cohol glycol, and ester or a mxture of the sol vent (conpa%kfhﬁeiﬁ
both the base polyner and the additive) and the |iquid described 004
her ei nabove. 10 Addition of a water-soluble, hydrophilic polymer such as,
for exanple, polyvinylalcohol or polyvinylpyrrolidone to the coagul ating
liquid is effective to coat the hydrophilic polynmer to the inner surface

of the hollow fiber nenbrane or the hollow fiber nenbrane in its entirety

by neans of_ di ' [ he. C ul at i t A coagul. at i ol ution
o beused RtpOeSE SRagiti RO spipfing SR Ricrathet B4 e FEAR iR LBHRE g
l'iquid. Wt : Walay : u : r.e. of
the eventua lﬁﬁrsgé%?'}tﬂgﬁy%ﬁgﬁpg\[}v% ?@é?%%ggﬁ%q §f Hfaet %Jra%?lgaégﬁ g@ﬁ{ éFIsengt h
of a dry ﬁpdyg r L r t I of
the dry zore ilsblé grme)‘gqlﬁ%drl IF iti%g} S leﬂ;r%gesgﬁtﬂ)re{elﬂgroﬁ% gililt?t?/wo lb%lﬂgl ry {zlg'ne S
| ncreased, BaRideiP Har>the BANARRY Wil RE cBRHEIBIA Y ANE st ofd’ fhe the
pore size of mcropores forned Inh the outer surface tends to i1ncrease.
Even t hgughspifigind’ Mope@Ngnd'afasaas Rpdbilitye @t BoaduPhtiX aRe! BaseD pbitr, t R

hol | ow fi ber menbrane having an outer Surface  strutture quite different
fromthat resiguliting liqatdfayunetable ddigpovition Rambei@ed AR bé eitipl@fedno
dry zone isa?sged ggn e obt alyned. It ({ilgp however, to be Zélmﬁlot edmtph?{b | f
the dry zona the fonm dfpfig, extaheplepd hquitdbatsieadtidniet selovitéd fioen agwews ebmysist of
affected and, therefore, the dry zone should be of a |ength generally

wi t hi n t he watemgalcoholglycoly andoesten emal mixddrer efbthe salvérntr(compatiblegto botho. 1
to 50 cm The hollow_ fiber nenbrane which has been coagulated in_ the

coagul at i ngtheabrse qlymes ande thongdditivg)e and| thentliquidhedesgoibed vhergimabave.ar ge
-<14? 0 3 MAR 2004 antity o;]é]i)he m ¢roparticles. These contents are
removed' %y DA | Pnit ghatsasalbleu hydtppmlic spolymesg spelbcass for emaples has

b d . In. the first | , th tibl I t .and .addi ti
remai ni ng | POWKESHEIEPO) 91 Belynimsrolions: o s coagvleing Jiauidds siesH Y0l o
t i th { tern.pf 40 t 0 C W t hg ,h hi L I [
dosi roa t o w8 PYRRIES Rl @ e, Mng iace,OF 1% BORPH stk SBEmHERte | b
nsing. th g L ' e o i aht
(LTS, 06 YRR P BRHTRSRDE ot RSP iR g B
coagulating stage. A coagulating solution to be used may be of a composition

15 similar to that of the coagulating liquid.

With the dry-wet spinning method, the outer surface structure of the
eventually resultant hollow fiber membrane is determined by the length of a dry
zone, temperature, humidity and other factors. If the length of the dry zone is
great or 1if the temperature or humidity of the dry zone is increased, the phase

20  separation will be accelerated and, therefore, the pore size of micropores formed
in the outer surface tends to increase. Even though the dry zone has a small
length, for example, 0.1 cm, the hollow fiber membrane having an outer surface
structure quite different from that resulting from the use of the wet spinning
method in which no dry zone is used can be obtained. It is, however, to be

25 noted that if the dry zone is too long, the spinning stability will be adversely
affected and, therefore, the dry zone should be of a length generally within the
range of 0.1 to 200 cm and preferably within the range of 0.1 to 50 cm.

The hollow fiber membrane which has been coagulated in the

coagulating bath contains the compatible solvent, the additive and a large -
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may be chosen froma variety of nmethods known in the art depending on the
particul ar conposition of the hydrophilic polyner. By way of exanpl(s MAth#ie
10 the hydrophilic polynmer is polyvinyl alcohol, a nethod of converting the
hydrophilic polyner into an acetal by the use of an al dehyde such as

gl ut aral dehyde in the presence of a sulfuric acid catal yst can be
conveniently enployed. Thereafter, using an extracting solvent effective

di I ' | , hol |
F ber  mombruenty jof MeChARBpMAEIES Pl IRIGE AR EmBREA TR A, DRI o7
e e mcropar’ o cr) X
i ber  monbi ot M W ofifinhe HOCESS ol bREC R Rrotup B0l el InadSG

shoul d be gslagd, Uihey combatiBlesstilenthasd e e%d‘i’t'ivé"?él%aﬁ{in%hﬁ HeChoRGw! ﬁP&es’

preferably 100 % thereof, can be extracted. 20 Since the mcroparticles are

contai ned imembr@ie bre extriqtd byl finsifg WRHWOIENRAES or FWith Hee witSs of iong
condition are generally severer than that applicable where only the

m cropakt i @eSCar eVHerstheviedirophifioqudymevlis desirddiabanek inehe hdllow Abert he
particul ar corn%ositi on of the microparticles and the solubility of the

extracting mewl aftendhe aboex desaribedgrinsinpethet hydrophilict pelysmr \tastto be
concentration have to be 25 relatively high with a longer tinme required to
acconpl i sh arpss-bipked byiheat, light onagdiatorex Arpreghodvnf aehinvingdbis ¢rioss-bisking
silicon oxide gre to be_extracted, the hollow fiber nenbrane should be
treat ed undB?YﬁWeC o568 froph aj yarighy f mgthods,knayen imghgmdnpem:bnammdweo?s
sol ution of sodium hydroxi de that, i {thin the range of 5to 20 wt% of a
t enper at ur PAHERAT €8 S}ﬂ%@f HY%‘%)HEGB CapRIY S -%&ways)fmmnzdmwmw@,t h
of extracti i hs.30 gr _nore mputes. Jt.is to be npt t hat _.remqval

by extract ,tﬁﬁ h}’gf"r@ﬁh‘i HOPRFL i Bgf}ﬁ%‘ibﬁbék@%}?ﬁi éd"ﬁﬁ‘?‘(’;ﬁdﬁ? ﬁanY‘HEggF |T Eg
step or af - h F es, are_asse ed i ny e. e
porgus hol Ilb@}?# glrc %’Wﬁ%e‘% &E?‘%&@si’ﬁ’t tﬁ?‘lv'é?ﬁ ir%ln aﬁaﬂ‘ie%@eha}‘&bmﬁs
fepr esent | NlufurdldehBOR e Jreltatcd 6F 3UHINAR: alia! cRARPLEn 1R BBMniendy

structure, oneyc structure or a mcrolnterstic _
of the holdmpioiefer menbrane may have a finger-like structure or a void
structure.

Thereafter, using an extracting solvent effective to dissolve the

15 microparticles, but not the base polymer of the hollow fiber membrane, the
microparticles are extracted. As the microparticles are removed by extraction in

this manner, micropores are left in the hollow fiber membrane. The condition
under which the micropores are extracted should be carefully set up such that

95 % or more of the microparticles, preferably 100 % thereof, can be extracted.

20 Since the microparticles are contained in a matrix of polysulfone, requirements
for the dissolving condition are generally severer than that applicable where only

the microparticles are dissolved, although subject to change depending on the
particular composition of the microparticles and the solubility of the extracting
solvent, and the extracting temperature and the solvent concentration have to be

25  relatively high with a longer time required to accomplish the extraction. By
way of example, where microparticles of silicon oxide are to be extracted, the
hollow fiber membrane should be treated under the condition in which the
extracting solvent is an aqueous solution of sodium hydroxide that is within the

range of 5 to 20 wt%, of a temperature equal to or higher than 60 °C and the
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The m croporous structure in the hollow of the hollow fiber nmenbrane is
determ native of the particle cutoff and the pure water perneate fq:g@/ }[ﬁ‘
The porous holl ow fiber nmenbrane manufactured in the manner descr éﬁ
above is dried after having been would around, for exanple, a frane or a
shackle. After the drying, |lengths of the porous hollow fiber nenbrane are
bundl ed together to provide a porous hollow fi ber nmenbrane bundle which is

{ixed by 190 RO CEexapemEAALs B oy ey, 3 1o BEAR ibepEffokaf 0

t her eby cong : h{}y\;ﬁ,ﬁ GF‘%% . The. L i:-her, rane
nodul e iIs U@(F%ﬁﬂ%ﬂﬁ%n.t edrgﬁt lfan |§§P§3a@ﬂg{§8‘1ﬁ %ﬁ#ﬂgﬁ@%@?éﬁ? for
exanpl e, a £ BE HoMlow'ibermRARRSdstare AdsenPblch B £pHAR. Of the bundl ed
porous hollow fiber nmenbranes are fixed together while having been left

open and a design i Thehperoudthdlliey | fegt Menfbiraid ®f tHE PreserR OhQLSLSP had Vi

fi ber menbranes are fixed at one end thereof while having been seal ed and
are | ef t5 | desldowt répresenipings htmimgoromesuhatﬂ@vyut:hb@sr formexanplefogduhest s
nmounted on a filtering apparatus for purification of water, separation or
refi nement stfucutd, uhoheyedinhmstn@terecamaphicrointéroficd strictwrd.i bEhe telibwaof
nodul e di scussed above 25 will. now be described in detail with particul ar
ref erence tiherrellow fitkitgnembranst may dved finger-libe strmetnie ana vaid teickire.
accommodat es_therein a bundl e of porous hollow fiber nmenbranes each having
the particl Eheumagroparausi ptragfare angihe bollowt of 1thegholor fiber puewbranceis
pernmeate flow equal, K to or larger than 30,000 L/nR/ hr/100 kPa. The | onger

t he bundl e %fl@ulﬁwwqfdfxﬁpme Aol ankthe pure paterpesmenieghew. a | oss of
pressure i nduced du:#gneg fl ow gf a liquid rrﬁ]gi umthrOI% h the. bundl ed porous
hol I ow 14 ber menbra poroisy hollawe fibee membragg, apasp In HEE| BRPEber

orof er ably AEEERaAERYE R isd efleh BEving hep opld andiah fof R B FaHe Phe s
o and, "ol Shak, ARG e, SR, 3050mG dr B Sl SR e ARtk

o P : . . L _

i gher t hane PRaED toEREr fo iqyibe HoFSE hotl ol Fiher e SE SiIE LR SR Y.
the bundl ednRfira@¥8mmodated in a casing of a predetermined shape with their ends fixed by

15 the use of, for example, an urethane resin or epoxy resin to thereby complete a
hollow fiber membrane module. The hollow fiber membrane module is well
known in the art and is available in various designs, for example, a design in
which opposite ends of the lengths of the bundled porous hollow fiber
membranes are fixed together while having been left open and a design in which

20 the lengths of the bundled porous hollow fiber membranes are fixed at one end
thereof while having been sealed and are left loose at the opposite end. The
hollow fiber membrane module is mounted on a filtering apparatus for
purification of water, separation or refinement of a liquid medium.

One example of the hollow fiber membrane module discussed above

25 will now be described in detail with particular reference to Fig. 1. The
illustrated hollow fiber membrane module M accommodates therein a bundle of
porous hollow fiber membranes each having the particle cutoff within the range
of 1 to 10 pm and the pure water permeate flow equal to or larger than 30,000

L/m°/hr/100 kPa. The longer the bundled porous hollow fiber membranes 1, the
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hol | ow fi ber nmenbranes of the present invention can have a reduced | ength
in 10 order for a required anmount of the liquid nediumto be filter WM
hence, the hollow fiber nmenbrane nodul e M can be assenbl ed conpact

size. The hollow fiber nmenbrane nodule Mshown in Fig. | is of a design in
whi ch the bundl ed porous hollow fiber nenbranes 1 are, while being |left
open, fixedly jointed at one end thereof together by means of a bonding

bl yal f " \ '
b ock 2 ¢ noighss ks PSS AnE ARGy AR, o O FUNRQ e RpEMIPEE MhE

open en

menbranes by AakdOforou8 hIlATHIRr meMbeARXY 1! fd Therdfore! qiémﬁﬁdreasmoqg a
fluorinated resin, but may not be [imted thereto. Cther ends of the

bundl ed pohgHEwhEibkpUhéhbRineseIicasmsnddatedMiihin  therholewbeibei feniane
block 2 are sealed at a fiber end sealing region 3 by the 20 use of a

bondi ng mapgsdulé Mipreferably have thelasizely sort agthondnrgenegathedengthtef the or m
the bonding resin block 2. Wile the seal ed ends of the bundl ed porous

hol I ow §i bdundksdoperoas hbllemefibee hromiayies ¢fis prefesablytriuttgreater skgrat@temf r om
each other, they may be divided into a plurality of blocks, each bl ock of
t hose ends andhmmofprd‘embéyl nop greaterothanrd® ampr dines thehburisdied Ipedolpsdmilmw

hol | ow fi ber nmenbranes | and also to increase the handling thereof, the
bundl ed pofihes nieshbrawes |1brfrthtrpmscahmenuoamhm@@cﬁmeﬁmlﬁ%@qrﬁh@m thaisi ng
4 of the hol]low fiber nenbrane nodule M that has _a plurality

perforati os¥hihitedeby the standard poromseheldow ber, membramese the i’“&ﬁlofdt RWSdul e
4 b t.ed togeth by th > 0 3 MAR
2004 use. ofGHOMCEIPRT GROTEPREF} 6 the DrErcneiRUEntA san DAGY peecﬁmatheas. g
S b P S B
SCrews r t
i thi 5. Th dul

P ngs oG B e GBI S bEETE wgwyé%f s &
such as Shom N F $he holl8l Hﬁf‘r’@efﬁﬂ?&eﬁ%ﬁu f1 U RATh 1981 R8PEUsitht N
each other, they nay e connecte oget means o e or nore

geoket s, T R TR TG, E A LT

fixedly jointed at one end thereof together by means of a bonding resin block 2.

15 A bonding agent eventually forming the bonding resin block 2 that holds the

open ends of the bundled porous hollow fiber membranes 1 may be, for example,

an epoxy resin, an urethane resin or a fluorinated resin, but may not be limited

thereto. Other ends of the bundled porous hollow fiber membranes 1 remote

from the bonding resin block 2 are sealed at a fiber end sealing region 3 by the

20 use of a bonding material which may be the same as the bonding agent used to

form the bonding resin block 2. While the sealed ends of the bundled porous

hollow fiber membranes 1 are preferably left loose, that is, separate from each

other, they may be divided into a plurality of blocks, each block of those ends
thereof sealed.

25 In order to protect the bundled porous hollow fiber membranes 1 and

also to increase the handling thereof, the bundled porous hollow fiber membranes

1 are housed within an inner casing 4 of the hollow fiber membrane module M

that has a plurality of perforations 4a defined therein. The bonding resin block

2 and the module inner casing 4 may be permanently connected together by the
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wi thin the nodul e housing 5. Preferably, the nodule housing 5 is of ﬁ
design in 10 which the hollow fiber nmenbrane nodule M can be conpl e[]( Mﬂ 2004
renovably nounted within the nodul e housing 5. By way of exanple, an
untreated water inlet port 11 and a drai nage port 12 for draining are
defined and positioned below the hollow fiber nmenbrane nodule M a
filtered water discharge port 13 is defined and positioned at a bottom of

the hol | owysebef anretr anehevike! 6r, Mitepmtivedy, athvefbdiiR inndf chSingVe thay Hed
gaseous nedi um such as, for exanple, air during backwashing i's defined and

posi ti oned detavtablyeomddtedvwiithbie bamiding pesibidoke2 byl th fusk o sttdvasr diced
exanple, in order to facilitate separation of a structure having an air

vent i ng f urike. ohhe ahaduleeinner aasinpudt isr asdihas ngcohendddé @ rveithinah emodule

di scharge port 13, the both are jointed together by neans of a V-band 8. 20
However, i rhqusargeSof Thieemvdidandn, casieg Band theynddulé ioasingdyateheonnegted
flanged connection or ferrule. \Were the design is enployed in which the
vari ous5 cdngethenbypacans eba pherality of Q) rimgs or sutihsas stavioh enl Figli sposwhexsf t he
used hol |l ow fi ber nmbrane nodul e, M.can be facilitated by separating the
used hol | ovibeibesh ar nely aogased pithneashiatherythay may bgsonaeeed gogetheme
bondi ng resi n bl ock

2, 25 the bundl ed | | gw fi ber nbrgnes, 1 and . so .on
according t pigang jof anegr moﬁqjgg{]ﬁt%d ﬁ%t"&?rs@dﬂh{a espaduls ngey canng e
Feused i t Hemiste dhomr BinBondite g5PRLPIOSR 2 donEi ity PoMERohY dgfengt VaR
the bond; ng* Rt egfsdtte AolSuies o Beeh bl BRAERE: FPSHRE Sy IR tegi on
ot [ow % DAL ME holfovd iR #hiRane InbBliE TRt Ran B SomilbleR HEROuRERS | @

is, as it flhewhted With tHeemeHhR Ksusif: She g;gﬁﬂgsi?of%fxaggﬁa & uﬁﬁl@aJEal ReHt&d

porous hollow fiber nmenbranes 1, filtere i s subsequent!|y di scharged

t hrough t heinldt! gt ¢U andtaedraindgt Ipait PPfér drdiniig WRYdéfindd s ioted Below
bl ock 2. For backwashing, a gas backwashing nmethod is preferably enpl oyed

in which a thasholiswnfilerimembianasmodaler Mxanfilteredawater sdiscliargelymed 1i3nio an
untreated water side through a filtrate side 10 so as to penetrate through
t he pores odefingsd pud positinned ata botsem ofethiertidlesy fibet membrane module M, and

15 a vent port 14 for venting a gaseous medium such as, for example, air during
backwashing is defined and positioned above the hollow fiber membrane module
M. In the illustrated example, in order to facilitate separation of a structure
having an air venting function relative to a structure having the filtered water
discharge port 13, the both are jointed together by means of a V-band 8.

20  However, In place of the V-band 8, the both may be fixed together by a flanged
connection or ferrule. Where the design is employed in which the various
component parts can be dismantled or disassembled, disposal of the used hollow
fiber membrane module M can be facilitated by separating the used hollow fiber
membrane module M into the module inner casing 4, the bonding resin block 2,

25 the bundled hollow fiber membranes 1 and so on according to the class of
industrial wastes so that some or all of the component parts of the hollow fiber

membrane module M can be recycled or reused with the environmental pollution

consequently minimized.
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the illustrated enbodi nent showmn in Fig. 1, since the fiber end sealing
region 3 is positioned on an upper side to facilitate discharge of 3 MAR 20t
separated suspension particles together with the gaseous nedi um during the
gas backwashing, there is an advantage in that the effect of the
backwashi ng can increase. It is to be noted 15 dependi ng on the backwashi ng
nmet hod, the holl ow fi ber nmenbrane nodule M may be arranged so that the

dpvr a1y and downef 1 PONLEEElE o I ROIGR A e St R e litibly oo
i fied : f . fi i-nclud
g:% lh elﬁ:\?}‘ :ﬁﬁ%{%ﬁbtﬁgd@%e féé}?‘%ﬁ%&i%‘?@ﬁ?@ﬁ% %ﬁ*@s?%@?ﬁ%?@éiﬁ*ﬁﬁéﬁ ::
may be- one PSREPRAE AU, Michér bidh fin WEcRRAYEnEE inkddhol to'the HRlIEW St P

river vat erfhdakempRiR medul tPheaftt el WPwaleThiel b 1O R Ttovk"

exanpl e, protozoa such as cryptosporidiumand gl ardia, ~mcroorgani sns,

al gae, isnorfgami ehePdutdide! ot AR wMSHe aF SadHDfae BhndTRH apdriots Arolfw dfBersuCh
as ferric oxide in a varying anount that depends on the specific

conposi ti onmenbramyss] dihetedamdofs subseqdidly’ 8iEIMrEed thibligh Whé lteied wdtor

|l evel, target natter desired to be renoved, and costs which would be

i ncurred i routharpuet tiBoby wvdyh of k¢ bomdintgs resial bdogk @erdfor ckwathinige a gas
followng steps Ato F O 3 MAR 2004 can be suitably chosen to renove the
speci fi ¢ i ripaskiwashng methoavis gerefenablp emploved imathich & gasenmlsenédinnt srehuase of
drinking, industrial, material or coolant. A The untreated water )

ori gi nat i ngfor rexamphe anieintesiuced inte #n nneased avatercsidy thromgbugfiltrate sidst | ow
fi ber nenbranes each having the particle cutoff withipn the 5 range of Ito
Wom  B.0TheSQuat tepgnedraig thepugh tha pores whthg pewous dellpw fiben membsangsgl. bekn
coagul ated _wi.th the use of a cqagul atjng _agent, filtered through. the.

hol Tow fi betheriBheraRd smhodument; W!‘hglﬂaéﬁ e he liber yndisealing 1 s@nri%ﬁge of

| to 10 p m Cl: Ag&er theuunérr% e t‘?r fGr m i he er s%r e has been
coagul at ed B fpRed |0 G0 UBpeT, ag‘ﬁ\lﬁﬂ et aajéﬁ{’?rgf’o? ofBY A SHthTeat i on
o L1 0oLt e BEERTH B iR R FRAREE BRI Rk g e o
particle cuipbivathdy th HAEHATRL BF te b&tkwashing can increase. It is to be noted
15 depending on the backwashing method, the hollow fiber membrane module M
may be arranged so that the bonding resin block 2 and the fiber end sealing
region 3 may be positioned upwardly and downwardly, respectively.
An example of methods of making a purified water with the use of
the porous hollow fiber membranes includes a step of filtering untreated water
20  with the hollow fiber membranes each having the particle cutoff within the range
of 1 to 10 um, which step may be one of the following steps A to F. The
untreated water such as river water, lake water or groundwater contains
impurities such as, for example, protozoa such as cryptosporidium and giardia,
microorganisms, algae, inorganic particulates such as sands and/or metallic
25 oxides such as ferric oxide in a varying amount that depends on the specific
composition. In consideration of the requirements of the water quality level,
target matter desired to be removed, and costs which would be incurred in

connection with instruments and equipment, one of the following steps A to F
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10m D. After the untreated water fromthe water source has been coagul at ed
by the 15 use of a coagul ating agent, followed by sedi nentation Or[]%MéR 2004
floatati on under pressure to separate suspended particles, the treate
water is first filtered through a sand filter, followed by filtration
t hrough the hollow fiber menbranes each having the particle cutoff wthin

t he range of to 10 p m E The untreated water fromthe water source is

I
ol D et el Wt VRSB B RS

t he hol | ow ber anes eac

range of 1 el Gubitlt 16 T'ife W ERAA ol EORANGRRSOUT o 1S,

af ter havi ng been coagul ate a’ coaqgqul ating agent, filtered

through a sgnd fhd {fifre ﬁﬁt&mm%ﬁéﬂl'm@rﬁﬁﬁf Gémehstfﬂﬁerbeldiprgi ber

nmenbranes each having the particle cutoff 25 within the range of 1 10m
In the praght Ofhet WE11AP AterdaeAIbraRE édcht K4vifig tlli@tﬂaﬂ%le autstiovwthintheFi 9.

1, the hollow i ber nmenbrane nodul e havi ng a bundl e of porous hollow fiber
nenbr angs ﬂﬁﬁg@bﬁ(ﬂ tbr]()qp,gordance with the present invention is utilized. It
is to be noted that the particle cutoff thereof nay be suitably sel ected
-(20> 0 3 WAR ZDRe dapemed vgatonfrohe tiruwatssoand ik heftaphdvicgbeem coaguladedc h
the untreated water is filtered. By way of exanple, where protozoa

crypt ospor iwithithense gf araviagulatingtagent diltered tierodgh ke hgllomt £beramembeariased t o
be renoved by filtration, the use of the hollow fiber nmenbranes each

havi ng t he gaghthaving hetparticlaicurafh vathan therpmgefofd ® 1uBm i s r ecommended
since the protozoa generally_ have a particle size within the range of 4 to
59gin A o, m&ﬁé%mﬁp@mé@ witerr Gpay thecvatsT spurge has been soagulateddyuthe t o
or greater than,5 gin are. desired be renoved by filtratjon, .the use of

t he hol 1Pow Yseh&f {i’é@geégwtha{?ﬁ)lﬁg"qdhg}’péﬁ’ mengatiqr (S‘Irfh%il HPR ¥RETr ange

o ngt 50" ek  SEOMIR R ) SR, i bR hRILd EREI B o
e Ll SIS iy BB S Phol e R BRI AR e
fiber rrenbrﬁﬁ:ﬁl'conti nues for a
D.  After the untreated water from the water source has been coagulated by the
15  use of a coagulating agent, followed by sedimentation or floatation under
pressure to separate suspended particles, the treated water is first filtered through
a sand filter, followed by filtration through the hollow fiber membranes each
having the particle cutoff within the range of 1 to 10um.
E. The untreated water from the water source is first filtered through a sand
20 filter, followed by filtration through the hollow fiber membranes each having the
particle cutoff within the range of 1 to 10pm.
F. The untreated water from the water source is, after having been coagulated
by the use of a coagulating agent, filtered through a sand filter and is then again
filtered through the hollow fiber membranes each having the particle cutoff
25  within the range of 1 to 10 pm.
In the practice of the above described filtering method, as shown in
Fig. 1, the hollow fiber membrane module having a bundle of porous hollow
fiber membranes prepared in accordance with the present invention is utilized.

It is to be noted that the particle cutoff thereof may be suitably selected
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long tine, the filtering speed will be lowered due to clogging. In the case
of the sand filter, supply of a |large anmount of backwashi ng water H}l%
direction counter 15 to that of flow of water during filtrationis 0 R 2004
generally practiced to separate suspended particles, deposited in a nass
of sand, to thereby refresh the sand filter. Even in the case of the

hol | ow fi ber nmenbranes, a simlar procedure by backwashing is required at

i nterval s odependirglenetheimegosd ard thetapplicatisifoit whch Wt Ghtrelied @nﬁér is
backwashing is much smaller in the case of the hollow fiber 20 nmenbranes

than that ifiltered. caBye whyt ot examgld,i vhere pfotopes i driy tospbhamin®fando aedrams hi ng
may include, to mention a few, a filtrate backwashing fethod in which
filtrate, teentamed indhedrinkingwateeare deditedrtoche iemamleddwefiltianion, e ase &f
direction counter to that during filtration, a bubble washing nmethod in
whi ch air stgghallaw st membrianesaaciuhaeang the pattichd bewff wittiimttgemnge of 2
backwashi ng thod in which a 25 gaseous nediumis 1L}:assed fromthe filtrate
si de towar d@nfﬁéﬂ 3§ E@oaﬁn@n@dﬁn%&tﬂeﬂmtwaemmjbc méiaa poettdevaizki wighinOf
them the gas back hi met h appears to be desirable since a spouting
eff(ranct of t f@'a%"e\gﬁgt i fin irgfiS@o ehafnsended migroparteeles Ofarnﬂmilﬂngl@f t he
hol | ow fi ber ranes .under vibratiqgn.is effective fficiently renove
t ﬁe gus pend%‘HH‘Egg OF greder %lf’@hg 4 %é&?aﬁgﬁ%@ bg rarpey Yifglgénﬂ%Zﬁlfd@eaoﬁ\MR
2004 to be gut | Gal (formed I-nt er val s. of edeterm ned ti S
effective t%g *?’E%M ?]f%g{ @%ﬁﬁ%ﬁ%ﬁ%‘ﬂﬂg %Bﬂi‘r‘?&?‘%&ﬁ: ¥ "b?hetrﬁég%]_)‘/’gﬁgm
Where the I i r.ane I a avin |

rosi stance o Rk EbmATRHYRT" SeeoHt I hoRaFrtifr MrpBiiicTdalh pruite,
restorepg 5 b ' fOrJABNGE tBYihE! ting, [

bac kwas]hoi ng&g?ﬁlbﬁﬁg@go?ﬁg 1? enper atttFJ}rtcle19 Egg{;l%t é019% rthllhéﬁgi;al {% %@5%60 CP Cat

interval s oferovedaslefiRfafioness pdsile i3 Rivels sb'éﬁr@%aﬁlgﬁ eﬂs'l’?cté'gf éi)‘at),@&.ai ns a

relatively large quantity of ‘organic suspended parti s, for

exanpl e, bacteria, #filtagngsdtofheany oftthe hbildRfiber meMbRres @entiflidCHrat i on
of the hot water to achi eve washing of the hollow fiber i o nenbranes is an

ef fective nieagdimé) the filtdriang speked weidlbelpvased dat ky clogabid. celh the@ay@sntlol | ow
fi ber menbranes with the use of alkaline or acid may be enpl oyed.
sand filter, supply of a large amount of backwashing water in a direction counter
15 to that of flow of water during filtration is generally practiced to separate
* suspended particles, deposited in a mass of sand, to thereby refresh the sand filter.
Even in the case of the hollow fiber membranes, a similar procedure by
backwashing is required at intervals of a predetermined time, but the amount of
water used for backwashing is much smaller in the case of the hollow fiber
20 membranes than that in the case of the sand filter. A specific method of
backwashing may include, to mention a few, a filtrate backwashing method in
which filtrate, that is, water having been filtered, is allowed to flow in a direction
counter to that during filtration, a bubble washing method in which air supplied
to the untreated water is bubbled, and a gas backwashing method in which a
25  gaseous medium is passed from the filtrate side towards the side of the untreated
water to achieve backwashing. Of them, the gas backwashing method appears
to be desirable since a spouting effect of the gaseous medium in combination of

an effect of rubbing of the hollow fiber membranes under vibration is effective to

efficiently remove the suspended particles. Such a backwashing if systematized
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In the practice of any one of the foregoing process steps Bto D and F,

the coagul ating agent is of a kind effective to coagul ate suspended
particles to 15 thereby change one or sone of such properties of th%3MM?mm
suspended particles as sedinentability, floatability, buoyance and
filterability. For this coagulating agent, an inorganic salt such as, for
exanpl e, polychlorinated alum num alum num sul fate band, ferric chloride,

ferric sul fgfBe Qlitohh olar¥ol- ac] ul furic acid .
hydrochl oric acid orﬂgggl?o‘ﬁé rfcf?‘g;(cldgée};lﬁgérl{g %lfﬁ)gﬁh}r)]%ﬁgﬁgﬂnée e dy gftgptive to
car bonat e, facitetafy maREAMAIRHRAGH b [ riel , for exanple,
electrolytic alum IrI11um hydr oxi élie, hl%?gln?é%{,t Oggﬁl?ggr?:ﬂ?ées}gsrtaébt I vated silica; or

an organi ¢ pol ymer Waaguitiolfoie fitR$ méMbr @rﬂ?{e SnaCdt H@ﬁ?ﬁﬁfﬁé\}’i igca

acid, polyacrylamde, starch, gelatin, sodiumalginate,
copol yner ohigherestanice @o heuriswthay fonak AflpRo bykistWonLY# 'iéjk)ﬁ&iﬂ%%%stoge

suitably enpl oyed. The specific 25 coagul ati ng "agent ‘and e anount thereof
to be addedthedyltérngpetfathanceshe cireslatifg pEReling oP BadlieashiPR Hot Wakerddt; t he
anount of the suspended particles in the untreated water, and the purpose
and the apptemperatune £qualwei ahhigher shars 66.°CrTheintepats 6f @ pred@eshined time.
coagul ating_apparatus, a nmethod of operating it and the operating

condi tion ?“@%@rﬁleuﬂléﬁeﬂﬁedewm sdptasnmentehtivebo large ghentiyf offayrgasic <22>
0 3 MAR 2004 those, wel] known in the art. If the suspended particles are
coagul at ed WP?%&%E@“C&S Jus8 asofRyueamme, bagteria, andeng uspofidey stemlizecies
smal ler in size than.the .gart' le cutoff of the hollow fiber nenbranes can
be effecti vIéW“ESﬁgaFa‘e HoR Pl vatert therdugveomashing of shehollpwr fibbred

wat er . SQ qdj 1 [ on of e.coaqul ati agent .5.is effective to reduce the
caki ng ﬁesilgfﬁ}pgéﬁécﬁf gt%e&g_%tb‘é%ﬁganbar&?%% e_ﬁ\’lﬁﬂl %ﬁ%g geﬁ%fagﬁrﬁféﬁfé%ﬁ% th
2gent 15 er PoctlienbaBy BLt dedfBies, Mlf: A st ctr BlinlPSertaelt oy
practice OfeIﬂP%ﬁQPe of the process steps C and D, sedinentation is a
process in wnfc [ ocks coagul ated by the use of the coagulating agent is

10 sedinmented and, Th@&&hRicAce bP8nd bAE %&ﬁ?ﬁb&%é@lﬁglﬁﬂgﬁs&%@ds%wgl I

renoval by separating the supernatant. oatat’l on under

pressure isthe cqupataig agenttis OF £ kiRl affect®e WS eFadflate! QRpeddd pRARMW AL
fl ocks for separation and

15 thereby change one or some of such properties of the suspended particles as

sedimentability, floatability, buoyance and filterability. For this coagulating
agent, an inorganic salt such as, for example, polychlorinated aluminum,
alummum sulfate band, ferric chioride, ferric sulfate or zinc chloride; an acid
such as sulfuric acid, hydrochloric acid or carbon dioxide; an alkaline such as
20  sodium carbonate, lime or sodium hydroxide; solid particles of, for example,
electrolytic aluminum hydroxide, kaolin, bentonite or activated silica; or an
organic polymer coagulant such as, for example, sodium polyacrylic acid,
polyacrylamide, starch, gelatin, sodium alginate, salt of a copolymer of maleate
or hydrochlorinated polyvinyl pyridine may be suitably employed. The specific
25  coagulating agent and the amount thereof to be added may be suitably selected
depending on the composition and the amount of the suspended particles in the
untreated water, and the purpose and the application for which it is used. The
specific type of a coagulating apparatus, a method of operating it and the

operating condition (temperature, time, pH adjustment and so on) thereof may be

—<22>-



renoval. By performng this pre-treatnent, the quantity of the suspended
particles in the liquid mediumto be introduced into the hollow fiber

menbr anes 15 can be reduced and, therefore, filtration can be perfornid MAR 2004
stably and at a high filtering speed for a long period of tinme. Were the
anount of the coagulating agent is required to be increased because of the
presence of a |large anmount of the suspended particles, the enpl oynent of

Avant agaous. S0 W kL he Dot oor e Bl RRAREd DaAReTu Wablate P BL MY

advant ageous. 20 Wth the practice ocess 'S

unt reat ed vof tre cdpmldiaRiaGanome auspermied b?é?ﬁcl%?@hﬁﬂ@tﬁ’i 528 tﬁﬁn ftﬂme,gﬁ%@tcleto N

under pressure has subsequently been subjected to the treated he

treated wateutoffsof thetlerlkolv fiber eieafibransabsh b |eﬁ%btivélx|tc%iragﬁla?élﬁﬂf tdlo W tof Ne

suspended particles can be renmoved. Such a treatne used 1 n, tor

exanpl e, pribeetty provide aededrqrurifeddewatedf t e(lsé, haldBoh dFdRe %Bﬁ’gﬁlhtiﬂ% ia??@r od

suspended particles have been renoved, the treated water nay be

t hr ough & heisreffdctivefto reduceethorcakiam ramstara\ifithe shspepded ipattetles i d Hensk t hi n
the range of 1 to 10 g in. In such case, not only can in the quality of
the resul t it capparedavith dhe axmdpsewf thescoagmiatingz agermstydhe amldifion ofxgnp! e,
cryptosporidium and gi ardia, which cannot be conpletely filtered with the
sand -<23> Q?asunlﬂ&w&%ﬁﬁ!lt 5 ¢ifeqtivedarinereass thedilieraigspeedwonsidesabiye
utilization with th? harP f.racﬁi onatin property of the hollow fiber
membr anes. Thus, not™&H PracHRe o @X&P@f’?@%ﬁ%ﬁsﬂ)ﬂeps oangbBe sedimgntation
wat er quali.

pasel bl e cHAMLETSE R PE oot agplated B otie, W of Fhe BoPGHARE ABS, 14 n

1 cat ed i trnrsild SR, Beclife, 4B5 AR BAERY B RBecid Jop dEinseal i o
decomose orbanae, T srhatal ' G MEhE Réng, MEHFbh driel ERCit B
adsorpti on PiChe o beisromBTE ubéd I AOREAR M ekniafed ATRKTICR SBR Rl B

the Use of S enIorine oy ey RRLE Chny P eHuRElC the | quitity T, e SippeRiar o
only can t hgarpolesfinghe et meldium to be introduced into the hollow fiber membranes

15 can be reduced and, therefore, filtration can be performed stably and at a high
filtermg speed for a long period of time. Where the amount of the coagulating
agent 1s required to be increased because of the presence of a large amount of the
suspended particles, the employment of any one of the previously described
process steps C and D is particularly advantageous.

20 With the practice of the process step D, if after the untreated water
has been coagulated and the sedimentation or floatation under pressure has
subsequently been subjected to the treated water, the treated water is filtered
through a sand filter, a large quantity of the suspended particles can be removed.
Such a treatment is used in, for example, production of service water. After the

25 large amount of the suspended particles have been removed, the treated water
may be filtered through the hollow fiber membranes each having the particle
cutoff within the range of 1 to 10pm. In such case, not only can in the quality

of the resuitant water be increased, but also, protozoa such as, for example,

cryptosporidium and giardia, which cannot be completely filtered with the sand
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an excellent quality be obtained, but the filtering speed can often
I ncrease. Sone of nethods of produm ng a purified water by the use of a
combi nation of 15 the treatnents with ozone, activated carbon and chl o3 M&R 2004

will now be illustrated below. a. Treatnment with Ozone . Treatnment with
Activated Carbon -4 Filtration through Hollow fiber nenbranes -->
D sinfection with Chlorine b. Coagul ation -~ Sedi nentation - Sand

Filtration filr, Q@hnme&etﬁm 2Rl A &gzeﬁir@ﬁn@r wﬂhsﬂh@f%g%mgwoggﬁng

Chlorine - Filtration throug Hol | ow anes C

sand Fi | t r apioperty cffﬂaemnmnﬁbarm@ﬁibrﬁeésl OWTHiisbRSt o %H€§afertf!f &{ﬁét ' on

with Chlorine As discussed above, in the practice o e conve wat er

25 puri fyi ngeressbdd but fthe peater cualiey taahf algbd Bé‘%ta‘-&ﬁf’éiﬁ'iﬁ dirh! @WvhY BRS 1o

menbranes is not greater than 0.2 pmand nost of the inpurities ctontalned

in the unt rsémeuze any possible ¢lmmpefinkealisbof thedvdtyr ifier thelfiigwiba ber
menbranes. Accordingly, if the wuntreated water contains a relatively |arge

amount o&f suspendedﬁd&@tnbﬂmpranhee dmpeonhadfﬂhetforﬂg@sngngwkﬁesﬁ Qtefepdd t on
a surface or inside of the Seﬁ@zatl ng -<24> 03 MAR 20 rane acconpani ed
by reduct i oWafes mayhe frsated wishowene, aghivatedropripmeonéhlotine ppioe-or sebsegrent
processes accardin present I nyention, since the hollow fiber

menbr anes ﬁirl t&g%gt%{fﬁ-ébém ihallove fiksrt mgmbranes. heWhengeit ok tequaredOto m

are enpl oy on i flow rate which woul d ot herw se

result 5 fr(gqﬁ %ﬁgﬂﬁfga@éﬁntb er %E’)’iﬁ?’été}s Htfs%baf&raunytr@mdv@ QAene 1s
5 A A SR o i S e
LT TR TR bR USRI OO G o
on o 1 omove b O PSRl "y 8 Ret B RS by e B Sfoftaﬁéﬂfs B *°
descri bed rdisihdectahtie BYlcbMbihinBahedLFPAANMA N 'o‘ﬁl)}'E!n'l trd pOrifib§ water of
an excellent quality be obtained, but the filtering speed can often increase.
Some of methods of producing a purified water by the use of a combination of
15 the treatments with ozone, activated carbon and chlorine will now be illustrated
below.
a.  Treatment with Ozone — Treatment with Activated Carbon — Filtration
through Hollow fiber membranes — Disinfection with Chlorine
b.  Coagulation — Sedimentation — Sand Filtration — Treatment with
20  Activated Carbon — Disinfection with Chlorine — Filtration through Hollow
fiber membranes
¢.  Coagulation — Sand Filtration — Filtration through Hollow fiber
membranes — Disinfection with Chlorine
As discussed above, in the practice of the conventional water
25  purifying method, the particle cutoff of the standard hollow fiber membranes is
not greater than 0.2 pm and most of the impurities contained in the untreated
water are therefore rebuffed by the hollow fiber membranes.  Accordingly, if the
untreated water contains a relatively large amount of suspended particles, the

suspended particles tends to deposit on a surface or inside of the separating
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bundl ed porous holl ow fiber menbranes such as shown in Fig. 1 each having
the particle cutoff within the range of 1 to 10 mis enployed. 15 The term
"i mpounded water" herein used is intended to neans a |iquid nediunnaﬁahan‘
as, for exanple, water that is stored in a reservoir or a container for
recircul ation and that may be used for an intended purpose within the
reservoir or the container or returned to the reservoir or the container

ft havi ' : , f
after havi ngnitaane PKBBRPahRdPRY FediictiohOn ﬁé@f’%{t@n dggwﬁggféh aﬁ;&g&ﬁ%f

reservoir or the 20 container foor use for an i

i mpounded wdiceprermyatinl WilecessésOhc¥ QB! 19, thedir8ent Shvehtion, BHRG%h ter
for public baths, water ;pgr spa, vvatgifg for omesticvbath,’ \AgterB??rn’ovK\gh

tanks in anfibguerdmbranestach hevingahk pafticle cagsfiviichiatheahsge YRG0 fPLm
artificial ponds, water for hot water circulation, water %or col d wat er

ci rcul at i onarevempioyieds ang givssiblensddaction fix dlost irate, whizhewohldr othepsge Sesidp
circulation, water for circulation in a boiler and so on. In the practice
of the reet hﬁ@ﬂbﬁlqggngrmehc suppeessédbepnsiderablppuatseofire ahd rmainoainde higiat er
may not be Lm’_te%to a particular value, but in view of the fact that if
t he armount BiCORE LldWounded water is great, the necessity of the anount of
circulated purification is hi ?h, ?uch effects of the circul ated purifying
-<25> D3 MAR in t he YBEhsxampleshel pse nfnthe; wotehtpuwsifying methogh utibiaing hei ng,
and a high _cost- forppnce can easily be exhi bited. The anpunt_ of the

i npounded WRYTEMS E@i W uber, membyrages, gf then grasept m‘@nmﬁncwcfuﬁe, rehabdha t he

P SRR of BB e ROFORIEBL AL e 5 oS Gl
purpes e i SRSl oy AP, X 0 BB s PO 2 °
L9, e LCoPO o AR Aoy ST UGB She | 5 Bk

circulated " purification accor he pre i on

are shown igbdveddeséribéld tfethodFi tle ﬁolﬁéxbuﬁ%ﬁtrﬁémﬁrdﬂe“%&ﬁﬂeChﬁﬁﬁhgtﬂ%

purification of the inpounded water installed independent of the Fine in
whi ch a coobwidled peronsshelé®s ity ni¢mbrinengach aPsHENS n Fip A edchhavify it
where the inpounded water is used for an intended

particle cutoff within the range of 1 to 10 um is employed.

=

15 The term “impounded water” herein used is intended to means a
liquid medium such as, for example, water that is stored in a reservoir or a
container for recirculation and that may be used for an intended purpose within
the reservoir or the container or returned to the reservoir or the container after
having been pumped in part by, for example, a pump out from the reservoir or the

20 container for use for an intended purpose. The impounded water may include,
for example, water for a swimming pool, water for public baths, water for spa,
water for domestic bath, water for fish tanks in an aquarium, water for tanks for
aquatic animals, water for artificial ponds, water for hot water circulation, water
for cold water circulation, water for washing water circulation, water for process

25  circulation, water for circulation in a boiler and so on.

In the practice of the method of the present invention, the amount of
the impounded water may not be limited to a particular value, but in view of the
fact that if the amount of the impounded water is great, the necessity of the

amount of circulated purification is high, such effects of the circulated purifying
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purpose within the reservoir such as a swinmng pool or an aquarium the

i npounded water can be purified in a manner simlar to that described
above. 15 Fig. 7 illustrates the exanple in which the inpounded wat amﬁm
purified in a water supply line for use for an intended purpose, f _
exanple, as a cooling water in a plant. Fig. 8 illustrates the exanple, in
whi ch the inpounded water is purified in a water return |ine through which

the i mpoundid thetraethoflt 6f the\iragnbeiaRcsas aszrhigg %EEWUM&%%’ 1

exanple, as a cooling water in a plant is return reservotr. In

the practi ceostfperfoenmanchedn @hsily be pxbibnid. | THRNMMEERt &f MRS nd@gt@g&
simlar to that described above is enployed. In a case the Hollow fibe

menbr anes afwhpasetiat énl afsvammaingspenlital whishithe neethod) bf ties prdsaRCRIveRIHE &

such as a polysul fone resin, the filtering performance can be recovered by

per f or ni ng @B dispsefesablyequakte ergreatebiovbehi ng or a filtration washing

with the use of a hot —or heated water of 60 to 99 C at intervals of a

predet ertri ned ti me. I the methodnef the present mifentmﬁr;gn‘hoﬂ_mf thmﬂlnpoa?dmt

i nvention, the holl ow fjiber nmenbranes can be washed at intervals of a

pr edet er m nWatETlfPumRed qlﬁ@f dateTHtteRtly ox eontinggusty dit :;he Rgeofy for @fampie,z -
I di zi agent is particul ar effective as a neans for recovering -<26>

3 MR 2006 T REE SnER et pubfist AedcBe auriied Weler BrovpseieniBrishamed tohs o

t he i mpoun r gontaini.ng a gelatively | arge angunt qf ~organic

matte t gms) i sd%g%ﬁ‘}r%%tro&k?e COBFW?% eoé.orﬁﬁaﬁ’fﬁné eéfojtgﬂlée gﬁ?\’ii Q?n@egggﬁplated

I ncl ude, sadi.k | ' ochl orite, .0zone,, hydr.ogen

per oxi de aﬁ@ per%iéore}fi%(?og@lhgioﬁée:ﬁ.lgﬁi%g%{%%@%?ﬁna?]}Yeﬁlgjloﬁd’éﬁﬁh%%ﬂ mﬁﬁgs. 6 .

concentygt i th ; : It : ng.on e

condi Ti o o 51 oguf g basaest 2l 16 e BBl i deaddR AThEIuRERGHE Sl

speci fic menetalied i60es@IlchPbf HELAC I AMiéR Q%d@f@g&?% use tzrﬁan finefded

washi ng nmethod in which the oxidizing agent 1s use any o I 'rmersi on

washi ng, a minpos¢ at aqlaneshi Byenaviidrettheimpoundshivater iddded fdlard ARkNRSHI NY
in which the oxidizing agent is supplied froma filtrate side can be

enpl oyed. |purpoee reithiod thef redeevair esieht ag avewinsing Povhesti aal apRshingthesi ng
alkaline Orhr?;(ilgﬂde?irwgte?egairlgee ?Jtun%%é itljlea (;r?arnrr;eﬁdsirgijlgr- to that described above.
15 Fig. 7 illustrates the example in which the impounded water is purified in a water
supply line for use for an intended purpose, for example, as a cooling water in a
plant. Fig. 8 illustrates the example, in which the impounded water is purified
in a water return line through which the impounded water after having been used
for an intended purpose, for example, as a cooling water in a plant is returned to
20 the reservoir.

In the practice of the method of the present invention, a washing
method similar to that described above is employed. In a case the hollow fiber
membranes are prepared from a material having a high resistance to heat such as
a polysulfone resin, the filtering performance can be recovered by performing a

25  circulation washing, a backwashing or a filtration washing with the use of a hot
or heated water of 60 to 99 °C at intervals of a predetermined time. Also, in the
practice of the method of the present invention, the hollow fiber membranes can

be washed at intervals of a predetermined time with the use of an oxidizing agent.

The use of the oxidizing agent is particularly effective as a means for recovering
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In a manner simlar to that described hereinbefore, some of nethods of
performng a circulation purification on the inpounded water in combj nEAR 208t

15 with the treatnments with ozone, activated carbon and chlorine will now
be illustrated below. a. Inpounded Water ---+ Treatnent with Ozone -
Treatnment with Activated Carbon -~ Filtration through Hollow fi ber
menbranes ---> Disinfection with Chlorine - Inpounded Water 20 b.

| npounded \Whieefilterifig Geefptimaht O df-thETHAIIoW FidRr W AMhe A HQW tﬁ% Eﬁﬁ)gﬁp%erq e -

menbranes - Treatnent with Activated Carbon - D sinfection w

| npounded Wrater eontainjrgyadedativel e arge Dirbahe6f iopPanté thartdt G5 | diired t
Filtration throggh Hol | ow fi ber n%rr%branes -~ rrpounde?j Wat er del fotlf]ee

anount of tpifiegourtieamplas eof tthebexidiziagedzéint Ghdladd alsbium Shypdehl@Reed
relative to the anpunt of the inpounded water, the quality of the ’

i mpounded valeimelyperbleritee, ozoume, viydrogem uperexide iandr pesieeti€ osdidSf OrThe
equi pnents. On.the other hand, if the anobunt of the inpounded water to be
treat ed Sby SReCHPXidizRg agentand e cecaniration dheteof torbantsedtan tbe suiablynded
water, the cost -<27> 0 3 MAR 2004 nmay decrease, but the quality of the

i mpounded vitested,idepepdingnan (the senditisac of ¢logging octerringoimtheohollow fiber

| mpounded water to be treated. circulation may _ be suitably determned in
dependence BfiMbiane dad thee ﬂi’ercéggﬂl}a‘éﬁéj shesans fox the holguc fibgr anembeanes.

| mhounded VAIT: 2aRaYBIERATPGH P MR (b PROZNEPEEY: 1 B, Ao M
T I e N R
N L R R
rorahes. ALY i he LI Lo EAROR find S5 .
si ze smal | edlkalmerot aBidromaidefert@idndPbe easidd dite
In a manner similar to that described hereinbefore, some of methods
of performing a circulation purification on the impounded water in combination
15 with the treatments with ozone, activated carbon and chlorine will now be
illustrated below.
a.  Impounded Water — Treatmnent with Ozone — Treatment with Activated
Carbon — Filtration through Hollow fiber membranes — Disinfection with
Chlorine — Impounded Water
20 b. Impounded Water — Coagulation — Filtration through Hollow fiber
membranes — Treatment with Activated Carbon — Disinfection with
Chlorine — Impounded Water
¢.  Impounded Water — Disinfection with Chlorine — Filtration through
Hollow fiber membranes — Impounded Water
25 If the amount of the impounded water to be treated by circulation is
increased relative to the amount of the impounded water, the quality of the
impounded water may increase, but will require an increased cost for equipments.

On the other hand, if the amount of the impounded water to be treated by

circulation 15 reduced relative to the amount of the impounded water, the cost
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cause of clogging in the hollow fiber nmenbranes penetrate through the
menbranes and, therefore, clogging can be suppressed to allow a highjJ MAR 2004
filtering 15 speed to be achieved and nai ntai ned. Al so, considering that
nost of the inpounded water such as water for a swinmm ng pool, water for
public baths, water for spa, water for aquarium water for tanks for
aquatic animals, a cooling water used in a plant, boiler water, water for

a pond may Mgy adRYR, NRCBRAGuality BF B’ IrhpFthded v HiCBERANE sl L

the | evel eved by'a mcro tion or trafi

may be suffAgt@dingly, HeanuERTIR '6{11%%5&&%b@ﬁreaf@d%gy%ir&ilﬁﬁén%éérose

renoved, the particle cutoff wthin the range of 1 to 10 m shoul d
little probperultablyr deteifitednigh depedideaed bﬁqh%%cﬁsew\ﬁrahﬁyra%lmmhms,ame
acceptable quality of water far nore than that achi eved by the sand
filtration.cdpgactyndftheimpbhaded eaen! theragaintt the Ishspemddd pansdle aoathikhed Way
of 25 exanples which are taken only for the purpose of illustration and
are not 5 i ninethgehpourdedi wateheansiémptheakqtuiremene fanthei quading.i on.is Exawpler, 1 A
spi nni ng dope 20 wt % of pol ysul fone (UDEL-P 1800, manufactured by and

avai | abl e ftoobe DD thatpenthe take o€ reiwimimarg pobl, she g2§rir@msntsiRive0béen
particul ar polysulfone is referred to as PSf f) , 6 wt% of ethylene glycol
(her ei naf t estipWatgdrlaglave that thejtreatiggvaapabilityifpr each day arush bei fogr Amnes/er age
particle size of 4.5 pm_ and 54 wt % of N, N-di methyl acetam de (hereinafter
referred tomgEe PR capasityof ths BeCloy the fol | owi ng procedure. Specifically,

LT 60 1o Do BRI SR B Dt BRI
s el st PARbREChSIoWERpE AR aRL: YofhdRuin Mk seriklE BB g
éEfE?EZSg?I e ofof 1 1 Wi %‘ggézﬁeé [‘fﬁﬁ'&%i}}ﬁfﬁ‘%?ﬁ}%ﬁ@%ﬁ%%ﬁ% %@gd dope
degassed s%ﬁ@gmgge °§£5wg?§e§ﬂ%¥@§8’ﬂ& F pe;ﬁ Which AR Cons e
cause of clogging in the hollow fiber membranes penetrate through the

tration region and

membranes and, therefore, clogging can be suppressed to allow a high filtering
15  speed to be achieved and maintained. Also, considering that most of the
impounded water such as water for a swimming pool, water for public baths,
water for spa, water for aquarium, water for tanks for aquatic animals, a cooling
water used in a plant, boiler water, water for a pond may not always necessarily
be purified to a level comparable with the level achieved by a microfiltration or
20  ultrafiltration region and may be sufficient if the suspended microparticles of
micron order are removed, the particle cutoff within the range of 1 to 10 pm
should pose little problem in practice and is effective to secure and maintain an
acceptable quality of water far more than that achieved by the sand filtration.
Hereinafter, the present invention will be demonstrated by way of
25 examples which are taken only for the purpose of illustration and are not
intended to limit the scope of the present invention.
Example 1
7 A spinning dope 20 wit% of polysulfone (UDEL-P1800,
manufactured by and available from AMOCO Japan, Ltd. Heremafter, this
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t he degassed spi nning dope was di scharged froma nozzle of a double ring
structure, 1.65 mmin outer dianmeter and 0.8 nmin inner dianeter, mﬁ:;ﬂ(ﬁ
15 together with the coagulating liquid containing 80 wt% of N, N-d !
formam de (hereinafter referred to as DW), 19 wt% of water and | wt % of
pol yvi nyl al cohol (PVA 205, manufactured by and avail abl e from KURARAY

CO, LTD. This particular polyvinyl alcohol is hereinafter referred to as

PVA)). Af teirtituilias Cbg\%rsbﬂ“@ﬁ'e adV aeveAdd 1 fo CMR VWS Ngandey 0 %ﬁl)aé%éai glycol

tenperature of 50 and a relative humdity of 90 % this roduced

into water (hérédflafleiéfenved! @ aeE@),C O8R! bAGIRAN oxid hﬁ'ﬁiﬁbé(n Riveydgle
hol | ow fi ber nmenbranes. The spinning speed was set to 4.5 m n.

Subsequent Iparticleesizesifl 4.5n i) cindofid Fwiserof BININ aimstHAe R emside A hevdih Aot
water of 98 C for two hours to extract DMAc, EG and "PVA therefrom 25

Ther eaf t er refareechit lao DM Ay wee poepared byette folloeviag prboeduweee Bpedificallan
aqueous sol ution heated to 60 C and containing glutaral dehyde in a

propor t Pon after ECy/hasabeens dissohved intodDMAs, phepsitica qpoveder3ag/ tniformly
cross-link t.he PVA. The _hollow fiber nenbranes were then imersed for two
hours in afisRareesidn e M pelatien by e weared admmé getigr 16 providsf a

sodi um hydr pxi de extract -<29> 0 3 MAR 7004 and_renove siljcon oxide
cont ai ned t(ﬁgf‘eé-??fi ﬁﬁ}‘@g‘,"’%ﬁi‘e""%wl&ﬁﬂwfﬂéf agddathwathddSt. welhe tesehantamizdaref or 2

rore to t et ool Bk Bomsia o) s thcyels ablyeohé Pterimminne wiive:
ronbr anes wer e FaHE CHRL BRI Siichar Shar 5Bk Wbfommld i SigeedGohis
HS%QL’/& é%@%ﬁﬁﬁnﬁq&%%@b&@u&sﬁé agfa, Zéﬁ [ nmner E!sﬁﬂ 2182 and a section
of the resultant ho%@%eﬁigﬁlﬁ% gsﬁgr@&gﬁleﬁrﬁ} mg%alﬁ%ﬁ?%"@%gn%?@%é‘s

respectively. 10 Exanpl nner simlar to except

2 PatE c;f hgou?vthg/i;méfﬁer degkessed. t Wehifdiheidpdssbanpimiing Aopk ehsBaitkdned af5h »c6 W %
the degassed spinning dope was discharged from a nozzle of a double ring
structure, 1.65 mm in outer diameter and 0.8 mm in inner diameter, at 50 °C

15 together with the coagulating liquidr containing 80 wit% of N, N-dimethyl
formamide (hereinafter referred to as DMF), 19 wt% of water and 1 wi% of
polyvinyl alcohol (PVA 205, manufactured by and available from KURARAY
CO., LTD. This particular polyvinyl alcoho! is hereinafter referred to as PVA.).
After this has been advanced 10 cm within a dry zone of a temperature of 50 °C

20  and a relative humidity of 90 %, this was introduced into water of 50 °C which
formed a coagulating bath, to thereby provide hollow fiber membranes. The
spinning speed was set to 4.5 m/min.

Subsequently, the resultant hollow fiber membranes were washed
with hot water of 98 °C for two hours to extract DMAc, EG and PVA therefrom.

25  Thereafter, the hollow fiber membranes were immersed for one hour in an
aqueous solution heated to 60 °C and containing glutaraldehyde in a proportion
of 3 g/L and sulfuric acid in a proportion of 30 g/L to cross-link the PVA. The
hollow fiber membranes were then immersed for two hours in an aqueous

solution heated to 80 °C and containing 13 wt% of sodium hydroxide to extract
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silicon oxide having an average particle size of 11 pin, 2 wt%of silicon
oxi de having an average particle size of 4.5 p in and 52 wt % of mﬁ'{hemm

hol | ow fi ber 15 nmenbranes were manufactured. The resultant hollow fi
menbranes were found to have a pure water perneate flow of 520, 000
L/ n2/hr/ 100 kPa and a particle cutoff of 5.0 p m Exanple 3 In a manner
simlar to that in Exanple 1, except that the use was 20 nade of the

op e .1 o cefibde Ulien hité KoRaifed thefeitf, *ito e Hoflgt HRE nieibiaiEs

oxi de having an average particle size

hol I ow fi bejyep@iRERRARhEE TBr TERMIRGvith Sibt Wher ro%%td benffolh@bé&\ﬁgf dN%hg at

menbranes were found to have a pure water perneate flow o

L/ n2l hr/ 10048P¢ #6id16 hoafd b€hdre b @lﬁéreﬁ%x %nﬁ)l@t@ thé hoBeFiber theisbrafies BE

hol | ow fi ber nmenbranes manufactured in anple 1, a single-open ended

nodul e havi h@ mmﬁibmtﬂy@néteﬂmmogﬁnﬁencmﬂewdidma&f ective nenbrane area

of 3.5 n2) was assenbled. Using this nodule, a filtering test was

conducted in such a Ty resultant thiollber fiber untméedred weatee founthite thawesa guré ver

-<30> 0 3 MAR 2004 water which had beeg coagul at ed, sedi nmented,
sand-fi | t er waterperoieate flow efd] 35,00 by/mi /rhg/lé)ﬁ IBat ared pipapsie lcm)ﬁoﬁaﬁlpement
filtering systemunder operating conditions as tabulated in Table 1. The
filtering sﬁé@drqnagngmnh@tqﬁmhmh@wng/vag owigr tSupkase,oAn nngbrersurfn@m anea
filtering speed for the standard separation 5 menbrane. For_ co S

pur pose, usbéfdiamet thy resultanthollon Haberrmemhrangsagre &lwwfhlrEfé&ﬁprz a%‘iéept
having a particle cutoff of 0.1 R mand a pure water perneate flow of
2,400 L/ ng/ FFFSPEB%VéFf‘a asimlar filtering test was conducted to study
transiti f th nt er menbrane pressure differential. Results of these
f||ter|Hg E i 2 shown in Fig. 5. lo Table | Particle Filtering

In a manner similar to that in Example 1, except that the use was
made of the spinning dope containing 20 wt% of PSf, 6 wt% of EG, 20 wt% of
silicon oxide having an average particle size of 11 pm, 2 wt% of silicon oxide
h-aving an average particle size of 4.5 pm and 52 wt% of DMAc, the hollow fiber

15 membranes were manufactured. The resultant hollow fiber membranes were
found to have a pure water permeate flow of 520,000 L/m*/h1/100 kPa and a
particle cutoff of 5.0 pm,

Example 3

In a manner similar to that in Example 1, except that the use was

20 made of the spinning dope containing 20 wt% of PSf, 4 wt% of EG, 14 wt% of
silicon oxide having an average particle size of 1.5 pm, and 62 wt% of DMF, the
hollow fiber membranes were manufactured. The resultant hollow fiber
membranes were found to have a pure water permeate flow of 39,000
L/m*/h1/100 kPa and a particle cutoff of 1.2 pm.

25  Example 4

Using the hollow fiber membranes manufactured in Example 1, a
single-open ended module having an effective length of 50 cm (with effective
membrane area of 3.5 m®) was assembled. Using this module, a filtering test

was conducted in such a way as to filter an untreated water, which was a river
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Filtered Backwashi ng Backwashi ng Cut of f Fl owf or Met hodTi ne

Separ ati onBackwashi ng Menbrane2.4 n2430 mn.with Airl min, in Exm

4nB/ n2/ d( 0.2 MPa) Separati onBackwashi ng Menbrane0. 1n2430 nin.with F0B{WBZEH
mn. In Conp.n8/n2/d(0.2 MPa) As shown in Fig. 5, wth the separation
menbrane having a particle cutoff of 0.1 g in, increase of the

I ntermenbrane pressure differential (reduction in flow rate) occurred in

bout th ;S filfel
about t hr eewdéySwhidh ®aat bast cgﬂgﬂ%ﬂ, séiierdtbg Baid ﬁWFIé(f)%ngrgiﬁgH&g{%&S

having a particle cutoff of 2. m no Increase In interne

pressure di fdcordingi ah m-b%s%ﬂzab%@mﬁ&n%ﬁ?rﬁl?érg? ggﬁ’(l@léf ﬁdﬁp%ﬁ%ﬁ%t 't

has been found that an extrenely stabl'e filtrati be car

Exanpl es 5 tanditibiss ag tabdated! ihoPubilé Her TirBilrAas spRed ARt 24 o /ind/@wiRder
simlar to that in Exanple 1, surface water of a' river having a turbidity
of 15 to 29wag(enegmessomhighes etlamsthanfiltetingaspedd Wk etheaténd@d §epRadtash
under the followi ng conditions. Tests were conducted to neasure the
filteriy spemdware. whoxeompatsorepEpobe,iusing teskollew diticr anembiales Ganilar
transit at a rate equal to or lower than 0.01 MPa when the untreated water
had been t rigaitedxgpmle nLisueept hawing avpeiticle Resgfotfi 0d pesahtisa gfure heateest s
are shown in Table 2. Althou:_lh the filtering flow --<31.7 0 3 MAR 1004 5
exhi bi t ed bRt EPoN 2,488 L/mefn/100ckPajiaf sinviker ddiesmg) tast was comductechtad of
treatnment, th ual ity of tH_lhe. filtered water coul d be obtained stably.
Exanpl e 5: iﬁHﬁ)’ gnsifien, of r the  intgrmemnbrang nprepyuse ofiffiasentialy  Rissultsrofithastes.

Exanpl e 6: M%E:lriﬁgie%gs avr\acts?l%wh iICﬁ_alE‘ug'at lon -j Filtration through

10 Table 1

Particle Filtering | Filtered | Backwashing | Backwashing
Cutoff Flow for Method Time

Separation Backwashing

Membrane 24pm 24 30 min. with Air 1 min.

in Exm. 4 m’/m*/d (0.2 MPa)

Separation Backwashing

Membrane 0.1pm 24 30 min. | with Filtrate 1 min.

In Comp. m’/m°/d (0.2 MPa)

As shown in Fig. 5, with the separation membrane having a particle cutoff
of 0.1 pm, increase of the intermembrane pressure differential (reduction in flow
rate) occwired in about three days. In contrast thereto, with the hollow fiber
membranes having a particle cutoff of 2.4 pm, no increase in intermembrane

15 pressure differential was barely observed even after about 1 months and it has
been found that an extremely stable filtration could be carried out.
Examples 5 to 9
Using the hollow fiber membranes manufactured in a manner similar
to that in Example 1, surface water of a river having a turbidity of 15 to 29
20 degrees was used as an untreated water and was treated under the following
conditions. Tests were conducted to measure the filtering speeds at which
increase of the pressure differential can transit at a rate equal to or lower than
0.01 MPa when the untreated water had been treated continuously for a week.

Respective results of the tests are shown in Table 2. Although the filtering flow
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Hol | ow fi ber nmenbranes. Exanple 7: Untreated Water -4 Coagul ation ---~
Sedinentation --a Filtration through Hollow fiber nenbranes. Exanpl%3§AR2W4
Untreated Water -* Coagulation --)- Sedinentation Rapid Sand Filtration -
Filtration through Holl ow fiber 10 nenbranes. Exanple 9: Untreated Water -
Coagul ation --> Rapid Sand Filtration Filtration through Hollow fiber
menbranes. Table 2 Separation Menbrane Average Turbidity Filtering Flow

L BT e ) 08 ol i od IR

Xm : . rer T

havi ng. ak°e?P§&%@b@%@bE°%ﬁe@?%%?2"9“&9%9%@?2’%;%%@%@ﬁ%’ﬁi’eﬁef area of 7
: wWas

a1 od by erRplyS: Ot Wakr P A RS BRHSTRBE et ™

fol | owi ng oBRERDI&S: Cmﬂféakézr'waterm»gigég%gﬁﬁ&{ ih%ilfﬁ%ﬁbﬁtﬁf hown in Fig.

9. Treatnent Flow. Pool - Injection I um hypochlorite .6 ng/L) --*

Pre-filtgation (Partildlow ¢ibePidemth@ie M -+ Filtration through Hol | ow
fi ber nmenbranes - Pool. -<32> 0 3 MAR 2004 Operating Conditions:

Example 7. Untreated Water -~ Coagulation — Sedimentation —
Filtration through Hollow fiber membranes.
Example 8: Untreated Water — Coagulation — Sedimentation —
Rapid Sand Filtration —  Filtration through Hollow fiber
10 membranes.
Example 9: Untreated Water — Coagulation — Rapid Sand Filtration —
Filtration through Hollow fiber membranes.

Table 2
Separation Membrane Average Turbidity
Filtering Flow (n’/m%/d) of
Untreated Water
Exm. 5 8 0.2
Exm. 6 20 0.1
Exm. 7 24 0.1
Exm. 8 36 0.1
Exm. 9 36 0.1
Example 10
15 Using the hollow filter manufactured in a manner similar to that in

Example 1, and using 19 single-open ended modules each having an effective

length of 97 cm (with effective membrane area of 7 m®), water of a heated

swimming pool having an impoundment of 360 m’ was purified by circulation

according to the following flows under the following operating conditions.
20  Results of the tests are shown in Fig. 9.

Treatment Flow:

Pool — Injection of sodium hypochlorite (0.6 mg/L) — Pre-filtration (Particle

cutoff: 100 pm) — Filtration through Hollow fiber membranes — Pool.
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Filtering System Extra-pressurized Conplenent Filtering System (Constant
Flow Filtration) Filtering Flow 100 n8/hr (750 L/(n2 - hr)) 5

Backwashi ng: Backwashing with Air (Backwashing Pressure: 0.17 MPa) 03 MAR 2004
Backwashi ng Tinme: 30 seconds Backwashing Cycle: At intervals of 15 m nutes
(However, Backwash drainage was at intervals of 3 hours.) Conparisons 1
and 2 10 As for Conparison 1, the hollow fiber nenbranes were prepared by

t he use of,gggrﬁnggg{gg(gﬁgngateri al (content of PVA: 2 W%, polysulfone

whi ch had en t wih PVA to inpart a hydrophilic property thereto.

The  resul t Pileri@l $y2¢h! lﬁ{udlﬁfggglﬁ@%gcﬁ@gh?&%g%tm&ﬂngut er dianeter and 0.6

mmin inner diamnet'er and had" a par p mand a pure water

permeate 15 flow of 2, 4QQstmRChHEAAOPIPRIlS oA e Ot her hand, as for
Comparison 2, the hollow fi ber nenbranes were priepared by the use of, as a

nmenbrane material (contemiltefing¥hsw2] 08 %3/111'(99‘))15({{1*%?) whi ch had been
treated with PVA to inpart a hydrophilic property thereto. The resultant

hol | ow fsi beBactowistangs waBakivashi wmmgBaﬂtwamﬁﬂg PZéssand 001 BMPR)i n i nner
di aneter and had a particle cutoff of 0.85 Amand a pure water perneate

flow of 22,000 L/n2/ hr/ 1@ackRashifigelined: 130vsetohds nenbranes according to
these Conparisons | and 2 were tested in a manner simlar to that in
Exanpl e 10 to purify the BaskwashingrCysle: ciAtdnteavalsof d6animditesg( Hoveves, | ows
under the operating conditions as set forth in 25 Exanple 10. It is,
however, to be noted thatB@kﬁ@éhtdh@Hh@maﬂlﬁeﬂa&ﬁemngnw-) according to
Conpari son cannot b bgckwashed with air, the filtrate backwashi ng and
t he bubbl i néoﬁli’@k\ﬁﬂ%%ﬁ]ﬁ@ Were used in combination to backwash the hol | ow

1 ver TRgbrancs accordhag Lo, bRl Sor b SHL s Sl iaS Sels & e o

pressure di ﬁ]fee&s%n(gfi 35 a membrane material (content of PVA: 2 wt%), polysulfone which
had been treated with PVA to impart a hydrophilic property thereto. The
resultant hollow fiber membranes were 1.0 mm in outer diameter and 0.6 mm in
inner diameter and had a particle cutoff of 0.1 um and a pure water permeate

15 flow of 2,400 L/m*/h1/100 kPa.

On the other hand, as for Comparison 2, the hollow fiber membranes
were prepared by the use of, as 2 membrane material (content of PVA: 2 wt%),
polysulfone which had been treated with PVA to impart a hydrophilic property
thereto. The resultant hollow fiber membranes were 1.3 mm in outer diameter

20 and 0.8 mm in inner diameter and had a particle cutoff of 0.85 pm and a pure
water permeate flow of 22,000 L/m*/hr/100 kPa.

The hollow fiber membranes according to these Comparisons 1 and 2
were tested 1n a manner similar to that in Example 10 to purify the pool water by
circulation according to the flows under the operating conditions as set forth in

25  Example 10. It is, however, to be noted that since the hollow fiber membranes
according to Comparison 1 cannot be backwashed with air, the filtrate
backwashing and the bubbling backwashing were used in combination to
backwash the hollow fiber membranes according to Comparison 1.

Results of the tests are shown in Fig. 9.
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resulting fromclogging occurred in the hollow fiber nenbranes in
Conparisons 1 and 2 in one to seven days subsequent to the start Ofﬂ(ﬂtﬁﬁ?
purification by circulation, no increase of the pressure differenti 2004
occurred in the hollow fiber 5 nmenbranes in Exanple 10 even two nonths
subsequent to the start of the purification by circulation and, thus, the
pool water could be treated stably. Using the pool water, FlI (Fouling

Index) of the water Ay Ishewad ibYFighed, RHileowdrbQr ofefier ' npl e
10 was neasured. For corrparison,vg the FI of trhe vvgt effﬁéf ?ryi%glruleé;%t ‘?@Hgﬁlﬁ

filtration nesahing fromt eogging etziugdanftht helloRofibér ARbIThAds MATbRAYafsons
pre-coated | ayer of diatomte (RADI OLITE (trade mark) 4600, nanufactured

by and avail ahiderhnnnSl—ﬂ/\@e\@dEﬁ’h@NsubWSiﬁRYo @hd , starlt o the PagificagorPiby
neasurenent are shown in Table 3 below. The FI value of the filtrate from

t he hol | ow dir@ydations o amersasesefithienpiEssurp| difféfentiab otowned i the hollowefibéhan
that of the filtrate fromthe filtration with a filter aid, indicating that
15 t he Wat éﬂeqlbéﬁlﬂqsyﬂbeXﬂ%plﬁi 19 reatee fwormohthshsibisequéntbty the sbartirdsthen
Exanmpl e 10 excel l ent. Table 3 MethodFl of Pool WaterFl of Filtrate
Filtration R‘\ﬁ?ﬁﬁ?ﬁw Fisghlation and rhys, thewmeet water qould baticatedvitatlya filter

ol ysul fone. 20 i fiRe oo VAt B RmEraAerhof dhmater Hiered thec
G anet ot anI5S TR, Rembighes Whed Bt ExTIRE Fvasgmsanited cFer cOMBRTSOR, 3. o
Sl o- opert o gt A6 lts, BeRAr BRoudh Aldion Srithdk hler 2 vaipk o Mfprine " °
Cover (Cmporagaan eVt e coflid tavhe S8 Y MOt REAPTOLYEE doigle iR 608,
accordi ng t@ahiiRicEREDBY SRAVYVAilALIE Bonf SHOWA (PREMIC RV DIDOREFRY OO
LTD.). Results of measurement are shown in Table 3 below. The FI value of
the filtrate from the hollow fiber membranes used in Example 10 was found to be
lower than that of the filtrate from the filtration with a filter aid, indicating that
15 the water quality of the filtrate from the hollow fiber membranes in Example 10

was excellent.

Table 3
Method FI of Pool Water | FI of Filtrate
Filtration through Hollow 3.5
Fiber Membranes 6.3
Filtration with a filter aid 4.1
Example 11

Using as a membrane material (content of PVA: 2 wt%) polysulfone

20 which had been treated with PVA to impart a hydrophilic property thereto, using
hollow fiber membranes of 1.3 mm in outer diameter and 0.8 mm in inner
diameter and having a particle cutoff of 3.8 um and a aquapura permeating speed

of 320,000 L/m*/h1/100 kPa, and using a single-open ended module having an
effective length of 20 cm (with effective membrane area of 1 m?), a coolant water

25 used in a cooling tower (Impoundment: 8 m’) was purified by circulation
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conditions. Filtering System Extra-pressurized Conplenent Filtering

System (Constant Flow Filtration) 5 Filtering Flow 1 nB/ hr (750 L/(;@ AR 7004
hr)) Backwashi ng: Backwashing with Air (Backwashing Pressure: 0.17 ﬁ
Backwashi ng Tinme: 30 seconds Backwashing Cycle: At intervals of 30 m nutes
Suppl enented Water: Industrial Water (Turbidity: 2 to 5 degrees) 10 Data on
the internmenbrane pressure differential and the quality of the treated

wat er at t hgcdoidinigakot tHee métHo@NShdWht fh qfig.ers tder ! fel feg?\gvgif‘grﬁgﬁmus

treatment are shown in Table 4 below. Table 4 Pres. Turbi

Days Passedéwyrdiiogsiti al (degree) Fl ow (100 kPa) (n8/ n2/d) Initial0.103.51.0
70.171.31.0 200.19< 11.0 300.20< 11.0 Exanple 12 and Conparison 3 15 Using
t he hol | ow Filteemgrystemn dxtraprisaatizadComplémanFiftefinga  si ngl e- open ended
nodul e having an effective length of 30 cm(with effective nenbrane area
of 1.8 nR2) was assenbl ed.SySham [{6bhstanf Floev Fitaatioane nodul e used in Exanpl e
12 has the filtered water_discharge por t 13 positjioned downwards as shown
in Fig. 51, but the hol | oWilteheg Fhewdrmiér (a3uL4Amfshr))i n 20 Conparison 3 has
the filtered water .discharge port 13 positioned upwards. These hol |l ow

fiber menbrBackwedungs wdiackmeashing withekir {Backwashang Reessurn@i 17 dRa)as t o

the filtering capacity using 500 nmg/L of kaolin as an untreated
g cap y ac washmrg‘]l'lme: 30 seconds

Backwashing Cycle: At intervals of 30 minutes

Supplemented Water: Industrial Water (Turbidity: 2 to 5 degrees)
10 Data on the intermembrane pressure differential and the quality of the
treated water at the initial time and one month after the start of the continuous

treatment are shown in Table 4 below.

Table 4
Pres. Turbidity Treatment
Days Passed | Differential (degree) Flow

(100 kPa) | (m’m%d)

Initial 0.10 3.5 1.0

7 0.17 1.3 1.0

20 0.19 <] 1.0

30 0.20 <1 1.0

Example 12 and Comparison 3

15 Using the hollow fiber membranes manufactured in Example 1, a
single-open ended module having an effective length of 30 cm (with effective
membrane area of 1.8 m?) was assembled. The hollow fiber membrane module
used in Example 12 has the filtered water discharge port 13 positioned
downwards as shown in Fig. 1, but the hollow fiber membrane module used in

20 Comparison 3 has the filtered water discharge port 13 positioned upwards.
These hollow fiber membrane modules were tested under the following
conditions as to the filtering capacity using 500 mg/L of kaolin as an untreated
water and a closed fluid circuit 1n which filtrate and backwashing water are

returned to an untreated water tank.
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water and a closed fluid circuit in which filtrate and backwashi ng water
are returned to an untreated water tank. -<35> 0 3 MAR 2004 Untre ﬁ 20
Water: 500 ng/L of kaolin Filtering Flow. 1 nB/ne/hr Backwashi ng gtrﬁ AeR g{t
intervals of 30 m nutes Backwashi ng Met hod: Backwashing with Air (Ar
Pressure: 1 kg/cnR) 5 Backwashing Tinme: 10 seconds After the hollow fiber
menbr ane nodul es had been tested continuously for a week, the holl ow fiber

menbr anes vwEhaeadowattrout of0d ﬁ%/qufq(%%ﬁnfl uid circuits and conditions of
deposit of suspended particles were examned. As a result, a relatively

| ar ge anmounFilteringhBosuspendet npant/hel es were 10 deposited in the vicinity
of the bonding resin block in the hollow fiber nenbrane nodule used in
Conpar i son Backwiasteag Gwelsuspeimedataof 3€hiini@s al nost  deposited in the
hol | ow fi ber nenbrane nodul e used in Exanple 12. The present invention has
been ful | y Baekwashing MetbhodnBatkveashing Wwithhair (HiePegssat: ¢riggemfient s t her eof
with reference to _the acconpanying drawi ngs 15 which are used only for the
pur pose Sof Batkyeshing damet hob@sedondsed in the art will readily conceive
numer ous changes and podifications within the franework of obvi ousness
upon the reading of Af&r shecitiolloat i Hivenemambianesemdidens hathe bpews tested
i nvention. Accordi ngly, such changes and nodifications are, unless they
depar t fro?ﬁnctﬂ’é’oé‘ég’pé’ro? waek, HieeBelew hbemmicatbraresqwere, wmovad om ofighe
nstrued as i.ncluded therein.. 0 3 MAR

TR S LR e A N R RN

per el oL W fpea AL SHI 505 AR FuBBD e SHSHL bt e
e, 20000 1 S YRR RS et

and the pur@olaleusb8’ #E X dinpdrB¥n 3, whereas no suspended particle was almost

deposited in the hollow fiber membrane module used in Example 12.

The present invention has been fully described in connection with the

preferred embodiments thereof with reference to the accompanying drawings

15 which are used only for the purpose of illustration, those skilled in the art will

readily conceive numerous changes and modifications within the framework of

obviousness upon the reading of the specification herein presented of the present

invention.  Accordingly, such changes and modifications are, unless they depart

from the scope of the present invention as delivered from the claims annexed

20 hereto, to be construed as included therein.
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I's equal to or higher than 100,000 L/ n2/hr/100 kPa. 3. The porous hol | ow
fi ber nmenbrane as defined in Claiml1l, wherein the porous holl ow fi%ﬂMR 2004
menbrane i s made of a polysulfone material. 4. The porous holl ow fi
menbrane as defined in daim3, wherein the porous hollow fiber nenbrane
I s made of a polysulfone material containing 1 to 10 wt% of a hydrophilic
polymer. 5. The porous hollow fiber menbrane as defined in Caim4, wherein
t he hydr ophj] gﬁ Hﬁq@d L.s a pol yvinyl al cohol polyner. 6. A method of

0 Bi

maki ng a porous |ber menbrane, characterized by conprising the

t f. I : al f
?o?%’sng t\r,:gl pgrgu: OPPOW fi elr E@reglnglgexg%@ dll&%gﬁ;e%ﬁpgﬁﬁﬁw 2 o
facilitati ithatadtBiasdl by iy bGParfitlel ARoAPRARIMhPRGe 6 $b VR nf P! Dl e

wi th both the base polyrrer Itive an m croparticles
i nsol ubl e tpurkheatePpBrAidat ﬁo&péqéﬂmto oﬁnfgﬂéflﬂ{e&rm B0g L 3RémeAdoikpaa | i quid

medi um and "havi ng an average particle size wthin the range of | to 20 p

in, and a chagul ati MhelposonshdBow! fitier membitmehal defied i @mﬁmmmh&eﬁxth%
used forming the hollow fiber nenbrane according to a dry-wet spinning

met hod or gparaitlesqitoffiingvittah thel rargedofeX to dgirmnadahd puesrnitditperiRate flow
m croparticles by imersing the hollow f| ber nmenbrane, which has been

spun, i nto iacqeak toaerthighers t1061008f /¥ EDQ kPali ssol ve  t he
m croparticles, but_ineffective to dissolve the base polynmer. 7. The nethod
of making the porouJ ncpqr@ws fioblew fibeh memebrase dsf defened im Chiigi h evhentiar ei n

the spinning dope is in the formof a unifqQrm.spinning -<37> 0 3 MAR
2004 dope ﬁeaomsp%l QW diber mapbrane wherds ety Ralpsultons rp@teylﬁbr, t he

2ddi tive ark dissol Veﬂ%ﬂﬁgi"ﬁ# b Gbst sibaRe SoAaEEd B THEL PIFTER | he
E“oﬂﬁb’fﬁhetbles UPERERSE Tioeh SndiuBRBe 1S e 'ﬁgv”qliéulﬁoﬁfeb' TR FomariBed
nmenbr ane astl Wy I@%(#(@yncfgpol li._EI n the mcroparticles are

m croparticles
The porous hollow fiber membrane as defined in Claim 4, wherein

the hydrophilic polymer is a polyvinylalcohol polymer.
6. A method of making a porous hollow fiber membrane, characterized
by comprising the steps of:

while a spinning dope containing a base polymer as a material for forming
the porous hollow fiber membrane, an additive used for facilitating a phase
separation of the spinning dope, a solvent compatible with both the base polymer
and the additive and a mass of microparticles insoluble to the compatible solvent
and uniformly dispersed in a liquid medium and having an average particle size
within the range of 1 to 20 pm, and a coagulating liquid for forming the hollow
fiber membrane is used, forming the hollow fiber membrane according to a
dry-wet spinning method or a wet spinning method; and

extracting and removing the microparticles by immersing the hollow fiber
membrane, which has been spun, into an extracting solution effective to dissolve
the microparticles, but ineffective to dissolve the base polymer.
7. The method of making the porous hollow fiber membrane as defined

in Claim 6, wherein the spinning dope is used in the form of a uniform spinning
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9. The nethod of naking the porous hollow fiber nmenbrane as defined in
Claim®6, wherein the coagulating liquid for form ng the hollow fi ber
menbrane is a solution containing 1 to 10 wt% of a pol yvinyl al cohol {3 MAR 265
porous hol |l ow fi ber nmenbrane nodul e which conprises: a plurality of porous
hol | ow fi ber nmenbranes each manufactured as set forth in Claim1l, each of
the porous holl ow fi ber nmenbranes having an effective I|ength not greater

: LI fi ) bei
222%3}? R S R A Husr R sy
| d | TS g
i on of 1 R arale 18 bBlvE FasERIR et AR IR, Bheobhd, PhRe

upper regi ogepatatidie tdkey Plack, V& NaddifoAFULe ﬁlﬁrgﬁ%éjgﬁf'esse%fppéﬁsﬁy}tﬁé) %ngem 1

usi ng porous hol |l ow fiber menbranes nanufacture

for prepar i qigasation fof dre®lepifhing T hE HEHbROHLGANPHbIGR. @ step of filtering
an untreated water froma water ‘source through the porous hollow fiber

menbranes. 82. A neflhednethodséf@aki Yord@d heMow! fsér MBmpraAlead A&
manuf actured as set forth in Claim1I10 for preparing a purified water, which

met hod conpini Glasmed, svlegrent theirhicespartichks avnimiewipaioled 6f silit@iorideat er source
t hrough the porous holl ow fiber nenbrane nodule. 13. A nmethod of using
porous hol IBw fi ber Thermethodsofmakingctherpeaous hoBew filsertheinbratieaisd dfifedr
preparing a purified water, which nethod conprises a -<38> 0 3 MAR 2004
step of coa§ul(daimgbanvheremedhedcoagudating diquad ware fosnimge ¢hen halleaw fiber
coagul ating agent and step of .subsequently filtering the water through
the por ous HEMUWHE 1S hE¢uharsPRIRERING 1410 10 %%mfcﬂ polyvinyd @leohobr ous hol | ow
2 purif1ed Wter: w Bprouongy Bk feations Dodleomhiduumaniy an
untreated wat eraf]glﬁrnﬁlﬁym@{t l%ro%%uﬁ&?ow fiber membranes each manufactured as set
forth in Claim 1, each of the porous hollow fiber membranes having an effective
length not greater than 50 cm, each or a block of the porous hollow fiber
membranes being sealed at one end thereof’
a housing;
a protective casing; and
a bonding resin block accommodated within the housing and positioned at
a lower end region of the housing while an end sealing region is positioned in an
upper region of the housing when the module is in use.
11. A method of using porous hollow fiber membranes manufactured as
set forth in Claim 1 for preparing a purified water, which method comprises a
step of filtering an untreated water from a water source through the porous
hollow fiber membranes.
12, A method of using a porous hollow fiber membrane module
manufactured as set forth in Claim 10 for preparing a purified water, which
method comprises a step of filtering an untreated water from a water source
through the porous hollow fiber membrane module.
13. A method of using porous hollow fiber membranes manufactured as

set forth in Claim 1 for preparing a purified water, which method comprises a
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wi th a coagul ati ng agent and a step of subsequently filtering the water
t hrough the porous holl ow fi ber nmenbrane nodule. 15. A nethod of usig[gMAR 2004
porous hol |l ow fi ber nenbranes manufactured as set forth in aiml for
preparing a purified water, which nmethod conprises a step of coagul ating
an untreated water froma water source with a coagulating agent, a step of
subsequently subjecting the water to a sedinentation or a pressurized

Step of fmattEy ot FeiesSdtiic RS fhEatet” RA GRoh vtrie’ SoubRrue EMEWARE have
using 5 por e Btk BESuRARERY SHhHle b2 hliF IRt B e crenls FRNION | 1

Caim10 fofpef SRMHAResd Purified water, which nethod conprises a step of
coagul ating an untreated water froma water source wth a coagulating

agent, a st of subsge Y, qm@ct' ' tati or a
pressuri zedf?'l oat at il}%nﬂitéfﬁggadt ﬁ%iflt t s%agg?ljgpg Qﬁgﬁgnﬁg? B%rﬁﬁ%rgﬁgsﬂpf@% t he

wat er, and maghfRnaledf ik tigrd t t : el gt S ded

particles have been se%gglﬁg?lg%ﬁtﬁ tlﬁrg{}gﬁ ?ﬁeﬁgo@gﬂg%ﬂ ggvhﬁigge‘?aeﬁe%?%e

modul e. 17. méthoel bempeitesiaisted OPLossuliivng aw untlRafedwERE 3RaE dRANraeuwed as
set forth in Claiml for preparing a purified water, which nethod conprises

a step of withgulcehgulgting algahteﬂdadstap&ﬂrsubsalgieﬁtlyﬂﬁl@éﬁrﬁg)tlfeCWaYhirtthr(mgh
coagul ating agent, a step of subsequently subjecting the water to a

sedi ment at | & puroaus hplewdibdraeembtaetrmodale. t r eat nent t o separate suspended
particles fromthe water, a step of finally filtering the water, from

whi ch the sli&pended Aanethed of usingporms lolRDwiiker atembimapes mamifadtareduash a
sand filter, %nd a step of filtering the sand-filtered water through the
porous hol | 3t forbein (4t dnfos prepanng gepwdiiedwater mdueh poetbod domiprisgsta ber
menbr ane nodul e manuiactured as set forth in Claim10 for, preparing, a

puri fi ed wat'€P,OfuFRagHIatRg AR AntsAtsd water framep Vertercsoiae With @ eonguatingat ed
vt or 1 om Bt S SRR Sundh eyt SO e SRR i kBl
treatment g9 SGRUAN BoftdfiBi A& ment to separate suspended particles from the water,
and a step of finally filtering the water, from which the suspended particles have
been separated, through the porous hollow fiber membranes.
16. A method of using a porous hollow fiber membrane module
manufactured as set forth in Claim 10 for preparing a purified water, which
method comprises a step of coagulating an untreated water from a water source
with a coagulating agent, a step of subsequently subjecting the water to a
sedimentation or a pressurized floatation treatment to separate suspended
particles from the water, and a step of finally filtering the water, from which the
suspended particles have been separated, through the porous hollow fiber
membrane module.
17. A method of using porous hollow fiber membranes manufactured as
set forth in Claim 1 for preparing a purified water, which method comprises a
step of coagulating an untreated water from a water source with a coagulating
agent, a step of subsequently subjecting the water to a sedimentation or a
pressurized floatation treatment to separate suspended particles from the water, a

step of finally filtering the water, from which the suspended particles have been
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particles fromthe water, a step of filtering the water, from which the
suspended particles have been separated, through a sand filter, anﬁ EMﬁt%F
of finally filtering the sand-filtered water through the porous ho i 200
fi ber nmenbrane nodule. 19. A nmethod of using porous hollow fiber nenbranes
manuf actured as set forth in Caim1l for preparing a purified water, which
nmet hod conprises a step of filtering an untreated water froma water

source thr ;%é?ﬁ:a’%e&,aﬂﬂofl bl e Sarl flted ﬁi@ﬁoﬁ?%%v%d{bﬁ ?%Ig?gl the sBﬁJl-tfﬁ{eirélg “} A}\&

sand-filte wat er thr'ough the porous menbranes.

nmet hod of Ui tHeydruas hellbavfideriRémpRies ane nodul e nmanufactured as set
forth in daim10 for preparing a purified water, which nethod conprises a

step of fill®ring am upletital esf WRim 4 rpyroas VBSIEEwS Fibet emebibrad® PnddaRNd
filter and a step of subsequently filtering the sand-filtered water

t hrough t hempnufacsured! asowet fdreh ine@haiang0 fod yrep aApnETied twafer, Usihich
porous hol |l ow fi ber nmenbranes manufactured as set forth in Cdaim1l for

preparing ampthud cendpmstsea stephof boamditarp awmmtieatesl wates tfepmaf wategiohiedd Ng
an untreated water froma water source, a step of subsequently filtering
t he treat edwillit 8r ceagudating agenhoa fatep ef, subsdquentlyepubjecting| ther watert be a
sand-filtered water, through the porous hollow fiber nmenbranes. 22. A nethod
of using a FFEUBEBIAHEN OF Bi Pegsswirash dleatatbonul weatmentif toc tsepateissuspendest t h
in Claim210 for, preparing a purifie ter, which pethod. conprises a step
of coagul atPHGcles ﬁ%t“r@&t‘@@e&/aﬁ étﬁpffﬂ.ofﬁ%’dl%ﬁ@r watsty Bem whechsthepsuspendeds ep
of subsequently.filtering the tr ed water through,a sand_filter, and a
step of fiH’Etrgﬁeﬁg}‘atvﬁeb@grﬁpﬂaitt?cﬁSﬁ@“&g/ﬁ%?aﬂ@rﬁg%%I'Eii?eStBBPgﬁJléla YIRS ber
menbr anes. DA of _usin rous hol |.ow fid.ber nmenbranes,as descri bed
in Caim 1&%05@8';@%%?&th %‘ﬂ?‘?&“o Rﬁé?‘ésrof,m@?}‘fv SERHB apﬁﬂ{lﬂ%‘ﬁecorrpri ses
a step of bj ecti . I f real t

Py ). Iﬁélﬁ?%gﬁ%ngpgfousqﬁ?fové) e m&ﬁﬁﬁglpg ﬁ%ﬁ&ﬁedaﬁ or

activated carbon treéatnen ori-ne treatment €l
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preparing asteprofffilesting@h® intrehiedvaRE ROt hWitBeEource through a sand filter and
a step of subsequently filtering the sand-filtered water through the porous hollow
fiber membranes.
20. A method of using a porous hollow fiber membrane module
manufactured as set forth in Claim 10 for preparing a purified water, which
method comprises a step of filtering an untreated water from a water source
through a sand filter and a step of subsequently filtering the sand-filtered water
through the porous hollow fiber membrane module.
21 A method of using porous hollow fiber membranes manufactured as
set forth in Claim 1 for preparing a purified water, which method comprises a
step of coagulating an untreated water from a water source, a step of
subsequently filtering the treated water through a sand filter, and a step of
filtering the sand-filtered water through the porous hollow fiber membranes.
22. A method of using a porous hollow fiber membrane module
manufactured as set forth in Claim 10 for preparing a purified water, which

method comprises a step of coagulating an untreated water from a water source, a
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conprises a step of subjecting the water to at | east one of ozone

treat nent,

activated carbon treatnent and chlorine treatnent eit hﬁﬂ&ﬁ'ﬂg%ﬁ

or after the filtration through the porous hollow fiber nmenbrane
25. A nethod of using porous hollow fiber menbranes nmanufactured as set

forth in Claim2ll, wherein the purified water

I's prepared by backwashi ng

separation nenbranes at intervals of a predetermned tinme with use of a
gaseous ' f [ I [ Iof

gaseous  TeSE siBsccheil Tkl e RS h Ul DR, BRIRHACOL
i s prepar edfiRyrin® A yRRIDE RErcASPALAHISH GHo8S h%llownﬁﬁége‘&flﬁ%ngﬁ%}e@.usi g

predetermned tine with use of a gaseous dium 27. A'm (
porous hol 123v fi ber Apithaded weind fpaeéuy RENGS fiS& meditirAindshaCdaidribed in

wherein the purified water is prepared by backwashi ng separation nenbranes

at interval Gladn Bfor papasngiaywdifi¢drovatdr! Whithemethod fuether WBiniised aatep of
tenperature not lower than 60 C. 28. A nethod of using a porous hol |l ow

fi ber menbrartgectomyithe watentd acleasteheard ozone tieatrhentnadiwited darbonhraanent he
purified water is prepared by backwashing separation nenbranes at

i nt erval s oind chlaguret treatment cither bifote oxaftenftha hlteatioat through dhe @opeusat ur e

not | ower than 60 C.

hollow fiber membranes.

24. A method of using a porous hollow fiber membrane module as
described in Claim 10 for preparing a purified water, which method further
comprises a step of subjecting the water to at least one of ozone treatment,
activated carbon treatment and chlorine treatment either before or after the
filtration through the porous hollow fiber membrane module.

25. A method of using porous hollow fiber membranes manufactured as
set forth in Claim 11, wherein the purified water is prepared by backwashing
separation membranes at intervals of a predetermined time with use of a gaseous
medium,

26. A method of using a porous hollow fiber membrane module
manufactured as set forth in Claim 12, wherein the purified water is prepared by
backwashing separation membranes at intervals of a predetermined time with use
of a gaseous medium.

27. A method of using porous hollow fiber membranes manufactured as
set forth in Claim 11, wherein the purified water is prepared by backwashing
separation membranes at intervals of a predetermined time with use of a hot
water of a temperature not lower than 60 °C.

28. A method of using a porous hollow fiber membrane module
manufactured as set forth in Claim 12, wherein the purified water is prepared by
backwashing separation membranes at intervals of a predetermined time with use

of a hot water of a temperature not lower than 60 °C.
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