HOLLOW FI BER POROUS MEMBRANE AND METHOD OF FI BRI CATI NG
THE SAME Technical Field of the Innovation [0001] The
present invention relates to highly strengthened
ﬁﬂ}lqﬁﬁéiﬁgégnenbranes and net hods for fabricating
LGN FUER EQRONS WEMBRANE AND METHID IF FIBRICGATING
fi ber nmenbranes have been nmainly used in various
fields of filtration anWHESAMIEI on processes. [0003]
One known nethod for fabricating of hollow fiber
menbranes is the phase inversion technique that
i ncludes the follow ng processes: (i) preparing a
pol ynmeric dope (’Fec_ﬁﬁicﬁﬂl?féﬁl Wh‘étlhﬁ&alfﬁ)‘ﬁd to create
t he nenbrane by m xi ng honbgeneously a
menbr ane-form ng polyneric resin(s), a organic
[0¥H] venTleshresann ihvantiar eldtes m ighiegeehéined hollow fiber membranes
an@r% ortloqq;%¥% (i,i) extruding the dope through a
BicHiods & debriating f559M€ to forma pol yneric precursor
article that then enters the coagul ation bath; (iii)
after diffusing the solvents and pore-form ng agents
of the polyneric Baekgroamd «frithe Blimviatibe t he :
coagul ation solution, the resultant polyneric holl ow
fi ber porous nenbrane is produced due to this phase
[0002ans fesTlowT HBer & Hbila: MRed! i -
i%er_nenbranes can ggi%ﬁﬁﬁg&igﬁﬁgghg%ﬁﬁﬁﬁppﬁig&ﬁéofﬁhmmon

anG-HRPGEPR PWREHES spi nni ng sol ution, paraneters of
i Nni e -~ Lreatne ondi.ti ons of .
(00 o BARACRSBIE TyraishhE Thbo i et Getmtatnestis thpophase
invérsiondeehhidue thardmdhidie ehd Aot Sdclied: 8 ‘Fﬁ%laf‘fﬁ% ?golymeric dope
ghase i nversion is usually asymretric.”The hol [ ow
or FPIRRIngSNHHAR 1SR stoackea e the mdmbrang dryaniiving| byrogeneously a

£ ‘i ) ap..of .a ous, su rti.n
o ST LSHEL A TR AT
properdienaliys @nhatmdingather ddpeuthrough b sphfesditl! & & %028 to form a

oLk ous addi%iveg@sach as pore-fornjngﬁagepﬁs and the
POIREEHBICSUFretitisleithatithen epeiribhe goagylationdath; () eBw diffusing the
sol@ﬁ&%ﬁ%?r@fcﬁmﬁl{g &feh¥% Jﬁﬂ%@?ﬁg%rggr&up&frtaﬁ{de %ﬁc[oﬁ‘%gc\%]agulation

JP 62-017614 proposes a produci ng
solutiopethe resulianineoliperiphakiew ifibee psioan nctMics @r&fuced due to this

pha B R e SR Ff it iotectaloa T meere e ign be achieved
[0004] The cross section of the hollow fiber membrane fabricated by the solution
phase inversion is usually asymmetric. The hollow fiber membrane has a functional
separation layer (dense skin layer) on the top of a porous supporting layer (sponge-like
and finger-like structures). In order to enhance water flux, it is possible to add various
additives such as pore-forming agents and the second solvents in the spinning solution.

A few of examples are briefly mentioned hereinafter.



enough and water flux of the nenbrane is |low as well.

Thus, the product cannot satisfy practical
requi renents. [0006] JP 3-071168 di scl oses a hol | ow

fi ber menbrane that contains 7.2% of polyethyl ene
[%Q%ol IR 82-81p6F e propoisry megedt for pooseving, hdllosy fibemembrane by

0Q0 76A d |
B P R ST RO St i
pol},@ﬂpﬂd:r&eglpﬁﬂ)/(\hh gl otk florO Fdrifing EQ{QE) ah 'T%eh SBO"Esﬁﬁgctant)

with a solvent, a polyneric pore formng age

HOitsEb| herhredkngtrengdof ke membrow ﬁ:gmed hyhﬁrssanmglem # not Strong
h tation
oS PLORRO! PRI OSOSEIL MR TRL STERL AL 1 ey
practibd requinetneane f ormed to be hi gh. [0008] CN 1265048A
i.scl wfib nb t hat ses PVDF
ofdE” FET- i f8h it s,y antien] g wembnenet Hot gamlains 7.2% of
pol@@t'rlll_gleﬁé EEJC@IQQ tﬂb‘?@ fmlfﬁg%eﬁﬁ) 1%\9? eth%.ﬂg i W h{lggz?p%%ugh

rané "wth ar er

[000€) useeNflozs lt%e\adhscrigses i mydthod fog @Sobdu)tm@&@gaw 9 Ambes that
t d t t :

o R by GBI TR TRy Sl famired Wi atobyamsia polymeric

porer RIS E afétlt] @WidnsbRENP Qﬁcf’ USUTBRBMAN OBl ﬁqt}?e%g Vigents added

t echni gues, in partlcu ar, tensile stre
PYOB?@@R@% thedtriaseperly ¢arsplementation arsl synérgistic effgctmghe tvater flux

{ heavi | Il ut ed
of R MR PR BheiBE T ) of t - wihon i1
[0068]i t a0 mzmzaamﬂlsassets@ lﬁm@amﬁzsé?%éimﬁﬁ@ﬂﬁt C(LUSBIQQeQ]P\}IB‘F that

i mprove the strength of nbr anes,

d
hasg{‘%% Vggvmgﬁ’alceh%%@ alinogasis| m@clas met thod mdtedr todroduce the
holRW ﬁﬁér%é}%raﬁ% GRYhGed 16 ci%mg{g %@ﬁ? Sﬁané\%wg’q ?or treating

pol ymeric sol ution i°s coat
high wistositg neediwoven or knitted braid. However, the

ternal .pressure fine tubular nmenbrane bri ngs in new
100 ¢ @n‘?‘ﬁé’g‘mf{qtb‘mﬂ COTHgR!s [y hrselak eiéadnas refiremss e daveever, the
|
Ly P PR PR STl ¥R P feniques

in ppitiselar, rtemﬁylﬂatrengtl\‘uangl brdaklrxgaemﬂy AENSAIRBEL s n@ﬁﬁrd}% enough to be
brai d when inversel

easi | romth
e R FPRAVPN o701 th b Thaisencaiio s Bk rorokmmrasiy oft
Whefltahf‘@ltbﬁérv\ﬁﬁﬁ lidierolcau R mSMBRAEL brai d and porous
yneric msn%rane materials; (1ii) the breakage and
lﬂﬁ(ﬁgh i Woprder tohmpeveoihasrergte of membeaes) YSiSp Moo o 6,354,444
t ubul ar merrbra epoxy. resins

discfRE  FlegtodCisr BRANEY ol SXerBA YERTit ing g bl Bipdtgane, where a
polyappic edution B @ared bigo e WUdLER &uphdr¥ that tis BaASodedWor knitted braid.
However, the external pressure fine tubular membrane brings in new shortcomings: (i) it
has large external diameter so that it has a decreased loading density in the unit capacity
of the membrane in comparison with hollow fiber membrane; (ii) its porous membrane
can be peeled away easily from the braid when inversely cleaning the polluted
membrane, due to weaker bonding force between the tubular support braid and porous

polymeric membrane materials; (iii) the breakage and peeling of the membrane occur



productivity; and etc. Summary of the Invention

[000111 One enbodi nent of the present invention

provi des a hollow fi ber nenbrane bundle conprises a

plurality of single hollow fiber menbrane strands.
easibpon banding arest ¢fefheeﬂ¢bbdf mtdnﬂaror&lembmnbO\lvithpﬁifa)b%sms owing to

rther ses a reinforce

mdFRERE PR B AR o ot oA TE Wl s risgHsRgn ) it has low
prahucavids and etc. surround| ng the reinforce support strand.

[000131 In another enbodi ment of the hollow fiber
menbr ane bundl e, it further conprises a reinforce

support tubul e, ol ow fi ber nenbrane
stfgnds are surroun ngyyﬁfalé%ﬁf%ﬂ%% support tubul e.
[ 000141 I n anot her enbodlnent of the ho:IO\r/]v}‘:berf ]
d ,the lurality of single hollow fiber
[‘"ﬁim giﬂrge buﬁ%‘rﬁ% ntpidh gp{?selﬂtoeﬂely Wipn |phoeAes hbellow ﬁb;r membrane
ne Ie t he
buﬁl@@&ﬁﬁ%hﬁur&lpg o?Qlln "Ko&lo@que 'E%ub? | g 2nds. 0 s g

bundl e has eatures
[00fd2] wdh |anpHiee Iﬂmdm;lnﬁelﬁlSoﬁ the holiowdites irhymbfine 1U@Ye, it further
strength at: br eak

co R B Ioi561 B0 PRI RSP b foBoR Bbergngmbrane sirands are

ri&@hbiup Hecreirdbide B flux 600-10, 000 L/n®
> h I%Pa “ ZSCe [6%016] Anot her embodi nent of the
[OOBE%;

eht ammb@meirrdmdpncmu afetheahatiatvh dibef onemhxraﬁd bahdlg, it further

corL 8 et TR PO PR BB s
sumundihgtﬂeaslnff@bégmpﬁgtﬁ@g@ures outer di ameter 0.3 - 3

t hi ckness 0.05 - porosity 50 - 90%
["OEQJ %‘E’tbﬁf@fl 0 !En%ofﬁhﬁehql@h\sﬁb@ rsembrage hundi¢, the plakality of

ranes 0.2 - 10.0
Sln%?(é hﬁundfﬁg IH&JHL’%J? i L 10, 000 L/ n
[eow@p | l\iPa;otIﬁfn@mb’Bldﬁnmtolﬁ@ﬁ:é KA fiB&SmEmBrah® bl e bundle has
rOVIdI g nni ng sol ution co ising a
foll% ?g:ﬁg oqlﬁ?rrfg IBqupﬁ,é }31@? émlbﬁhmkﬁgss (ggéml gm, porosity 50 -
0 d

o0ROUAENS 2 0L SUREATh AR QXL L PRI onop e

merhbraherg0.3 pl@ﬂdig/byndif: and pineewateiftughd(p- mm(ﬁo Mﬂe@@mwa

25060 enable the extruded spinning solutions to formthe
(gundl e in the coagul ation solution; and 3 renoving

[00016p. PAGEHEOTCHNIRGIRGRD L2} hk NELEhY ihentig] LR HLOS method for
prodqlgmngrh%?leowbgger n?enlllirane bundles comprising a plurality of single hollow fiber
membrane strands, wherein the bundle has following features: outer diameter 0.3 - 3 mm,
wall thickness 0.05 - 1 mm, porosity 50 - 90%, pore size 0.01 - 1 mm, the tensile strength
at break of bundled hollow fiber membranes 0.2 - 10.0 Kg/bundle, and pure water flux
600-10,000 L/m* h@0.1MPa, 25°C. The method comprises the following steps:
providing a spinning solution comprising a membrane forming polymer, pore forming
agents, solvents, and surfactants; extruding the spinning solution into a coagulation

solution through a nozzle having a plurality of orifices suitably configured as to enable

the extruded spinning solutions to form the bundle in the coagulation solution; and



[00017] I n another enbodi nent of the nethod, the

plurality of hollow fiber nmenbrane strands conprises

2-8 single hollow fiber nmenbranes. [00018] I|In another
~enbodi ment of the nmethod, the hollow fiber nmenbrane
reIRRHAE dhe RAuE {HBENEEEPIS s dkeraby dhaf llbey fityar mehdtranes bundle is
obBifdgounded by the plurality of hollow fiber

menbr anes; and wherein the nozzle conprises a central

[0WH7E sin ariodter embodieient of the nfelRRl theGAmale EPHONBAThE HRMbrane
entral bore with the spinning

t h le via,t
Str?&ﬁ&?%ﬁs%o% I@?W@Pe?ho(hf)@’d@@]neﬂrbf%iﬁé{ her enbodi ment of
[06018] Metshaththdrhen Rih ey Jf éﬂ?gn%[ﬁg@rtﬂg %oﬁﬁ&dﬁﬁea erfaé*% Iheira]bbund]e

conprises a reinforce tubu I's “surrou
furfhenrcaniprigent rhiofdronfibebtat isnemuades by and pgIteiof HoM8w fiber
hore so that the relnforce

e Cco ises,a central
me?rﬁ%%+eg, ar%:cgﬁ/fnﬁrgme% rn@aga CPMBHT§SHeCshdRL bare\soghatibe reinforce fiber

icenéxtalded Gog i hbzA | ol | ~ "
- 00020] In anot her gﬁl‘gg% ér%ggtgﬂg th)dliﬁ% tfr?ré;%%ggé ?(ﬁuftl%netogether_

[Oﬂiilllgb dp egy@{heg(ﬂrﬂy@dlmm oéﬂh_q; usitiood, ths hallowyfibwetmembrane bundle
Tor) BBl PRFBLSGOIE T St BaEB g Db Bheriyy of Rolow fiber

a core

memvotanestehdtiteveighhd hezzRoznlRistOa EOR BERSW B thO Al @We tubule
f.i bers, ubsequently to form a bundl e before droppi ng

canhg W@d%gﬁﬁl the nerrlede the cgnigaltionawith thatpiming $vdution together.

0082Rgulat,] i: t hgl J, ow. fi her nbr ane )

1o onai é&tat‘%g?)’;%‘bj‘?dﬁﬁg%to A N P ey ot RiBen g exirusion

is at thy-\h@ﬂ spowming percesedirirpnehidinié epinhitpt BEIHMABPEMSERitR a core
15&l nf orce tub@l e tha férs surrounded b¥ the plurality

SOTGIOHS) SO8R 8 reXtH-E]ﬁ%rt ugh aozghefeiam mecwser hellow fibers,
bSRBA S BSfofm ; Lnfarce tubul

T an be)_sext r q%g%uéd?éo?n&?lﬁgrﬁg)zl%g& @%gg?%ug‘h%é% Ianggu}n@ﬁy enter

the gpagylatien selvtinmimfprmal halloerfilteo gehitesne bun@R022] The

hect]ves.of and.advan es of the invention wll

100@A T Y 000 Bieh B B etk s bdlosr e membrane bundie

furth@sainpiseon rohfdce | il

ur 153 in E&ful@%a?ﬁ%ﬁoﬁﬁ@éﬁ%ﬁmﬂﬁj’g@?&&f 8]; hollow fiber

connection with the acconpanying
meryapes; Bed yhersin theaoprlawpmyssgsGO@D8}h! Rirekethiae the reinforce tubule

_ _ mebetiuehe rint
cen B0 ERENTIT1ctn PR P s UFLRRE P vharenigansatiop pecther

[0002R] chThé kigjectifes o€ asdadaBbad Sf HEMOleBtibh k8l beIBREM Srenf from
shows exenpl ary cross-sectional vi 0

. [00024] FI _
the %)21'0|w fi?tﬁg?dlﬁ%sﬁﬁp%%ﬁ prafearcd cpdimons dhamexd inicomneation with
the REDALIBR dx%@virynjge present invention. [00025] FIG 2

shows exenpl ary’ cross-sectional views of hollow fiber
menbr ane

Brief Deseription of the Drawings

[00023] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like

elements,



bundl es i n accordance with one enbodi ment of the
present invention. [00026] FIG 3 shows exenpl ary
cr oss sectional views of hollow fiber nenbrane
dles in accordance with one enbodi nent of the
W‘H’ﬁé}serﬁlq rivsélﬁwsoﬁxen{p(b@&ﬂpssﬁc@nm&ih\oms afi hellewpfibgrymembrane
v hol |.0 i ber nmbr ane bundl es
o R A e o ens e el RSB ent

In accor

[0002SENtFIGn2 d}lGGJ@?e&]errﬁﬂe@y Rebavsectivgal X8RP bamy 1Bt ﬁQéP membrane
an, Vi e nozzles tor producing hollow fib
bupglessipgpeon SIWéQ‘ ¢ earhodingein o6 the nrwenmvm:;du ment of

()Otﬂﬁﬁ prlﬁ?ﬁ?‘tsho{w@ ?c@fn' &9& %?e% xoxl:alglewsis OE$8§ gfr’?edrmembrane

di agram of a spi ARk ppara us an
buesdu ecergddnek math dnelmﬁrboﬂmﬁm afthehuerdhEisventioaccor dance

d f th
(o0f7E; 136 FERRFS R Fuipleny RiosRReOPRE VAW G0DBO} Bher membrane
buridsgf be@rddnl€ whih &g 'Ehlb!oﬁléﬁé?:h F’ffxg VPI?‘?SE% 18%91\(1%%6 a

product of the reinforce rane and
IOOH%]hoféGf Behofwsbivc axémplatyh bosam-:pla{l 00831 bf Refgey fdigproducing

ovi.ded e [y Cross- sectl onal
nolfhE gler GRS ROBK 1% RERBISHE Wik e a0 HEEy dlecpresent
invedtidn. one enbodi nent of the present invention. The

hol | ow fi ber nenbrane bundles conprise a plurality of
[00RR] oW1Ei his a sphamatindiogtanac! ar witningl Iapphrhtmgethﬂets pmcess for

one enbodi ment
propRik Boflo i BcBMFL: oub oD REPRELCT Hipiaue Gartidimept of the
pregnonwssionFor exanpl e, the dope can be extruded
through a nozzle with 2 - 8 annular extrusion orifices
together and then enter a coagul ation bath so as to

produce hol | ov\([)]:3 a*?l%ﬁ ]j@pﬁgvﬁg}ﬁ&%%gﬂhgfagw th 2-8

hol | ow fi ber ranes B i ty, proper
pore si ze, hi gh wat er flux and high nechani cal

ths,. The,amal gamation circle of hollow fiber
1000301 BE£bishal BE st BcRigrLEe@TByI 7 proruet hgeinforced

hollbﬁﬂi&ﬂh{e}rhb%n%ta%ﬂ@ﬁetﬁé&%f B8rigirhInOLenfnul ar_extr usi on

orifices of the nozzle to I on surface of the
[OOQZ&HIQ uRefering atH; lal’hhbl'élall‘é pHB‘ildIlﬂt exegnpldrg c@@stsl—g&’ﬁﬂlonal views of

t.an gleen th ex it.s of annul a
hollggftnfr' %%l zg%m%rqnfecl%\gxgi &5 10y ﬁ(‘eco ¢ avithrppe gmbpg}lme;lt of the present

inveditish ankie Kdlw fiber dRpthrexd bendbs SORNIRN 2 SXLEIUS] 11
orifices of the nozzle to the sol utilﬁlon gurfage&{(}?o tot‘wmeﬁber

%g}@qﬂtgqt, %6 bpedlpd togehestefam g single prodet.mn amdercbotimanht, the
ol e e BB o) O O R Rl L ey PRI Ss onipnigte. the
dope can be extruded throug,h a nozzle with 2 — 8 annular extrusion orifices together and
then enter a coagulation bath so as to produce hollow fiber membranes bundles with 2-8
hollow fiber membranes, having high stability, proper pore size, high water flux and high
mechanical strengths. The amalgamation circle of hollow fiber membranes bundles can
be adjusted by (i) adjusting the entry distance from the exits of annular extrusion orifices
of the nozzle to the solution surface of the coagulation bath, and (ii) selecting the optimal

central distance between the exits of annular extrusion orifices of the nozzle. The entry



single hollow fiber nenbrane strand before being
bundled, its outer dianeter is 0.2 - 3.0 mn and wall
thickness 0.05 - 1.0 mm [00032] Referring to FIG 2,
there are provided exenplary cross-sectional views of

dl%ﬁ@lqecfwmutbfedomemfsaﬁ@nnuhd Exigusion adficrsddithe noztld torie solution
h hol .|

o) esen

sult RSt BE Sbodlardd bl B3 Hermen LS 0R iy Rpacspetveen

the dd;cerexnﬂmﬁ‘amaﬁﬁSexamdioﬁ OFiEicE OF (B ndHAP Y prefetd AN d %Qnm For a
PFaIEﬂ%E’r eﬁg%rndl ed together to forma single product

sing vefibgdnsrabrene strmdihsfarefeine bapdladnity cuter diamdkess 0.2 - 3.0
mif @Rd %llftﬁiﬁﬁfegsbﬁsth Zmﬁpl nning process. For exanple,

using a nozzle wt 8 annul ar extrusion orifices
[00932} oulhcﬁenglgatocﬁllﬁ fzathebaame pravitiet gkempRirN RIS Re@UPAPViews of
h@ ?H?vah ent bore can be. extruded with the
OdOB e 1 BUYRAPA “ﬁ‘é El‘% FeRprgancec Wity st srabodiatent o6 the present
invie@ion, h@ahi@Woﬁb@%fber PEIRLANED 9'08§1§¥i@e%r§ Pﬁx@zﬁg?r olfrho 15w fiber

conprises 2-8 hollow fi ber nmenpr ane sur foun
mepdyies apé aseipfoece swppamttancswhthanme rbmadille& togeiiet oF ﬁﬁﬁh a single

S | es have hj stability
pm%?%’!p??f st aodFRE, R RIS Paesiies A Gtbe fotined in the
nEiapanroeRs, For eRahPR,; udile 286 ion
SplhoI IES?V fiber merr‘oriz?mels1 Ib%r‘;ﬂdl eszg%gﬁh ?t;e %gfrﬁéﬁeﬁftﬁlsm(n (5nﬁces
SUrEING ] epnitabbetist )Smﬁlesllemf@!@e fsuppnrt $teandxiia sheofenanhbirarcan be
extﬁf&%{l %{}Pfﬁ]pc&fohé L558eh ﬁlatz}ogﬁle ﬁe{ g(:g{gﬁla%lpp )bagle oetlefrp ﬁ)ﬁllow fiber

surface o coa
metnbearepbundles wherer aéchdbah@llaceox’ﬁﬁhmeﬁ 4 hR1IRW fhePfmembranes
annglar exHH§S|on orifices of the nozzle. By

SUTERINEEYE AgreTHET 4Ce ARNOE! §F?%gtw¢eﬁit@fﬂaﬁbéemfdrced hollow fiber
mex%BFb%E? B@ﬁﬂesolflaxlern}_ggﬁ %ﬂﬁ%ﬁ%ﬁ)ﬁéﬂ% n.{ %12??1{1 Hva&eﬁsft{%(naé]ldl excellent

| ow fi ber anes
me@han@ﬁb&th:ngﬂd Hﬂeahnaﬂ'@maimnmteyoﬂ}ﬁﬁibﬁi ot @nenlhi@nes bundles can

nf orc ort. stand_ can b suitable materia
be {FEAREE RHBRGpF L0 SRR Ted Depnisolampuar eximsion orifices
f th&€hsWzQr 1©8hé : o :
O A a8 D B0 Bt Hafh, BN TRl Eiing the optimal

cenpal Jistinge betwearathecexitsl qﬁaamrdﬁar eﬂuksycpr opﬁlcemef the nozzle. By
n addit the reinforce

scleBihy B BN BOE L Silens st et &F sk g Seanogoprand.

such ihoHow fbassmibres buallks tWigl hat BigdStendily LGl AP LR4 bti’é’akmg
enhanci ng bondi ng_force between the reinforce supp

tenagly ZewsiRnseerling renfpaer swpnpit attad cambe ﬂmaslstabtermatpsell tihaﬁg‘nas the
00033 Ref rri n
des&&??ﬁ??@féﬁr g%p?)re%\% | ged lgeige?rrgqog{r v oP 8% Str§8 F‘r&n aWP meric

fibepf inhlbidiogy o‘qthmr thieaty anevcaungl@es polyasiiel danastividolyamide,
nbodi rre of the present 6 i nvention. Each

AT P%Pt sk A Ehepliliey| o addiinn, dhesreinfprca suppary stesnds are
inorBaMit @Wefs iREding carbon fiber, glassy fiber, and their braids. Furthermore, by

enhancing bonding force between the reinforce support strand materials and membrane
materials, the peeling resistance can be increased.
[00033]  Referring to FIG 3, there are provided exemplary cross-sectional views of

hollow fiber membrane bundles in accordance with one embodiment of the present



menbr anes and a woven reinforce tubule that are
bundl ed together to forma single product. In one
enbodi nent, the holl ow fi ber nenbrane bundl es can be
formed_in the spi nni ng process. For exanple, using a
inveption.e Baeh hobow fthes mpamnbrane hendle icompepest 4 pblsahty of hollow fiber
MRS e 8
meHH R Wy B R Rlre itle bV Bl AL 1A 48 T00F o single
prodioe o ughoneteenbvdbnére, ihethollawciiisg whahbone b@{cﬁbst@nfbérfmrﬁed in the
.hol | ow fiber, menbrane bundle where 2-8 hollow fiber
SPIRIRG RAREESS o FOT SHRMBITN ARG ORFAVER  oi hiBHdy eimioa orifices
surRHERing e RhBEl Bofe rae\!VGVé?lrI%ﬁlq}OIQQ oY Jih BRY coIRAYRO & extruded with
bundl €s have high stability, proper pore size, H
theygiape rthifougl ﬂamquﬂlcg hlttrmodmagmlawn bathéngbhs a Hbtlew ﬂber membrane
n.cirgl e hol | ow fi ber.. renbr anes bundl ed
bu‘%‘fgﬁ@%@%h BBydy fﬁ‘g? P?e)mbo{a?%ﬁsa{? Y TR ngAneyvoNes rarce tubule.
Sudhr ﬁi‘f@rnill‘}er@%ﬂohfedq{oll%ﬁnﬂb&f m&MbFdte i RRARE IHhi & ﬁ?ghogtaﬂiﬁﬁr proper
nozzle to the solution surface of the coagulation
porp s, highawqter flux end bighngeelivaicsbsireraithse eher analgamammeucle of
trusion..orific
ottt HEE TulB6raf! BiaRl R dRI b A GBS Blamce from

the ree;sﬂssctfamlandctn&:mpbﬁﬁeéss oDfthd REzMO\ENhé 8bRKIGH CRiIrface of the
ch holl ow fiber nmenbrane bundles wll have

| e,
Coatﬁﬁgﬁogé’ﬁ%ulaéds(w SHGENGHY RtEBN; srytekAistancy between the exits of
anni@$ 'eﬁﬁﬁé?&?orlﬁa%ac?’fqmﬁ Hoizﬁ% QE? sglgggr%btlrﬁé gen%ﬂg B0t lggééislt_agpe and

sui table materi proper
suppbeacqs lof thet Wevenekcinfarce Euiiuleb shadshollemefiiser gasmitganzobund®s ivi]]l have
pol yest er

s i nc Ven n Dacr
high }o3 B3 Strenék’t %q’gﬁ‘? téna‘\%‘iyst%%Ién%?a?lﬂw Wgn reiaforgadabule can be
any FUithB16 MR s] (R ha o DR Hé'sﬁgd Bﬁ)ﬁghﬁg.nggf Qﬁmg&ttﬁ‘@ ?e}?nitopc% tubules
and menbr ane terials, the

reinforce tubule naterials
are pEgpRisgpelesiesicafibers daiudiogi woweasafdbn [ Da@34] (polyester fiber),

porfIFRRUEACHBAEN S anl B8 By B BE mo b force

betwéenahie QEREIEE tul maReial EHOMERBEane 'mdth8a1R 188 $BLling resistance
i nvention. Each hol | ow fi ber menbrane bundl e conpri ses

Cangemcﬁ?aé?dty of hollow fiber nenbranes and a tubul ar
po undl er to forma
[00(?3‘4@ du f{Efeﬁxh% tanFG gfrbﬂgeég ?rseéf%g&{ H diny exemplary .cross- Sﬁéﬁmalaﬁ’é”w of
hollbwnﬂbﬁ*smemrbrebie Iﬁtﬁ’rdlmdllnl ﬁbcbhﬁngﬁlvﬂgh Bl eﬁl{b@@ﬁﬁ@t dfQhe present
o P e S0 0 B2 ot e st o e
menShBRQrdnd\d RbhALs Fht ROBEnAISd F&ge{hlég ?tgfo t:{]mﬁl%lg %Pgduct. In
a o form

through the nozZl'e into a coagul at'ion
one epiodunéntbthe Indivyy diver mendiras hielles eache Barndden the spinning
27 20 .hol | ow fi b S surrounding

procE LA EmRlsoPPE STBAIF N ha moRaT AR BRLGLPTHRe sarounding
a cehirflefordfRNPABEsUPPOHVES tHRER A e Bt Sliulikd thh%r&ff)% "through the

pore size, high water flux and hi gh nmechani cal
nOZZé% Méhey cergulatiea bathetoJarmabokow dibecmembfanh bindes whiveeach bundle

comprises 2-20 hollow fiber membranes surrounding a tubular support. Such internally
reinforced hollow fiber membrane bundles have high stability, proper pore size, high

water flux and high mechanical strengths. The amalgamation circle of hollow fiber



7 menbranes bundl ed can be adjusted by (i) adjusting
the entry distance fromthe exits of annul ar
extrusion orifices of the nozzle to the solution
surface of the coagul ation bath, and (ii) selecting

mqm}@‘ambumdledc@ntbﬁatldﬁdtedﬂm(m)eammehﬁ ¢fiey éixiahse fibm the exits of
rifi noz

B REL R 48 S B b B HBBABREEAS: o conmlaion b

and L(hphﬁ@ﬁﬁfg e dpienaltdeRithiodis@HOP B tvee S YED e i bp%ﬁdlﬁeéxtruswn
menbr ane bundles will have high tensile strength and

orificeniy thg neerac Byyselesting therfersile Thength besisiancs pd onpplemass of the

[ j desir r For

R p St PR I5EL Al oufBSL S SRR s o9 nc

brefaikb‘%r enadine Irasdstmg:e\l\ﬂ‘he RubylboBuppeel ¥dnTbé@ny afiQfBlel Gaterial with
am de, ypropyl ene, polyethylene, and the |ike.

de$ diﬂ‘iﬂ’ﬂ’ﬂ*t?ﬁ QE‘Hee"EaHBH‘Faa@W stHb‘ﬂé’f YRS JrACHgRIME dolymagris fibers

0 , r
I P T P e Y
and thgdikar In sdibpan, therabelat alm)oﬂmdlermdm:imﬁ &rditd @ehding caftoa fiber,

oS op e Pl b o SrGSh it bending e bt wegibe tubular
suppOVieRdte@dls hikd memBfRe alkdtial, Gk peeﬁn isth€e f%tt?eﬁh%]a%ed

are filaments or short fibérs ‘i nclud |ng ny
[000331 yekheediamaterr pf rpimifynor oqmmnémadopwﬁylmbhe,prmenfmztxre@txon is

eSS 06, 2SO b, g%l 5 Ry Eing myton
DatzwnS(pelgfefftéloﬁberSE gﬁﬂﬂt’;ﬁaﬂ)ylémeb%bﬁmﬂﬁﬁt bR cARMYRnide, fp&iﬂﬁhylene

rands fron1yarns nentlone

tt
andyhévibke with s gereity s SHadiext 1 G SROH onfhel yéses Svisted from
che'i'i‘ﬁ@ﬁl' ?ﬁ@grn?églglzétﬁ%d (aﬁg\? Jr'tﬁé‘%%n (ﬁ‘qgll?t?Cg gv%n(gsdgﬂd%grom yarns

or 1 norgani

menmm@lnabd\aeb@lr seg«h% SMeﬁdlsb efaderfréecHenkeal AP¢ts th&itfoned above
t hreads nade from nylon and

(SP%DJJ ‘%\?ﬂ‘)ﬁﬁ@g iﬁ% 819 &uyr ‘isvgiléfg THOUSR EPRS; PEEOFRRNEY fileirs suchas carbon
fibABRay ABet oMU YhY ARAEWOVUPLHARISAB EABLRLELEL hEde from

types ‘are sew ng an [ ng
nylout erd dicdyreingtidefie aflséndg.eThel j)l@\i\'erfrd:djeﬁaik@eifaw erdeDBgon and

d i ate as, d; the nunber Qf hollow
potfY KR or BERAES R 0 sl e anc e thacads
[00836)9! &vinel ih@vmftexb@x@ma&@’qmﬁﬁngl%fmré“ﬁﬁgelaf)éfsfe Bfﬁhg%undled is

bundl ed as So, S resgectlve y; he externa
designatedasrd; ghe apmbpieobholkwy [fiberst mbaeburrc&mas Adbe Isumfaﬂeedeas of a

ur f ace.ar ea
singd® piot Mk ehforiBiorlre 4 2P BESELFRGR af B obrechipuigy: and
the extermal aiaﬁﬁtdmoffchelefdﬂﬂoﬂmvl’l’ﬂae@%b@iﬁr%s(bllhdleﬁ QQ@R the ratio (So/S)
S/ So* D=JN xd 00038]. The effective surface areas

of S 25t 10F R, 7 dloVk HhBE ANFERbIaRes BafPta end afior bengirmdicd can be
calculated by the following equation (1):

[00037]  S/S=—t- D=vN xd (1)
[00038] The effective surface areas of hollow fiber membranes are critical for their

functions. It is expected that the effective surface areas of hollow fiber membranes

would decrease after being bundled. The results summarized in Table 1 below are



functions. It is expected that the effective surface

areas of hollow fiber nenbranes woul d decrease after

bei ng bundl ed. The results sunmarized in Table 1 bel ow

are 8 consistent with the expectation. Furthernore,
copfigenipvishtthe eppeatian. dlurthoirhaw, thehmore thentumines af éollow fiber

d ef f.ective urface
meﬁntf%fi‘r[k Uy ’IIIIOB. lﬂﬁrr%lﬁ,br aLeéagthe S cta\ﬁﬂg Face fll‘ﬁfi%Oﬁ‘H.)gIgm glhqr megnbranes
arec OFHus Oit ist ingpoetaht tp cdh@61aRE entty RNhBErEMiths effs ARAKIES extrusion
xtrusion orifices of the nozzle to the solution

orifiges @ Hleolﬁoztzi?et%@&gﬁﬂhatqnowrﬁa&p tofahel corguiatent bath and the central

nnul ext S
dlsgairniig %&g\ge%ﬁﬁgﬁﬁ% ?gla§§{1ﬁ§ feg): rugigp] orgléﬁszé o \ﬁ]@enc&zie to form an
appeacmep b ireonipidie amalgemation tietle oBholew! et fieb®ane bundles. The
m_en‘Fr ane bundl| es. ;E{g external surface areas of
oXIFIGR| BRAET BISRS Hoblosbas drembsana purkles mﬁwpc@melef@icrr@le@re larger
thaﬁrtﬁoéeaéigﬁéllo& AR, tnlf@ﬁlﬁaﬁ’és Mdl%tﬁ c%rmpqgnbrir% SIn the present

bundl ed wwth conplete circ resen
invieptican theorymbdie ofi holbher sibef mbmibtames {ri h)etmd‘ré fiﬂ);biaﬂ:@ﬁ)ly R -8, more

is preferably 2 - 8, nore preferably 3 - 6.
mﬁﬁggggg]siable 1. The external dianmeter and effectlve
[00039)f aCRbRS €2 Ok SABRLEUEmABRLIANBE.A) %

hol | ow fi ber nenbranes bunrl1d eg OO(():4OTZ CSIUHE a?efa Fpgomplete
amf(lg@fpatpqmwrcie of the moliovzﬁmﬂoembla@m@unﬁleﬁ 41 1.56 1.70
1.73 1.91 2.08 0.58 4 2.00 2.20 2.40 0.50 5

[00@4.1(%4 2.46 2.68 0.45 6 2.45 2.69 2.94 0.41 [00041]

When the diameter of a single hollow fiber nenbrane is
i ts-breaking tenacity resistance is When

crml |
N®e ofi afreter of a si ﬁg(p@ﬂ)hol low fi ber msrrbr ane is big,
ne =supporty g propetty—S [

tHEN@kness hggato bhe inlc eased towrml nt ai %@e
conpr essi on resi stanpgmm)hus, this 1s jnot only
Hacreases nrndllr‘f on_cost ut alsao. hdas a ||mtalt|0n
i ¥ enhanci ngdl t s rechasscal |stremgths.| The yethod of
Uhe— presentinvention_can—inerease—the—tenstH-e
strength resistance of-%hol | ow f 2E8r ndnbr &fss

4 2.00 2.20 2.40 0.50

5 2.24 2.46 2.68 0.45

6 2.45 2.69 2.94 0.41

[00041]  When the diameter of a single hollow fiber membrane is small, its breaking
tenacity resistance is weak. When the diameter of a single hollow fiber membrane is big,
it has the self-supporting property so that its wall thickness has to be increased to
maintain certain compression resistance. Thus, this is not only increases production cost
but also has a limitation in enhancing its mechanical strengths. The method of the
present invention can increase the tensile strength resistance of hollow fiber membranes

by increasing the diameter of hollow fiber membrane bundles. However, the wall



by increasing the dianeter of hollow fiber nmenbrane

bundl es. However, the wall 9 thickness of the single

hO||0M/fIber menbrane can still be kept relatively
hin sg as to reduce nenbrane resistance and | ower

‘hlﬁk’é"cfé ot it siaglsthollppoigbpzmgmbrenerpan sidld e Wepthreipgivaly thin so as to
roRb RS @Sisted S Ge BRI (bl P b L T her

utilizes soft strands ropes or W|ned chem cal

[08042hs hscqnmam;m with uSaf solithices aftdnfor@ sup@Irp g pie@ht invention
ﬁhe oscill ation of hol om1f|ber menbranes so as to

ulipifiey VISR HPATH 8T e Aienycdlrihes vamme s asinforesd Se8 materials are
heOURY: 9E GRAIMIALT MIRRY Ribkr %Qérﬁ!ﬁia*})%nd;_d %s Q{? %ér?gsgt Membrane

cl ean nmenbranes. The suppl eness o
clegpimigredfieisndysarsiggdudedhe pmoupodfygishsaguivhansir eEfEHon iBubplied to

cle{alq rrg.gég ra?l%.ﬁﬁ?he %HB&%%%%}{@@? I?cﬂ %ﬁg gql,: g‘x{gzﬂ;{rarlgeg r1|s oS{lpCI‘lOI‘ to
polysiteisulfefe (THS) OBt Yorsthe Break Yo e SRRk &NESRe Wmﬁis%{?fenor to PES.

I ncreases greatl the breaking tenancy resistance
Thys thomstho é}ﬁ%ﬁ ithe preennt inveplidre natianty s}@emmd?sl? smmmaﬁ but also

mcﬁhg Q{I gf’%fn{ﬂg tFI’E nm)? §fﬁ1%ﬁ?pf?gms?ﬁ & §a&1ﬁfy gﬁ%rent application

derpam:lsent [ nvent| on provides that several single hollow
menbranes are bundled with a reinforced support

003K ndns{orRtiTiNgn BHécbe gnebod prtwhiek thenshomafibaralare added to the
splﬁﬁlngnﬁﬂﬁ'n&{ 1@ c;l)rgé’gnft 19@%&5‘3@&)@? F ggxfeﬁélogggl%f ﬁ(}lx%w fiber

he rei nf or
megppes tarevbuidlbd glithst resmigrded mbpmmhﬁglspﬂlhufgt $1oB&Hs Roahat the

el R PR (PP e nS h mh StTeTer chan
supbb8. Bg%fecﬁh@@lﬁasreiﬁfo‘?cea%g?ﬁn ?ﬁ%"tlﬁgh Elpéélg% ingéh%zcglrbtrength of

0004 I 'n_conparison
resyising hellow fidet wembrang ¢ $S moah eidorpet thaa lhattu)lﬁlhbﬂmw $ibppmeinbrane in
to. produce the

the YR SRR S BorP S ol e i rsmibpisRoiig. ot hod

[00044]t hen Qbﬁ@@ﬁéonl \FJME e @BtHRUItAAMAE §9]ynRlrl QWM i is co ted onto a
shortcom @% a tubul ar pol yneri'c nenbrane ?1
tubylgy sppext Pl 15 leémf‘étl er katigddraideorpadeeithe bxtanhlahglessure fine

St s L RSTRSL Y R DEEIR b s toning

shonoa)mugsnﬁhiartah&lap@elyln{@mammb@ﬂﬁd {vithfla éxfﬂ&nbif @iaﬁleter and a
cl eani ng the pol |l uted nenbrane due

decifaSh it V0501 SR7-Fo e S ReERote 16 pRArebtaps i qompanson with
RS B 950 g X SO T e i
Whﬁ@asvftryely nlebuing itegpodined mdémbrase daoto \oéakbxt.llﬁnﬂdﬂfg foREtHeBA&Rn the
tubt\g%r {;'rg{qo o r % Bﬁ? ggogg pgﬁzggqe%pc? xl‘rqu% rgngtnlla er?al:\sNh (i?) t?lle rbreakage
and the peeling of the membrane easily in bonding area of the root of tubular membrane
with epoxy resins owing to membrane fatigue when air agitation is applied to clean the
membrane; (iv) low productivity.

[00045]  Progresses in the development of hollow fiber membranes in the fields of

water treatment applications are summarized in Table 2 below.
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menbrane; (iv) |ow productivity. [00045] Progresses in

t he devel opnent of hollow fiber nenbranes in the

fields of water treatnent applications are sunmari zed

in Table 2 below 10 [00046] Table 2. Progress in the
[00840k| olbini. Rspeigst indhe tevdepmentiof heldasv fihertinembiaaksimn the fields

: applications [00047] Ceneration 1

of Etﬁﬁ?%\t‘tﬁlﬁlgh{@%ge&ﬁ%}%ti on 3 Generation 4 Principle of
[00BHE]se Thermal ly nrarinrame Phase Met | neadng dnt hig

Phase—+hversiont—i-nduced Phasebvesionl the.. . formation
i nvagi on i nJasi on supportbg phase rdnforced supports
t ubul gmgRR@At | eRARA Xane mat ergals sCA PP PE|PVRE, 4
PVDE| PVDE _PVDE. _Phase invyasion PS. PAN PES Asyrmet dc
Met kneadi ng drawi ng Asypm etdc irnari xame strugture
Goodf PP and |PE net hr anes| nanbr ane Flhia%h l\/elg%m%ﬁ;good
Pincide@dny Advantlages hydro structureg nechanjc ¢hani cal
edaapceheshi gh  hl Ekity Wi thesugh tes@i | e goed fl orbskifgson| the
"'“‘*’@Terenglt hs stir Wlgedydadghanj cal strengths strength
omdig@si bt BAEE endurance and] | BE*Pr qdttBt b FBEt s | Fibip ot
peei pg of Symmetric ~supportbg RoogfnPo0r seRsmhra e
Poorfouf-ngerdur - e—and
Mermbrane >
_ CA PP PE PVDF PVDF PVDF PVDF
materials
Phase inversion
PS, PAN PES
Asymmetrc
Asymmetic mesmirane stuct
Vekloatg i | P S
rane High Medi d foul
" Good | PPandPEmembranes ’ . goadiung
antages stecture mechanical | mechanical endurance, i
hydrophcty | with bigh tensie o e
pod fo strengths strengths hanical strengths
strength resistance ’ ’ 7 ¥ MCTRINGESHeng
endurance and low production
cosls
Fafigue
peeing of
Symmetric
supporting
Poor Poor membrane
) ) Poor foulng endurance tubule and
Shortcomings chemical mechanical structure and
) and oxidation resistance high
stabiity strenpths ) poorer fouding
prochiction _
resistance
costs
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Shortcom ngs them cal ma nechanical stricture and and
oxi dati on resistance high staulty strengths
poorerfouCng production resistance costs 11 [00048]

The hol | ow f| ber menbranes with high strengths
Uwﬁbuc"@ae Botlawn bpememdrases witheigh sengths prodeteiddyy tbamethod of

th@ﬁeg@@ﬂwxﬁw G getsOf yORENR AR BliLg L 900491 TOw

referring to ere re provided two exenpl ary

[005301 onﬂ\{mlwawfen iewso FId SJ'thmlweSpifo@fdeﬁ ed@gemnplaRobd i@ plan views
n accordance with one

of gi?%%%? ﬁ%‘hﬁ?r “%P%’g ﬂab ber; memArangnbunsdess o apcardace @rith one
emdodiment BE 1ROFEs &t RARNRo RN AWl BEwn 8% Fg@ﬁ(%ﬂ?é' %gizfe Ras 3 annular

surroundi ng a central bore to form
EXRsAdT eniféce suridialing a ¢tentrahipere tchiokhdwlibiwkfeer mendbiaresndles with

I FI G 5(b)_sh
e BORADHEAL o ShEERGEE mreel sliomrhoigice. Rgo St ehovs a
nogAlé that htseixaHodileyihérd eFtHGmBa@L had the shrictBRPATEMNnm 'id‘ﬁfG 5(a). It
ot her configurations are suitable for the present

is JpRGEAt harthiroonEgyatiow atr%ﬂé‘rabierfgr tho pFdsGtBnveritione | s
t Spi pnin L
[Oogﬁg]\/ : ?gc%v ?%fgxggl?@ F”I@}pérj'éc Oﬁbqa edds B %E}%phﬁré a spinning

apriawatds exsd itn pewesy ﬂ)arp@@iucwlgt lsbuwa ﬁBBﬂ)@l@inIEEdik K¥indle8€n accordance
invention. The reel 30 of the reinforce strand

Witgrl‘)%%%gftéwﬂeg‘rttoaﬂfhe PSSRt igventioanglihe. reaf 3@ of ithe yginderce strand 31
t

e AR dycal iy, MR LSRR8 RS IR fob, s

withriwllpwefibdr snembraned, entsrana cogniaioa hraele R ngdwheels &dwMitd wind

h f d hollo
ontP P8k R AEHI Y i B RSRT 20 pischie fecrestprisd holime fiber
porbd MeEbFRkHHN R bl QWb P eTHPRIBES re:%%ﬁmﬁ§w‘ﬁb%r porous

produced w t hout adding a supporting stra
membpes arenproduees withowteddding e edppratihg wirhideFhpauppousting tubular

O 2 S SRR e BB b s e

[00831|NNIARYSHABAC BN BIGRIE QP kebrall Bﬁnn&fgn%da%tﬁysare adoRted the
production can be realized. The process has fol

Coniiéa?'ﬁﬁ REOGutipR Yoandless repizag §hgrmg§ﬁssfhaso$®élomm<s°eaﬂtw&s in (i)

r ave
desé'n r@‘?%ﬁi g Jfﬂﬁlpe Stgrg%stfi/ \%?&vﬁé(remt %\811‘ egﬁ‘ﬁ ea@td tvﬁa\-/]vﬁéa three-way
valyer b & 4 lirsseuiiteplfer fherconasdtionlTHS pr&RbA fdkable for continuous
. noduc ion alternately b¥ one tank for _spinning and
spi %qilop&l H@b%é Y R8¢ ,f))r spinning and the other for degassing; (ii)
designing a group of inner coagulation solution tanks 3 & 4, connecting up and down
pipes 5 with switching valves 17 & 18. One tank is used as a working tank and the other
as a spare tank to continuously replenish inner coagulation solution to the working tank;
(ii1) installing one pipe 7 for replenishing solution to the coagulation bath 21 and the
other pipe 6 for overflowing solution from the coagulation bath 21. When the dope 26 is
extruded through the nozzle 9 into the coagulation solution 27 in the coagulation bath 21,
the high concentration of spinning solvents and additives is formed in the partial area of

the coagulation solution. The method, where the solution above is discharged out of the
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designing a group of inner coagul ation sol ution tanks
3 & 4, connecting up and dowmn pipes 5 wth swtching
vaI ves 17 & 18. One tank is used as a working tank and

ﬁﬁother as a spare tank to contlnuously repl eni sh
Coqghl wn@aﬁgwﬁatneéwywmqv@ﬁg piretth samefitativgivt aafmd a n¢gativy effect

on 'tlﬂ:sstt?r% thl Al }Vﬁh%? méaﬁg)%ri,?g SRk rg:fefgﬂkrﬂ&egs% \%&1 Q& with

coagu

hlgb\ﬁe)néélmatmg irs Gleutob guiaticrobath. hMeranargud: ahd: eopldaddhingZsblution pipe 7
) eqitm@ e 26 |§H:1§tru ed through the nozzle 9

is Ipeted ithibe POAGAD &7 MOiFhsBe BelvEIPris Preqirich eriicbagiiprthe poagulation

batR altt hakds thetsBRintd g%leeﬁﬁ%ﬂtaﬁgﬁﬂvé’snmoée g{%fh@h@ gre?f}}sgﬁm;%le to be

and additives is fornmed in the parti area’ o
GXC@@a@Qﬂ and exiragedias enmplhey rmt}ttlsdi,bla/\hetlm tdaguirabutbadnso as to

proffce e bR, T TP RPE M el oot R T DR rgieny Pagtgn can

be BsdiedatineRzRMNaE brifiedd ﬁ%nﬁﬁ@ﬁsldoqﬁn@gplFﬁhg g)‘%(fdcﬁgﬁ with high
menbranes owi ng to spinning solvents and tives

progpetivity hloghcasbarcegnodaiuplty. i n t he coagul ation bat h.

[Oﬂma e ye%at%:ﬁﬁs i e?ﬂ%ﬁggld %9 8% %e{ ﬁlg)pglaﬁgﬁgrﬁl%mclude ﬁlaments

or pl’((ﬁ‘c lfrlﬁosr saet la@ln@'laﬁt]m[cﬁoﬁ Kpo@@ﬁ@ﬂﬁ%&ﬂo@ol%}@ledé polyimide,
makes aplnnln solvents and additives in the

arof5aR e GO SR ey oAt (F Qb Lk “_5‘@ yapnecasiedfroamehemical fibers
mex%&rfeﬁcélﬁ)%aﬁa Qfﬂ%rﬂ)?lk)ﬁlt%ﬁ ﬂ&?ﬁ? 'ﬂo%;iaﬁ%so aul gﬁécf above;

so as to produce t ber r anes
Se“hlll@ mrsztcabhedeqﬁraﬂm ¢hpmideh eﬁbprsememﬂoned rabwd io® RotaM ropRe inorganic

fib FWH{OF a OZZ e, W ori CG? |n cQntin US vol une
iodt SR B CRTE E b BPerrof s Tpyo gt aniing Dycads Bade dom nylon
andaiifly-aapiticie alotive. (30983 ﬁUlﬁG'@tfﬁ?ﬂn%? of gﬁorpgb&g A8 used

as reinforce supportlng strand inc [ ament s
diresHp as reinfoeees sslppwnag siagnidsnor faoreots <(r|rsb¢ny &mr aﬂterh:cerr)g twisted

m.de omat | 0
in SERBLOTRGRIE afes faTSRno B T arRePuBiirine om the yams
melﬁfdﬁml gledvef hf@ bR ingnRRleh @ RAiH@AR0 ¥lter SRR INVQAURAZIEr knitted
st rands made from yarns nenti oned above; sew ng

(00953 eaa*be ﬁﬁa@phqﬁfpmm Ithg hejlave fienmemhadesboplsse grversion

teclﬁi‘?{l on f | ‘Zf}bégﬁn9 gé\gm}é 63?(%65? ﬁﬁdﬁre\rﬁg}/ﬁﬁr% a{)(ﬁ’éyrﬁﬁrd‘é dope,

altefmavivehy lcaled aema@hrpﬁg ysollutydri dee th| trestedthe ARnfRoM) B mixing
FI G 6, fllane r short, fihers_ can be used dlrectly

homé’@?@“ﬂﬁ’@rf&%‘a PW%]Q"%’F’PHH &SIn(® 2 praagivesabvenigs), and a pore-

forrﬁﬂl%r heddthgr é)ga%gticﬁ{all el 2 noz‘ﬁﬂ x?éj thérH tmrgl%él{]% spinnerette,

machi he,  én I Tec fy ven s
alterpatiecly cotied h @oydents formeribé pmigrheab Qmmurmf ngicldaidthen enter the

ven ti nter directl zzl.e. [00053]
condf T By B 567 HFRIE shvBTS chl e TSR BLATS of polymeri
predigstRraNes Byo Wé&g‘u&‘ﬁ%h%o@ﬁhont QRS RGN ﬁolgﬁéﬁfz'}ﬁ%w fiber

in follow ng processes: (i) preparing a polyneric
porogg pecmbrane is produced due to this phase transfer. The pore size of these hollow
fiber separation membranes can be controlled by composition of spinning solution,

parameters of spinning process and post-treatment conditions of membrane.
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alternatively called spinning solution used to create
the nmenbrane, by m xi ng honbgeneously a
menbr ane form ng polyneric resin(s), a organic
and a_pore- form ng agent(s)
W‘g‘%&lor %H%{BWC ROLYetds PRI HET R BLeRIp an Hirpugjre the fluidity of
SRUNSE bR, pordht v |
sPRPLADSIBILE podh, 6B Blob SELEd ACAELRE I, T

Org@mg pblameun pbetformingi agﬁntaﬁ:axemadﬂj‘ plagirolg irs Glickening add dlspersmn
ursqr article

St A T
bedrabé OMLE DR surfRT NS0 BMRIIAREr, 'ﬁe&%%@?ﬁ@ﬁf?&%ft n%mlgssolutlon

(ghase transfer. The pore size of these
and engnlating folirtiameametbeully beetedm oulet ednidse thotmmsnlutucm diffuse

eod, §B8kCle R Porb sk i BB BICP GF SnEhisRisgn i1 bouBa in the

solvagts Gnd allmp@rsB@ liry (TR dpnri38f Soluflbin ehedMBRESIL fitnd, TRE Y€ easy to
sol ution, porous form ng

the fluidity spinnin
forpes %ﬁh%m%@taﬁauﬂmmw?uimr@pmlamm tlp orderdo f@'rgmnrecthrough
hol@@l & é dmAH gfgf?fer?oﬂgm%%aeg%éé ?ﬁgedﬂéﬁl %%cﬁwgﬁhg %rge Amount of

thic i ng an I Spersi € conposi
orgasm puiymgr pak Lfbmnng agbnts chasee thokighhichsityyoPpordé hhdIfddBes the

d | f the | f t f
eyl eadroiahe Bellon APemEEkIaRs. api noi ng. Sof ut i on
[00058] CoaRUIndtdang: ﬁ&le%hﬁfﬁgu?%%gns %i (% %ﬁ’éré@ﬁ Het s%%rh{qng solution

order to make the two s use eac
heteregerpdiuslyom flarfgaming l‘pcxhbmab thertepped mor@n&gpdﬂ’eﬁ“oﬂﬁmg agents

1 d. di d
oo AR b 20 SRy Bl i e gt
cant formfRg Br 3iz8 A aﬁﬂ%&ﬁbgmloie@ bAYRO WA |o?$héjIHH}Wﬁber membrane

coagul ation. In order to form nore through
evepheyeharsualt araguny of thefinenghnig pagﬁefﬂrmm&gaam deatlded, and make the

T T -
durngdlhe @hadehteansiBahmcald ShhBiRghtoueh sbhe b alrhoMofd &?é’ctwe and

[ 00055] The inorganic pore-form ng agents
mOIgr E@@}@é@m lﬁwtcﬂpéls%pﬁppq@g dbeugfarasuch hollow fiber membranes

havB @i H QEERERYE gty?g&fstaﬁﬁ hg%{ W{xf&g e @Q@e’r {0 eact:cég}eg 8&(&&011 of

_ inorganic pore can remov
inotgasie, pooe-faolivg agenty mmultshm ﬂhembbﬁktabm@ ¥ of thePgpifing Ib18tion so
can .form bi gger size pores and through holes

h
thatgﬁﬁlpg‘)ers JaPiedsee holawHier signbraess steftiy-ane  even t hough
{009’5% mev@ﬁi@%ﬁla@Istﬂ?&aﬁt@ ag@rlbﬁ/ zﬁﬂ{g (gfo{h%lé%gm%gﬁnﬁx% s'pf’nnmg

make VOl
SOIL&WQNDM at iodiffiewt ﬁr@dldﬂythemgangky moih;m;nmmng solution to make

Iy ents he phase t r
P S P AR RRORRet n I L5 el 65 ek RRRG Riow fber porous
mergbraet Wik hithdwatBoflex. t HoMegs, AL BRldulad shi@¥AROBeIhi Of ability
(Por es. Therefore, such holl ow fi ber nembranes
of diffusion and emulsion in the spinning solution so as to be able to offset the
shortcomings of the polymeric and inorganic pore-forming agents and improve the
interfacial compatibility between organic phase and inorganic phase. Hence, by adjusting

the sub-stable structure of the polymeric continuous phases and dispersive phase of
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have hi gh nmechani cal strengths and high water fl ux.
However, the excessive addition of inorganic
pore-form ng agents results in the poor stability y of
t he spi nn| ng solution so that it hinders to produce
INOHIORPTF TP I8 AEH AR dae sRinniag F?AUU‘{’@@!)B’GPOII_W%P@@QW&S make
Bl
the SHEJRGT AP Re Ia@‘lllﬁ)r%é}l\i‘é ﬁt haftoPMmg g&ﬂk ?rsl 1 dxlqlegi \Han ah%l({ sicadily in

spinning solutio
thesspnglhlyg sadutidre asg It}rmpqrigmsnb lﬁabrmmtmotunmkﬁdlffwémmaph&se dispersed
Hence, it is not easy

resins .di
homgginauey Bl asiiart bga %ﬁ%@e THASHBYCHARS TRISHR th gxﬁer?eaf bptween
the fsghmmglﬂ@ﬁﬁibﬁrand |09é(£dm10%cs‘éhﬁfons}éw Iﬂﬁfeé't%xﬁsd?ﬁ\éﬁng' ke the pores
lity diffusion and enul sion I n the spinning
in dglwell of }@Boarsﬁb@ bemdiine toobeoffaedistriatios huringothi ngembrane
formatlonh!‘? &% %%%I ¢c_and inorganic pore-form ng agents and
ovePth %Y f aci al conpatibility between organic
[Oﬁﬂmse ThBEEfbROTHE dEuPHA $AditiIRNE Che HinBAE YSBA of HREpolymeric
sub-stabl e structure of the sol yneric continuous
POIETfQ@‘@%lga?ﬁPDH|V§1ﬁerﬂ§|°]$@11@&al§é ppersiang ther gerficgant with interfacial

‘wetaﬁéel ﬁ%ﬁﬁﬁ'@%f ?ﬁnr% %ehpgzltﬁ %’v%ﬂilgﬁg@%@+ t/cg?f%ﬁagbgl %l}ase makes

thesenmlgémmmgOﬁﬁﬂlfaﬁrsmsngoﬂgfgntogeﬁbﬁ tid banipg sen@plsyic @ffdcets. The
n the spinning soluytion, and the polyneric

Con?s%art}oe ditheie i cmPeReidie eakg thespirning salpéersigper dispersion
andfk‘i’zElHH NQPShY- effc‘&tlaﬂg ihiePfci p%eﬁ@l Ul Ok {hﬁ%pmﬁr? solution and
t Face g e’ spl rﬁn ng

exca ge rate In I nter t ween
coagwhuti miumrdsm@nghdtel o Sbdtionk mmllyl diffusendaeh wiist and affect the
surfactants ores jn the |l of hollo
pol G S SRt B it e GiongpieAgn e control wel
the FRAkHrARE ormefioRby Ml s PraRNBaRd NYRALEL QRe clnggﬁ)é? b of these three
Therefore, the concurrent addition t'o the spinning
compengtp am Ut Snmmn@ @Dmﬁl@n iresultsan @mcmcmgrtge atpbht amd sthong hollow
t ant with

fibe} E‘ie %{?.Qg‘fn% ?ﬂzﬁ pf”f%?ﬁ‘iﬁ g@ v%qr "or mi ng agent

[ooossq h Bvel plésshr ﬂnb@ﬁtl(ﬂln thef additfles Erﬁih%'sﬁinnﬁﬁ%%ﬂdﬁ&hﬁ%ly consist
t hese pore-formng mechani sms wor Ki ng toget her and

of oRa YT AgeE3] rempositescolanprgeris poTmormingmigientst Praanisfpolyraeréc pore-
fon%ﬁg%g &Q%QQ&% n;}sa% c}‘[ﬁ%ﬁ%dﬁﬂ% pi nni ng sol ution proper

rsi’on con roI effectively

[00059] er The ixal gh‘l\lptltcemtggdoef V\ﬁhﬁs tfhlgosing: RObIkhcs O triithie @BndSition is
[ on so.as to make tvvo sol uti ons

cpa atlian so |
calo SR b5 o FRHSE! HiscFab ROt Bl WHEN burRghess ef various

Subﬂ&@émthélgélgﬂom &£Q9agulation rate in the coagul ation
solution, and control well the nembrane formation by

[00068] s ﬁhfa@@n’tbrmsfbemngl-imimw its & 1216 b PN &XH mpolyfmctrh&sae:mxture
tLhree. co ts.in th ni n ut| sults in
whigh B R PRESE Sigh fd A8 B Ry SR suptifF painers: potfinetny!
metHERAPILA) R IINihYI 81R8H0IS o8y \ahyIPAcete, 28ty Rrglbni@lI € fanfil $6tyviny]
gutyral etc. PVDF copolymer has at least 60% or more vinylideneflouride monomer
units. The membrane-forming polymer may be also conventional membrane material

such as polysulfone, polyethersulfone, polyacrylonitrile and polyvinyl chloride etc. The
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[00058] In the present invention, the additives in the
spi nning solution mainly consist of one or severa

conmposites of inorganic pore-formng agents, organic
and surfactants or

| ynmegic re- formng ents,
m é‘iﬂﬁé’r %&Bll’t%l R@“eqléﬂﬁ%bgrﬁé’w\kl 0 Pebcenizhyef e composition,
wi;gg, substances in the conposition is
Origg[‘éc%ggetrgeb%} Lﬁ v%gl/ght of the conposition. The sum of

[000é1 hht Theerobent, aged of theawinpasitios) ﬁbﬁﬁﬂhﬂ%@ﬁ/ i Btfr&rigepolar compound
0 T ne-for

such DR Eoresgpid oW e g famics: (DM APk i cmehy Syretlidone

(NMIﬂnﬁ&tl@m%h%phlﬁR:t @upﬁélﬁﬁ‘e,%ﬁeﬁ ] Ftlﬂﬁ))& |y ﬁnlgltlxture thereof. The

hydrophlllc pol ynmers: pol ynet acr
SO wtys,puqﬁratéy eOhB0 % py Iweight i tlrmcrmmjmsmon more preferably 60 - 80 %.

o SO, BRI o Sk it onn

inchadivE 4-dibkdnke Sind Phsutammb aa R- & asdd s@ﬁfeﬁpis%ﬁﬁéd 5B¥e Pénposition.
al so conventional nenbrane material such

Th%%ﬂcg)gqjmlmé s pyefieyabinahosy il £ Srie by pm:ghi@f yl'lecmmposzltlen and

[0099%]VV'I15%%%§1@| éefoggﬁ{ig %13?3 i% o'y 26‘“ o&g?lg%wlggfcomgunds
11thuunmumt¢ |sod1um ohloride ecqiciamestadiide, l:ﬁlcrmﬁ@aﬁ%nﬁt@o@ﬁéﬂlm nitrate,

he.sol vent, ,used ip the conposition, is preferably a
Slh‘é‘t“r GiRg A5 oR HMiRERSe liﬂ‘d ka%lu@rﬁr&sthauiﬂf@t K titateaeinthat of inorganic

I G

por?%}m11%2§§'é§1?3r{% one I%I\/PD?%\ )6 b wei ﬁht qf th% hcgfné)osxtlon, more

pref@mlﬂblla—né@ "/@h "hiext hryab of uhé ndrgaic @nﬂ: -formiing bigeht il @ ®hm, more
flép sl is preferably 50 - 90 % by wei ght of_the

pre i@y2W¥’ nore preferably 60 - 80 % In certain

[OO%K}OdOﬂMﬁ@ oﬁe%nﬁ dgeRtRUSHe & o NP of RS dﬁ)ﬁ%ﬁ%l&rater soluble

ol ar conp ounds i ncl uding 1, 4-dioxane anh
hlggs lﬂﬁ]&?céib&!on‘épmpbv!@dﬁ usoladdeden@ tgh}@codompoi;ydthphne oxide,

pol}\'Ne lﬁﬁ?oqpi(gpﬁ o\é)?v% Sa{?(&d%r c[ %élffﬁl?lﬂﬁﬁ. ﬁ?réaln em%odlment the

molpﬂﬂﬂ-\fvagm RpRgeRYchd g 06l 1@rpré:feﬁbryt bR 2001 bm(ﬂgalmn the
rIpounds I|th|umn|trate sodi um chl ori de, cal ci um

molg dryelaht efpobyrveduiase ﬂ}g@ferabb’alQﬂ Q19 Iﬂaitmatblemores iHei malacular
We1$&t0&<ﬂ Fﬁyvﬁ“ﬁ?}rﬂy&ﬁ’@(l ggeg?%gprQQO(? 2? SR Eg’%tﬂ{l ?ge organic

cont i'nor

polymaicarabiymninGagen2® 26 BY Yby gleighobf ttfiﬁp@s@tﬁ(ﬁ‘p%dré Bfeferably 5 -
offor e preferably 1 - 10 % The size of the inorganic
20 Pore-form ng agent is <10 nm nore preferably nano

[00d6ay el Thd Qmﬁ?tintQ'sgé'iE br %Oﬁﬁxtﬁ% 'ﬁ}éq %Iﬂﬂﬁﬂé (ﬁnepg &% &tionic

m Xture of follow ng water-so
surfegieris nistic pofactiiy lashotgriccokfactant, pad Imyshmtc axfdent such as

dodecyl sodium sulfate, dodecylbenzensulfonate, hexadecyltrimethylammonium
bromide, isooctanol polyoxyethylene ether, sodium dodecyl amino sulphonate, fluo-
surfactants, tween-20, tween-80 etc. The total surfactant content is preferably 0.01 - 5 %
by weight of the composition, depending on the different type of surfactant used. For
examples, nonionic surfactant is preferably 1 - 2 % by weight of the composition, and

fluo-sulficant is preferably 0.05 - 0.5 % by weight of the composition.
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pol yvi nyl pyrrolidone, polyvinyl alcohol and
nmet hyl cel lul ose. I n certain enbodi nent, the nolecul ar

wei ght of polyethylene glycol is preferably between
.on; the nol ecul ar wei ght of

0 3 0000
[ @3 bo e?‘?ﬁ/'f”@ % iBeat soammp Wl@@@owﬂﬂ@ﬁs geednlyr disselmimg and

mlffgﬂgg{ggﬁ@?mﬁ‘%} 'ﬁltblt Iggﬁlgga%lte%fﬁfnmﬁgg% QAarinc 1%@1% o?éragﬁéagb% -forming

ag%x@gm«? pPlygpeaigpate- fosmmg-agem fﬁ?ﬁibyrfaﬁarghn amfrong polar solvent. The
e, prefer 5 20% 64]. The
hofARAEHLP Bre MRECOPICL ST A7 Vet Srinnii pd GujeReed by Siracting pore

agmﬁhm}d@s £&Add, Wkt or SHhRGARKS Tha kLMLt
anphoteric surfactaﬁ? H%hd noni oni ¢ surfaéﬁgﬁﬁﬁgﬁﬂﬂhEWVﬁba

megbiiey Prosiyaediby thelrhasesinversion oydcsesheveshipli owabanjcal strengths and
: Q,f,(ﬁg tri met hyl ammoni um brom de, isooctanol
hlggo yo%ﬁ}é{l{ hyl ene et her, sodi um dodecyl am no
[00866}ph dnadrethdrl mbo@hfeﬁlﬁcﬂlal’hhéthoﬂ\%ting& if \@ﬁ@gn&(%n?ﬁ&venmn
The total. surfactant content is preferabl
Proﬂyc%‘ﬁaﬁ?m regh Burdlep aelymesis, hollepefiblermgemtiranke A single hollow

fib&hi rhéB5:an¢ béﬂ.’)fbebé?xfl dfie%cih%rﬁunﬁ%%Qd t}Eeo&Bero}ﬁ%gE l efs)fé(gﬂ?, 3].0 min,

noni oni ¢ surfact ant refe
thetwrd] binkpossi afi O3 - afdmnt Ith.eqacsudlfyl afamil b8 %Naﬁcﬂ Bfe@bing strength of

0. % he composition
030 PR & Suale Ml BBt o memREned hndledes ntlsaength ot
blekwo di- asq!(%/! B&hdad)dnd Wa%er ﬂqx RO 96 DO B Iy ﬁ@% 1MPa, 25 °C.

mbr ane-Torm ng polyneric resin, 1nor
[00%7rle foyet amgtheagmbbdmmmgalm methotl ylt.m:mbed ixothe-phesent ilGention has

no RER My Ttshe S8R B aecrhenatertinan goigs: odbt ismig strength
resisfdcd of hensd ﬁ’%r%&rﬁ@fbﬁb '}QSM maﬁ-ﬂ? Hoin ‘l’ﬂ)é ?elﬁﬁﬁ@e?nent of the

aci dS wat er or organi ¢ sol ven e res tant
bunﬁ&ﬁérmbmms and| avenioinbbe reinfordsnants! the bdodledimeynbtdnes with the
ani, cal

reind 88 ST R Pl SRy Pl o PuBGoIo T ik oo be added

acc@ﬂbigdb mepiirenicnesd@ibipd hdBsw rbeesheBrdnd Syvil! 8880 hioher water flux
i nvention produces the reinforced bundl ed pol yﬁerlc

canbe PrSHCEd- ber menbranes. A si ngl e hol low fiber

00 rp ore being bundled in a bundle had the
[ ?b gﬁnﬁ@%er of 0.2 - 3.0 nmm the wall thickness of

[000}59@)5 Thd. fbllnmmg fmampteﬂsaﬁeypmfvxcﬁﬁ for9theYs @8 dplrheaK o Further

th of MPa., A single bundle of hollow
lllusﬁﬁaﬁ gﬁ‘éﬁmﬂaﬂﬁ%ﬁ“&hﬁ Bresertimsniienelt by no peangtlimist the seangiof the
presgmanvenligan /[ bundl e, and water flux 300 - 10,000 L/nR
h@. 1MPa, 25 C. [00067] In yet another enbodi nent, the
[000¥8] h o”élhfdﬁébwu@ckampltdimp nesketmimoy epinhian chaditiomo The glelting

1mk%gﬂﬁ29§? §|f2 é?:;ﬁg?;h of base fiber nenbrane ow ng

[00071] The membrane-forming polymeric resins, solvents, and additives are warmed
and well stirred in a reactor and followed by degassing to form a spinning solution
(polymeric dope). The spinning solution together with a core solution (also called inner
coagulation solution) is extruded through a spinning nozzle and drops into the

coagulation sofution to form a hollow porous fiber membrane.
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resi stance of hollow fiber nmenbrane resulting mainly

fromthe rei nforcenent of the bundled menbranes and

even fromthe reinforcenent of the bundl ed nenbranes
rei nforced support. Therefore, a | arger

Lth the (
odfbliningpe SBYSdinGr A fgiodgeniibes amerplranesdiad be spenintd ngundle
t:o e I : i 4 |
o g BRI 8% sl LISl G ETRERIR eddes e
facHxtzaspicess [10G06@hscT heeaflp| theviiiply tendlepitesgdr angrbosilkigd tenacity
for th | e.purpose of further jl|,ustrating the i
eSSty ﬁ%P@?O@@J%ﬁgﬁrﬁﬁe Bratss fp apﬂ%h?méwmrlﬂ; Yo trditeer increase
the! teiBile Sstre @ AN ReMind RBaciBy ?e%%f%lcé,né/ %ﬂ%!e%inf&r.@&p&@port strand

.The fol|ow ng exanpl es have used conmbh spi nni ng
witg gndionel igrextruded threbghi agoziladeith ¢M 3 anhulRVBRrissor2okfidd. into a

7 h nbr,aneg- n ol yneri c resins, .
cosg8RA el S PR T el el P R e gintorced
suppdrtastfa@dchod bandlef oiéeedudly bigUas Holgw! AbdiOhBMBranes with an

.. Spinning solution (polyneric dope). The spinning
integpal geipficedoriend davehigh nzecheanieal soengthohigh atabidity prdped pore size,

i | ati ' N ' d h.. ' .
and SR uEOR 500 AT LRt ISR RU i 0 cope i

extmidedithirought iondzatenwih Dol § antudareqttasibh bEFcOERR 28RgulAlon bath to
- 8 hollow fiber

0072] | mbodi ment, 2 , :
forfei e} Gloer BT TGS o bnding harforsgd byl v huydipeHence,
the RbN&N IHe® Rt R HuRled R4 £rane @A Bk 'ﬂgveslgi'gﬁ l@g/r&?qgé Such

process and facilities so as to Increase gr
reiniprghd thetnde lie asweemgemkidticd bradkisngell @sachdnyogeneous non-woven
tubresi stance of hollow fiber nenbr ane. | n anot her _

l%}%‘bodi ment, in order to further increase the tensile

[00813) engkinmpled breaking tenacity resistance, a single
reinforced support strand wth a dope is extruded
10091 ougP0 & erdeipimecarberate (2 ngngrantitlarsize) wens simed righiasly and

s ti.on.bath to..f - hol | ow fj. be
displelell Reni® I8 3B OO bbbk IO & P Y addimisn, e more
DMAR, 2 KyTWBF reeinc 800 gusdlybbphed il & 1008 Tween-20, mixing

nmenbranes with an internal reinforced strand have

evely g drfinally ieaassingtte &t the shinginesolisioni (e spinvipg solptioe with 6
i i r e not her enbodi tg .

285 o AU I (P AR BT I o

bundlezzitle 6vittand? whef ehuitrand exhgistsiofrd dnpleiloiisw M Bembranes

coagul ati.on bath to form2 - 8 hollow fiber penbranes
surrg R R SO PRTH AR T BRI ot EpaB AP bo Pivieyater a
coa%ﬂ@ti&i@b%&Wt& ifheh bURARA %ﬁ%wbﬂﬁﬂ-' R8s @ DR Bla68%¢ initial
ubul e have high strength. Suc
modulus is 20 - 300 cN/dtex and linear density is 100 - 500 dtex. After using HCI
solution to remove calcium carbonate in the hollow fiber membrane, the external pressure
PVDF hollow fiber porous membranes were produced and had the inner diameter 0.5 mm
and wall thickness 0.15 mm. The appearance showed the incomplete amalgamation
circle (petal-like). A single hollow fiber membrane bundle had the tensile strength at

break 10.1 Kg, water flux 970 L/m? h@0.1MPa, 20 °C, pore size 0.10 mm and porosity
72 %.
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reinforced tubule is a woven or knitted braid as well
as a honogeneous non-woven tubule. [00073] Exanple 1
[ 00074] 500 g cal cium carbonate (2 nmmparticle size)

irred.vigoro st and dispersed evenly in 5 Kg
todff75E, h(}?ma%féft“éfhg bﬂmc) foll owed by adding 2 Kg
[00W6E 49076 caleilid B Wﬁafee 'ﬁim phficR Qgé)y\ﬁf,llgyétﬁfég vigorously and

gl ycol, and 100 ween , mxing evenly,
dISPﬁrﬁQCF rsyerdnegaééim glm@hylmcmamm EpMidve); n@llswledlﬁ)ymﬂdm'gmel(g more

t th 6 nds of. Da
ONBE2RP eI HB. I £ s iRD o e B BT R, v
evanlinding ﬂhall? dgkina el forBE 8piaaRl BIuiRNd THEREMS Ho@fs Was used
single hollow fiber nmenbranes surrounding a

Eé@fﬁplér cRHECRUP ﬁ@nmomemmgfnqzalmswseﬂ ntAdtea using HCI solution to

r a
oA, AL D OO B e o
holiaw ffibad porood teusbrarges ere pRAQcaNiridt I @8 Ginrlelr QAedfeter 0.5 mm and

nsj t 100 500 dtex. After using sol ution
wall Grplatngy b S 2701 GRSV 50 merHEMOMKOP fenb ey srength at breck

0.1 TRIEDLARR fiuk B0 §4he | LMPESR S o lg\é%e dd)%&%( e&o%sny 72 %,

porous menbranes were produce
[0oavHmetxanpls2 mrm and wal | t hi ckness 0.15 mm  The

earance showed the inconplete anal gamation circle
00@2& 2150D; gy Ikt xids AIREP) siaed ireurOmetfora werpstitrdevigorously

andnﬁ%)etr&% év%fgg lheihébflégﬂ%ﬁhmﬁ z-yﬁﬁlﬁoﬁé’ é'nfggnow@& 8 b4 2 ke
PVB&russint p0O0 @%iya_\sn)[lpmﬂl@onehrqmdr i g & vioeasB0l, eniting evenly, and
fingy 3 Gl B Oy gt SUBHGE S o, LperuBEng geliign thes Kgpnds of

pol@nkg?gylbfxé %ﬁ%@@{xﬁ%@% Ihnaf 1%525%%? ;ﬁ?ﬁ@’ 'Sggq@a Bdndle with 5
@

stragfly ydete eashh SHoO omyiete iof zosmghe)hoﬂgw ﬁb@nhwblamds surroundmg a

remffﬂ)r@&i ln%)gc %%? égl% affalorrgg;n ﬁopﬁ%gﬂapoggatzlr}fiﬂh{wg%mgpagulanon

agesmrfmmn Yuiiled hellomnsbersaembrahése rPolkir By el ya2@ liHédr @Bndi@ is 100
Sqoﬁgove cal cium carbonate in the holl'ow fi'ber nenbranég,

@Xfxgtpﬁas;m@ N@ng(gutw remeve S @3 bpeﬁhe poHowdiber membrane
the %@Hfa?ﬁfe%sq?? L c %@g%g%rgﬁd %\H’gfar‘?g fe eg‘)r%gﬁ(/‘ef%r g had the
innarelibmeter Oltanint el tvel shicknat Vefghim. an sbﬁgalhollﬁwlﬂbdﬁgnembrane
bm@%&aﬂ sl rsigiha F)@@b}}ﬁf @g.axﬁ%prgﬂ%p%%ﬁnzzf@o IMPa 30 °C,
pore size 0.20 mm and porosity 78 %.

[00079] Comparative Example 2

[00080] 500 g AI203 sized from 20 - 80 nm were stirred vigorously and dispersed
evenly in the 7 Kg 1-methyl-2-pyrrolidone, and followed by adding 2 Kg PVDF resin,
500 g poly(vinylpyrrolidone), and 100 g Tween-80, mixing evenly, and finally degassing
to form a spinning solution. The same process was used as Example 2 except a common
spinning nozzle was used. After using NaOH solution to remove Al203 in the hollow

fiber membrane, the external pressure PVDF hollow fiber porous membranes were
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[00078] 500 g al um num oxi de (A1203) sized from 20 -
80 nmwere stirred vigorously and dispersed evenly in
the 7 Kg 1-nethyl -2-pyrrolidone, and followed by
addi Ki PVDF reS| n, 500 g pol y(vinyl pyrrolidone),
p1 %ﬁ%&i’eg%‘@g VRe Aunss digmeten - 6e‘@?éh?’9/d vwaHdhickpersl Q.45 mm. A single

hotl8gasiSdr Gﬂerhlsz aﬁé) hi Eﬁbetgﬁﬂle'mfeﬂ Vlsé%' BiLdOR 07 Tg;é \éa?ér%ﬁ%o L/m?

solution with 5 stran ypropyl ene
h@%i MPae) f‘hm@mﬁghzao ﬁazmhendsomitgaﬁ’s o FIG5 (| n a
Owgl eq vv|t strands where each strand consists of 5
[ WBWB fi ber menbranes surrounding a

[oooz2nf og@med (ﬁlb‘i’lﬁ}ﬁréal&ﬂaﬂ’gp% ﬁid@gl?)é)t whl Qirfed yigprously and

coagul ation bath with water as coagu I'on agen
dispgrsed buady &d5 Kal dimettyl bestamisiel{Dahis); fdatwedriomddinel .8 Kg more

DN Rt 8PYBA SR Lirhé eohRviny Bimouaslsnd o & fuspurtictant (FC-
4),raiii@eeenly,tdhd AR dkdhs d%&ﬁﬁfrﬁl @J%lﬂ?}%é MifiddPe'he spinning

por ous nenbranes were produced and had the I nner
SO]&FF@HEW@}? eptrgdefintizradgined hoge okie S5 agmiler wmrudioslmgﬂic&s mto a

oY S TR AN B, 1R ol e
bupdie evigh ﬁalﬂgla(homuaﬁﬁerpﬁ{eﬁﬂiridés78Aﬁ’@r 140 %iﬂh solutlon to remove
tive, Exa Ie 2 [00080] 500 g A1203 sized from

Co
Cal%‘r‘?c@ ORfF \Mé#ée RUY ey myarsang. yhapdenial peassae PVDF hollow
ﬁb@IV F&lo\és'rﬂ% Zs %&ér% ﬂf@&l%gpa%dpﬂe{d pld g-g-n%? didier 0.6 mm, wall

| owed dlng resi
thupj@leys( il ﬁylhrpyanddireaiom );t,'re@uld 0HOOM@a Tule ei’mg&oholmw(ﬁl':l& membrane

oG B L BB S8, e R 00 M, 20,

ana,e;%ﬁ@@ltzegsgqmon spi nning nozzle was used. After using
solution to renove A1203 in the hollow fiber

[0088Fibr divanpardtyednamphad pressure PVDF hol | ow fi ber
roduced and had the inner

nb
(0088410 B0l CHERET aionatei o RmCRIEGS $200 vaifstimcs wagirausly and
|
N o IR o NE TR ANA RenkB (IDR)! B EE AR 1.8 Ko more
DMefo d - &K @ \DR oesim78A @ pdy osivl pyiz8lidéne] HODBIE ﬂEmamfbaaﬁ (FC-

9, GIRRE ety 2 RS s e O o SO Sk, T Begprocess
wasdiigee ta Vi xadrpdd amxd@ﬁ(aabd‘}ﬁmonfsﬁinhﬁigﬁ%z@é waldig, JA@erKQ;mg HCI

npre DMAc, 8 Kg PVDF resin (vinyl
SOhﬁWrt% F‘?%Wé)alcélﬁﬂ carpogate Ilmjﬁlﬂé”lspﬂf)‘a(dﬁﬁn me(rfb@«nem}le ewfexiahgressure

PVBE TS 0 i 8, IS P b Bl Tl P BB PR Shageer 0.6
mma wadlzthiaknesst 0116 rmmmﬂdabreekﬂng UsdeBRha.44 MBS A Bi@léhollow fiber
membrane had the tensile strength at break 0.2 Kg, water flux 1190 L/m? h@0.1MPa, 20
°C, and pore size 0.50 mm.

[00085] Example 4

[00086] 500 g calcium carbonate (2 mm particle size) were stirred vigorously and
dispersed evenly in 5 Kg dimethyl acetamide (DMAc); followed by adding 2 Kg more
DMAc, 2 Kg PVDF resin, 500 g polyethylene glycol, and 100 g Tween-20, mixing
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coagul ation bath with water as coagul ati on agent to

forma hollow fiber nenbrane bundle with 6 single

hol | ow fi ber nmenbranes. After using HCl solution to
nate in the hollow fiber

| b
ewﬁ%‘@ﬁ@aﬁy ﬁégfgﬁég;% rmyfhie SBRIBE PPk o hofpinting selution with 6
str%smmmﬁﬂ%sih\{@{dewg %HH.@E@ 1]?1’38@?2%0&91%?]%1 L to FI FIG 5(na

di aneter O ess mm a rea
bundieevight h sorands Wleare dachlstrghcécdnmhsltsmf fishesle tolibwdfiter membranes

sur[tr)ﬁl){mginlg;%%g@ %e(#]enSl £ %mg ; agég?rgo ; ;@é(% agtgwgtbeath with
wabdhs doR@U83In SBERAG Fbiny ﬁufeﬂ@drHJ)l?mﬁ AP ARMb SR, Fhe c diameter of

cal cium carbonate (2 nmparticle size) were stirre
fisking dhrs e 150-3 mam. d%&qrersde@i/miut}on v Bidye ctaiwenmwlbonate in the

ho%&tfﬁgg& %gen&yra%d&e eé Xré:alggpg gQﬂ][Iﬁ)w % 891} p%qopa gﬁzg}branes

wesd frodQcd ﬁllld-lﬁa@ e @@Elaaian{e&@o Fhom Hnd | 041 BMEIHMs 08R%mm. The
finally degassing to forma spinning solution. The
apRegrARCH PBRWEd thamsompletr agalgrmaiere ciaclexpeipt-like)e oraiiele hollow

ﬁbépfn@ﬁ‘l'b%erb%a eSha esr}%ﬁe sfa‘é]{%iﬁ ﬁg en}g 164 %%,f oIﬁ%t rf|)t48 L/m?

renove cal cium'car ow fi
h@OhH\/IEa,tZ@r Iﬁfabomrse&ﬁht(bmni’éﬂaﬁ)dﬂ@ﬁlﬂym %j ber porous
ranes were produced and had the inner dianmeter 0.6
[Ooﬁgﬂ wdi¥amplg $kness 0. 15 nm and breaking strength O 44

{00%’9} Ao é;gh Riue lchtg)\fyggtjﬁt@r m"ﬁaﬂﬁ%@ nssfze? %gfag @?%8 N3 goroust and

rength break
dlsh@dlmly RO5 Kg dxamdhm@betamn@e(m\/lﬁﬁ) rfﬁilo{v@@@ﬁ%]idmg 2 Kg more

DMEET e YD ojeoithr 0ok PPBeUm G a0 2] Sser 38qmixing
eveﬁéﬁ Rhy ﬁhﬂ{f’déﬁ@ss@ﬁﬁttﬁ% t%%ﬁ@ﬂ%%l&twcﬁheg%gi&%%t% with 6

Ior e resin
Strap\d!; yétfvhwrepelygtowtdn@ tlamat] weﬂegru'ﬂméemoﬂgh amoxxla,gsxmﬂ@r to FIG 5

i TR B PSR e 5 A oo
meﬁﬂ%eﬁlsﬁﬁloﬂﬁdﬁl@r @&91n‘i‘@%e@%ﬁ?j¢@?@n‘iﬁ@@ﬁgi}p n}ﬂ(}ﬁ@t@ ?read) into a

simlar to FIGS5 (in a bun wth 6 stra
coagytapiost bathdwibnepisr s’;iso¢0&gU§1t!|¢gl agemo|tboforfi bandled hollow fiber

e FEREE" 5 o5AA N B B SRR 05 Bl atr i
HChsolenagtd sdn@or @fdtin dadbdnateinte doBewhdr oMerhbiags, the external
aneter of fishing thread is 0.3 nm

PIGW%&’%E%QES H'QITIE% 1B peIoYs mempbweReY avesalpeodieed aatllohatt éhe inner
d1arhE‘teP b%orlnﬁpé\t,éd?w%ﬁ HREEn IR RIS : 1% ap PR Eh AP L RIATRYS incomplete

er porous ne
amalgamatmn circle (petal-like). A single hollow ﬁber membrane bundle had the tensile

strength at break 13.8 Kg, water flux 930 L/m* h@0.1MPa, 20 °C, pore size 0.10 mm and
porosity 72 %.

[00089] Example 6

[00090] 500 g calcium carbonate (2 mm particle size) were stirred vigorously and
dispersed evenly in 5 Kg dimethyl acetamide (DMAc); followed by adding 2 Kg more
DMAc, 2 Kg PVDF resin, 500 g polyethylene glycol, and 100 g Tween-20, mixing
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were produced and had the inner dianeter 0.5 mm and
wal | thickness 0.15 mm The appearance showed the

inconplete amal gamation circle (petal-like). A single
ndl.e had the tensile strength

. b
“’"’%{ﬁy ﬁ'g akg%ig&}%g‘gg@?ogw ‘ﬁ? SRNRiAE splugpn. iharsnivpag scéen@ with 6
strﬁ}ﬁfsQ)f$}hezﬁo@en1}§blﬁiﬁfgﬁﬂ@n@%gﬁk bid %as/%xtl'r%%ﬂﬁou@%l%z)? e, Similar

00088] 500 I'um car bonat e nm part si ze
é (B e bu@d:le Vitot suaidy velree cathsyiend ednestent § smlglaﬂld{@w fiber

me%b@x}elgmggnec%n Y d%(n}é%gllpp]or?g@gm@ pBQ?g FWF gﬁ%ﬁar%rmd) into a

coglaiin baﬁld“iﬂp“&téEV\@ﬁQogéhlatﬁBﬁ(la@Qnt &Y €8y . buddfd hollow fiber
finally degassing to formthe spinning solution. The
megir#igs nof hedruien Gameier Bt Ghe @@V@m@ymox)me pubular braid is 1.5 mm.

AffS%? ‘flnéﬁrf%% lsgﬁﬁgﬂ E(S Fe?xgo gl%glq&%t%] E]I% g?xrogﬂ\gm iEinbrane, the

extemahprsi;suemﬂ\/ (3] rlfi)lllSWSﬁbﬁ péroﬁs R@hthriek have pioleced and had the inner
ranes surro letgl ng a reinforced support knitted
d‘aB’&F%? &rgmﬂﬂ ane v ipycness kb . c dhe apraaranse shewednibe incomplete

amﬁ‘@ﬁﬁﬁh&?c&&@%ﬁétﬁtm&ﬂ ﬁg?‘%@eﬁlﬁf”‘g? H%rﬁg&%@g% BRLdIOWAd the tensile

ber nenbr

stremguyzp bogak 28nieK ghwatariflivs 980 B/ufrh@6f1MRra, A8 I°Ggporkigize 0.10 mm and
,ﬁpn to renove cal cium carbonate in the holl ow

pOfPF‘B’e ffembr ane, the external pressure PVDF hol | ow

[00D9 her mampusy menbranes were produced and had the inner
|§rreterfng 5 nmm and wal | thickness 0.15 nmm The

IOOQ%EearSQﬂ@cglhime @iaxtbheatie n@onpl partcleasiad) geeratstioed oiigarbesly and

hol | 0 dl
otk i BRI R ISP R SHEL  o
0
e TR e

eveeb{s b‘@fhﬁtl@IY(@gﬁﬁﬁlrFmiOtfpm @%Spmng/\mletim |Theez;b1nmmodmgjnwlth a

?‘%ﬁﬁ& ﬁrgfﬁfﬂ? eﬁi.lbglaggr% ara% 5%}28 Itl’?ﬁ%ﬁx et: asg]n teHe 5 (ina

bundesivith 666fglg }ﬂﬁlbweﬁlbﬁﬂrﬁﬁﬁbl@hb@ﬁirrouﬂﬂﬁlg]@fblﬁo%‘é@%U%;?&i knitted
21 evenly, and finall ga33| ng to form
Pobérﬁpwﬂplﬁgm% ambr%%{b infpa @aglﬂﬁﬁlwb@ Ivith walenis ppagulation agent to

fornﬁtbﬁlﬁ g&(lj'lgfl%&/t}ﬂ)e eﬁ{brﬁ%lsyqth% Ql?ar{le#gr (%._tath.egl ??%p%a propylene

extru roug a nozzle,
tubiantitagd isi 2.5 rﬁnstAﬁerdsm@HCé selat:hn $6 rancvecendumt Srlfna in the

i ngl e hol | fib nb di a
hol|1*':‘gI . egﬁ’&eg*abfgﬁvﬁaﬁ {?}Etﬁ P@gs%g%ijé%olﬁfg n I@qurmtgrmembranes as
sho®hah ®XG 4, Qe ProkRed Hﬁ@hh@[hqufx ddyhﬁlbﬁ Y"@t4eﬁ1 §nd wall thickness

coagul ation agent to formb ow fI
0.10 mm. The appearance showed the incomplete amalgamation cnrcie (petal-like). A
single hollow fiber membrane bundle had the tensile strength at break 19.1 Kg, water flux
980 L/m? h@0.1MPa, 20 °C, pore size 0.10 mm and porosity 72 %.
[00093]  While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the

invention scope is not so limited. Alternative embodiments of the present invention will

become apparent to those having ordinary skill in the art to which the present invention
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menbranes. The outer diameter of the woven
pol ypropyl ene tubular braid is 1.5 mm After using
HCl solution to renove cal cium carbonate in the holl ow
fi.ber rane, t . external pressure PVDF hol | ow
PeRRIRE, Sﬁ@}“@%ﬂ%%?%@&ﬂ\ﬁéﬁ%ﬁ@&{f@éa bg GaCHBRpSEaewithindhe spirit
andlis@spRL & the -pPet AEL WA |A$J?)‘r&ilﬂ€§s the sci!: e WPthe Oﬁ}@sent invention is
appear ance showed the inconple amat | e
degcpided by theaappendgdsiaigks endisl Shlpwlfqdkiwrtherélrbgmn@déwn}iﬂlﬂ
had the tensile strength at break 23.1 Kg, water flux
980 L/n2 h@. 1MPa, 20 C, pore size 0.10 nm and
porosity 72 % [00091] Exanple 7 [00092] 500 g cal ci um
carbonate (2 mmparticle size) were stirred vigorously
and dispersed evenly in 5 Kg dinethyl acetam de
(DMAc); followed by adding 2 Kg nore DMAc, 2 Kg PVDF
resin, 500 g polyethylene glycol, and 100 g Tween- 20,
m xing evenly, and finally degassing to formthe
spi nning solution. The spinning solution with a woven
pol ypropyl ene tubul ar braid was extruded through a
nozzle, simlar to FIG5 (in a bundle with 6 single
hol | ow fi ber nmenbranes surroundi ng a reinforced
support knitted polypropylene tubular braid), into a
coagul ation bath with water as coagul ati on agent to
form bundl ed holl ow fi ber nenbranes. The outer
di aneter of the woven pol ypropylene tubular braidis
2.5 mm After using HO solution to renove cal ci um
carbonate in the hollow fiber nmenbrane, the externa
pressure PVDF hol |l ow fiber porous nenbranes, as shown
in FIG 4, were produced and had the inner dianmeter 0.4
mm and wal | thickness 0.10 mm The appearance showed
the inconplete amal gamation circle (petal-like). A
single hollow fiber nmenbrane bundl e had the tensile
strength at break 19.1 Kg, water flux 980 L/n®
h@. 1MPa, 20 C, pore size 0.10 nmand porosity 72 %
[ 00093] While the present invention has been descri bed
with reference to particular enbodinments, it will be
under stood that the enbodinents are illustrative and
that the invention scope is not so limted.
Al ternative enbodi nents of the present invention wl]l
becone apparent to those having ordinary skill in the
art to which the present invention 22 pertains. Such
al ternate enbodi nents are considered to be enconpassed
wthin the spirit and scope of the present invention.
Accordi ngly, the scope of the present invention is
descri bed by the appended clainms and is supported by
the foregoing description.
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23 CLAIMS What is clained is: 1. A hollow fiber

menbr ane bundl e conprises a plurality of single holl ow

fi ber nmenbrane strands, wherein the hollow fiber
menbrane bundle is made of a spinning solution and

fabricated by extruding tpg, gning solution into a

coagul ation solution through a nozzle havi ng a

plurality of orifices suitably configured as to enable

xtruded spinning solutions to formthe bundle in
\N%#?Sd 1§x‘t|on solution. 2. The hollow fiber nenbrane

bundl e of Caim1l, further conprises a reinforce
support strand, wherein the hollow fiber nenbrane
L. st r #ndellew dibey rmmbr@nm@umﬁe qogipnisey eeplunahlgpoﬁ singlertantidw fiber

I, o e bundl e of
o e e bl e TR e iR B aispinning
solitien laodl Ifebvidatddely Hﬁﬂi’fﬁmﬂ{? @héb;ﬁﬂﬂﬂg s@[tfﬁoﬁ l{hfooét' rdgég{iﬂhtfo'ﬂeeolutlon

reinforce support tub 4. The hol |l ow f
thripieh Rtz zlsuhdiives ¢f pl@r@én’txmf orjirep esiuriatin eCOphgmradi iasytoognable the

R

bundle has fol |l ow ng features outer diameter 0.3 - 3
th| kness 8 Qrosity 50 - 90%

" por gﬂ'agoggwo 1Pt membapg bt“ﬁéfetn&@f g bt Rigthet poraprisss eakeinforce
Suﬁbﬁtt@%ﬁﬁ Qﬂh@&h't%éﬂo@?ﬁb ?‘Fﬁqﬁ&@% 89?[%!8 (%%9{?0 ugding the reinforce

Kg/ bundi’e, and pure wat er
SUp@Y sttMRh, 25C 6. A nethod for producing hol |l ow fi ber

menbr ane bundl es conprising a plurality of single
hol | ow fi ber nenbrane strands, wherein the bundl e has

3. fol mehﬁgoxﬁ/et%dﬂﬁﬁénblﬁﬁé undidi @TRLAH 0. B pal
thickness 0.05 - 1 BOfOSIty 50 - "909 Bgmpagghé'zglemﬂnce
supgor fubulg, whﬁﬁ@mt&pﬁehqlmﬁ ¢ membrage kiratdsareskroahdiognid eihforce

i ber menbranes 0.2 - 10.0 24 Kg/bundle, and
S“pgﬁﬂr”‘%ﬁ% er flux 600-10,000 L/n2 h@.|MPa, 25C said

met hod conprises the followi ng steps: providing a

spi soI |on corrprl si ng a menbr ane form ng
* pol @I}Feggll lélg’éillﬁ ef Gany énwhereianic plurality of single

hoiﬁ;’#ﬁ@é} n?é?ﬁ&an@%ﬂa‘hﬂgél%%hﬁ he spinning solution into a

coagul at1on solution rough a nozzle

5. The hollow fiber membrane bundle of Claim 1, where the bundle has following
features: outer diameter 0.3 - 3 mm, wall thickness 0.05 - 1 mm, porosity 50 - 90%, pore
size 0.01 - 1 mm, the tensile strength at break of bundled hollow fiber membranes 0.2 -
10.0 Kg/bundle, and pure water flux 600-10,000 L/m> h@0.1MPa, 25°C

6. A method for producing hollow fiber membrane bundles comprising a plurality of
single hollow fiber membrane strands, wherein the bundle has following features: outer
diameter 0.3 - 3 mm, wall thickness 0.05 - 1 mm, porosity 50 - 90%, pore size 0.01 - |

mm, the tensile strength at break of bundled hoilow fiber membranes 0.2 - 10.0
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having a plurality of orifices suitably configured as

to enable the extruded spinning solutions to formthe

bundl e in the coagul ation solution; and renoving the

pore form ng agents; thereby the hollow fiber nenbrane
Kounglie, | [ f | r

?ﬁe pIu?g?ﬂ?&édgaﬁbﬁ?%mg@féggé@qggp n (ﬁ?ﬁ%ﬁd2¥Q? Sﬂ@ method
Cmnmmwaéﬁiomm&ngmngte hol | ow fi ber nenbranes 8. The

met hod aim 6, erein the hollow fiber_ nenbrane

buna‘irgv‘gmgt fepn PQIs COMPIETIRgG §r mempraper fofmigg pajymer, pore
mﬁﬂmgmﬁ&ﬁﬁ%oh%nﬁhﬁuﬁﬁH%&hM£y of hollow fiber nmenmbranes;

erein the nozzle conprises a central bore so
t hatextrhdingeihaf siweng isbletion dntobe coagmlammdolhmmnthﬂmagh a nozzle
th ntral ore t he, spinni ol u

ha et By’ O GRSt Siablf Suntlsbiiesr™ an Bl Ui Xl Ginning
sofutibgy tonferra B dl the Ed4 %aﬂa&&n sOQHR; lags a reinforce

tubul e that is surrounded by the plurality of hollow

f|bé?noﬁ@ﬁﬁh%M§§ﬁﬁﬁh@%mﬁ@ﬁéln t he nozzl e conprises a

ce nttﬁ%&b&b&r gll%ﬁ tfﬁ)%; iﬂ%{lle rang Ib r § e%}:h’tlili}b’l(g can be

extr € nozz vVi'a bore with the

spinnlng sol ution together. 10 The nmet hod of O aim
n_ the step of extruding, the extrusion is

a dr ﬁlgr it EO%B  fraimgP, M‘%‘éééh@mlﬂ#%{@y #h heliow fidess piembiang strands
co:%ﬁhblats'ﬁg‘ sﬁg&q{ol"l%()v el the b?ﬁ{eﬁ solution is

concurrenty extruded through the nozzle to form
precursor hollow fibers, subsequently to forma

R o T e ﬁﬁ?rs{wh e GOy fie ecmsmig dondie further
cox’ﬂ]@hée@,\&’ rEinBQte MBENANS sRHNGLET byl fhe ;Eg%g ddh%ﬂf’&fﬁb% TR anes;

wherein the holl ow fiber nmenbr
an@oﬁmq‘ug eige ethzéll@n¢tmmm60$ abudngrat hate 5 tha.truheu'ﬁmémfcdaﬁiieh&:an be

h ranes; d. wher
extPBltdd theHorhR i il L hof Ry T RSP R Ao R eethcr
reinforce tubule can be extruded fromthe nozzle via

the entral bore with the spinni ng} sol ution together.
9. 12. The Hasthedy of | Glem rfersheipia Henkitove Gibpr inwssbrane bundle further

ol A0 B2 LRt BETEPBE L 0ot i

menhbaames; eemewRerem&hmzzld/\airhpridas akbesg b@r@&a thaillthBReinforce tubule
orosit ? 90% ore size 0.01 - mm_ the tensile
cal ereé‘ﬁg’fi%d 1gm F BaRIGYie Baeial brse M@R}wtm anni g plpderetpgether.
0.2 - 10.0 Kg/bundl e, and pure water flux 600-10, 000
L/ m2 h@. 1MPa, 25C. 13. The hol |l ow fi ber nmenbrane
10.buntihe methodl efi Ghail2 6, hetchen benprpi dextading] e ekaasion is a dry-

wet spinning process during which the spinning solution together with a core solution is
concurrently extruded through the nozzle to form precursor hollow fibers, subsequently
to form a bundle before dropping to the coagulation bath, and finally enter the

coagulation solution to form a hollow fiber membrane bundle,

11. The method of Claim 6, wherein the hollow fiber membrane bundle further

comprises a reinforce tubule that is surrounded by the plurality of hollow fiber
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support strand, wherein the hollow fiber nenbrane
strands are surrounding the reinforce support strand.
14. The holl ow fi ber nenbrane bundle of Caim12,
further conprises a reinforce support tubule, wherein

mérﬁtﬁan&l hx@dfvwfhbx*%ﬁ{ th@%‘?ﬂé\esmﬁhéé nﬁaﬁ?@e 15§ ?&é@%ﬂ%intfé}ﬁe tubule
e 0 oW 11 per

rei nforce upport tubul e. al .
Caﬁbﬁbx’faw@dkim the nokzlEvi the chwtral\heneeéfilth thespinhingabiutiyn afgether.
single hollow fiber nmenbrane strands are 2-8. 26
2. A hollow fiber membrane bundle comprises a plurality of single hollow fiber
membrane strands, where the bundle has following features: outer diameter 0.3 - 3 mm,
wall thickness 0.05 - 1 mm, porosity 50 - 90%, pore size 0.01 - 1 mm, the tensile strength
at break of bundled hollow fiber membranes 0.2 - 10.0 Kg/bundle, and pure water flux

600-10,000 L/m* h@0.1MPa, 25°C.

13. The hollow fiber membrane bundle of Claim 12, further comprises a reinforce
support strand, wherein the hollow fiber membrane strands are surrounding the reinforce

support strand.
14.  The hollow fiber membrane bundle of Claim 12, further comprises a reinforce
support tubule, wherein the hollow fiber membrane strands are surrounding the reinforce

support tubule.

15. The hollow fiber membrane bundle of Claim 12, wherein the plurality of single

hollow fiber membrane strands are 2-8.
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