HOLLOW FI BER POROUS MEMBRANE AND METHOD OF FI BRI CATI NG THE SAME Techni cal
Field of the Innovation [0001] The present invention relates to highly
strengt hened hol Il ow fi ber nmenbranes and nethods for fabricating the sane.
Background of the Innovation [0002] Hollow fiber nmenbranes have been mainly

used in vag/ i h o hatol rat.d 03] One
cnown ot EAEESY VR RorOUSHAENRR AN A3 RLEEHOIh B AT

i nversion techni que that includes %ﬁe éol | oW ng processes: (i) preparing a
pol ynmeric dope or spinning soluti E38M¥E o create the menbrane by m xi ng
honogeneously a mnenbrane-form ng polyneric resin(s), a organic solvent(s),
and a pore-form ng agent(s) proportionally; (ii) extruding the dope
through a spinnerette or a nozzle to forma polyneric precursor article
that then enters the coagulBdchnitabBield of thieilphne¥dtion di f fusing the sol vents
and pore-form ng agents of the polyneric precursor article into the

coagul ation solution, the resultant pol }_/lmeri c hollow fiber porous nenbrane

i s produt®9ifue the prepant inseatien relatas tachighlydrepgthonaddinllopofieergnerbrgnes; hese
hol | ow fiaf?c?fne rarprf&r}g&iccaap %Sg&fél eved by controlling conposition of
spi nni ng sol ution, parane Brs o Spi nni ng process, post- treatnent
condi tions of nenbrane and the |ike. [0004] The cross section of the hollow
. fiber menbrane fabricated by the solutjon_ phase inversion is usually
asymetric. The hollow fi berB‘?‘FE‘B‘B?‘HH’g"’ng@ Ignevation; onal  separation | ayer
(dense skin layer) on the top of a porous supporting |ayer (sponge-like
and finger-like structures). In order to enhance water flux, it is possible
to add v§#002hs Hddeow ifibesmsmbrangs hpor kechanainlygusad éntvaricas dietdseof Sduatieh
sol vent s i@ t he sgi nni n% solution. A few of exanples are briefly nentioned
her ei naf £8¢ SCPHOEPEIC°SP562- 017614 proposes a method for produci ng hol | ow
fiber menggodpe bPne RAGHE hdAN&T SdroRbHEAN SFURDIRM BberPabybianks i@ ?)hfaﬁdlor i de
(PVDF) has m xed with polyethylene glycol (high nolecular pore formng
agent) attversigetechaqype thet weludas the follpwmgarocesses: 6) praRaringrapelymen¢ dopre

erbr aneoi, OJp'ﬂl?nanysom%én 'ﬁ@éd“%&' érgatgotthes%nre%%gane by mixing homogeneously a

membrane-forming polymeric resin(s), a organic solvent(s), and a pore-forming agent(s)

proportionally; (ii) extruding the dope through a spinnerette or a nozzle to form a
polymeric precursor article that then enters the coagulation bath; (iii) after diffusing the
solvents and pore-forming agents of the polymeric precursor article into the coagulation
solution, the resultant polymeric hollow fiber porous membrane is produced due to this
phase transfer. The resultant pore size of these hollow fiber membranes can be achieved
by controlling composition of spinning solution, parameters of spinning process, post-
treatment conditions of membrane and the like.

[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 requirenents. [0006] JP 3-071168 di scl oses a

hol | ow fi ber nenbrane that contains 7.2% of polyethylene glycol as a
pore-form ng agent. However, the flux is still not high enough. [0007] CN

1128176Adiscl d f dyci,ng hol ] ow fi nb t hat
corpr 1 s 100930, i s RaRE VY BrspRins™ Bother Wir PP el IPETREREBRGE. . a
pol yner i phaRoiefR6iitbchrg@ntafted pOPRERYNEMe ARckide $PVDIGtIRRL miXdd Kekht O

t hese agents added proportionally, their property conplenentation and
syner gi sPriyetriaetgliesl highemadacatar fogx forsting ez¢svand JareeneiPbsurfectan).ned t o
be hi gh. 5 i ose hol.| ow .f4 ber. nmenbr ane t.hat

conpri sesﬁo %%%EJ’ ttﬁgltb}ga%agg%@}g(?%&mh? %1%}%%%? (f:orfr}eal ul|;yd§hl<s';1r11ncfi qlﬁ)%(g%sgré%ti Sgroﬁlgrt icles
and t hen enaighesdtvaatgar hatictht heemirahd BviowideevellETHUS afhe prédudt tamhaedatisfyner

di aneter. The product can be used for treating high viscosity nedia.

[ 0009] APFacHERlRAUSAMSned contents are hereby cited as references.

However . (gdif) SUPEBLIA 188 difoss! £HbHoPHBES HeGutiahd kil LAEAind AP Sor

menbr ane by the above techniques, 1n particular, tensile strength and

br eaki ng pbhmthyleny ghyes at apare-foinsing agerst Homgvernthie ghuxtio stilbnotusgderioagh.

ti ' i) | Tuted nedia, The fiber is brok il
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a method to produce an external pressure fine tubular ran where a
pol yner i ®osofarming agentc danemsobremd andtailbuifagtanguppPoving tthahesesagentsoeddedor

knitted braid. ver. the external .pressure f.ine tubul ar menbrane brings
. new s AseRion G IR proneft? cRbR B ShE R e L MRS R S oG
decr easedf helasiv figerdaaabiatie fdinicd@o YBhighcapacity of the nenbrane in
conparison with hollow fiber nenbrane; (fii) its porous nenbrane can be

peel ed al@BP8kasi ¢ 2660 8A disslosesia hpkdew ifibge meaibyang) thatriomprisae PYBIF thated
nb : ' t id and
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menbr ane holew fibe2meadidne with bogeti ingeralisacted. THeeprodadt cah be ubsd ¥ trestidy ane
W th epo>1<1¥/ resins omng to nenbrane fatigue when air agitation is applied

to cl eanMgheisroMbr B2 (i v) it has | ow

[0009] All above-mentioned contents are hereby cited as references. However, the

strength of the external pressure hollow fiber porous membrane by the above techniques,
in particular, tensile strength and breaking tenacity resistance, is not strong enough to be
used for separation process in heavily polluted media. The fiber is broken easily off
when air agitation is applied to clean the membrane.

[00010] In order to improve the strength of membranes, US 5,472,607 and 6,354,444
disclose a method to produce an external pressure fine tubular membrane, where a
polymeric solution is coated onto a tubular support that is a woven or 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 [00011] One enbodi nent of
the present invention provides a hollow fiber nenbrane bundle conprises a
plurality of single hollow fiber nmenbrane strands. [00012] |n another
enbodi ment of the hollow fiber nmenbrane bundle, it further conprises a

reinforce s trand, erein the hollowfiber, menbrane, strands are
sur r ound iy nypﬁe{’%frﬁ 8eae° t)s\@ﬁrﬂiiﬁt éf‘f  eEbErns) With SRR FSInSeBEi Bent of
the hol | %’&‘rﬁﬂr% fa'ﬁ%ﬁ@rw%@ﬁ a aﬁon id aﬁﬁ!feﬁh@rcleaﬁ()cﬂ@fﬂeﬁﬁﬁarﬁ: (®) i fsa8ws uppor t
tubul e, wherein the hollow fi menbrane strands are sufrounding the

r ei nf or c@rosiupipoit andipgl e. [00014] | n anot her enbodi ment of the hollow fiber
menbrane bundle, the plurality of single hollow fiber nmenbrane strands are
2-8. [00015] In another enbodi nent of the hollow fiber nenbrane bundle, the
bundl e has follow ng featur eSamgisrglof heliBeitioy- 3 - 3 Mm wal | thickness

0.05 - 1 mm porosity 50 - 90% pore size 0.01 - 1 mm the tensile strength
at break of bundl ed hollow fiber nenbranes 0.2 - 10.0 Kg/bundle, and pure

wat er f l ﬂ 9 Qrgb&él%np(@thk w&’eﬂt %@%ﬂtl({norg S é"ﬂ8ﬁ rf b%gvp% bg%ﬁ:t of

t he pres ven I on provides ucl ng

menbr anebbmﬂldbaapnmrplmhg of sfilgle ledllobwy fibdr rﬁerﬂlg’a@e é’tfalnBQW fl ber nenbrane
strands V}{}ﬁl’eln t he undle has foll owing features outer diameter 0.3 - 3
wal [0 Fkkrﬂ@s@mﬁ gsembadipent 96 the .mﬁowoﬁbergww btecbwidle ib fagther 1

e ek ARl o iSRRG MO, SRR g 0.2 - 100
co%ri sesunrdnmdir@tho\rmn@r@tsapport ?tmmiw di ng a spi nni Ing sol uti on conprising a
oxt rudi 0] o en el embediBient ot oha heldgunats SRmocgiebrEc RBUBH &

nozzl e hayinpasé Prihfhréd YupPbrtQublleC fhetitl Ttlfébhd'lld?v@ fbbOHeRbraR dAng9aRl e the
extruded spinning solutions to formthe bundie in the coagul ati on sol ution;

and 3 réwndglgmer@@foecefsapmrhgxba@ent s; thereby the hollow fiber menbrane
bundl e i TOOOQQ} ai & another embodiment of the hollow fiber membrane bundle, the plurality of

single hollow fiber membrane strands are 2-8.

[00015] In another embodiment of the hollow fiber membrane bundle, 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.

[00016] Another embodiment of the present invention provides 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 - 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 ment of the nmethod, the plurality of hollow fiber
menbrane strands conprises 2-8 single hollow fiber nmenbranes. [00018] In
anot her enbodi ment of the nmethod, the hollow fiber nmenbrane bundle further
conprises a reinforce fiber that is surrounded by the plurality of hollow

fiber ranes. and. wherein the _nozzle, c S a central bore so that

the rein or%@ng ﬁ'ﬁé’f)re formmg aesyls; ualéede@ gh? ﬂﬂl"oi%g‘%eé W]egltbfﬂ’(? glﬁ(ﬁPalls bor e

wi th theobfimeal ng solution together. [00019] In another enbodi nent of the
met hod, the hollow fiber nmenbrane bundle further conprises a reinforce

tubul e t K017k Juepeihsteanbedimentotihe methody thefplwalityf hollpw fibepmembzares; and
wherein , | so that the reinforce tubule
can be e%?%&gggﬁjﬁﬁ%e%%éﬁg%ﬁlzo 8&'\%%& egﬁ)ggen%fg'r al bore with the spinning

sol uti on [009d8]} hdn. anof¥d GAtHodimemnel the rmehbddhetotloaf fibdtemembiad bundlet he
step of extrudi Iq‘% the extrusion is_ a dry-wet spinni ngﬁprocess during

whi ch t h&UTEST CAMBESSOR GEiPEHCT H8et thet isvurpuaded by the plusplityrptihollognbibsrr ent 1 y
ext ruded pARMal 5&21%98%@4 fhe R 2R PSS SQftral BbieOW thhOBE Sei fo?&@ﬁﬁé[}ue“t ly
to forma bundl e before dropping to e coagu’i at1on bath, ana rnally enter
t he coaguhmbé exirusled fivimthe nozAlo vimthe baitdabbort mithrtherspibniap solntiomltogetheN0021] | n
anot her i ment of, the t hod, the hollow fiber rane, bundl e . further
conpri sei@q%rﬁf‘o&}n@g‘e{mo upeng Ofit g‘,es‘ﬁ?tLB‘lngH‘é&mﬁ?WFﬁggp‘PEmQ{Wj“‘BfﬂehoI | ow

fiber mﬁﬁl‘tl‘[e@'&@ﬁlgr@&da yhefofddtubliR M9Zi3 |s8rro QMR yChe HIGANRy ¥ hdIRWEfBQ t hat
the reinforce tubule can be extruded fromthe nozzl'e via the central bore

wi t h t hemgmbignesgprslovhereimrthe ngetlh epmprifes @3220ral oze shjhat theweinfaste tule

d i i i1l . fr.om foll ow
ot ar | ogein & ellftel RGN, BRRAL via (REFATR RBRAGE he ihifeoRgnRloeeitsh i « 1
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Preferred enbodi nents according to the present invention wll now be
descri bed MiTWek FRIPRIAEProesss Waripg griviels the) spinging Folpfire together avitba soier al s
denote || el F&E,tu efgm i onal
vi ews of %ﬁgflfng\}vse [ e?rerrlré%[g?g%ﬁ E}Eé\‘%hésh%ir}{r%\)\é?g?ér an é&im %(ﬁs%)-rl\léagﬁ%% i ment
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[ f hol | fib nb
views o theocoagu a‘u(I)n sei‘)rlutgx to rfgrrr]r? a hollow fiber membrane bundle.

[00021] In another embodiment of the method, the hollow fiber membrane bundle
further comprises a reinforce tubule that is surrounded by the plurality of hollow fiber
membranes; and wherein the nozzle comprises a central bore so that the reinforce tubule
can be extruded from the nozzle via the central bore with the spinning solution together.

[00022] The objectives of and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with

the accompanying drawings.
Brief Description 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 in accordance wth one enbodi nent of the present invention. [00026]
FI G 3 shows exenpl ary cross-sectional views of hollow fiber nenbrane

bundl es in accordance with one enbodi nent of the present invention. [00027]
FI G 4 shows an exenplary cross-sectional view of hollow fiber nenbrane

bundl h nbodi h ' ion. [00028
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hol | ow f blietlesiaribécagmde with & dniboAGRetGERESrdehhindaRioanbodi nent of the
present _invention. [00029] FI G 6 is a schematic diagram of a spinning
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Description of t nnovati on
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met hods for, fabricating the s 00031], Referring to FIG 1, there are
provi dedt["é%ﬁsplpéﬁﬁr ’T‘%é"’lg’b‘é‘l‘a%‘ﬂ%ﬂ lm?réﬁltf@rprewat !nBWtToinber menbr ane bundl es

i n accor fpeg) Wit @@ﬁo@g*aﬁ%%ma&fcr&sg%e&fo%%f@ﬁw ?1“1‘{(9 i grﬁer %ﬁ%’m el oW

fi ber nmenbrane bundles conprise a pluralit ranes that
ar e bundbeatil¢sigettmedarice Wlﬂmneaen:ﬂ:ordghmtprdt&mbsent mvertmnenbodi nent, the

hoIIowf bun | es can be fornmed in.the p|n n rocess. For
oxapl e, 140281 GG 3o tus e EBKTY oDagPnnes It & diovhed Tof B itar

extrusi onomwfﬁtfe@%néxﬁsﬁhe%narég intdtesrdant e vith &%&ﬂb@&m@ﬁt Qetﬂl{e PRséft O
produce hol |l ow fiber menbranes bundles with 2-8 | ow fiber nenbranes,

havi ng hitysnéembi | i ty, proper pore size, high vvater fI ux and high

mechani ¢ eng mat i on | rcle. of hol nenbr.anes

bund o 00251 CNG"8 ip 2SHBRS Aed Br ek SOping, it i BE PG F5ho e ¢
of annul grodexingUsilion Gbér hme@BranefbuhbRs rﬂ@éz&@dmet»hﬁl 64 ethbedinfeut baar of the
coagul ation bath, and (ii) selecting the optimal central distance between

the exit BreS¢ntARYEBLER extrusion orifices of the nozzle. The entr y 5
di stance fromthe dope exits of annular extrusion orifices of the nozzle to
the solution surface of the coagulation bath is preferably 1 - 1000 mm and
central distance between DéthidediDpsriptionsofahe Rinuvlatcion ext rusi on orifices of
the nozzle is preferably 1 - 20 nm For a

[00030] One object of the present invention is to provide a product of the reinforced

hollow fiber membrane and methods for fabricating the same.

[00031] Referring to FIG 1, there are provided exemplary cross-sectional views of

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

invention. The hollow fiber membrane bundles comprise a plurality of hollow fiber

membranes that are bundled together to form a single product. In one embodiment, the

hollow fiber membrane bundles can be formed in the spinning process. For example, the

dope can be extruded through 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 mmand wall thickness 0.05 - 1.0 mm [00032]
Referring to FIG 2, there are provided exenplary cross-sectional views of
hol | ow fi ber nmenbr ane bundl es in accordance wth one enbodi nent of the

t h h fib 439) I lit
of ot | o FHEE ol sataf aniaf b BFies Sl 'af pAAIE moBeoneBa e

bundl ed t@@ekhERhd &)angl’aﬁbﬁ baihiglReferibBAUCt1000 PR RAd @BMRM idiRitce bekeeehol | ow
fi ber menbrane bundles can be formed in the spinni ngb&jocess For exanpl e,
ra

usi ng a HAape c¥jts af gnnulag eéﬁﬁ%}paprléﬁ@%fafsth@nozzﬂfr fsipzels tradmemndonacent r al
b | b

oxt r udod HERIBHEE SRLLi RO g TERAO bt Bubdiea, SEMAR S 53R F8 ¢ o1 m
hol | ow fnbmandwe]mmdmesﬂmsil-eﬁ mher e each bundl e conprises 2-8 hollow fiber

menbr ane dln a rei nforce support strand. Such internally
rei nforci@“ﬁﬁ g%@ errmgrto FiChr Bi5es atsuprarisded Wé@@P%ﬁr%ﬁﬁﬁ‘Ft}qn?&/“eﬁ’ls&éer por e
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circle of hol I ow f1i nbr anes bun es can Juste adj usting
t he ent r ynvehsermntech hollow Hbee xdmsbrafic bnmdle @pmxitesus pbmaldty i dfilodew fibert he

nozzle to the solution surface of th ulatlo ath, and_.(ii) .selecting
he-opt | Membrasis eh p Fiplifes Sippoenh 1 BRE st undled Soerthed o i d ek

ori fi cespgiduthenieZdnthodBhents fleafdiloRdfibdrendEhiahd Bu&ilése&gltlﬂ: fRsketppge and
suppl eness of the reinforce support strand, such hollow fiber nenbranes

bundl es #pinningayecdss.gifor exsinple, snsmngnhzm avithr 2 ak8 ngnultarewstmsuqn ﬂlefé¢0§t ance.

The rein and_can suita

desired %‘?ope d?légao q&r ?% Kea Al f%‘if% % |SHPB? 8“%%% }P g‘f hgre {8 b8r gani ¢
pol yneri extridedevish theCddpéltn@ugmlﬁ@ﬁbizw @ésla ¢ iohyBa@ to ReMyhdllotefibér omat i ¢
pol yam de, pol yprop | ene, pol yethyl ene and t like. In_additiaon, the

r ei nf or cBeSHIARE tbuad n¥ders ach duingin |°@nm'fl§é~°r 92 B nollaw ngberarsarbrangser |
gl assy fi Suncﬁﬁk’g ot R&hforld %hﬂﬁor‘t s‘tllrahﬁ.e r ?B(El’?’l lQYnal F@ﬁ%} & g ngud.or ce
mat’e r

bet ween the rernforce support” stran r|a s an ane materials, the
peel i ng nesitsiresbendles hbee highrsessiést, plopeOpEL shef Righi wgert luEhfd Sxcellastre are
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fiber megbLaNGR¥YH)AIRRIRY REHtG didtitcR!fidnY tHefext® Bk fidR&Frusion 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. By
selecting the tensile strength resistance and suppleness of the reinforce support strand,
such hollow fiber membranes bundles will have high tensile strength and breaking
tenacity resistance. The reinforce support stand can be any suitable material that has the
desired properties. For example, the reinforce support strands are organic polymeric
fibers including cotton thread, woven nylon, polyimide, aromatic polyamide,
polypropylene, polyethylene and the like. In addition, the reinforce support strands are
inorganic fibers including 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




menbranes and a woven reinforce tubule that are bundled together to forma
single product. In one enbodi nent, the hollow fiber nenbrane bundl es can
be formed in the spinning process. For exanple, using a nozzle with 2 - 8
annul ar extrusion orifices surroundi ng a central bore, a woven reinforce

tubule v C I re.i.s t he dope thr t hg, nozzl e
into a cltl)lgvghpg |;§%E%%IOHQ‘?'O ecr)r%eerg&i%gg |Q83}pr’r?5%rpg % Wﬁg? e 2-8
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menbrane bundles will have high tensile streng t breaki ng tenacity
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with annul ar ‘éxtrusi on ces surrounding a cent ra ore,
t ubul ar suyppatablesmateriabthachas the dosireel prepenkits. uBedexairple, ahdtlmpffotchrtmlugés t he

nozzle into a coa ul.atian th 1o f rm hoIIowL}% nenbr a bun?{) wher e
each bundf% °"&UHpr @8@65"2 ?‘Fél NSRS SV OYRINBY (salsé‘iiPPo{Pﬁgleﬁber ?faul ar
support . g&yja?opyn@&r Radcbde y4rfl Eﬁcpﬂfeeﬁkéml?hﬂh\érhio?@rbmhéﬂ e rhave

high stability, proper pore size, high water fluX and hi gh nechani cal
st r engt hbetwesa theregintones Wbﬁlecmﬁf@flélscﬁﬁldhl)¢mbmé inpegerials, the peeling resistance

can be increased.

[00034] Referring to FIG 4, there is provided an exemplary cross-sectional view of
hollow fiber membrane bundles in accordance with one embodiment of the present
invention. Each hollow fiber membrane bundle comprises a plurality of hollow fiber
membranes and a tubular support that are bundled together to form a single product. In
one embodiment, the hollow fiber membrane bundles can be formed in the spinning
process. For example, using a nozzle with 2 — 20 annular extrusion orifices surrounding
a central bore, a tubular support via the central bore is extruded with a dope through the
nozzle into a coagulation bath to form hollow fiber membrane bundles where each 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 annular extrusion orifices of the nozzle to the solution
surface of the coagulation bath, and (ii) selecting the optiml central
di stance between the exits of annul ar extrusion orifices of the nozzle. By
selecting the te mébg‘ﬁstr rg i stance and suppl eness of the _tubul ar

support, s ¥ (HAdensaag fe qnty ga‘PﬁengO‘fléle’s?’P@ ot rength

and  breafhilg &H@RSEhIHTRS b8 iR Ezz1eHACNE Yok 16{1 s&ffﬁ&%ftt € ABafifattbaittli T abl e
material with desired properties. For exanple e tu ul ar- supports are

organi c pod ﬂlm)eaidl@tlm?gttbﬁ mptﬁnailcudiraigdlmnmbﬂweam thepekiys orll' atmulaxrexmsloo

I de t h addi t th
Pubul ar - SUBBSrYanS PPy RRIet ey tedens i or Bee oo A By bt
fiber, apgbuld?Suppd€ sudtUkdIfey ﬂBéIemelQBraﬁ@ Banabd@ilPRALIHigh feﬁﬁﬁ@st&ﬂgﬂﬁﬁiﬁ the
t ubul ar WE port materials and nbrane materials, the peeling resistance

can be iR alge@na@tyocﬁ:;&}anpheThﬁ dreuler smfporr’ecaﬁ be ey suitabldsmaidtiph withi n t he
present MR bty AUS' SRR, Belipin? Pl RERIL I RO BhbATS

or short Aciudi ng ny po %/p pyI ene,

pol yi m dénclatiegraloven polona oliemide) layehdtid ﬁcﬂ?amldénﬁolfybﬁ)plylelﬁ@ poIvéthllengar
density 50 - 500 dtex / 10 - 500 f; or t arns twsted from chemical

fibers mend e Apadditionthe wbulgs senposs ar@nm&gé@cmléh%luﬁmé:afb%rﬁ%r ns

menti one g ed
Above " BsRBONr B REMRS HARGALE:. BEiaH) SORME Rl bitka, TR

i nor gam suﬁpobtanaielsals hnchmenmrdmnnatémd:lerthe pehing yesistdmee car bd inerchsdde, and their
woven str , fishin rea made fro on and pol yvi nyl j dene
uor i de TOURISI p?@?eeflfaé’&etg’étog ST, e, Slopil SBF yRIPSEY (IBEARIORI tor | de
and the prat@pkegol YRS ?hé%t@ﬁal@r&ge huaﬁﬂmgo% Bﬁ&@%ers[ ﬁ@ﬁaﬁl Wien the

outer dianeter "of a single hollow fiber before being bundled |s desi gnat ed
as d; th&agemeelyestehbénnpdlypropylene, psolmmdﬁ aresati; peliemsler pelyethgiesas of a

PL00Le, "Shd A RS TR ARG S B B Sh ffpos

menbr ane%h&ﬁi&dl fife@SméEhtidRE dbdle ok B8R/ WhverDbr fHifiteaCeragdeamdeffrdinlyaaw fi ber
menbr anes before and after being bundled can be cal culated by the

fol | ow n@le@aaa@d shoYer)or powiog thregdsoradepfron rhemicgl (ibpry ovoteiedrakove
effecti V?sp%&‘i‘cgtf’o% %6631?)0@/ @911 It\g}%es, ol?%{)tthﬁ[gg <; eu?or%ax%c (f'rb 1! sﬁgﬂ aJ &bd hei r
fiber, glassy fiber or the like, and their woven strands; or fishing threads made from
nylon and polyvinylidene fluoride. The preferred materials are Dacron and
polyvinylidene fluoride and the preferred types are sewing and fishing threads.
[00036] When the outer diameter of a single hollow fiber before being bundled is
designated as d; the number of hollow fibers in a bundle as N; the surface areas of a
single hollow fiber membrane before and after being bundled as Sy, S respectively; and
the external diameter of circle of hollow fiber membranes bundled as D; the ratio (S¢/S)
of surface areas of hollow fiber membranes before and after being bundled can be

calculated by the following equation (1):
[00037]  S/Sy=- D=+/Nxd (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
menbranes woul d decrease after being bundled. The results sumrarized in
Table 1 below are 8 consistent with the expectation. Furthernore, the nore
t he nunbers of hollow fiber nenbrane are in a bundle, the |less the

effective surface. as of hollqw fiber menbranes are. Th I.S
i npor t anf® ?S&t%n‘f"‘rtgl ¢ REPSSALIAR- %i 5&“8%%‘% thentoFfe the,suymabess Ogﬁﬁuf’ﬂrﬁ'&(t rusi on

ori fi cesnRintrlif #0774 Buddle, the1cSOINIIRBINIREE ahs LR IHRAGE: MdnitalRAt h and
the central distance between the exits of annular extrusion orifices of

t he nozzhes. tIhub ot s latportalptpte@mtm:leth@entbndmtapb@fremahaegarcﬁtanmdalcwmlswnof

hol | ow fi ber mephrane ud The ter surf f,. hol | ow fi ber
menbr aneoﬂﬁﬁ%ﬁ & 4G lgohfl Sofyion ?‘E ‘?r}atlhf: P8 ati aﬁ%ﬁtaﬁ e Gpn tﬁ%i/l | ow
fiber nmeghtaiResbdtwbel sk vkitd of ARRLRE @x@lukiohCorifitest ORI SR to fHMERLI ON,

the nunbers of hollow fiber nenbranes in a bundle is preferably 2 - 8, nore
pr ef er abRppe@rance of jrpouwirte Faplcamatior kisclexafdiolaw filiea membraneringiese diiev e

surface are of ..t he h rrbranes
bundl ed. -] 000 {“}fﬁ‘gﬁg%e%gfh‘ﬁw %m%ﬁﬁ{"b‘@“ Wiff! e o“ﬂfclmrg Iag

1.56 1. 7thad. thdse 3f holl@w ikt eriBraleshBundled vidth dordplefd. 4EL1&). 5ﬁ)thé5p£’es81{’t 2 46
2.68 0.45 6.2.45 2.69 2.94 0.41 [00041] Wien the dianeter of a single

hol | ow f Wéml%ﬁm Awabers of hallew flb@g rrmmﬁgn atbandleiis proferablylandanps weak.
When thedicgogter @f a single hol I ow fi ber nembrane is big, it has the
sel f - supBortl ng property so that its wall thickness has to be increased to
mai nt ai n[(ﬂlﬂﬂﬁm nladerpr. eBls exterred | ditmpte . anbheffectivei surfave narta aifl gompleteeases
production but al a imta ancing its mechani cal
strengt h§™Ma fﬁﬁ afjgn ﬁ%‘deB?&FR’QﬁOWrH&?EHFH} %‘E’ﬁh’}”&ﬁ @an increase the tensile
strengt hjggpappt ance of hol [ ow fiber nenbranes

N (No. of d (mm)

HFM) 10 1.1 12 S/So
D (mm)

2 1.41 1.56 1.70 0.71

3 1.73 1.91 2.08 0.58

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 hollow fiber nenbrane can still be kept
relatively thin so as to reduce nenbrane resistance and | ower production
cost. [00042] In conparison with using solid rods as reinforce support, the

' ' Y d i hem cal fib
Dar ne s ReRrop e sy Bl 8 BeaPlen GRERH 8 st RECK el Biasntoor

hol | ow f kdileite ARADBFMB ESsisihc@anl QowdGrédREofesHRr ane cl eaning efficiency and
reduce the anpunt of gas usage when air agitation is applied to c]ean
menbr aned000#Rk  dpspmparson with psjimeselisd 1odhas ebdpregsymostia the nresesUBEIton t o

pol yet he i ) Si -PVDE 1S
ot or i or pesai stironpbr vlhed QRaHEA TP Pub ARG S SRR O
shows PVBEIpSulpfor ehe sscilllatiormlof cholione fibas asenghraddsl 30 b @o ih@akien@einbrmecy

resi stancE S.0 a§ to sati sfg different application demands. [00043] In
conpar i s&FaHRg FHHHEAIadYGs hnrRRURHRL Sadrtes VB air agikationde aPRlisditRe

Spi nni ng ckah WhdrbrandE TRE %aﬁ@lfené | \e’cgnlbv\‘}/tﬁﬁ RIRW @eer H%g-}bréfe‘é% %h%éfid?%e

hol | ow fi ber nenbranes are bun a reinforced support during
spi nni ngpplyethesslfere (P, itidor e bramkingabnsicy eesiptdnce PN isonfetiobtr PE&nbr ane

depends | etel n the reinforce support S ing.the reinforce
Sopeors TR Bithod Redieh b SRrenf oAt doty Shpe ok Shgucnta Ral T ow
fiber menraRes bfally @i Bieraﬁﬁ%et%néﬂ@r}eﬁ@@ﬁceo% Botd oty BETerdmMEPpRORIoN the
met hod in which the short fibers are added to the spi'nning solution.

[ 00044] Hemewdspari son with the nethod that the polymeric solution is coated

. i.Gh. i i id h
ot or nal 10HSE 15" ARG solfsRL Su BB HE Vit SRL UGH R e spedlgpieee 1

i nvent i ospighing swlt@sn,f tlel probéty inSBRIdC ProVidss: that )sePerhlRitlghd hpDbWNEbérC
menbrane with | arge_external dianmeter and a  decrease in |oading density in
the unit MeEPARRes\Are bunled vaHha spieiareed: $ippart BBingwpinning grqcssy 59 Het the
menbr ane;,hid 0 r i i r . i.d when
over col gl el \reRRRCUETRAD (RIOE dRRbiRg BNs RARlsIchely A Rt Re
bet ween styportt Byudedactibg Hiedreifigrioo stpparndvitinkigh ctrenigh,ihé yrelidnicahetrdngane’

b ey SRS AN d i el L0, of i g ane a1 1

menbr ane g{ahi@b@in\IRRh Md shdet fikEd 48 alldedaBRid Shdify Si&ddh. t he
[00044] In comparison with the method that the polymeric solution is coated onto a
tubular support, which is a woven or knitted braid, to produce the external pressure fine
tubular membrane, the method in the present invention eliminates following
shortcomings: (i) a tubular polymeric membrane with large external diameter and a
decrease in loading density in the unit capacity of the membrane in comparison with
hollow fiber membrane; (ii) the porous membrane peeling away easily from the braid
when inversely cleaning the polluted membrane due to weaker bonding force between the
tubular braid support and the porous polymeric membrane materials; (iii) the breakage
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 the devel opnent of
hol | ow fi ber nmenbranes in the fields of water treatnent applications are
sumari zed in Table 2 below. 10 [00046] Table 2. Progress in the

devel opment of hollow fiber menbranes in the fields of water treatnent

B et pl WS atebie NP e Je <ansad R doflay SHel Sbnlind TRade s

I nver si obf watehgeatiRAbappiicatdakt kneadi ng draw ng i nversion inversion
supportiqgwphase reinforced supports formation tubule separation Menbrane

cA PP PEI®OH PvDF PVDF PVDF materials Phase inversion PS, PAN PES
AsymetTiT T ASymretTi ¢ menbrane styucture—vert—kmeadimg draw ng—enpr ane
H gh NMedi um gooed foulijng Good PP and PE nmenbranes Advantlages structjre
mechani cal nech&megall [end@mane@, hiigh hydro6gpddnity wi t h hiGeatbeinsi | e good
f oui ng—st+rengths streggths rechaf-¢al—st+epgt-hs—strength—resi-stanece
endur @ance and fow production costs$ Fatigue peeing of
Phase Thermally
Principle of
Phase Phase inversion | induced Phase inversion | the
membrane o Melt kneading drawing
! inversion inversion supporting phase reinforced supports
formation .
tubule separation
Membrane
CA PP PE PVDF PVDF PVDF PVDF
materials
Phase inversion
PS, PAN PES
Asymmetric
Asymmetric membrane structure
Melt kneading drawing
membrane High Medum good fouling
Good PP and PE membranes
Advantages ) structure mechanical mechanical endurance, high
hydrophiicity with high tensile
) good fouling strengths strengths mechanical strengths
strength resistance
endurance and low production
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Fatigue
peelng of
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supporting
Poor Poor membrane
) Poor fouling endurance tubule and
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production
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Symmetric Poor Poor supporting nmenbrane Poor fouling endurance tubul e and
Shortcom ngs chem cal nechani cal structure and and oxidation resistance
high stability strengths poorer fouing production resistance costs 11

[ 00048] The holl ow fi ber nmenbranes with high strengths produced by the

hod of, ' ' o) d i call ' ly.
(00040 NEURE BPATIavt BERChERBAET oG BT Pt b P B G Bt o

pl an vi ewise predentninzzhtim dadbe pseGticglylhogivordtalper menbrane bundles in
accordance with one enbodi nent of the present invention. As shown in FIG
5(a), thd00042k| e Nexsretfergng tn BIG Setherepse providerditive sxemplenobattnnplan viedyst r al
bore to fer I ' u | l.he

menbr aneg ?;{J&rz?ng% r@%/vﬁgd(gﬁgﬂl g esgﬂﬁ[;%%r {?Egﬁ)? filﬁclz'é'dl é&lq&%%ﬁlggg‘%’bq%l%gs&gﬁ (%ngzzl e

t hat has esibrdimzoht b€ thenpresent émehtiomd Wseshbava ih IREGS3(a))chehezzASha®whular Fl G
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schemat i ¢n,@i AENEMN Mer %&%rﬁﬁ%s%m%ﬁ@ﬁ??aﬁg%l@@%ﬁé aRlc@e ﬁg@a?ﬁ@ JRbRUCi ng

hol | ow fi ber nmenbrane bundles I n acco one e nt of the
present npxaathabhas sthmodeles whereafach hednleihaf trectrusturaasckhddn ik EERS()eltt ai n

tensile stren tPh @f)tber i%_o s through.a.nqzzle, the reinforce strand,

tui ned 0 ERAHOL 8G9 PssnTigRanps e SUANIRE e RecielNER - bat h 27 and © hen
is drawn Tlmsm NdNoWERrEng REFICNE, BREL péckidddPa SchidHiafit Ahohif BF a 2ginhgPr oduce
the reinforced hollow fiber porous menbranes with the reinforce strand.
The twi néBparaiuppad dsdreesiss &y Prodesing bpbew fihee munatnere bunsllesr incageerdanget hout
addi ng a rti . T arting-t ubul ar i nf.ox ced hoal.l,qw fi ber
orous. mF AR ehaRuBEREA the PSR RRRBOET The Sth 0 of B NG el ac

shown i nkEdys certainhensils sireigth. AfiePigoes theAphy fozaleethadeinfeeéek stiah@, twigddt i nuous

producti on car] be {)eal I zed. The process has following features in (id)
with hollow fiber membranes, enters a coagulation bath 27 and then is drawn to win

onto a reeling wheel 23 via a guiding wheel 22 to produce the reinforced hollow fiber
porous membranes with the reinforce strand. The twined reinforced hollow fiber porous
membranes are produced without adding a supporting strand. The supporting tubular
reinforced hollow fiber porous membranes are produced when a tubular support is added.

[00051] As shown in FIG 6, when several spinning reactors are adopted, the
continuous production can be realized. The process has following features in (i)
designing a group of dope tanks 1 & 2, wherein their entry and exit have a three-way
valve 10 & 11 respectively for the connection. The process is suitable for continuous
spinning production alternately by one tank for 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;
(iii) 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 dope tanks 1 & 2, wherein their entry and exit have a
three-way valve 10 & 11 respectively for the connection. The process is
suitable for continuous spinning production alternately by one tank for
spinning and the other for degassing; (ii) designing a group of inner

coagul ation sol utign .tanks.3 & connectjing u nd, down i pes 5. th

swi t chi nfjo%féﬁ%lé)g bfg’ ®a f_él.em@feovf RV1P8 pﬂ%ee%_cgg eﬁeﬁk}?maﬁ’ 1‘1 %ﬁié)aglﬁﬁ eff%m‘é ot her
as a spapg thediibili§ THBLbWUTHES hienitR M8 RHiniRg to¥pRiniSORMHINGS drfdrhdaRivet Wi to the
working tank; (iii) installing_ one for replenishing solution to the

coagul at high qeacentmation jnjtherroagwetien baiﬁiogf?wnmiledb@ renleniihing sdvtian pine fir om t he
| at i . 108 s . 9
Tt ot e BeaE Iy G-polfiBR b WiGORE poRihéiic SELRUISAT LRI B8R

concent r dathoh ntdkes flierspinnghgsll ey shdaaddithdsl i the @8lynterit @i¢cResor artichetober ti al
area of the cqggulationggolution. The net hod, where the solution above is
di schar g&¥hsagedand gatractod @s completelynappessible dn she, geagyationehath $@i asgtopi pe 6,

can ef f eg{d‘aﬁ@é heIVALH fibeP RQAD: seiiﬁl%%%stggaihpiﬁivtgé fr\gv% H?Eéﬁggaﬁk}%&pwi ber

menbranes ow ng to spinning solvents a concentration
i n the cbagstdfdramdratehwithMesifivks inecoritineousepidleme shinnmgsgobdadton witlphigh i s

| ocated in the .position in whjch the polyneric precursor article enters the
coagul at Pfﬂﬁiuc%‘é{%hfo"}'?%trﬁ?‘ggo‘{%‘@‘agﬁf'nni ng sol vents and additives in the

pol ymer i o5 F UrBIRY madetihk!f6r Bé?n%%secﬁﬁ%cx}éﬁﬁ&‘?:g sﬁ%&r@ﬂ% §Bmigac1ad SRARLRt el y as
possi ble in the coagul ation bath so as to produce the hollow fiber

merbr anesT whot fibeyh sychmisenydoal PagronT(pelyastes efher), padyproppleneapolybeidased f or

a nozzle with.ori.fices in continuous vglu spi nni ng .producti on th high
pr oduct ; Ayt Bl eB SR aobsEBTisatdmihertike Tiobind BriaRita iy Sivete g
used as kRNGbAET abSwH) ARE twdven rllaiitled REhddiembid &HRDErns Hhestiitietl dHober s such

as nyl on, Dacron &pol yester fi b.erh) pol ypr opyl ene, polyimde,  aromatic

pol yani d&ewisg| theseds made from cheaicp] fikers mgatiphers ahaxes PreOtANIPPEHEATERAIC f | ber s
menti one ; ' S f i oned
above; | Spe Ry WSl lon Slick W pB] AN or R BRIV AMBTERIAAC: ton
rope; i nendaolyvinylidoss flsdidendAs whwe if FOB6C Atdntents odoshiortafilskrg kas be asdder ; or
fishing threads made from nylon and polyvinylidene_fluorjde. As shown in
FI G 6, f ATSHBNESIEUHOwRS SepRoring wraddh, dsclents o shastfibeys.cpdter Sping st

suppor ti g 2 §HiaRgSmaind, ie'nﬁa'ﬁf?tfeétl? fa Iﬁﬁ%{et of WRFES straldsShaleidth W ahRd 1N a

tw sting nmachine,” enter directly a nozzIlé, or woven strands nade fromthe
yans mentioned above, after being woven or knitting, enter directly a nozzle.

[00053] The principle of formation of the hollow fiber membranes by phase inversion
technique is described in following processes: (i) preparing a polymeric dope,
alternatively called spinning solution used to create the membrane, by mixing
homogeneously a membrane-forming polymeric resin(s), a organic solvent(s), and a pore-
forming agent(s) proportionally; (ii) extruding the dope through a spinnerette,
alternatively called a nozzle, to form the polymeric precursor article and then enter the
coagulation bath; (iii) after diffusing solvents and pore-forming agents of polymeric
precursor article into the coagulation solution, the resultant polymeric hollow fiber
porous membrane 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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menti oned above, after being woven or knitting, enter directly a nozzle.

[ 000531 The principle of formation of the holl ow fi ber nmenbranes by phase
i nversion technique is described in follow ng processes: (i) preparing a
pol yneric dope, alternatively called spinning solution used to create the

nbr ane, | X4 : | nbr ane- £ or i | YOES G £.65LA(S) .
or gan o JOPUSATL (188 oARRRRIFRNS, bl THRIRENERT BromufSi e pgidigres (<)
ext r udi ngpirhéngdepl@tivhy po@hus afosRind péEdintance adndemaaibraR! MydiapliBeica Tz z! e,

to formt emgoly ric precursor article and then enter the coagul ation
bat h; (i i{"F2Hf PRYMSTICMQES-Hyming dgshtssan muy playrreledn Hyckeging ad dispstsiopner i ¢
precur soryrapd | : : A L Ot . ric
ol T ow 1 ey taesibed pmiaEaaitia, AR B fhh i\ ST B R 17
por e si zdeofust hEde lbwlsudface fendion of plgmat.i Hiendee theriarefaceaffsphaimpsilutidd ed by

conposi ti on of i nni sol ution, araneters of spinning prqcess _and
post - t I’ec’ﬁlfl@?ﬁgu W&lsf’ﬂjgiﬁg CB‘PnOrtrgFr‘gleg‘@‘?“ f3n &Pagﬁ@e@@é?ﬂpeo‘ﬁﬁsl% i C
por e-f or &g ofReNt s &‘(ﬁi?tid)ﬁ[p&gifﬁctﬂl)?yﬁléphi&:et Porfing _ﬁl_,géerﬁy %rf&?dﬁ?dl%d thd?Or OUS

form ng performance and nenbrane "hydrop icity. gani ¢ polyneric
por e- f or sPhgniagedtdispeasedrinithé ypiphiag sobiteniin thémokerniarfoamcandi mpensy on  of

the co Ltion (spinni sol ution), .but ha |l ow abiljty of diffusion and
ol o on 1ok Sfkeb 2Bp AR A n S Ga hoRR burind e tfion Fh Pilhedo toud e trigien

i nt er f acaolts, & Rirf hidGusOdfUidre fornBig aEADIY ReHOD BB drothe AARB AindRgt bl | Y
wetted in order fo nmake the two solufions diffuse each othér. In addition,

or gani c [P5%3PHePOlFBICE PPEST fermipgaegentsscayses the digh density ftphees andiroduses thend

di sper seddfladila <SRARROPfheIANIN Al kidphi ol ecul ar form and not easy to

forma great anoun rough hol'es 8hr|ng coagul ation. In order to form

nmor e t hr q0@55] hoTks inaghiic gorefmuiihg abemeorage dvpoisdd iR aBOkpinhihgneLeiesh

However, .the | ar eya nt of . organi c pol yner pore form ng _agents causes
95‘& P

the hi gh Mg § forming xmtsans, e UARRSHARPEANICOFe D e
hol | ow fich@be F@H@J@%"kﬁnﬁc{l&% 2lor {0 e TRIE Y ﬁeIBBfa?IF k§ E‘Mr@? gﬂ;ﬂ?:h%ﬁ&i

di spersed i n the spi ng sol'ution heterogeneously
menbr ane can fi@nt biggpresizé poregand thrpaghehdles on tig walkof the lolowhEber emamstadndy

R A AT I TR S NG S T NG
irf:‘ng(rjggg,vogiégﬂ' n@gﬁiﬁl&e%@@{héraﬁﬂﬂ%}m% bl R A0 pIBRIcFicRREE TS AR AgerRIeNt S
during the phase transfer, linking and running-through so as to form more effective and
more through holes with low density of pores. Therefore, such hollow fiber membranes
have high mechanical strengths and high water flux. However, the excessive addition of
inorganic pore-forming agents results in the poor stability y of the spinning solution so
that it hinders to produce hollow fiber membranes steadily.
[00056] Low molecular surfactants have low ability of thickening in the spinning
solution so that it is difficult to add them singly to the spinning solution to make
polymeric resins disperse properly. Hence, it is not easy to achieve hollow fiber porous
membranes with high water flux. However, low molecular surfactants have high ability
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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voi ds of polyneric congloneration, fornmed by organic polyneric pore-formng
agents during the phase transfer, |inking and running-through so as to
formnore effective and nore through holes with | ow density of pores.
Therefore, such hollow fi ber nenbranes have hi gh nechani cal strengths and

hiah vet _ or c e g . - forrd
ngent s r Sl porARHEE ebUin e RGMIE sPRRRL Iy Merse R S BbRe har 11
hi nders the disgmeticephst lofWdrgdite porAdbaiRSagehs Aktlivuted ORMDHOhnd srsadiBligcul ar

surfactants have lqQw ability of thickening in the spinning solution so
that it € Pigmgiltien, anddhe pelmerisdrbriq grychie opidHrrerjiad phere dsperssdnake
pol yneri i i f (O . e hol | ow
Frbor poranesnialy SPELARR O RAbltng MRS cxlnge BEL nBF b A ERLRAE

sur f act afitessphmning olglonanidlcoagulatidn dhlfitians lon meidukrshfiotants makdhe ppiesni ng

solution.sq as to he able to offset th shortcom ngs,of the pol yneric and
i nor gani & ﬁ@r %@@ dﬂfﬁ}%lg’wagéﬁ‘c vegiyansn E@évﬁ%élm‘lﬂ?ﬂ%ﬁ?‘f diuing H@o‘%ﬁ@h%‘?l ity
bet ween ﬂ{rgﬁﬂbﬁbfbﬁa%@imi&ﬂorgani c phase. Hence, by adjusting the
sub-stabl e structure of the polyneric continuous phases and di spersive
phase of [00047] noFhgaefors, pher eoncorremtraglditipento the spineingohniongpfsbé polyoresic | ow
nol ecul ar_surfactants.m t he di spersive phasg of inorganjc. por.e-form ng
moent s aPeRTiorite AT hiskEp Dot Aishereftis 16 ShrferignE Bty iBRESIHA | he
pol yner i ¢eftil inorghicisdrefernihg didit S¥itidvealdiiRaRn & IFRr&fh] phaerasraus! y.

I n addition, by adjusting the mass exchange rate in the interface between
t he spi nHicse petsrioringig meehaniwuivarking tegstharisnd having syoeegisticasffents. flhet ant s
make the : |1, of ibe ra e .

i st i buftaeRter O hR e cofipolei; S ke heRBMAl Gy dfert rrrsvps
Ther ef or end sfabilitpnwatrobaffeadldlyt imerfdcdaltatinpbstiees tboOkpihhimg sofutioheand
polynmeric p r,e-fO{n‘i ng agent with thickeni nﬂyand di spersi on,

A I t he
sur f act aft28/aemisA ditfise gashoothemgndafesst thei t n

9
t afiP28HAURTISAREIP 28 iPA o MAKe fwh golufipRy ¢ps .
cuen. o Shobib it b ecklihlinssy b P AR08 gt
conbi nat thenmebtane ferndtioacycthipphesatimnsfan Hake, tl’meuﬁmiiinaftimx:;ofstﬂihsﬂuhme proper

he- spi nFPRBCG S G RIS SRYUPLEBlS Sopieigne &b ebleak@ne Bes) ut | ons
easi |y dbéunemBRGEs Mithgbod8sk &f §di6d ardd¥ieh RAley ABK! € Precipitation and
coagul ation rate in the coagul ation sol u%l on, and control well
[00058] In the present invention, the additives in the spinning solution mainly consist
of one or several composites of inorganic pore-forming agents, organic polymeric pore-
forming agents, and surfactants or other additives.
[00059] The weight percentage of Various following substances in the composition is
calculated by weight of the composition. The sum of weight percentage of various
substances in the composition is 100 %.
[00060] The membrane-forming polymer is PVDF or PVDF copolymer or a mixture,
which blends one of both with one of the following hydrophilic polymers: polymethyl
methacrylate, polyvinyl alcohol, polyvinyl acetate, polyacrylonitrile and polyvinyl
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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the nenbrane formation by this phase transfer. Hence, the conbination of
these three conponents in the spinning solution results in producing the
stable and strong hollow fiber nenbranes with good size of pores and high
water flux. [00058] In the present invention, the additives in the spinning

por o- 1 or AR EPERledioafs SR SRuBTSHEl 0 SATBF B WGRuGhr e RoRRNGon

surf act antmoﬁfprefelfe&ﬂyasldlm%es [00059] The wei ght percentage of various
foll ow n(i;wubstances in the corrp05| tion is, calculated by weight of the
conposi t (YR81Irnelhasplumtiised i thsesomnosiiipe. Brrroterabhus strg%g@lahe@gpqw t he

CONposi t kqf dssdnﬁg@l roh0 V\E%M-Egedl RiR06: 18’{)@1@9& V\Fﬁlh%ongl Q?)yﬁ{% Qr PVDF

copol yner or a Xt ure, s one o 511 owi ng
hydr ophi (NMPpptrwmrlsphop;diayefmsulfy]ane rrhtriedgzrl yshlfbﬂde pmidya/ nﬂxﬂuraaﬂmﬂemﬁ] ,The

pol yvi nyl acet.ate | yacr trille ol vlnyl al, et
copol ymefolRe I%Prer‘gg@?’ 5@ ‘9602’ e glg,th} SFE%‘FP’G’ée 68u§5t The

menbr aneif QEfhindeRBb RNt BYe RE1af! aﬁﬁoﬁam&eaﬁé 8P 3oLl aff%ﬁ—abb s such
as pol ysul fone, polyethersul fone, polyacrylonitrile and polyvi nyl chlorlde

et c. Theinchglimg hixt-drosafcoand Zjutpodnerasithé secpnéfavalsliyadded i the@ompdsition.by
wei ght o the ¢ si t.ion § P ef.erabl 30 %.[00061] The
sol vent,, gé?foflﬁ% ntdy, ge‘srfl@ygﬁout {)/ el?yeW8‘§?4§/(}§h§ EMBRRSISB ar conpound

such as WUMIZPWI&@ dgmm ﬁﬁe(f%h Bk bnkasel At (OMA6wing compounds:
1- et hyl - yrroli triethyl phosphate, sulfolane, dinethyl

sul f oxi délthlammlaam mdw@ Qh%@rp%fcalcm chipstdgeprlcium gﬂrb«mﬁemayms@ nitrge, 9% by
wei ght Ogltlltcgl? dﬁo%@egza;h}ﬂl%ﬂm 1d§ lpaoﬂxg %(tf tHe ﬁge ’[%g t ’fa}a Forﬂg&te&t f%'afskamc

enbodi nen or mnor e

i ncl udi ngofe- 1n461d11ﬁgaﬂgemaf$dpr3fdihhlgrﬂ)ﬁle 26 % e we@hﬂdf iy vaﬁposlﬁoraddeﬁ to the
conposi ti or} The second _solvenf is preferably about 1 - 5 % by wei ght of
the conp8&iteBl. I [-0dbsz Thentizgyahthe paranicopererfgraterreentisonkd Bim.amaiext ur e
of foll opdig.69MRRYMAS], |ithiumnitrate, sodiumchloride, calcium
chloride, calciumcarbonate, calciumnitrate, silicon dioxide, alumnum
oxi de, kﬂlﬂ%ab a(hrganfvepdmwennfﬁgeagbm ialone(mteenﬂxtofe ofhfollgavig wafeorselubtef or m ng

agent is refer bI 0.5 by ht of th nposj ti o nor e
pref er ab Tochiarrrrorapounidsy tnﬁygﬁm%. afier pobi eBgerf*ife; <10

mm nore polyvmylpyrrolidone, polyvinyl alcohol and methylcellulose. In certain embodiment, the
molecular weight of polyethylene glycol is preferably between 200 - 20000 Dalton; the
molecular weight of polyoxyethylene preferably 100,000 Dalton or more; the molecular
weight of polyvinylpyrrolidone preferably 10,000 —1.2 million Dalton. The organic
polymeric pore-forming agent is 2 - 30 % by weight of composition, more preferably 5 -
20 %.

[00064] The surfactant is one or a mixture the following compounds: cationic
surfactants, anionic surfactants, amphoteric surfactant, and nonionic surfactant 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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preferably nano | evel. [00063] Organic pore-form ng agent is one or a

m xture of follow ng water-soluble high nolecular conpounds: polyethyl ene
gl ycol, polyethyl ene oxide, polyvinylpyrrolidone, polyvinyl alcohol and
met hyl cel | ul ose. In certain enbodi nent, the nDIecuIar wei ght of

pol yet hyl | yco bet ween. 200

ol Sul aOasg YfiCine SnBOBERT Holniih AR A& Py0ii0 Jo0e bl ABRSPE e, ¢ ne
nol ecul amiximgi lgimﬁogéﬁow yhe g hidydneolotreigepdlyéntd altiny idddg&Q0 pore-dritidgl i on
Dal ton. The organlc polynmeric pore-formng agent. is 2 - 30 % by wei ght of

conposi t iFFL FERHC pplymstigoge-Trmingagent mbfemffcwénwﬁrpa& palat sqleengnkheor g
t
m xture th%ﬁo&/q{liuﬁl@ﬁtg grecﬁg@éjpg%t of ﬁﬂéﬁlgf sﬁnmﬁ 3G tf@l'l"(% %%%ﬁgﬂﬁgﬁg pare

surfactants oteric surfactan onl otii ¢ sur
dodecyl agehtmmththaéeat mlddmrmeﬂzémnﬁteemsmmwmhé heltdw fibemoni um

brom de, isqoct anol 0 hylene et her, odecy m no sul phonat e,
fluo- suffaR ré‘?ﬁ@”"c‘&é‘iﬁy H‘rYe@G’neHreceS¢ g‘}gglm%c pgi tsgﬁ?gt@b‘ﬁlde is

pref er ablyolOw@dr e % by wei ght of the conposition, depending on the

di fferent % pe of surfactant used. For exanples, nonionic surfactant is
prefer abI[Qﬂﬂﬁﬂ ZIIP/@lmkhweiegWDdbﬁenthdm:mqﬂmzi tesnibedrid the| preseul ihivetitn i s
pr ef erabl

Crrboa moRto et RPHR Ry RIS B BofiSRATy THPeRS AgIaRd holoY ng

honogenoyibky mehi®raie Hefe Beihf Ibikthdigd ROh BiRIE Bad B8 blter ARHAAHFG.2003.6 RS M Ng
agent, organlc pol yneric pore-form ng agent and surfactant in a strong

pol ar soltRewall thigkneshof 09w -9 amprthe parasitynefi 80 b;ﬂ%%tan@irbrdalvngnetrengm eini ng,
and fol l d2 tMPf ﬁ Ef’ﬁgfe lﬂ%ldpe oll%g\ﬁﬁf)?sror\r\:lv\églprgrqg i h’;‘%ﬁ% %énsvi? Sﬁergggﬁ tgr gani ¢

sol vent . resu ReY p y the

phase i n\bea‘a‘kl(lﬂl nge‘%andlhwﬁl \hatgxl‘lﬂunsew[n-nlo;(wo IS/ &mo. n&panes °@i gh wat er
flux. [0006 I n anot her enbodi nent, the nethod described in the present

i nvent i on00067bdulsist enetherembostiment. Herastber descsibrst indhepresent inyeptien has
o e B0 Ul RO R Ao 2 L P i
mm the pesisisndeyofoliollv £ib80 n¥enabrand Feakinggmaintye ighd thaf reiffotcement bPahe A
st gl e DY0 8 Memboanes And tven from the cemtorcamant of the pandiSd membranes with the ©
reinforced support. Therefore, a larger amount of pore-informing agent can be added
according to requirement so that the hollow fiber membrane with much higher water flux
can be produced.
[00068] Examples
[00069] The following examples are provided for the sole purpose of further
illustrating the principles of the present invention. It by no means limits the scope of the
present invention.
[00070] The following examples have used common spinning conditions. The melting
index (MI) of PVDF is 2 - 15.
[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 solution to form a hollow porous fiber membrane.
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break 0.2 - 10 Kg / bundle, and water flux 300 - 10,000 L/n2 h@. 1MPa, 25
C. [00067] In yet another enbodi nent, the nmethod described in the present
i nvention has no high demands for the strength of base fiber nenbrane
owing to the tensile strength resistance of hollow fiber nmenbrane

resultin fr r el nf orce the bundl| menbr.anes and even
fromt he rei %Po?igeorrrlgn bggmileﬁler% r??ﬁ g@’ rrgﬂggraw:s[%mﬁgespu? g}tﬂﬁo%@
suppor t . byHeipedwing,the sideges odnPiiHinghopgle adnhdjtstingdspgens gracesbanadded
accordin to requirement so that the hollow fiber nenbrane wi th nuch higher

wat er f1 B¢l lwnSCb@S pPodGEate eratioete Eehnisnale me%b]ammeeqﬂ@ng daRasety
exanpl es afd FarBf ﬁﬂl&?&v h8§ ﬁlaﬁbapé eIrPé‘l{oﬂ??%m%dﬁﬁr%é‘h%EﬁPrde}{ hélﬁih&@gset he

pri nci pl es resent 1 nvention e scope of the
present th'evtemlleomrengﬂﬂﬁmwrealhﬁg fmialcnwrﬁgstmnaIsﬁglm&wﬁomedummﬁmrﬂpl nni ng
condi tions e nelti of PVDF is 2 - 15. [.00071] The

menbr ane My %’Hﬂ%e Eo?’ﬁ}ﬂ'\%‘?fl cfﬂ‘roéglil %SHOZQS’I VERtST Sapnmulay gxirpgien ogficesdtondd  and

vel | stigg utfamabatﬁ%tfefmard é%hewibé}ym F@?zﬁék @Err&?nc{]l?% m@r RioREdng

sol ution pol ymeric dope). The spinning solution toget a core
sol uti onsmadomstwidl mjalbmdlre E:bagmlmhdmnﬂtdduholhm) fiber memhnaim whhoengh a

spi nni ng. ozzle |nt coa Iatl S .on to forma holl ow
o ous. IS AGIHBP R STAH 108 G esiaghar SHust AEReTena. BORUI RSP Poer
nmenbr anegn® ih(fjghbﬂfaﬁ:Plim)d NPy @ Aot emﬁb\am@w Q' AGorkOE tBuILIGAH £ dGfe BPI NNi Ng
nozzl e and a UStlgﬁ spi nni n rocess and facilities so as to increase

great |y exeudeddhrovsh ginoezle wi 8 aanwlabcﬁalsmgonfmamw ¢ cogmdationdhagtetoof

Uhe tenstitel 2t FAROR ek MsRBRER juf AR hoinoliediitife HOuhithled et or coa

support siertildw fibérhmembpes b@adeed wﬁeokehﬁmu@ fubaldiea 2 eghnktidngth. - Séchannul ar
extrusion ifices into a coagulation bath to form2 - 8 hollow fiber
nenbraneéelg{ﬂ’?%]uw@i‘ glst havoven oF dmeédl i go el ey AMQMOgEBES MMEWOTSEnCe,
such bunglge hol I ow fiber nmenbranes with an internal reinforced strand
have hi gh mechani cal strength, high stability, proper pore size, and high
wat er fl {00078h ykEtanglefiher enbodi nent, a reinforced tubule with a dope is

[00074] 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
evenly, and finally degassing to form the spinning solution. The spinning solution with 6
strands of Dacron filament was extruded through a nozzle, as shown in FIG 5 (in a
bundle with 6 strands where each strand consists of 3 single hollow fiber membranes
surrounding a reinforced support Dacron filament), into a coagulation bath with water as
coagulation agent to form bundled hollow fiber membranes. Dacron filament initial
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 %.

18




extruded through a nozzle wth 2 - 8 annular extrusion orifices into a
coagul ation bath to form2 - 8 hollow fiber nmenbranes surroundi ng the
reinforced tubule in a bundle. Hence, the hollow fiber nenbranes bundl ed
with a reinforced tubul e have high strength. Such reinforced tubule is a
woven or @8%e braid.as well as a honogeneous non-woven tubule. [00073]
Exanpl e 1 7 43OTBRsEAY SRRy carbonate (2 mmparticle size) were stirred

vi gor ous{opoaed  IbosPehRAM URIYtel @ RAnKParicBLiNY! waeekidtudgedrohAG and
followed by adding 2 Kg nore DMAc, 2 Kg PVDF reésin, 500 g polyethyl ene
gl ycol , disgers@beyeniyeeh Kedinmithylragetamidn(M Agpdfollowad by addiggsksKagnare f orm

th i nnj |t Th i | ut i i th t rands ,af _Da
{1+ ament A es RSP FPGughat roiens e B plun O G T8 70a ™ BlRal e
with 6 stieidanWiRaRy 68€d3sink i@ FSnCOHB Spmhiglbllionl Mhe&amelprdddsS Whelised

menbranes _surrounding a reinforced support Dacron filament), into a
coagul at PORXyEPIS MEXcEPImEQRMes spipingmereleomasaesent After fusing Hchwlwipndel | ow

fiber m@ﬁme&lci%g%wor%goﬁg@g;hoﬁlﬁw figdr mgxgglléhésthie Sex%(glgalﬂ d):égsgul%l\f‘\(ﬁf)?x and

| i near density IS t'er "using SO 0 renove

cal ci um aalldoffibeeporous henithdeawdre pesducedriidhgl theligna digneat 0.pmemsmde  PVDF
hol | ow fi biar porous nenbranes_ were produced and had the_inner di %g.(g%er 0.5
1th B

mm and Wellthickieskfds nm. Asingls hotlosv Bhgraasrabraee bathihe éensilestreng

amal gamati ik Clep (Pt elh'@@ | qgl i g&g? bundl e
had t he Pé?\gﬁ: %’g&ag‘?rfglr)fgg?ﬁ LZ{“ égﬁlpﬁ\bﬁlq%dﬁr%%ée@w Fﬂd’)?%d; L W/' . 1MPa,
20 C, pof0037Ege Exahiplern and porosity 72% 18 [00075] Conparative Exanple 1
[ 00076] 500 cal ¢ci um carbonat e mm particle size) were stirred

vi gor ousftzﬂﬂagh ﬁ%sgpgp@m%ﬁwxf%% siegd ot thy BO BeverRiSHECY FigREOPsly

f ol | owed ' ; A . e l,ene

gl ycol, gﬁ%d%g%js%wgl}\/%\geﬁﬂ{%?e/n? ingethglvg%??}@gor{{g’ ?ﬂll@ng(ilﬁg\% 33’52@??%%% form
the spi nBVAY soinyti0dng polvissipyroliderys anhd 00 gebweas8Exairing clendycadt  a

comen SBAR A8I0R| cpue S Aol uetag L selulion te s LoIRS
w Lﬁ\év f ipBBHrdp9Icdl FafPWhE atfsicWehRupbh A34eAE, SflahRFIAS (InHRindtt wiRiSer 0.5

strands where each strand consists of 5 single hollow fiber membranes surrounding a

reinforced support polypropylene yarn), into a coagulation bath with water as coagulation

agent to form bundled hollow fiber membranes. Polypropylene yarn linear density is 100

- 500 dtex. After using NaOH solution to remove Al203 in the hollow fiber membrane,

the external pressure PVDF hollow fiber porous membranes were produced and had the

inner diameter 0.6 mm and wall thickness 0.15 mm. A single hollow fiber membrane

bundle had the tensile strength at break 11.7 Kg. water flux 870 L/m? h@0.1MPa, 20 °C,

pore size 0.20 mm and porosity 78 %.

[00079] Comparative Example 2

[00080] 500 g Al203 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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wal I thickness 0.15 mm A single hollow fiber nmenbrane had the tensile
strength at break 0.11 Kg. water flux 970 L/n2 h@D. | MPa, 20 C, pore size
0.10 mm and porosity 72 % [00077] Exanple 2 [00078] 500 g al um num oxi de
(A1203) sized from20 - 80 nmwere stirred vigorously and dispersed evenly

inthe 7 5 = i , faold : i KQ o
resin, 58@8%%%{%%y eg‘;’/ﬁ'rh?’g i|a one)(,)'gﬁlgil %Oaéﬁ%!hﬁe%ggg}ﬁ%m%'ng‘ %lgéﬁgy and
finally UHelesSibeyntemtrarenhadhthe sgisilnishgngthl anbreak.0.ThEgs pateniffug 890! Iii’on wi t h

5 strand f ol | ene n was, extruded through a nozzle, simlar to
FIGS5 (i ﬁ@’%ﬁ?ﬂ%)w\ﬁgg’ﬁr%lzesq{%ﬂﬂ%%@9r8515af8r1°/"st rand consists of 5 single
hol | ow f'!mglrrer@gaﬁfﬁéy, surrounding a reinforced support polypropyl ene
yan), into a coagulation bath with water as coagul ation agent to form

bundl ed HWO0BRlv f300eg cakeirm andwnateol(2ymno pytteitesiygrwerki stieed dgmously dnd 100 -
500 dtex.. After usin .solution ta r ve Al1203 . in the hollow fiber
nenbr anefllsp?rﬁ‘%({ iter Mal Oﬁé’%‘&@?’ta‘f@(‘ﬁﬂi‘%ﬁéﬁ%\& foié?”eﬂéyﬁﬂgmﬂg'n% 8L Cwer e

pr oducedpandchpg KBVDFRESH, moagrﬁa?(vigylgamia&%)\aﬁa bo ek aRBR Rt fifc-"m A

single hol low fiber nmenbrane bundle had'the tensile strength at break 11.7
Kg. wat eft).finixngaenly, radHgmllyMegassiy © forpothe spimnmgdsdd@iomm Fhe spioningi ty 78

e 000 Sh BOLL T AR 5, POOAE Ly g e R 0 7
1- net hyl e@aguyationl bahngith angerf @l tcupathtioy addi B fdnKe HOMBw fiB& Membeiie J

pol y(vi nyl pci/rro.l idone), and 100 g Tween-80, m xing evenly, and finally
degassi néun lg with & snglpihodiong fiben membranesh eAfamusipg Sidssolytion toseamays

Ex I . e ; )
ot uti oncHEHEERR8GOTRR. hRDHAP WAl 46 cHSfi pRUAL PEDE Soll

pr essur efiB¥Dpotuals| membrdmes vwrxae qursdusedbimihfsd Wes énnet Yignedt Ocsl nangd vhadd t he
i nner di ter 0.6 M a Il thickness 0,15 mm A single. hollow fiber
menbr aneﬁﬂngﬂle%g'lg SR} ?‘\gld@\é\gl%ﬂ%tsﬁe%t @r‘@aMP_@: O'¥ Spagle ]{}\%H(g’}’ fibpy, eghmane np
h@. 1MPapugfle frad R 1EnsBlb ZRefbiit %@TG” @%r&a&fﬂuﬂﬁz 1%;L/£n@§)1 L MPSIPEE 3

[ 00082] 800 g cal ci um car bonat e mm particle size) were stirred
vi gor ous hyd pord sizdi0sflensed evenly in 5 Kg di nethyl acetam de (DVAC);

foll OV\Bd[&))ésg‘]ddlg(%ng'érgﬁvlé Xrél?filfﬁe 3

[00084] 800 g calcium carbonate (2 mm particle size) were stirred vigorously and

dispersed evenly in 5 Kg dimethyl acetamide (DMAc); followed by adding 1.8 Kg more
DMAc, 1.8 Kg PVDF resin, 780 g poly(vinyl pyrrolidone) and 20 g fluo-surfactant (FC-
4), mixing evenly, and finally degassing to form a spinning solution. The same process
was used as Example 3 except a common spinning nozzle was used. After using HCIl
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 0.6
mm, wall thickness 0.15 mm and breaking strength 0.44 MPa. A single hollow 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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DMAc, 1.8 Kg PVDF resin, 780 g poly(vinyl pyrrolidone) and 20 g
fluo-surfactant (FGC- 4), mxing evenly, and finally degassing to formthe
spi nning solution. The spinning solution was extruded through a nozzle
with 6 annul ar extrusion orifices into a coagulation bath with water as

| at to f ho bundl. t b I
ol Pow 1 PN, AERBPARe SERfe 5 el IOThEBentoh The ORIV A TR

car bonat grdnds o P WOk [fRWidel teSad REPERARed tﬂl%ugpf heloRdle, REARS W PIEGYDM Aol | ow
fi ber porous nenbranes were produced and he inner diameter 0.6 nm

wal |t hbendlesgthod s8ands wheretnaeh sirand s@nsea’quﬁ 4csmgée kpHow Aibst mgimbransis| ow

fiber rrenbran bundl had the t str th at, break er flux
1950 L/ R Rined Peisfored sfbort BODY Rotihl TR, o SR bln Sm b
Exanpl e dafcdQ0&64 ﬁ@t@orgag:@k% 6Pt BikeR hEll6w B Rivnibrades. The Glamitsreofst i rred
vi gorousl y and dlspersed evenly in 5 Kg dinethyl acetam de_ (DVAg)

f ol | owned!iping dralyis10-8 my. e usingaldCl solgtieg toppppove egiciim ?@b%ﬂt’foéﬂ {hevi ny!
pyrroli dﬁ@l?(}w?g)g @ergbxftlhé“'th %&Ie?ﬁ%l%&ssﬁ%ﬁPVfﬁ\F hStlot [Pi%exei‘&%hy mei{ekgaxgéssnal ly

degassi ng ma spi nri ng sane process’ was us
Exanpl e #eaxpeducal ammmhﬂ&pnmar dgneostz0.8 mm&ndsweju tbﬁth&rss Oglisngntidhe

solution to renove cal ci um car onate in the hol]l ow nenbr.ane, the
ext er nal 2PRESTLGS éﬁo hBCPBRISS pErlgsBIatg. crré%@&ﬁéél a)eré hglaholaVand had

the innegpgi ﬁ@ﬁ%ﬁfneeolﬁdlen?Bd @l dnsi1B 'sﬁ%ﬁ%ﬁsat BrehR 157 K%d wafe? At oSt Aengt h
0.44 MPa. A single hollowfiber e had the tensile strength at break

0.2 Kg, h@leiMPh 20 ﬁ%rd_ﬁhzﬂ) h@nnd andPporogily 7XC%. and pore size 0.50 mm
[ 00085] ﬁ;@gﬁ)e 4 ] 500 g cal cium carbonate (2 nmparticle size) were
stirred dlspersed evenly in 5 Kg dinmethyl acetam de (DMAC);

fol I owed|dpose d'ﬂﬂ) c%gzlﬁﬂarc%rbdﬁ%cQ M%aﬁ)\é@:sﬁ@)%v@re éﬁ%d%lg&loﬁ%mﬂdene

gl ycol, and 1 ween- 20, mxing 20 evenly, and finally degasSing to
form t he d§pcns¢d nvgenéy) i bikom dlrﬁﬁbykqﬂetamdg (OMAq)j todlowiedtbyeaddintg 21Kgsmofe PVDF

L 10, KRR kSIBE I A2 B HORE ol L b R e
Menbr anegventylrang lﬁhﬁllﬂ degaskifl id Rirmatle SHIRRBE oMbl Thé Bpifking B618A6H with/t 0 a
coagul ation bath wit
strands of woven polypropylene thread was extruded through a nozzle, similar to FIG 5
(in a bundle with 6 strands where each strand consists of 4 single hollow fiber
membranes surrounding a reinforced support knitted polypropylene tread), into a
coagulation bath with water as coagulation agent to form bundled hollow fiber
membranes. The diameter of the woven polypropylene thread is 0.5 mm. 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 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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wat er as coagul ation agent to form bundl ed hol |l ow fi ber nmenbranes. The
dianeter of fishing thread is 0.3 nm After using HCl solution to renove
cal cium carbonate in the hollow fiber nmenbrane, the external pressure PVDF
hol | ow fi ber porous nmenbranes were produced and had the inner dianeter 0.5
nm and wal | _thi s 0.15 mm _The appearance showed. the inconpl et

amal gamafYSH - and 5 Y((éf@@aﬁmg fofeym the sIpNE SlBgMy ) h her PG ROl ¢
had the Lepst beuRtieRg ;gn&?ektuﬂ,élmlbﬂém )&fud%& WitoS0a hbd¥Fe, shhi@y 1VPa,

20 C, pore s of R mtﬁaa’ﬁ’té orosity 72 %W%\%%ow Exanpl & 5 100088] 500 g
cal ci um t::a]t?llﬁbﬁ&mea blmdrhsmzv;ithr& stoinds sihes) cacbrstrasd consests ofi @singlesiojloanidber

mor 6. DVRETROEATEY sispais Temsn sSR T Bich RaIRPpPYiens ol bt B oen. 20,

m Xi ng a%]ﬁawmnaaﬂhf wival {V)itedega%a%maﬁ&l faQeAD oM forePibaRiRA Bl i @er The
spinning solution with 6 strands woven pol ypropyl ene thread was

ext r udedmembeangh. d hn@zxzdrehametm phthet Womrrp@ypr@pyﬁleae bubtdar breidtip 16 rands
wher e eagl stran of 4 SI r undi ng
A rei nf opRet SRR T SR R fmodreyaREs caend by RopaVatsr AREREI 80N ban
wi th wat ettedsl ?x@é&kﬂ PV DBMollg@Tibel ofods Mdaibistes dvei’é);bﬂo@u‘éeﬁl andhad MRIThia@nes.

The di aneter t he woven_pol prop | ene thread is 0.5 mm _After u3|ng HC

sol ut i ondisgnetes foy gme ane Wath thig 155 maint Aae pppaatince shewvedrithedpegiapleiehe
t | ! d had
XL el el PAPE ALY 10 RSP ANEE URIE SRR 1o

showed tkteengﬂcﬂr’qnémzs 1 Hppwaenftix 680 Lr’m’ch@O(lmeaIZO I°Ckpore stxe i ghm dndl | ow

fi ber menbrane_bundle had the tensile strength at break 13.8 Kg, water
flux 930pﬁfpﬁ®’ﬂ@<’ 1MPa, 20 C, pore size 0.10 mmand porosity 72 % [00089]
Exanpl e 9q} aﬁ%@ g calciumcarbonate (2 mmparticle size) were stirred
Vi gor ous y an dr'sper sed evenly in 5 Kg dinethyl acetam de (DMVAC);

f ol | owed[(P92Hdi F0§ & cK@mmrcarboBM&c(z ﬁngaﬂ?M[anm@swere sﬁﬁﬂ:dgvigoﬂo;aehyl*qddene

ol yeol . 3100 0, [1ReD: 200, 1K M,k VSN, B0 Linel L desgectng o

woven popjRAEPY KNS VIDID W, SU0RL q)o‘l‘@e?h}ﬁéﬁé gf}%&h, tBA oehs & vﬂ&%zi()? miging | ar
evenly, and finally degassing to form the spinning solution. The spinning solution with a
woven polypropylene tubular braid was extruded through a nozzle, similar to FIG 5 (ina
bundle with 6 single hollow fiber membranes surrounding a reinforced support knitted
polypropylene tubular braid), into a coagulation bath with water as coagulation agent to
form bundled hollow fiber membranes. The outer diameter of the woven polypropylene
tubular braid is 2.5 mm. After using HCI solution to remove calcium carbonate in the
hollow fiber membrane, the external pressure PVDF hollow fiber porous membranes, as
shown in FIG 4, were produced and had the inner diameter 0.4 mm and wall thickness
0.10 mm. The appearance showed the incomplete amalgamation circle (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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to FIG5 (in a bundle with 6 strands where each strand consists of 6 single
hol | ow fi ber nenbranes surrounding a reinforced support knitted

pol ypropyl ene tubul ar braid), into a coagulation bath with water as
coagul ati on agent to form bundl ed hol |l ow fi ber nenbranes. The outer

di aneter of the ven pol ypropyl ene tubular braid is 1.5 nm . After using
O sol UPFIBHRS YT EAE AT ahERIF BB dRTediin be RefomRRsTed parhindiePHe, t he
ext er nal r | f1.be : ugeH, and had
The 1 nner ™ e (e Bies S o o LR g L e Rl AU B
showed t Hesciibedbbpthetapperaled Ictpamm bidis supparted Wyphe flredoitgedescuptmnngl e hol | ow

fi ber menbrane bundle had the tensile strength at break 23.1 Kg, water
flux 980 L/nm2 h@. 1MPa, 20 C, pore size 0.10 mmand porosity 72 % [00091]
Exanpl e 7 [00092] 500 g cal cium carbonate (2 mmparticle size) were stirred
vigorously and dispersed evenly in 5 Kg di nethyl acetam de (DMAC); ‘
foll owed by adding 2 Kg nore DMAc, 2 Kg PVDF resin, 500 g pol yethyl ene
glycol, and 100 g Tween-20, mxing evenly, and finally degassing to form

t he spinning solution. The spinning solution with a woven pol ypropyl ene
tubul ar braid was extruded through a nozzle, simlar to FIGS5 (in a bundle
with 6 single hollow fiber nmenbranes surrounding a reinforced support
knitted polypropylene tubular braid), into a coagulation bath with water
as coagul ation agent to form bundl ed hol'low fiber nmenbranes. The outer

di aneter of the woven pol ypropylene tubular braidis 2.5 nm After using
HCl solution to renove cal cium carbonate in the hollow fiber nenbrane, the
external pressure PVDF hol |l ow fiber porous nenbranes, as shown in FIG 4,
were produced and had the inner dianeter 0.4 mmand wall thickness 0.10
mm The appearance showed the inconplete amal gamation circle (petal-Ilike).
A single hollow fiber nmenbrane bundle had the tensile strength at break
19.1 Kg, water flux 980 L/nm2 h@. 1MPa, 20 C, pore size 0.10 mm and
porosity 72 % [00093] Wiile the present invention has been described with
reference to particular enbodinments, it will be understood that the

enbodi nents are illustrative and that the invention scope is not so
limted. Alternative enbodi nents of the present invention will becone
apparent to those having ordinary skill in the art to which the present
invention 22
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pertains. Such alternate enbodi nents are considered to be enconpassed
within the spirit and scope of the present invention. Accordingly, the
scope of the present invention is described by the appended clains and is
supported by the foregoing description. 23 CLAIMS Wat is clained is: 1. A
hol | ow fi ber menbrane bundl e conpriéﬁﬁﬂgﬁglurality of single hollow fiber
menbrane strands. 2. The hollow fib rane bundle of Caim1, further
conprises a reinforce support strand, wherein the hollow fiber menbrane
strands are surrounding the reinforce support strand. 3. The holl ow fi ber
mermbr ane YWhahé daiged@:ai m 1, further conprises a reinforce support tubule,
wherein the holl ow fi ber nenbrane strands are surrounding the reinforce
support tubule. 4. The hollow fi ber nenbrane bundle of Claim1l, wherein the

plurality. of & hglev fivet hembrakebundeRoapeisat 4 pnasligr ¢ sinde Hallowhigbdrol | ow
fi ber nmenbrane bundle of Caim1, where the bundle has followng features:
out er di HiEtbeanestiands. 3 ym wal | thickness 0.05 - 1 mm porosity 50 - 90%
pore size 0.01 - 1 mm the tensile strength at break of bundl ed hol | ow

fi ber nmenbranes 0.2 - 10.0 Kg/bundle, and pure water flux 600-10,000 L/n®
h@. 1MPa2. 25CTEe hallmet filsdt hembrame dumidregohCldimwl ,ffubrher cmnprisesen tpinfdices

conprising a plurality .of i.ngl e hollow fiber nbrane stranpds,, erein
the bundﬁlgﬂpﬁ&sﬁr%&%‘%%ﬂa the Bellije Sbcipe rang stpndsere @%@upﬁglgﬁﬁ? refpfpyce
t hi cknesgyfhoRtrand MM porosity 50 - 90% pore size 0.01 - 1 nmm the

tensile strength at break of bundled hollow fiber nenbranes 0.2 - 10.0
Kg/ bundl e, and pure water flux 600-10,000 L/n2 h@. 1MPa, 25C; said nethod

conprises thefoll gwi ng steps: praqvidin spi pni sol uti.on conprising a
membr ane§f or rriT&@ hB@PVr?glFffr Iﬁgl?lgrapnfzg’r‘wg#ggfaggﬁ‘?‘sﬂn@%ﬂ%ﬁ?@?“?fﬁc? ‘seg&rf’ﬁlc@t ants;
24 ext r ugipprittiBuls PidEINGhS ROIEW Fibel MEMbAne QASMsAé QRrsRIHL RO rdilfordégh a

nozzl e
support tubule.

4, The hollow fiber membrane bundle of Claim 1, wherein the plurality of single

hollow fiber membrane strands are 2-8.

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 - 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; said method
comprises the following steps:

providing a spinning solution comprising a membrane forming polymer, pore

forming agents, solvents, and surfactants;
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having a plurality of orifices suitably configured as to enable the
extruded spinning solutions to formthe bundle in the coagul ation
solution; and renoving the pore form ng agents; thereby the hollow fiber
menbrane bundle is obtained. 7. The method of Claim®6, wherein the

plurality of holl ber. rrenbr ne strands rises.2-8 single haollow

P ber menbr anggrufe the ShafRiasiies s s SounlBin iRt o balf p sde

menbr anehﬁmﬁgl bti’lit%ﬂQif orfﬂw@rshﬁﬁﬂy a:ohﬁgﬂlfe@ra%etoférﬁsre thBalktriuded Ypinaingded by
t he plurali ty hol |l ow fi b menbr anes; nd wherein the nozzle conprises

a centrafo btwrtst@éommﬁlebﬂln@leﬂleth@f@a@éamrbﬁﬂumamb extruded fromthe nozzle
via the cent r?ém&@xﬁéth‘#&%ﬁ H-ﬁn%pa @ﬁ'ﬂ ng solution together. 9. The nethod of
getils .

Claim6, wherein t nehbrane bundl e further conprises a

rei nforce tubtheechyttht holtovs dberanadbanbpuidle igdbidiadd. ty of hol | ow fi ber
menbr anes; and wherein the nozzle conprises a central bore so that the
reinforce tubule can be extruded fromthe nozzle via the central bore with

the spi npi ng gﬂé %étﬁ(gi 5OERINST wheddn tﬂ%@um%%h& o“%ﬁém@nb%@rghﬂasi n the

step of extruding, the extrusion Is spinning process during

whi ch themnpmﬂmamgmsgk&muowfﬁmg&khﬂmmmsth a core solution is concurrently
extruded through the nozzle to form precursor hollow fibers, subsequently
.to forma bundl e before dropping to the coagul ation bath, and finally enter

the coagul at iThR H&hyl i ClhEn f@rvoh@elhodhte%lfd“b%rbemﬁta{@ﬁ?e Bl Gurtddr  The
met hod of Caim6, wherein the | ow fiber nenbrane bundl e further

conpris eQOIaplrl%ﬂS afroingerce {iber thattis alrmlmdsdl by ﬁwmimdhtyyofthhéowlﬂheame@rams,h ol | ow

fiber erein the nozz S, a tral..bore othat
Lher i nEY cateraln R hollR SuthulolF soRateel SRR RESLE 2GR P i par e
wi th t heegpidedifitgn 8@l néizrle vid g @il boreARith the spinning solution together.

9. 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
membranes; and wherein the nozzle comprises a central bore so that the reinforce tubule

can be extruded from the nozzle via the central bore with the spinning solution together.

10.  The method of Claim 6, wherein in the step of extruding, the extrusion is a dry-
wet spinning process during which the spinning solution together with a core solution is
cohcurrently 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
membranes; and wherein the nozzle comprises a central bore so that the reinforce tubule

can be extruded from the nozzle via the central bore with the spinning solution together.
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